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strabismus 


Stovaine  is  amylocaine  or  diinethyl-amino-benzoyl- 
dimetliyl-ethyl-carbinol  hydrochloride  with  the  for- 
mula 

CH;,  O.CO.CHe 

CiU/   \CH2.N(CH3)2.HC1 

It  crystallizes  in  small  scales  which  melt  at  175°  C. ; 
is  freely  soluble  in  water,  dilute  alcohol,  and  acetic 
ether;  only  slightly  soluble  in  absolute  alcohol. 

Stovaine  is  a  local  anesthetic,  a  substitute  for 
cocaine,  which  it  resembles  in  its  physiological  action. 
It  is  claimed  that  the  anesthetic  power  of  stovaine  is 
equal  to  that  of  cocaine;  that  it  is  a  vasodilator 
rather  than  a  vasoconstrictor,  and  that  it  is  from 
one-half  to  one-third  as  toxic  as  cocaine,  slightly  anti- 
septic, and  germicidal.  It  is  not  an  anodyne  when 
administereci  subcutaneously,  but  produces  analgesia 
when  used  in  epidural  or  epidermal  injections,  espe- 
cially so  in  the  neuralgias,  including  sciatica.  Con- 
centrated solutions  sometimes  cause  tissue  injuries, 
and  this  may  be  followed  by  gangrene.  In  ocular 
surgery  when  it  is  used  in  subconjunctival  injections, 
anesthesia  is  said  to  be  complete  in  one  minute  or  even 
in  some  instances  less  than  a  minute.  When  used  by 
instillation  it  causes  epithelial  desquamation  to  some 
extent,  as  does  cocaine. 

Stovaine  has  been  used  in  dentistry  preceding  ex- 
tractions, but  instances  have  been  reported  in  which 
its  use  was  followed  by  distressing  symptoms,  even 
syncope.  It  has  been  extensively  used  abroad  in 
lumbar  anesthesia.  In  some  instances  its  use  has 
been  accompanied  or  followed  by  malaise,  nausea, 
vomiting,  persistent  headache,  and  even  collapse, 
although  such  effects  when  they  do  follow  rarely 
become  dangerous. 

The  dose  of  stovaine  is  uniform  with  that  of  cocaine. 
Solutions  should  be  sterilized  by  heating  to  105°  or  at 
most  110°  C.  (never  to  120°  C  ,  at  which  temperature 
it  is  decomposed),  and  should  be  injected  under  or  into 
the  derma.  When  borated  water  is  used  to  sterilize 
the  syringe,  the  latter  should  be  thoroughly  rinsed  in 
distilled  water  before  drawing  in  the  stovaine  solution. 
R.  J.  E.  Scott. 


Strabismus. — This  term  (sytionym,  squint)  de- 
notes a  condition  in  which  the  visual  axes  are  not 
both  directed  toward  the  point  looked  at.  It  may 
cau.se  (U|)li)pia,  and  the  eyes  may  be  seen  to  be  turned 
in  different  directions. 

Diplopia  arising  from  strabismus  is  binocular.  It 
disappears  when  either  ej-e  is  covered.  It  is  noticed 
only  when  light  from  the  object  looked  at  forms  a 
sensible  image  on  each  retina;  and  when  the  visual 
centers  are  so  related  to  each  other  as  to  possess  the 
power  of  binocular  fusion. 

Normally,  when  a  certain  point  is  looked  at,  its 
image  in  each  eye  falls  on  the  fovea;  and  the  two 
produce  the  idea  of  a  single  point.     When,  however, 


the  point  looked  at  makes  its  impression  on  the  fovea 
in  one  eye,  but  on  some  other  portion  of  the  retina  in 
the  other,  it  generates  the  idea  of  two  distinct  points 
some  distance  apart,  the  impression  on  the  fovea 
being  referred  to  a  point  directly  in  front  of  the  eyes, 
while  the  impression  on  another  part  of  the  retina  is 
referred  in  a  different  direction.  Thus,  in  Fig.  4692, 
representing   a   case   of   convergent    strabismus,    the 


Fig.  4692. — Diagram  Representing  Convergent  .^luint. 

visual' axis  of  the  eye  A  being  directed  to  the  object 
O,  the  visual  axis  of  the  eye  B  is  directed  elsewhere, 
to  P. 

In  the  eye  A  the  impression  of  the  point  O  will  be 
made  at  the  fovea;  but  in  the  eye  B  the  light  from  O, 
entering  in  the  direction  of  the  broken  line  Om,  will 
make  its  impression  on  the  point  tn,  some  distance 
from  the  fovea.  Since  the  impression  is  made  on  A 
at  the  fovea,  it  will  be  correctly  referred  to  the  object 
looked  at.  But  in  B  the  impression  made  at  m  will  be 
referred  to  a  point  to  one  side  of  the  object  looked  at; 
its  position  relative  to  0  being  in  the   din^ction   nF, 


which  makes  the  same  angle  with  the  visual  axis  of  A 
as  Om  makes  with  the  visual  axis  of  B.  The  image 
of  the  point  received  on  .1,  and  referred  to  its  true 
position  O,  is  called  the  true  image.  The  image 
received  at  m,  and  referred  to  F,  in  the  direction  nF, 
is  called  the  fals^  image. 

In  Fig.  4093,  representing  what  occurs  in  divergent 
squint,    the    eye    .1,    turned    toward    the    object    0, 
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receives  on  its  fovea  the  true  iinape.  which  is  referred 
to  its  proper  source;  and  the  eye  li  receives  at  m  the 
false  imane,  which,  with  reference  to  the  true  image, 
is  referred  in  the  direction  nF  to  F. 

In  general,  in  whichever  dinclion  the  squinting  eye 
deriatex,  its  false  image  appears  to  be  situated  to  the 
opposite  side  of  the  true  one.  When  the  image  on  the 
right  belongs  to  the  right  eye,  it  is  called  homtmymous 
diplopia.  It  occurs  when  the  visual  axes  are  crossed 
as  in  Fig.  4092.  When  the  image  on  the  right  belongs 
to  the  left  eye  and  the  image  seen  to  the  left  belongs 
to  the  right  eye,  it  is  crossed  diplopia.  This  is  repre- 
sented in  Fig".  4693,  and  occurs  in  divergent  squint. 
To  determine  which  image  belongs  to  the  right  eye, 
and  whicli  to  the  left,  cover  one  eye  and  the  image 
belonging  to  it  will  in.stantly  disappear.  Or  place 
before  one  eye  a  piece  of  colored  glass,  when  the 
image  belonging  to  that  eye  will  appear  colored. 

Olijcctire  .Sij)ni>toms. — If  the  squint  be  well  marked, 
inspection  will  reveal  the  defect,  and  show  which  eye 
deviates.  But  there  is  a  possibility  of  error.  We 
judge  of  the  direction  of  the  visual  axis  of  by  the  direc- 
tion of  the  cornea.  Usually  the  visual  axis  pierces 
the  cornea  near  its  center.  But  sometimes  the  visual 
axis  deviates,  so  that,  when  properly  directed,  the 
center  of  the  cornea  will  be  turned  considerably  to  one 
sideband  the  eye  will  appear  to  squint. 

('oner  Test.- — To  determine  whether  the  eye  really 
does  squint,  direct  the  patient  to  gaze  steadily  at  a 
certain  object,  and  cover  first  one  eye  and  then  the 
other.  If  both  eyes  are  properly  directed,  there  will 
be  no  change  of  position  when  either  one  is  covered. 
If  one  eye  has,  its  visual  axis  turned  elsewhere, 
covering  it  will  not  cause  any  change  of  position;  but 
covering  the  eye  which  has  been  directed  toward  the 
object  will  cause  the  eyes  or  head  to  be  turned,  so  that 
the  eye  which  had  looked  elsewhere  may  now  fix 
on  the  object.  If,  however,  both  eyes  have  been  fixed 
on  the  object,  but  only  by  an  undue  effort,  the  covered 
eye  will  deviate  and  take  such  position  as  can  be 
preserved  without  the  undue  effort.  The  test  should 
be  repeated  until  the  observer  is  satisfied  as  to  the 
presence  or  absence  of  squint. 

Having  ascertained  that  squint  is  actually  present, 
the  first  point  to  be  settled  is  whether  it  is  coniitaid 
(concomitant)  or  paralytic. 

CoMiTANT  .sTR.ujisMus  is  ft  Wrong,  and  usually 
variable,  coordination  of  the  movements  of  the  eyes 
with  reference  to  each  other,  without  marked  limita- 
tion of  these  movements  in  any  particular  directit)n. 
It  commonly  apjiears  in  early  childhood;  but  may  exist 
from  birth,  and  more  rarely  begins  during  adult  life. 

Convergeid  squint  is  the  most  common  form  of 
comitant  strabismus.  In  it  the  visual  axes  converge 
to  a  point  nearer  the  eye  than  the  one  looked  at,  as  in 
Fig.  4692.  In  it  the  diploi)ia  is  homonymous,  and  on 
covering  the  eye  which  is  fixed  on  the  object  it  turns 
in  toward  the  nose,  while  the  other  turns  from  the 
nose  and  fixes  the  object. 

Divergent  squitU  comes  next  to  the  convergent  in 
frequency.  In  this  form  the  visual  axes  do  not  con- 
verge enough,  either  meeting  at  some  point  beyond  the 
object  looked  at,  or  remaining  parallel  or  even  diver- 
gent. The  diplopia  is  crossed.  When  the  fixing  eye 
is  covered  it  turns  out,  and  the  other  eye  turns  toward 
the  nose  and  fixes  the  object.  When  the  visual  axes 
remain  always  divergent,  the  squint  is  said  to  be 
absolutely  divergent.  When  the  visual  axes  can  be 
made  to  converge,  but  not  enough,  as  in  Fig.  4693,  the 
squint  is  relatively  divergent. 

Parallel  squint  is  applied  to  those  cases  in  which 
the  visual  axes  remain  parallel  when  they  should 
converge. 

Vertical  squint,  in  which  one  visual  axis  is  directed 
more  upward  or  more  downward  than  the  other,  is 
rare,  except  as  complicating  one  of  the  other  forms  of 
comitant  squint. 


Constant  squint  is  always  present,  the  visual  axes 
never  assuming  normal  relations.  Opposed  to  it  is 
periodic  or  intermittent  squint,  which  is  only  present 
part  of  the  time. 

Periodic  squint  is  apt  to  be  most  marked  when  the 
general  tone  of  the  nervous  system  is  low,  or  at  times 
of  great  excitement,  or  when  the  eyes  are  particularly 
taxed.  A  form  of  convergent  squint,  appearing  only 
during  strong  effort  of  the  accommodation,  is  called 
accommodative  squint.  Squint  dvie  to  clonic  spasm  is 
convulsive  squint.  Closely  allied  to  convulsive  is 
hysterical  squint. 

Monolateral  or  monocular  squint  is  the  form  in 
which  it  is  always  the  same  eye  that  fixes  on  the 
object  looked  at,  while  the  other  eye  always  deviates. 
If  the  fixing  eye  be  covered  it  will  deviate;  while 
the  ordinarily  deviating  eye  fixes;  but,  upon  uncover- 
ing, the  deviation  is  soon  transferred  back  to  the  eye 
which  habitually  presents  it.  The  large  majority 
of  cases  of  comitant  strabismus  are  in  this  sense 
monolateral.  But  it  must  not  be  supposed  that  only 
the  deviating  eye  is  at  fault.  The  squint  is  a  faulty 
coordination  of  the  motions  of  the  two  eyes,  and  one 
eye  constantly  deviates  because  the  fixing  eye  has 
better  vision,  or  sees  with  less  effort. 

Alternating  squint  is  the  variety  in  which  the 
deviation  is  sometimes  presented  by  one  eye,  and  some- 
times by  the  other;  either  of  them  becoming  the  fixiim 
eye  when  the  other  is  covered,  and  continuing  to  fix 
after  the  other  is  uncovered  again.  It  is  the  opposite 
of  monocular  squint. 

Absence  of  Binocxdar  Fusion. —  Most  persons  with 
squint  do  not  experience  double  vision.  In  some 
cases  it  is  quite  obvious  why  there  is  no  diplopia,  as 
where  corneal  opacity,  or  a  high  degree  of  ametropia, 
prevents  the  formation  of  a  retinal  image  in  the 
deviating  eye.  In  other  cases  the  reason  is  less  ob- 
vious, yet  not  hard  to  understand;  as  here,  although 
the  deviating  eye  presents  no  abnormal  appearance, 
the  acuteness  of  vision  is  very  low.  But  there  is  still 
another  class  of  cases  in  which,  although  each  eye  is 
used,  it  is  an  independent  organ.  What  is  called  the 
power  of  binocular  fusion  or  association  is  lacking. 

Amblyopia  ivith  Squint. — In  many  cases  of  squint 
there  is  great  defect  of  vision  in  one  eye  without  any 
visible  cause  for  it.  This  may  be  due  to  invisible 
defects  in  the  cerebral  connections  of  the  eye,  in  which 
case  it  may  be  a  cause  of  squint.  It  may  also  be  due 
to  failure  to  develop  visual  power  through  disuse, 
amblyopia  ex  anopsia.  Or  there  may  even  have  been 
deterioration  of  vision,  by  suppression,  to  prevent 
annoyance  from  diplopia. 

Causes  of  Comitant  Squint. — When  binocular  fusion 
is  especially  difficult  or  impossible,  or  the  tendency 
to  it  unusually  feeble,  as  where  the  vision  of  one  or 
both  eyes  is  very  imperfect.  The  normal  guide  to 
coordination  of  the  movements  of  the  two  eyes, 
diplopia,  is  absent;  and  the  nerve  centers  having  for 
their  function  the  coordinaton  of  binocular  movements 
do  not  attain  that  normal  development  which  enables 
them  to  keep  the  visual  axes  properly  directed  to  the 
point  looked  at.  Anything  which  impairs  the  de- 
velopment of  the  visual  centers  or  the  acuteness  of 
vision — as  hereditary  anomalies,  convulsions,  pro- 
longed nutritive  disorders,  injury  of  the  eyeball, 
corneal  opacities,  or  high  ametropia — becomes  a 
cause  of  squint.  But  ametropia  has  an  especial  share 
in  the  causation  of  squint,  as  was  first  pointed  out  by 
Donders.  Normally,  the  exertion  of  the  power  of 
accommodation  is  accompanied  by  convergence  of  the 
visual  axes;  the  full  power  of  the  accommodation 
cannot  be  exerted  without  strong  convergence.  Hence 
in  hyperopia,  where  the  accommodation  must  be 
exerted  more  strongh-,  there  is  a  special  tendency  to 
excessive  convergence. 

In  myopia  the  need  for  complete  relaxation  of  the 
accommodation,  even  when  a  near  object  is  looked  at, 
may  lead  to  deficient  convergence  of  the  visual  axes. 
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or  divergent  squint.  In  myopia  of  high  degree  there 
is  also  anteroposterior  elongation  of  the  globe, 
which  is  often  very  marked.  This  makes  the  eyeball 
an  oval,  fitting  in  an  oval  socket,  in  which  it  cannot 
be  turned  without  changing  the  shape  or  direction  of 
the  socket,  by  actual  displacement  of  the  orbital  tis- 
sue. Hence  convergence  of  the  myopic  eye  requires 
excessive  effort,  while  myopia,  restricting  the  range 
of  distinct  vision,  requires  that  the  convergence 
should  be  especially  great.  In  the  highest  degrees  of 
myopia,  the  effort  at  convergence  is  abandoned,  and  a 
divergent  strabismus  permitted.  This  is  at  first 
relative  and  periodic,  but  because  it  requires  less  effort 
gradually  becomes  more  frequent  and  habitual,  so 
that  the  divergence  is  very  likely  to  become  absolute 
and  constant. 

Trenimenl  of  Comilanl  Squint. — The  preventive 
treatment  should  include  all  measures  favoring  the 
normal  development  of  the  general  nervous  and 
muscular  systems,  or  calculated  to  improve  the  acute- 
ness  of  vision.  Both  to  influence  the  acuteness  of 
vision,  and  to  give  the  normal  accommodation  and 
range  of  distinct  vision,  errors  of  refraction  are  to  be 
corrected.  In  convergent  scjuint  with  hj'peropia,  the 
convex  lenses  fully  correcting  the  latter  should  be 
worn  constantly.  They  should  be  carefully  de- 
termined and  put  on  at  the  earliest  date  possible. 
Children  of  two  or  three  years  will  wear  accurate 
correcting  lenses  with  the  greatest  benefit.  To  make 
the  necessary  measurements  for  lenses,  and  to  enforce 
their  use,  it  is  advisable  to  place  the  ej-es  fully  under 
the  influence  of  a  cycloplegic  as:  Atropine  sulphate, 
gr.  i;  distilled  water,  fl.  oij — one  drop  to  be  placed  in 
each  eye  three  times  a  day.  This  should  be  kept  up 
for  some  weeks  until  the  squint  has  disappeared,  or 
until  it  is  clearly  demonstrated  that  the  deviation  is 
not  being  favorably  influenced  by  it. 

The  mydriatic  acts  by  paralyzing  the  accommoda- 
tion, and  so  preventing  any  attempt  to  use  it  which 
may  bring  about  excess  of  convergence.  Care  must 
be  taken  that  the  solution  used  is  strong  enough,  and 
is  efficiently  applied.  If  only  enough  of  the  drug  is 
instilled  to  somewhat  weaken  the  accommodation,  the 
effect  will  be  not  to  prevent,  but  to  increase  the 
accommodative  effort,  and  therefore  the  accompany- 
ing convergence.  Sometimes  to  eliminate  accommo- 
dative effort  it  is  best  to  give  a  young  child  bifocal 
glasses  such  as  would  be  given  for  presbyopia. 

In  myopia  concave  lenses,  correcting  it,  may  be  used 
to  prevent  divergent  squint;  or,  if  the  squint  is  already 
established,  to  bring  about  convergence. 

As  aiding  in  the  proper  development  of  the  muscles 
concerned,  what  are  called  orthoptic  exercises  are  rec- 
ommended. They  consist  usually  in  looking  througli 
some  form  of  apparatus  at  lines,  letters,  or  figures,  a 
part  of  each  being  seen  by  one  eye,  and  the  remainder 
being  presented  to  the  other  eye;  by  an  effort  tliese  are 
to  be  fused  into  one  picture.  A  reading  liar  or  a  ruler 
may  be  placed  vertically  between  the  page  and  the 
eye.  The  ruler  cuts  off  a  part  of  the  page  for  each 
eye,  but  by  using  both  eyes  all  parts  may  be  seen. 
The  reading  of  each  line  necessitates  the  alternate  use 
of  both  eyes.  The  fusion  tubes  of  Priestley  Smith  may 
be  used  for  children  who  cannot  read.  The  ambiyo- 
scope  of  Worth  presents  diagrams  or  pictures  in  such 
positions  that  it  is  possible  to  fuse  their  images  while 
the  eyes  are  strongly  converged.  By  practice  witli 
it  the  "fusion  sense"  is  developed  and  used  to  assist  in 
overcoming  the  squint.  With  older  patients  the 
ordinary  hand  stereoscope,  or  the  reflecting  stereoscope 
may  be  employed  with  special  diagrams  or  pictures 
marked  for  the  purpose.  Orthoptic  exercises  are 
mainly  of  use  to  cultivate  the  faculty  of  binocular 
fusion  where  that  exists,  but  is  deficient  in  comparison 
with  the  obstacles  it  has  to  overcome. 

.\s  a  palliative  of  comitant  squint,  prisms  may  be 
worn  in  rare  instances.  They  are  so  used  as  to  cause 
the  rays  to  enter  the  squinting  eye  in  the  direction  of 


its  visual  axis  and  thus  avoid  diplopia,  while  the  squint 
remains  unchanged.  Or  they  may  be  used  as  a  sort 
of  orthoptic  apparatus,  to  bring  the  rays  so  nearly  in 
the  direction  of  the  visual  axis  of  the  deviating  eye 
that,  by  a  little  additional  effort,  the  visual  axis  will 
be  brought  to  coincide  with  their  direction  and  the 
sciuint  thus  lessened.  In  either  case  the  strength  of 
prismatic  effect  required  is  to  be  determined  by  trial, 
and  secured  by  placing  prisms  of  equal  strength  before 
both  eyes,  with  the  refracting  angle  or  thin  edge  of 
the  prism  in  the  direction  in  which  the  eyes  deviate. 

Operative  7neasures  are  intended  so  to  change  the 
connection  of  the  muscles  to  the  eyeball  that  the  visual 
axes  may  assume  approximately  their  proper  positions. 
Division  of  the  tendon  of  the  muscle  toward  which 
the  cornea  is  turned  allows  the  eyeball  to  be  turned 
toward  the  proper  position  by  its  opponent.  This 
is  called  tenotomy  of  the  rectus,  or  strabolomy.  Ad- 
vnncement  of  the  tendon  of  the  muscle  which  has  exerted 
too  little  influence  on  the  direction  of  the  eye  allows 
it  to  acquire  a  new  insertion  clo.ser  to  the  cornea,  and 
to  exert  a  relatively  greater  influence  in  determining 
the  direction  of  the  visual  axis.  Tendon  transplanta- 
tion, by  giving  an  insertion  on  a  different  part  of  the 
eyeball,  enables  one  muscle  to  perform  the  function 
normally  belonging  to  another.  Operative  procedures 
should  only  be  resorted  to  after  other  means  have 
been  carefully  tried  and  have  failed  to  give  relief. 

In  determining  the  operation  to  be  done  the 
amount  of  deviation  is  to  be  considered.  This  may 
be  measured  in  degrees  on  the  arc  of  a  perimeter,  by 
placing  the  deviating  eye  at  the  center  of  the  arc, 
making  the  visual  axis  of  the  fixing  eye  parallel  to  the 
axis  of  the  instrument,  and  noting  the  number  of 
degrees  from  the  axis  of  the  perimeter  to  the  visual  axis 
of  the  deviating  eye.  In  place  of  the  perimeter  arc, 
the  deviation  may  be  measured  on  a  meter  stick  or 
tape,  held  one  meter  from  the  eyes.  It  can  also  be 
measured  by  placing  a  scale  along  the  edge  of  the 
lower  lid  of  the  squinting  eye,  covering  the  good  eye 
so  that  the  other  may  fix,  and  then  uncovering  it  and 
watching  the  deviation.  As  a  rule,  the  inwarr!  devia- 
tion that  can  be  remedied  by  a  tenotomy  of  the  internal 
rectus  is  greater  than  the  outward  deviation  that  can 
be  overcome  by  a  tenotomy  of  the  external  rectus; 
and  the  effect  of  the  former  operation  tends  to  increase 
for  a  certain  time  after  its  performance,  while  the 
effect  of  the  latter  rather  tends  to  diminish. 

To  perform  tenotomy  of  one  of  the  recti  muscles  the 
instruments  required  are  a  pair  of  scissors  with  fine  but 
slightly  blunt  points,  a  pair  of  strabismus  forceps  (a 
form  of  fixation  forceps  with  narrow-toothed  jaws),  a 
strabismus  hook,  and  a  lid  elevator  or  speculum.  A 
drop  of  a  four-per-cent.  solution  of  cocaine  is  to  be 
placed  over  the  insertion  of  the  tendon  to  be  cut. 
This  is  repeated  every  two  minutes  for  ten  minutes. 
The  lid  elevator  or  retractor  is  then  introduced 
beneath  the  upper  lid  and  confided  to  the  assistant, 
who  may  stand  behind  the  patient,  steadying  the 
head  against  his  own  breast.  The  operator  with  the 
forceps  seizes  a  fold  of  conjunctiva  five  millimeters 
back  from  the  margin  of  the  cornea,  and  over  the 
tendon  to  be  divided.  With  the  scissors  this  fold 
in  the  conjunctiva  is  snii)ped  so  as  to  make  an 
opening  which,  when  stretched  out,  will  be  from 
five  to  eight  millimeters  in  length.  The  forceps 
then  drop  the  conjunctiva,  arc  introduced  thro\igh 
the  cut,  and  made  to  grasp  the  subconjunctival  tis- 
sue. This  is  also  divided  freely  with  the  scissors. 
The  hook  is  then  introduced,  the  point  in  contact 
with  the  sclerotic,  and  i)ushed  under  the  tendon. 
The  forceps  are  now  removed  and  the  hook  depended 
upon  to  fix  the  eyeball.  The  points  of  the  scis.sors  are 
introduced,  one  beneath  the  tendon  and  close  to  its 
insertion,  the  other  over  the  tendon  and  immediately 
beneath  the  conjunctiva.  The  blades  being  brought 
together,  the  tendon  is  divided  and  the  hook  can  be 
pushed  forward  without  hindrance  to  the  margin  of 
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the  cornea.  The  point  of  the  hook  is  then  turned  anfi 
the  remaining  part  of  the  tendon  taken  up  and  divided 
in  a  similar  manner.  When  no  bands  remain  to 
prevent  tlie  hook  from  freely  slipping  forward  to  the 
corneal  margin,  it  is  removed  and  the  motility  of  the 
eye  is  tested.  If  motion  is  not  decidedly  limited  in  the 
direction  of  the  cut  tendon,  the  hook  is  to  be  intro- 
duced again  and  other  bands  searched  for  and  divided. 
The  effect  of  the  operation  can  be  enhanced  by 
freely  dividing  the  subconjunctival  tissue  around  the 
tendon. 

For  advancement  of  the  tendon  of  one  of  the  recti 
muscles,  there  are  required,  in  addition  to  the  instru- 
ments used  for  tenotomv,  fine  needles  and  silk  sutures, 
and  a  needle-holder.  It  is  better  to  have  the  patient 
recumbent,  and,  after  the  use  of  cocaine,  an  incision 
is  made  with  the  scissors  in  the  conjunctiva,  parallel 
to  the  corneal  margin,  five  millimeters  from  it  and  ton 
millimeters  in  length.  The  tendon  is  now  to  be  iso- 
lated and  raised  on  the  hook.  A  needle  armed  with 
the  silk  should  then  be  passed  through  one  margin  of 
the  tendon  from  the  outer  surface  toward  the  eyeball 
the  proper  distance  behind  tlie  insertion  to  give  the 
desired  effect;  and.  having  been  drawn  through,  is  to 
be  introduced  beneath  the  conjunctiva  near  the  corneal 
margin  opposite  the  middle  of  the  tendon  insertion, 
where  it  is  to  be  carried  for  two  or  three  millimeters 
parallel  to  the  corneal  margin  in  the  firm  scleral  tissue, 
but  nottlirough  it.  Then  the  needle  is  carried  beneath 
the  other  edge  of  the  tendon,  and  brought  out  opposite 
the  first  point  of  entrance,  and  the  loops  of  suture 
drawn  aside.  The  tendon  is  then  severed  at  its 
insertion,  and  a  small  piece  of  it  may  be  cut  off  if 
a  decided  change  of  the  direction  of  the  eyeball  is 
desired.  The  suture  is  then  tightened  and  tied, 
bringing  the  tendon  forward  to  the  desired  position. 
The  eye  is  closed  and  band.aged.  The  stitches  are 
allowed  to  remain  several  days,  unless  it  is  feared 
that  too  great  an  effect  will  be  produced.  Tenotomy 
of  the  opposing  imisclo  is  combined  with  advancement 
to  produce  a  marked  change  of  direction. 

Lnternl  iTanx-planlation  to  modify  the  function  of  a 
muscle  must  bo  planned  to  meet  the  needs  of  the 
particular  case.  The  insertion  of  the  superior  rectus 
h:us  been  slipped  back  and  moved  toward  the  temporal 
side  of  the  eyeball  to  correct  the  disturbance  of  ocular 
movements  caused  by  paralysis  of  the  superior 
oblique.  The  outer  halves  of  the  tendons  of  the 
superior  rectus  and  the  inferior  rectus  have  been 
separated  from  their  normal  relations  and  attached  to 
the  insertion  of  the  tendon  of  the  external  rectus, 
to  relieve  congenital  paralysis  of  the  last-named 
muscle. 

In  a  large  proportion  of  cases,  the  result  of  operative 
interference  is  only  an  approximate  correction  of  the 
deformity,  which  may  sometimes  be  improved  by  the 
subsequent  use  of  glasses,  or  orthoptic  training.  Only 
where  good  binocular  fusion  can  be  obtained  may  a 
perfect  result  be  hoped  for. 

Par.\lytic  squint  is  a  lagging  behind  of  one  eye 
when  the  patient  attempts  to  look  in  a  certain  direc- 
tion; it  is  due  to  loss  of  power  in  the  muscle  or  muscles 
which  should  turn  the  eye  in  that  direction. 

Such  palsies  may  arise  from  lesions  of  the  muscle 
itself,  of  the  centers  governing  its  action,  or  of  the 
connecting  nerve  tracts.  I'sually  they  have  the 
latter  origin.  Early,  in  a  case  of  uncomplicated 
paralytic  squint,  movements  which  do  not  depend  on 
the  muscle  or  muscles  affected  may  be  normal;  and, 
so  long  as  no  demand  is  made  on  these  muscles,  no 
diplopia  or  inconvenience  results.  The  squint  and 
diplopia  appear  only  when  the  eyes  are  turned  in  a 
certain  direction.  In  periodic  comitant  squint  the 
squint  is  sometimes  absent,  but  when  present  it  is  so 
irrespective  of  the  direction  of  the  object  fixed;  in 
paralytic  strabismus  the  squint,  is  always  present 
when  the  eyes  are  turned  in  a  certain  direction,  and 


always  absent  when  they  are  turned  in  another. 
.\fter  paralvsis  of  one  of  the  muscles  has  existed  for 
some  time,  its  ela.stic  tension  is  no  longer  sufficient  to 
balance  the  elastic  tension  of  its  opponent.  The  latter 
turns  the  eye  toward  itself,  so  that  it  cannot  assume 
the  normal  position,  even  when  the  muscles  are 
relaxed  as  much  as  po.ssible.  When  this  occurs  the 
deviation  becomes  more  or  less  constant,  and  if  some 
power  of  voluntary  contraction  be  recovered  by  the 
paralyzed  muscle,  the  case  assumes  somewhat  the 
character  of  comitant  strabismus.  It  is  convenient  to 
classify  paralytic  straliismus  by  the  nervous  supply  of 
the  muscles  involved. 

Paralysis  of  the  ahducens  nerve,  or  external  rectus 
muscle,  causes  a  most  frequent  and  simple  form  of 
paral\i;ic  squint.  Strabismus  occurs  when  the  patient 
tries  to  look  toward  the  side  on  which  the  affected 
muscle  is  situated.  If  the  paralysis  be  complete, 
diplopia  begins  as  soon  as  the  object  fixed  passes  the 
median  line;  if  it  be  but  partial,  it  may  not  appear 
until  the  eyes  have  been  directed  somewhat  toward 
the  affected  side.  Congenital  paralysis  of  both  of  the 
abducens  nerves,  causing  a  constant  convergent  squint 
with  inability  to  turn  the  eyes  to  either  side,  has  been 
occasionallv  observed. 

Paralysis  of  the  Pntheticus,  Fourth  Nerve;  the  Superior 
Oblique  Mtis'cle. — The  deviation  and  diplopia  appear 
mainly  when  the  eyes  are  turned  toward  the  affected 
side  and  downward.  The  false  image  is  lower,  and 
appears  so  inclined  that  its  upper  end  is  close  to  the 
upper  end  of  the  true  image. 

Oculomotor  Paralysis. — The  involvement  of  all  the 
extraocular  branches  causes  drooping  of  the  lid 
(ptosis),  and  leaves  the  eye  unable  to  move  in  any 
direction  except  outward  and  a  little  downward.  On 
attempting  to  look  toward  the  sound  side,  or  upward 
or  far  downward,  deviation  and  diplopia  appear,  and 
increase  pari  passu  with  the  effort  to  turn  the  visual 
a.xes  in  either  of  these  directions.  The  same  thing 
occurs  when  any  attempt  is  made  to  converge  for  a 
near  object.  According  to  the  movements  attempted 
does  the  squint  assume  more  the  character  of  a  diver- 
gent or  a  vertical  strabismus. 

When  the  affected  eye  participates  in  the  act  of 
vision  there  is  experienced  a  great  uncertainty  as  to  the 
position  of  objects,  which  amounts  to  a  kind  of  vertigo. 
If  the  palsy  has  lasted  more  than  a  few  days,  a 
constant  outward  deviation  of  the  visual  axis  is  usually 
established.  Oculomotor  palsy  may  involve  only  a 
part  of  the  muscles  supplied  by  tlie  nerve;  or  may 
even  be  limited  to  a  single  muscle,  or  a  single  set  of 
movements. 

Recurrent  attacks  of  oculomotor  paralysis,  usually 
attended  with  intense  headache,  maj-  occur.  The 
earlier  attacks  are  followed  by  recovery,  but  later  the 
paralvsis  becomes  permanent. 

Ophthalmoplegia  externa  is  the  term  applied  to  a 
paralvsis  of  all  the  muscles  attached  to  the  eyeball. 

Treatment  of  Paralytic  Squint. — The  largest  number 
of  these  palsies  come  from  some  syphilitic  new  growth, 
involving  the  sheath  of  the  nerve  or  adjoining  struc- 
tures, or  from  syphilitic  disease  of  the  nerve  itself. 
.\  few  come  from  disease  in  the  course  of  the  nerve 
trunk,  and  a  considerable  number  arise  from  a  focus  of 
disease  in  cerebrospinal  or  spinal  sclerosis.  If  there  is 
a  clear  history  of  rheumatism,  or  collateral  evidence 
of  the  rheumatic  nature  of  the  attack,  or  indications  of 
gastrointestinal  autointoxication,  appropriate  remedies 
should  be  carefully  tried.  But  in  other  cases  it  is 
best  to  assume  that  the  lesion  is  s\^3hilitic,  and  to  treat 
it  with  mercury  and  increasing  doses  of  potassium 
iodide  until  there  is  improvement,  or  until  symptoms 
of  iodism  appear.  Salvarsan  has  seemed  to  produce 
palsies  of  the  ocular  muscles;  but  these  same  attacks 
of  ocular  nerve  paralysis  have  been  cured  by  repeating 
the  dose  of  salvarsan,  or  treating  with  mercury  or 
iodides. 

It    is    scarcely    practicable    to    pass    through    the 
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affected  muscles  electric  currents  powerful  enough  to 
have  much  effect  on  them,  without  endangering  the 
optic  nerve  and  retina. 

Prisms  and  tenotomy  are  not  generally  of  any  use. 
Where  the  deformity  is  very  great,  cosmetic  improve- 
ment may  sometimes  be  obtained  by  making  an  ad- 
vancement of  the  tendon  of  the  paralyzed  muscle  and 
the  neighboring  portion  of  the  capsule  of  Tenon,  with 
a  tenotomy  or  exsection  of  the  opponent.  The  im- 
mediate effect,  obtained  in  this  way,  should  be  a 
deviation  toward  the  paralyzed  muscle.  For  bad 
chronic  cases  lateral  transplantation  of  tendon  inser- 
tions should  be  considcrefl  and  tried.  In  cases  of  in- 
complete recovery  passive  motion  has  been  used  with 
apparent  benefit.  Cocaine  having  been  applied  to 
the  eye,  the  insertion  of  the  paralyzed  muscle  is  .seized 
with  the  fixation  forceps  and  the  eyeball  dragged  back 
and  forth  in  the  direction  in  which  the  muscle  would 
act.  so  that  the  muscle  is  alternately  .stretched  and 
relaxed  to  its  utmost.  This  is  continued  for  about 
two  minutes,  and  repeated  every  two  or  three  days. 

HF,TEnopHORi.\  OR  L.\TEXT  Squixt. — The  perfect 
coordination  of  the  movements  of  the  two  eyes, 
called  nrthophoria,  is  only  effected  by  the  demand  for 
single  vision.  In  a  majority  of  persons  the  with- 
drawal of  the  influence  of  binocular  fusion  leaves  a 
perceptible  squint.  Such  squint  is  called  latent  or 
dynamic,  or  is  spoken  of  as  an  insuficicncij  of  the 
weaker  of  the  opposed  muscles,  or  as  hrlomphnrin. 
a  tending  of  the  visual  axes  toward  different  points. 
If  not  great,  the  latent  deviation  will  cause  no  trouble 
to  a  person  with  a  well-developed  musculonervous 
system.  But  in  persons  of  inferior  development  and 
small  reserve  of  nerve  force,  even  moderate  degrees  of 
insufficiency  may  give  rise  to  the  symptoms  of  eye 
strain,  especially  if  the  eyes  are  required  to  do  large 
amounts  of  work,  or  to  work  under  unfavorable 
conditions. 

Diagnosis  of  Hcterophoria. — On  covering  one  eye  so 
that  it  can  no  longer  take  part  in  binocular  vision,  if 
there  is  heterophoria  the  excluded  eye  will  deviate. 
Upon  uncovering  the  eye,  it  quicklj'  assumes  again 
the  position  in  which  its  visual  axis  will  pass  through 
the  point  fixed.  In  this  way,  b^'  repeated  trials  and 
close  watching  of  the  eyes,  quite  low  degrees  of  latent 
squint  can  be  detected.  The  Maddox  rod  test  is  still 
more  delicate.  A  glass  rod  held  before  one  eye  causes 
a  distant  point  of  light  to  appear  as  a  streak.  If 
this  streak  seems  to  go  directly  across  the  light  as 
seen  by  the  other  eye,  orthophoria  is  present.  If  the 
.streak  does  not  cross  the  light,  heterophoria  is  present. 
and  the  direction  in  which  the  streak  is  displaced  tells 
the  variety  of  heterophoria. 
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Fio.  4094. —  Di.igran.  for  Testing  the  Muscle  Balance. 

To  test  the  muscle  balance  at  a  near  point  a  dot  or 
figure,  like  that  shown  in  Fig.  4694,  is  viewed  througli 
a  ten-degree  prism  with  its  base  up.  causing  a  vertical 
diplopia.  If  the  balance  be  perfect,  the  false  image 
will  be  exactly  below  the  true  one,  as  in  1,  otherwise 
the  false  image  will  be  displaced  to  the  right  or  left. 
With  the  prism  before  the  right  eye,  2  will  indicate 
esophoria,  and  3.  exophoria. 

Vnrirlies  of  Heterophoria. — Exophoria,  or  insuffi- 
ciency of  the  interni,  occurs  with  high  myopia,  and 
from  excessive  near  work,  or  as  an  inherent  deficiency 
of  convergence  power.  Esophoria,  excessive  tendency 
to  convergence,  is  more  often  seen  in  hyperopes.  but 
not  exclusivelv.  Hyperphoria,  or  vertical  insuffi- 
cienc}',  generally  goes  with  one  of  the  other  varieties. 


It  is  right  or  left,  according  to  the  eye  which  tends  to 
turn  higher  than  its  fellow. 

Either  of  the  above  may  cause  headache,  a  "drawn 
feeling  about  the  eyes,"  or  other  symptoms  of  eye 
strain.  But  such  sjinptoms  should  not  be  ascribed 
to  this  cause  until  errors  of  refraction  have  been 
accurately  corrected. 

Treatment. — All  remedial  measures  for  squint  may 
be  resorted  to.  On  account  of  the  lesser  extent  of  the 
deviation,  prisms  are  particularly  available.  On  the 
same  account  tenotomy  and  advancement  require 
more  accurate  and  delicate  adjustment  to  the  needs 
of  the  case,  and  are  to  be  resorted  to  only  after  a 
thorough  and  prolonged  acquaintance  with  those 
needs.  Reduction  of  the  amount  of  trying  eyework, 
and  hygienic  measures  calculated  to  improve  the 
condition  of  the  nervous  system  generally,  are  of  the 
utmost  importance  in  such  cases. 

Mixed  Forms  of  Squint. — While  nearly  aU  cases  of 
strabismus  are  readily  referred  to  one  or  the  other  of 
the  foregoing  classes,  and  while  it  is  of  the  first  im- 
portance to  have  clear  conceptions  as  to  the  special 
characteristics  of  each  class,  it  should  not  be  forgotten 
that  many  cases  present  the  peculiar  features  of  more 
than  one  class.  In  strabismus,  therefore,  each  case  is  a 
subject  for  individual  study. 

Edw.\rd  J.\ckson'. 
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Stramonium. — .I.\mestown-  Weed;  Jim.fon  Weed, 
V.  S.  The  dried  leaves  of  Datura  stramonium  L. 
or  of  D.  tatulah.  {(am.  Solanaceo').  without  admi.xture 
of  more  than  ten  per  cent,  of  stems  and  other  foreign 
matter  and  yielding  not  less  than  0.25  per  cent,  of  the 
mydriatic  alkaloids  of  stramonium. 

The  plants  yielding  these  leaves  are  known  as  Thorn- 
apple,  Apple  of  Peru,  Stinkireed,  etc.  The  stramonium 
plants  are  probably  natives  of  southern  Asia  but 
have  become  abundantly  naturalized  in  nearly  all 
subtropical  and  temperate  regions.  They  are  very 
common  in  rich  soil  of  waste  places  in  the  eastern 
United  States.  D.  stramonium,  which  is  much  more 
common  and  abundant,  and  constitutes  practically 
all  of  the  drug,  is  a  coarse,  smooth  annual,  from  one 
to  six  feet  high,  with  an  upright  tri-  and  dichoto- 
mously  branched,  smooth,  green,  more  or  less  hollow 
stem,  branching  at,  say,  a  foot  from  the  ground,  and 
forming  a  spreading  crown.  The  habit  of  the  flower- 
ing and  fruiting  branches,  and  the  structure  of  the 
large,  white,  fragrant  flowers,  and  of  the  fruit,  are 
shown  in  the  accompanying  illustrations. 

Descripttox. — The  Leaves. — k  much-wrinkled,  deep 
or  somewhat  grayish-green,  rarely  very  slightly  brown- 
ish mass,  consisting  of  petioled  leaves,  the  blades  from 
twelve  to  twenty-five  centimeters  (five  to  ten  inches) 
limg,  and  about  two-thirds  as  broad,  inequilaterally 
ovate,  very  oblique  at  the  base,  acuminate  and  acute 
at  the  apex,  very  coarsely  dentate  or  sublobed,  the 
large  teeth  few,  acute,  with  rounded  sinuses,  thin, 
smooth;    the  principal   veins  few   and   coarse;   odor 
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slight,   narcotic  when  bruised;   taste   bitter  and  dis- 
agreeable. 

The  Seeds  have  also  been  considerably  used  and 
were  formerly  official  as  Stramonii  Semen.  They 
arc  about  3.5  inillimetors  (one-eighth  inch)  long  and 
two-thirds  as  broad,  flattened  reniform,  the  hilum  at 
one  .side  of  the  concavity;  testa  dull  black  or  blacki.sh, 
hard,  coarsely  and  shallowly  reticulate-wrinkled,  and 
very  finely  pitted;  perisperm  whitish,  oily,  concealing 
a  cylindrical,  curved  embryo;  odor  unpleasant  when 
bruised;  taste  sweetish  and  bitter,  then  somewhat 
acrid. 

Constituents. — The  relations  to  one  another  of  the 
mydriatic  alkaloids  of  the  Solanacea  are  only  now  be- 
coming known,  and  our  ideas  of  those  of  stramonium 
mu.st  still  be  regarded  .as  merely  tentative.  The  alka- 
loidal  content,  at  first  described  as  distinct,  under  the 
name  "Daturine,"  is  now  regarded,  doubtless  cor- 
rectly, as  being  largeh'  one  of  the  hyosc  yam  hies  (see 
Scopoln),  but  which  one,  and  in  what  proportions. 
and  how  far,  and  under  what  conditions  mixed  with 
atropine,  are  matters  largely  of  conjecture.  Even 
the  percentage  of  total  alkaloid  is  not  well  known. 
The  leaves  contain  a  large  amount  of  ash  (fourteen 
and  one-half  per  cent.),  niter,  asparagin,  a  trace  of 
volatile  oil,  and  other  unimportant  sub.stances,  and 
the  seeds  about  twenty-five  per  cent,  of  fixed  oil. 

The  active  constituents  of  I).  Intiila  are  more  pow'er- 
ful  than  those  of  the  former  and  their  therapeutical 
effects  are  not  the  same.  It  was  a  great  mistake  to 
include  both  under  one  definition. 

Action  and  I'sb. — From  the  above  analysis  it  w'ill 
be  seen  that  stramonium  can  exhibit  but  little  dif- 
ference in  action  from  hyoscyamus,  and  but  little 
from  belladonna.  It  is  indeed  capable  of  being  used 
for  exactly  the  same  purposes,  only  it  is  more  quiet- 
ing and  hypnotic  than  the  latter,  w-hich  may  indicate 
the  presence  in  it  of  some  hyoscine  or  other  alkaloid 
distinct  from  atropine  or  hyoscyamine.  Custom, 
perhaps,  as  much  as  anything,  has  directed  the  leaves 
of  this  species,  instead  of  tho.se  of  the  others  named, 
to  be  used  in  the  local  antispasmodic  treatment  of 
asthma,  for  which  purpose  it  is  almost  entirely  pre- 
scribed. The  common  method  is  to  administer  it  by 
smoking.  The  leaves  may  bo  burnt  in  a  pipe  or  on 
the  cover  of  a  hot  stove,  or  they  may  be  made  more 
inflammable  by  being  soaked  in  a  strong  solution  of 
saltpeter  and  dried,  after  which  they  will  burn  steadily, 
without  flame  and  without  reciuiring  any  apparatus; 
prepared  in  this  way  and  flavored  with  aromatics 
and  balsams,  they  are  the  foundation  of  most  of  the 
"asthma  cigarettes"  and  "pastils,"  which  are  often 
better  products  than  extemporaneous  preparations 
are  apt  to  be.  The  French  Codex  gives  directions 
for  making  cigarettes  of  stramonium,  containing  one 
gram  each  of  leaves,  without  any  admixture.  For 
internal  administrationstramonium  may  be  considered 
as  about  the  equivalent  of  hyoscyamus.  The  prepa- 
rations, formerly  official,  were  all  made  from  the  seed, 
the  leaves  being  used  only  for  smoking.  At  present 
the  seeds  are  not  official.  The  following  official  prepa- 
rations are  made  from  the  leaves:  Extract  (Extrnc- 
tum  Slratnnnii),  strength  about  };  Fluid  Extract  (Fluid- 
exlrnrlum  Siramnnii),  strength,  \;  Tincture  iTinclura 
Slramonii),  .strength  X  and  the  Ointment  {Ungnentum 
.Sframonti),  strength  (^of  the  extract),  ^^  in  benzoinated 
lard.  All  these  have  similar  properties  and  u.ses  to  the 
corresponding  preparations  of  hyoscyamus  and  bella- 
donna, but  are  more  hvpnotic  than  the  latter.  Dose 
of  extract,  gr.  |-i  (0.008-0.01.5);  of  the  fluid  extract 
njii-ij  (0.06-0.12);  of  the  tincture  irijv-xv  (0.03-1.0). 

Allied     Plants. — Datura    consists    of    a    dozen, 
mostly  large,  rank  herbs,  most  of  which  have  similar 
medical  properties  to  the  above,  although  not  identical. 
Henry  H.  Rusby. 


Strieker,  Salomon. — Born  at  Waag-Neustadth, 
Hungary,  in  1834.  After  studying  law  for  a  short 
time  he  turned  his  attention  to  medicine,  and  re- 
ceived his  doctor's  degree  from  the  University  of 
Vienna  in  18.58.  In  1S03  he  became  an  Assistant  in 
Bruecke's  Institute  of  Ph3'siology.  In  1865  he 
I)ublished  his  first  reports  on  the  diapedesis  of  the 
red  blood  corpuscles  and  the  contractility  of  the  walls 
of  blood-vessels.  In  1868,  at  Prof.  Rokitansky's 
suggestion,  he  was  made  Professor  Extraordinary  of 
Experimental  Pathology  and  Director  of  an  institute 
which  was  established  for  the  express  purpo.se  of 
facilitating  his  and  his  pupils'  researches.  In  1872 
he  was  made  regular  Professor  of  General  and  Experi- 
mental Pathology.     He  died  April  2,  1898. 

Strieker  and  his  pupils  are  to  be  credited  with  a 
number  of  important  discoveries — as,  for  example, 
certain  new  facts  relating  to  the  histology  of  the 
cornea;  the  mechanism  of  secretion  in  glands;  the 
division  of  cells  in  living  tissues;  the  doctrine  of  the 
relation  of  cells  to  ground  substance;  the  vasomotor 
center  for  the  abdominal  organs;  the  vasodilator  nerve 
fibers  in  the  sensory  roots  of  the  sciatic  nerve;  the 
origins  of  the  nervi  accelerant es;  the  modus  operandi 
of  diuretics;  the  anesthetic  effects  of  cocaine;  etc. 

Of  Strieker's  published  writings  the  following 
deserve  to  receive  special  mention:  "Handbuch  der 
Lehre  von  den  Geweben  des  Menschen  und  der 
Thiere"  (written  conjointly  by  Strieker  and  other  dis- 
tinguished histologists),  1871-73;  "Vorlesungen  ueber 
allgemeine  und  experimentelle  Pathologie,"  1877-83; 
"Studien  ueber  das  Bewusstsein,"  1879;  "Ueber  die 
Bewegungsvorstellungen,"  1882;  and  "Studien  ueber 
die  Association  der  Vorstellungen,"  1883. 

A.   H.   B. 


Stromeyer,  Georg  Friedrich  Louis. —  Born  at 
Hannover,  Germany,  March  1,  J  804.  He  studied 
medicine  at  the  School  of  Surgery  in  Hannover,  and 
also  at  the  Universities  of  Goettingen  and  Berlin, 
from  the  latter  of  which  institutions  he  received  his 
doctor's  degree  in  1826.  In  1829  he  established  an 
Orthopedic  Institute  in  his  native  city,  and  also  began 
to  give  instruction  at  the  School  of  Surgery.  Nine 
years  later  (in  1838)  he  was  given  the  Chair  of  Surgery 
in  the  High  School  of  Erlangen.  Then  he  served  in 
the  same  capacity  at  the  following  universities: 
Munich,  1841;  Freiburg,  1842;  and  Kiel,  1848.  In 
the  campaigns  of  1849  and  18.50  he  rendered  valuable 
professional  services  to  the  Schleswig-Holstein  Army; 
and  again  in  the  years  1866  and  1870  he  rendered 
equally  valuable  services  to  the  Hannoverian  Armv 
(1866)  and  the  German  Army  (1870).  He  died 
June  15,  1876. 

Stromeyer  ranks  as  one  of  the  greatest  military 
surgeons,  not  merely  of  modern  but  also  of  all  times. 
Aside  from  this,  he  will  always  be  remembered  for 
having  introduced  into  surgery,  as  one  of  its  perma- 
nently useful  possessions,  the  operations  of  subcuta- 
neous myotomy  and  subcutaneous  tenotomy.  The 
first  time  he  performed  the  latter  operation  (on  the 
tendo  .\chillis)  was  on  Feb.  28,  1813  (Jaeciues  Del- 
pech,  having  already  performed  the  same  operation 
at  Montpellier,  France,  in  1806).  After  the  lapse 
of  twenty-three  years  (in  1836)  Stromeyer  repeated 
the  operation  in  the  case  of  a  j-oung  English  physician 
(Dr.  Little)  who  was  affected  with  pes  equinovarus, 
and  who  had  alreadj-  been  told  by  Dieffenbach  that 
he  could  do  nothing  to  relieve  him  of  his  deformity. 
Subsequently,  when  Dieffenbach  learned  how  com- 
pletely successful  the  tenotomy  had  been,  he  became 
an  enthusiastic  advocate  of  the  operation,  and  was 
thus  the  cause  of  its  being  generally  adopted  bj'  sur- 
geons in  every  part  of  the  world.  It  would  seem, 
therefore,  as  if,  in  the  apportionment  of  the  degrees 
of  credit  due  to  these  tw^o  men  (Delpech  and  Stro- 
meyer) for  the  different  parts  which  they  took  in  the 
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Strophantbng 


discovery  and  introduction  of  subcutaneous  tenotomy, 
the  larger  share  belonged  rightly  to  Stromeyer. 

Of  the  latter's  published  writings  the  following 
deserve  to  receive  special  mention:  "Maxinien  der 
Kriegsheilkunst,"  Hannover,  18.55  (second  edition, 
1862);  "Handbuch  der  Chirurgie,"  2  vols.,  1844-50; 
"Erfahrungen  neber  Sehusswunden  im  Jahre  1866" 
(Supplementary  to  hus  Maiimen,  etc.),  Hannover; 
and  "Ueber  die  Durchschneidung  der  Achilles.sehne," 
in  Rxisl's  Magazine,  1833.  A.   H.   B. 


Strongylidae. — A  family  of  round  worms.  The 
body  is  cylindroid  or  rarely  filiform;  the  mouth  usu- 
ally has  six  papillse;  esophagus  more  or  less  enlarged 
posteriorly.  The  male  has  an  enlarged  bursa  copu- 
latrix  and  one  or  two  spicules.  The  female  has  a 
.single  or  double  ovary.  The  family  contains  a 
number  of  genera.  The  hook-worms  are  important 
representatives.     See  Xematoda.  A.  S.  P. 


Strongyloides. — A  genus  of  round  worms.  S. 
intestinalis  is  a  minute  parasite  which  lays  eggs  in 
the  mucosa  of  the  small  intestine  of  man.  The 
eggs  hatch  into  small  larva;  which  pass  out  with  the 
feces  and  develop  in  water  into  male  and  female 
forms.  These  conjugate  and  eggs  are  produced 
which  give  rise  to  rhabditiform  larvae  and  these 
after  molting  reinfect  man  through  the  skin.  See 
Nematoda.  A.  S.  P. 


Strongylus. — A  genus  of  round  worms  in  which 
the  mouth  may  be  nude  or  provided  with  papillje; 
esophagus  dilated  posteriorly;  male  with  bursa 
copulatrix;  females  with  ulva  in  posterior  half  of 
body.  S.  gibsoni  was  discovered  in  the  feces  of  a 
Chinaman  in   Hong  Kong.     See  Nematoda. 

A.  S.  P. 


Strontium. — General  Medicinal  Properties  of  Com- 
pounds of  Strontium. — Salts  of  strontium  resemble 
those  of  calcium  in  being  practically  non-poisonous 
to  the  human  system  and  in  tending  to  improve  nutri- 
tion. Also  they  are  of  low  diffusion  power,  and 
accordingly  are  comparatively  slow  of  absorption. 
Strontium  has  been  proposed  in  medicine  as  affording 
a  base  for  medicinal  salts  that  is  non-poisonous  and 
even  agreeable  to  the  stomach.  Accordingly  stron- 
tium has  been  suggested  for  the  basic  carrier  of  bro- 
mine, iodine,  and  salicylic  acid,  and  the  bromide, 
iodide,  and  salicylate  of  the  metal  are  considerad 
preferable  to  the  corresponding  potassium  and 
sodium  .salts,  because  better  borne  by  the  .stomach. 
The  United  States  Pharmacopoeia  recognizes  stron- 
tium bromide,  iodide,  and  salicylate  (see  Bromides, 
Iodides,  and  Salicylates);  and  formerly  also  the  lactate, 
which  latter  salt  will  be  considered  here  since  its 
effects  are  not  due  specifically  to  its  acid  radical. 

Stroiiliinn  Lactate. — The  salt  was  formerly  official 
in  the  United  States  Pharmacopcria  under  the  title 
Strontii  Lactns,  Strontium  Lactate.  It  occurs  as  a 
white,  granular  powder,  permanent  in  the  air.  It 
is  odorless,  with  a  bitterish,  salty  taste.  It  dissolves 
in  about  four  parts  of  cold  water,  and  freely  in  boiling 
water  and  in  alcohol.  Strontium  lactate  is  a  harmless 
salt,  whose  use  in  medicine  is  because  of  a  reputation, 
in  chronic  Bright 's  disease,  for  diminishing  the 
albumin  in  the  urine  and  improving  the  patient's 
condition  generally.  In  the  form  of  the  di.sease 
accompanying  rheumatism  and  gout,  it  is  praised, 
but  it  should  not  be  used  in  conditions  of  acute  in- 
flammation with  high  fever.  In  albuminuria  from 
heart  disease,  also,  the  medicine  is  reported  to 
diminish  the  albumin.     The  drug   may   be  given  in 


doses  of  from  gr.  xx.  to  xxx.  (1.. 3-2.0)  or  more,  two  or 
three  times  daily.  Edward   Ccrtis. 

R.  J.  E.  Scott. 


Strophanthus. — {Komh&  Arrow  Poison,  InSe, 
Onaye,  etc.)  The  dried  ripe  seed  of  Strophanthus 
kombe  Oliver,  or  of  .S.  hispidus  DC.  (fam.  Apo- 
cynacetr),  deprived  of  its  long  awn.  The  British 
Pharmacopoeia  names  S.  komhe,  under  the  title 
Strophanthi  Semina.  The  German,  under  the  title 
Semen  Strophanthi,  says  "very  probably  from  Stro- 
phanthus kombe."  The  United  States  Pharmacopoeia, 
because  at  the  time  of  its  revision  ten  years  ago  in- 
formation on  this  point  was  verj-  imperfect,  specified 
the  seeds  of  S.  hispidus  De  C.  Clinical  experience 
indicated  that  they  were  nearly  worthless,  and  they 
were  dropped  from  the  edition  of  1900.  In  the  pres- 
ent edition,  they  are  again  introduced,  as  the  equiva- 
lent of  the  others.  This  action  rests  upon  the  fact 
that  when  administered  to  cats,  the  latter  are  killed 
as  quickly  as  by  those  of  S.  kombe,  or  even  more  so, 
and  upon  the  assumption  that  the  cat-killing  action 
is  that  desired  in  therapeutics;  although  this  may  be 
true,  present  evidence  is  to  the  contrary. 

The  strophanthus  plants  are  woody  climbers  of 
tropical  .Africa,  where  an  extract  of  the  seeds  of  several 
of  them  is  used  as  an  arrow  poison  and  in  other  ways 
for  poisoning.  The  seeds  occur  in  lanceolate  or  lance- 
ovoid  follicles,  of  which  two  develop  from  each  flower. 
These  are  fifteen  to  thirty  centimeters  (six  to  twelve 
inches)  long,  and  about  a  sixth  or  a  fifth  as  thick. 
They  are  densely  filled  with  seeds,  the,  bodies  of  which 
are  embedded  among  the  long,  white  plumose  awns. 
The  seeds  are  imported  either  in  the  pods  or  aftef  re- 
moval, and  in  the  latter  case  either  with  or  freed  from 
their  awns.  They  should  be  imported  and  reach  the 
consumer  in  the  pods,  since  this  permits  the  identifica- 
tion of  the  contents  by  the  testing  of  one  seed  from 
aach  pod.  This  is  an  almost  necessary  method  of  ex- 
cmination,  since  good  and  poor  varieties  ol  seeds  so 
loosely  resemble  one  another  that  an  admLxture  is 
very  difficult  to  detect  in  the  cleaned  seeds.  Some 
varieties  are  practically  inert,  while  others  are  ex- 
tremely powerful,  and  indifferent  ways,  so  that  the  em- 
ployment of  correct  methods  of  identification  of  the 
seeds  is  of  vital  importance  to  the  patient.  .Although 
all  parts  of  the  plant  are  bitter,  the  seeds  alone  have 
been  investigated. 

Description. — Good  strophanthus  seeds  (those  of 
S.  kombe)  are  of  a  peculiar  pale  greenish-brown  color, 
and  are  densely  covered  with  very  fine,  closely  ap- 
pressed  silky  hairs.  This  appearance  of  the  sur- 
face constitutes  the  best  guide  to  selection,  outside 
of  chemical  examination.  Those  of  iS.  hispidus  are 
of  a  reddish-brown  color.  Those  of  a  spurious  va- 
riety are  of  a  very  pale  yellowish  or  yellowish  white, 
without  greenish  tinge,  and  the  hairs  coarse  and 
more  or  less  roughening  the  surface  by  their  irregular 
projection.  Strophanthus  seeds  are  about  1.25 
centimeters  or  a  little  more  in  length,  and  one-fourth 
to  one-third  as  thick,  lanceolate,  obtuse  at  the  base, 
gradually  pointed  at  the  summit;  they  are  somewhat 
flattened  or  even  a  little  hoUowish  on  one  side,  and 
have  a  narrow  ridge  running  along  the  other,  and  are 
often  warped  or  even  semi-twisted.  They  are  brittle, 
the  fracture  whitish  and  oily,  the  kernel  consisting 
of  rather  long  cotyledons,  enclosed  in  sparse  albumin. 
They  have  a  slight  odor  and  an  extremely  bitter 
taste.  On  being  crushed  and  tested  with  strong 
sulphuric  acid,  a  green  color  should  quickly  de- 
velop, due  to  the  reaction  of  the  strophanthin.  which 
is  mostly  contained  in  the  albumen  or  endosperm. 
In  this  way.  the  testing  of  a  single  seed  taken  from  a 
pod  deterniines  the  identity  and  quality  of  the  entire 
contents.  However,  should  the  test  fail,  it  should  be 
repeated   with   one   or  two   more   seeds   from    other 
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parts  of  tlie  pod,  as  individual  seeds  sometimes  occur 
whidi  are  imperfect. 

CoNSTiTTENTS. — With  various  Ordinary  constituents 
of  seeds,  stroplianthus  contains  two  or  tlirce  bodies  of 
therapeutical  interest.  The  important  mediciiuil 
constituent  is  two  to  three  per  cent,  of  strophanthin, 
consiilored  below.  The  properties  of  the  twenty-five 
to  tliirtv  per  cent,  of  fixed  oil  are  not  known  with 
certainty.  We  should  expect  it  to  be  inert,  but  in- 
dications of  its  irritating  and  toxic  properties  are  not 
wanting.  On  the  other  hand,  these  are  more  lilcely 
due  to  contained  substances  than  to  the  oil  itself. 
Some  species  of  the  seeds  contain  the  very  poisonous 
glucosidc  jiseudo-slTophdnthin,  and,  since  the  com- 
mercial seeds  are  almost  always  mixed,  it  may  be  the 
presence  of  this  in  the  oil  which  makes  the  latter 
poisonous.  The  poisonous  properties  referred  to 
are  not  the  same  as  those  of  overdoses  of  strophan- 
thin, since  the  greater  toxicity  is  not  accompanied  by 
a  correspondingly  greater  cardiac  tonic  elTect,  but 
often  by  a  lesser  one.  Kombic  acid  is  present,  but  its 
properties  have  not  been  investigated,  and  the  name 
has  apparently  been  applied  to  more  than  one  sub- 
stance. Other  constituents  reported  arc  uncertain, 
since  the  specific  identity  and  freedom  from  admixture 
of  the  seeds  analyzed  has  not  been  determined. 
Stroithanthin  is  a  crystalline  glucoside,  usually  ap- 
pearing amorphous,  as  a  fine  white  powder,  soluble 
in  alcohol  and  water,  especially  the  latter,  insoluble 
in  ether  and  chloroform.  The  fornuila  usually  given 
(C3iH,80i;)  cannot  be  considered  as  fully  established. 
i'pon  decomposition,  it  yields  stroplianlhirlin.  Com- 
mercial stroplianthin  is  very  rarely,  if  ever,  pure. 

.\rTiox  .\XD  U.sEs. — The  therapeutical  action  of 
strophanthus  is  that  of  strophanthin,  and  is  directly 
and  almost  wholly  referable  to  the  heart.  It  is  com- 
monly .stated  as  Vieing  identical  with  digitalis,  but  the 
statement  is  very  misleading,  unless  certain  dif- 
ferences in  other  directions  are  carefully  considered. 
.Vlthiiugh  its  direct  action  is  almost  identical  with 
that  of  digitalis,  the  resultant  effect  is  quite  different, 
owing  to  the  absence  of  those  complications  from 
arterial  effects  which  result  from  the  use  of  digitalis. 
Strophanthus  does  not  greatly  contract  the  arteries, 
hence  little  of  the  gain  from  cardiac  stimulus  is  coun- 
teracted, and  there  is  none  of  that  danger  of  damming 
back  the  lilood  upon  an  incompetent  heart,  which 
sometimes  exists  when  digitalis  is  used.  Another  very 
important  dilTerence  between  the  two  is  the  great 
promptness  with  which  strophanthus  gets  to  work,  its 
efTeits  being  ob.served  in  from  a  third  to  a  half  of  the 
time  required  for  digitalis.  This  is  partly  due  to  its 
purely  cardiac  action,  partly  to  the  fact  that  the  ab- 
sorption of  strophanthin  is  very  rapid.  Strophantluis 
strengthens  and  slows  the  heart  beat,  prolonging  the 
diastolic  period,  and  it  is  especially  valued  for  its 
power  of  restoring  rhythm  to  an  irregular  be.at.  It  is 
thus  especially  useful  when  a  very  prompt  action  is 
desired,  and  also  where  cardiac  action  is  weak  rela- 
tively to  arterial.  Even  in  those  cases  in  which 
digitalis  is  properly  called  for,  a  great  gain  may  be 
secured  by  giving  an  initial  dose  of  strophanthus, 
following  it  with  the  digitalis. 

On  the  other  hand,  the  effect  of  strophanthus  is  far 
less  prolonged  than  that  of  digitalis,  and  is  not 
cumulative  like  the  latter.  Hence,  small  doses,  re- 
peated at  frequent  intervals,  is  the  rule  for  the  ad- 
ministration of  strophanthus.  Even  in  this  way  its 
effects  cannot  be  prolonged  like  those  of  digitalis,  for 
the  beneficial  effects  fir.st  seen  soon  decrease.  It 
cannot  therefore  be  regarded,  like  digitalis,  as  a 
mainstay,  but  rather  as  an  emergency  remedy. 
The  elTect  upon  the  stomach  is  far  less  irritating  thiin 
that  of  digitalis,  hence  there  is  not  the  same  tendency 
to  emesis.  The  same  principle  applies  to  the  kidney.s, 
the  local  effect  upon  the  latter  being  very  slight. 
Yet    strophanthus   is    an   indirect   diuretic,  through 


increased  cardiac  action.  It  is  often  even  more 
strongly  diuretic  than  digitalis,  owing  probably  to  the 
absence  of  obstruction  by  vascular  contraction. 
For  the  same  reason,  the  danger  of  damage  in  case.? 
of  complication  with  organic  kidney  disease  is  want- 
ing. Strophanthus  is  also  a  safer  and  more  com- 
fortable remedy  for  children. 

Administration. — Owing  to  the  facts  stated  above. 
it  is  not  so  difficult  to  secure  genuine  and  pure 
strophanthus  seeds,  and  therefore  correspondim; 
preparations  of  them,  as  it  is  to  secure  pure  stroph- 
anthin, and  the  former  are  to  be  preferred  in  all 
ordinary  cases.  The  official  preparation  is  a  five- 
per-cent.  tincture  of  the  seeds,  made  with  sixty-five- 
per-cent.  alcohol,  and  the  dose  ranges  from  three  to 
ten  minims  (0.. 5-0.(5).  When  larger  doses  are  re- 
quired, it  is  usually  because  the  very  inferior  "brown 
seeds"  have  been  employed.  These  are  several  times 
cheaper  and  they  ha\e  been  used  extensively  even  b.\- 
some  large  manufacturers.  On  the  other  hand,  a 
preparation  of  the  "white  seeds"  will  prove  irritating 
and  will  act  as  a  poison  without  a  corresponding  in- 
crease in  therapeutic  effect.  Strophanthin  mav  be 
given  in  doses  of  sic-yb  (0.0003-0.0006). 

Henry  H.  Rusny. 


Struma. — This  term  has  been  used  in  a  general 
way  to  indicate  a  swelling  or  protuberance  in  any  part 
of  the  body,  but  particularly  with  reference  to  enlarge- 
ments of  the  lymph  glands  and  the  thyroid  gland. 
Since  such  enlargements  are  most  frequently  due  in 
the  case  of  the  lymph  glands  to  tuberculosis,  and  in 
the  thyroid  to  goiter,  the  word  struma  has  come  to  be 
largely  used  as  a  synonym  for  both  scrofula  and 
goiter.  Further,  it  has  been  applied  to  enlargements 
of  the  lymph  glands  other  than  those  of  a  tuberculous 
nature,  also  to  enlargements  of  the  thymus,  to  en- 
largements of  the  kidneys  and  suprarenal  bodies  dui- 
to  tumors  arising  from  adrenal  tissue,  and  in  rarr 
cases  to  splenic  enlargement.  Such  a  widespread 
application  of  the  term,  as  well  as  its  failure  to  convey 
any  definite  idea  concerning  the  etiology  or  patho- 
logical nature  of  the  conditions  so  designated,  would 
appear  to  be  sufficient  reason  for  its  abandonment,  and 
in  pathology  it  is  gradually  falling  out  of  use. 

Aldred  Scott  Warthin. 


Strychnine.— .S/ri/r/mJ/ia  (Ci.HsjNiOi  =  333.31). 
"An  alkaloid  obtained  from  nux  vomica,  and  also 
obtainable  from  other  plants  of  the  family  Logani- 
acece." — U.  S.  P. 

The  origin  of  strychnine  has  been  fully  discussed 
under  Nux  Vo})iica.  Its  extraction  from  the  seed  is 
accompanied  by  much  difficulty,  owing  to  its  strong 
retention  in  tlie  cells  of  the  horny  albumin.  Natu- 
rally, various  methods  have  been  employed  for  over- 
coming this  difficulty.  The  seeds  are  either  powdered 
in  their  original  condition,  or  first  subjected  to  a 
steaming  process  and  then  dried.  The  strj'chnine 
can  be  dissolved  out  by  alcohol  in  the  form  of  its 
natural  salt  or  by  water  acidulated  with  hydrochloric 
acid.  The  concentrated  and  filtered  solution  is  then 
treated  with  an  alkali,  such  as  acetate  of  lead  or  lime, 
to  decompose  the  alk.aloid,  which  is  then  precipitated 
and  purified.  The  principal  impurity  liable  to  exist 
is  brucine,  the  tests  for  which  are  indicated  in  the 
following  description: 

Colorless,  transparent,  octahedral  or  prismatic 
crystals,  or  a  white,  crystalline  powder,  odorless,  and 
having  an  intensely  bitter  taste,  perceptible  even  in 
highly  dilute  (1  in  700,000)  solution.  Permanent 
in  the  air. 

Soluble,  at  1.5°  C.  (.59°  F.),  in  6,700  parts  of  water 
and  in  110  parts  of  alcohol;  in  2,500  parts  of  boilins 
water  and  in  12  parts  of  boiling  alcohol.  Also  soluble 
in  7  parts  of  chloroform,  but  almost  insoluble  in  ether 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Strychnine,  Poisoning  by 


When  heated  to  268°  C.  (514.4"  F.)  strychnine  melts. 
Upon  ignition  it  is  consumed,  leaving  no  residue. 

Strychnine  has  an  alkaline  reaction  upon  litmus 
paper. 

If  a  minute  quantity  of  strychnine  be  dissolved  in 
about  0.5  c.c.  of  concentrated  sulphuric  acid  on  a  white 
porcelain  surface,  and  a  small  crystal  of  potassium 
dichromate  slowly  drawn  across  the  liquid  with  a  glass 
rod,  there  will  be  produced  at  first,  momentarily,  a 
blue  color,  which  quickly  changes  to  purplish  bkie, 
then  gradually  to  violet,  purplish  red,  and  cherry 
red,  and  finally  to  orange  or  yellow. 

On  dissolving  0.02  gram  of  strychnine  in  2  c.c.  of 
nitric  acid  (specific  gravity  1.300),  in  a  small  test-tube, 
the  acid  should  not  turn  more  than  faintly  yellow 
(limit  of  brucine). 

Action  and  Uses. — Strychnine  is  one  of  the  most 
intense  and  energetic  of  poLsons,  acting  deleteriously 
upon  nearly  all  forms  of  animal  and  vegetable  life. 
There  are,  however,  considerable  differences  in  the 
susceptibility  of  different  creatures  to  its  influence, 
and  in  general  those  which  are  destitute  of  or  have  but  a 
primitive  nervous  system  withstand  it  better  than  the 
higher  organisms.  Its  antiseptic  and  antizymotic 
properties,  though  distinct,  are  decidedly  weaker  than 
those  of  quinine  and  some  similar  substances;  for  this 
reason  and  because  of  their  being  but  a  little  poison- 
ous, the  latter  are  far  more  desirable  of  employment 
for  such  purposes. 

AbsoT ption  and  Elimination. — Strychnine  is 
promptly  absorbed  from  the  mucous  membrane  and 
rather  freely  from  abraded  surfaces  and  from  the 
subcutaneous  tissue.  It  circulates  in  the  blood  as 
strychnine  and  is  thus  eliminated,  though  a  small  part 
of  it  is  oxidized.  Elimination  is  principally  by  the 
kidneys,  to  a  considerable  extent  through  the  saliva, 
and  to  a  slight  extent  through  most  of  the  other 
channels.  This  prompt  absorption  and  slow  elimina- 
tion render  it  one  of  the  most  notoriously  cumulative 
drugs.  Tolerance,  by  its  continued  use,  is  not  much 
increased. 

Local  Action. — The  disinfectant  properties  of  strych- 
nine is  noticed  above.  It  exerts  a  prompt  though 
mild  stimulant  action  upon  the  tissues  with  which  it 
comes  into  contact.  In  the  mouth  and  stomach  it 
acts  like  the  ordinary  simple  bitters,  in  promoting 
the  appetite,  but,  unlike  the  most  of  them,  its  presence 
in  the  stomach  promotes  rather  than  inhibits  diges- 
tion, so  that  it  is  probably  the  most  valuable  of  all 
stomachic  bitters,  especialiy  in  view  of  the  fact  that 
its  local  effects  are  strongly  reinforced  as  soon  as  ab- 
sorption begins.  In  the  intestine,  its  local  effect  is 
to  stimulate  peristalsis,  making  it  a  valuable  laxative, 
and  this  effect  is  again  reinforced  by  its  systemic  action 
through  the  spinal  centers. 

Upon  the  heart  the  operation  is  somewhat  different, 
since  the  local  effect  of  stimulating  the  rate,  through 
its  action  on  the  muscle,  is  just  about  counteracted  by 
its  systemic  effect  upon  the  vagus  centers,  which 
checks  such  increase. 

Systemic  Action. — The  effects  of  strychnine  upon  all 
the  bodily  systems  are  to  be  understood  by  regarding 
it  as  a  direct  and  pure  stimulant,  its  action  upon  the 
motor  centers  of  tlie  cord,  and  to  a  lesser  extent  upon 
those  of  the  brain,  vastly  predominating.  Thus  it 
stimulates  the  circulation  (the  vagal  effect  having 
been  considered  above),  both  through  the  heart  and 
through  tlie  vasomotor  system,  promptly  and  strongly 
increasing  blood  pressure;  it  powerfully  stinuilates  the 
respiration,  increasing  both  the  rate  and  the  strength 
of  the  respiration;  it  increases  metabolism  and  waste 
and  raises  the  temperature  moderately;  it  increases 
the  activity  of  all*  muscular  tissue,  both  voluntary  and 
involuntary,  partly,  as  already  stated,  bj'  direct  ac- 
tion, increasing  excitability,  but  to  a  far  greater  ex- 
tent through  stimulation  of  the  motor  centers.  Thus, 
sligliter  stimuli  are  required  to  set  the  movements 


going,  and  the  movements  themselves  exhibit  in- 
creased strength.  All  the  special  senses  are  sharpened, 
especially  that  of  sight,  and  this  more  particularly 
for  blue  colors.  All  of  these  effects  are  more  fully 
described  in  the  article  on  Strychnine,  Poisoning  by, 
which  account  will  serve  also  to  explain  the  reverse 
symptoms,  occurring  as  after-effects  in  that  condi- 
tion. 

Therapeutic  Uses. — The  very  numerous  therapeu- 
tic uses  for  strychnine  may.  for  the  most  part,  be  in- 
ferred from  what  has  preceded.  It  can  be  employed 
to  stimulate  almost  any  of  the  lagging  vital  powers. 
It  is  so  emplojed,  most  largely  perhaps,  in  promot- 
ing the  functions  in  the  aged.  It  is  also  very  valuable 
in  the  stimulation  of  those  persons  whose  habits  of 
life  are  unnatural,  in  that  they  do  not  take  sufficient 
exercise  or  perform  other  ordinary  hygienic  duties.  If 
careful  attention  be  given  to  the  patient,  the  most 
valuable  effects  can  he  secured  from  strychnine  by 
utilizing  its  action  as  an  aid  in  inducing  the  indolent 
to  take  needed  exercise  while  under  its  influence. 
While  it  cannot  be  relied  upon  for  overcoming  a  con- 
dition of  chronic  constipation,  it  becomes,  in  connec- 
tion with  other  drugs,  a  most  valuable  aid  in  this  direc- 
tion. Its  uterine  stimulation  cannot  be  overlooked, 
either  from  the  standpoint  of  undesirable  effects  or 
from  that  of  desirable  effects.  It  is  a  pronounced 
aphrodisiac.  In  rendering  cardiac  support  in  such 
exhausting  diseases  as  pneumonia,  it  is  of  the  utmost 
value.  Its  value  as  a  tonic  in  all  ordinary  forms  of 
impaired  digestion  has  been  indicated  above. 

Although  these  beneficial  effects  from  the  use  of 
strychnine  are  almost  marvellous,  it  is  to  be  re- 
membered that,  since  its  action  is  purely  stimulat- 
ing, it  can  easily  be  so  used  as  to  result  in  the  most 
damaging  way.  It  must  never  be  relied  upon  to  take 
the  place  of  natural  powers  and  conditions,  but  should 
always  be  considered  as  a  means  of  inducing  their 
activity.  Otherwise  the  system  can  easily  become 
exhausted,  a  condition  of  depression  made  to  follow 
that  of  stimulation,  it  being  then  found  extremely 
difficult  to  discover  any  other  means  for  again 
stimulating  them. 

Compounds,  Prepar.\tions,  and  Doses. — Strych- 
nine, because  of  its  high  insolubility,  is  rarely  used 
except  in  the  form  of  its  salts,  of  which  the  sulphate 
is  official.  It  occvirs  in  intensely  bitter,  white,  pris- 
matic crystals,  which  effloresce  in  the  atmosphere. 
It  is  soluble  in  fifty  parts  of  water,  and  in  109  parts  of 
alcohol,  but  is  nearlv  insoluble  in  ether.  The  dose 
of  strychnine  itself  is  gr.  ^r,  to  .'i,  (0.001  to  0.006). 
Strj-chnine  is  combined  in  many  popular  formula?  with 
the  hjrpophosphites,  and  with  iron,  quinine,  and  other 
tonics.  Two  such  are  official:  the  citrate  of  iron  and 
quinine  (ferri  et  strychninse  citras),  containing  one  per 
cent,  each  of  strychnine  and  citric  acid,  with  ninety- 
eight  per  cent,  of  iron  and  ammonium  citrate,  the  dose 
gr.  i  to  iij  (0.0(5-0.2);  and  the  syrup  of  the  phos- 
phates of  iron,  quinine,  and  strychnine  (syrupus  ferri, 
quininoc  et  strychnine  phos])hatum),  containing  0.02 
per  cent,  of  strychnine,  two  per  cent,  of  soluble  ferric 
phosphate,  three  per  cent,  of  quinine  sulphate,  4.8  per 
cent,  of  phosphoric  acid,  ten  per  cent,  of  glycerin,  and 
five  per  cent,  of  water,  in  syrup,  the  dose  fl.  5ss-i 
(2.0-4.0).  Henry  H.   Rusbt. 


Strychnine,  Poisoning  By. —  Poisoning  by  nux 
vomica  was  recognized  as  early  as  the  seventeenth 
century  by  Wepfer  and  Valentine.  Strychnine  was 
discovered  by  Pelleticr  and  Caventon  in  1818,  but 
Blumliardt  made  the  first  report  of  a  death  from 
strychnine  poisoning  in  18.37,  and  the  first  homicidal 
case  was  tried  in  Canada  in  1851. 

Symptoms. — Small  poisonous  doses  of  strychnine 
practically  produce  much  the  same  symptoms  as  large 
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doses  but  in  lesser  degree.  The  onset  may  be  Rradiial 
or  sudden,  usually  sudden,  depending  on  the  size  and 
form  of  the  dose,  the  susceptibility  of  the  patient,  and 
the  condition  of  the  digestive  tract  at  the  time  of  the 
administration  of  the  poison.  The  salts  of  the  alka- 
loids are  the  most  readily  absorbed  and  when  taken 
on  an  empty  stomach  absorption  is  rai)id  and  symp- 
toms correspondingly  so.  There  may  be  at  first  a 
numbness  beginning"  in  the  extremities  and  creeping 
over  the  whole  bofly,  ending  in  a  stiffening  of  the 
muscles  of  the  back  of  the  neck  with  a  constricted 
feeling  in  the  throat.  Twitching  occurs,  and  an 
increased  tension  of  all  the  muscles  of  the  body,  espe- 
cially the  extensors.  The  head  is  retracted,  with  the 
trunk  stiff  and  the  arms  and  legs  spread  in  full  exten- 
sion. In  severe  cases  this  may  be  so  intense  as  to 
produce  opisthotonos,  a  condition  in  which  the  body 
is  thrown  out  so  that  the  back  forms  a  curve,  with 
the  weight  resting  on  the  back  of  the  head  and  the 
heels.  Very  rarely  the  body  is  drawn  to  the  side, 
pleurothotonos,  or  forward,  emprosthotonos.  These 
tonic  convulsions  vary  in  degree,  and  in  the  very  mild 
attacks  may  not  amount  to  more  than  the  severe 
muscular  contractions.  They  may  be  rapidly  re- 
peated, or  may  appear  but  once  or  twice,  or  not  at  all 
during  the  attack.  The  mind's  action  seems  to  the 
patient  to  be  intensified  and  is  extraordinarily  clear, 
rapid,  and  easy,  and  thoughts  practically  race  through 
the  brain,  while  the  reasoning  ability  asserts  itself 
without  any  effort.  This  stimulated  condition  of  the 
brain  is  one  of  the  cardinal  symptoms  of  strychnine 
poisoning.  Restlessness  and  a  feeling  of  depression 
together  with  a  sensation  of  impending  death  accom- 
pany even  the  mild  attacks.  The  action  of  all  the 
special  senses  is  intensified,  especialh'  the  hearing — 
another  diagnostic  feature.  The  eyeballs  become 
protruded,  the  pupils  dilated,  and  the  lower  jaw  is 
fixed  and  rigid.  Since  the  respiratory  muscles  are 
affected  during  the  spasm,  air  hunger  occurs,  with 
dryness  of  the  mouth  and  throat  later  in  the  condition. 
During  the  early  convulsions,  there  may  be  excessive 
frothy,  blood-streaked  saliva  produced  by  early 
stimulation  of  the  salivary  glands  together  with  the 
fact  that  the  tongue  may  be  caught  between  the  teeth 
thus  causing  the  i)resence  of  blood  in  the  mouth.  The 
face  is  pale  and  anxious  and  the  mental  anxiety  in- 
creases. Even  in  mild  cases  sharp  pains  not  unlike 
grippe  pains  are  experienced  all  over  the  body,  due  to 
the  intense  muscular  activity,  and  only  gradually 
disappear.     Clammy  sweat  covers  the  body. 

In  mild  cases,  the  tense,  tonic  condition  of  the 
muscles  gradually  wears  away,  relaxation  occurs,  the 
eyes  and  pupils  become  more  normal,  and  regular 
respiration  is  established,  but  the  stimulated  mind 
action  lasts  for  a  much  longer  period.  In  the  more 
severe  attacks,  the  convulsions'  continue  and  may  be 
easily  precipitated  by  the  slightest  sound,  the  jarring 
of  the  bed,  or  a  draught  of  air.  If  the  patient  is 
warned  of  the  occurrence  of  such  stimuli,  he  will  make 
an  attempt  to  ward  off  the  oncoming  convulsion  by  a 
request  to  have  his  body  and  extremities  nibbed  or 
held,  and  many  times  he  can  give  warning  of  the  ap- 
proach of  the  convulsion.  Recovery  is  comparatively 
rapid,  as  the  active  symptoms  usually  disappear 
within  a  few  hours,  and  when  the  convulsions  can 
be  controlled  and  cease,  the  patient  is  practically  out 
of  danger,  although  not  recovered,  for  even  in  mild 
attacks  great  muscular  prostration  may  exist  and 
involuntary  muscular  contraction  continue.  In  fatal 
cases,  the  spasms  continue,  and  death  is  due  ordinarily 
either  to  asphj-xia  caused  by  the  fixation  of  the  respira- 
tory muscles  during  a  protracted  spasm,  or,  more 
rarely,  to  exhaustion,  which  occurs  during  a  relaxed 
period.  In  the  majority  of  fatal  cases  death  occurs 
during  or  after  the  fourth  or  fifth  tetanic  convulsion, 
but  where  the  dose  has  been  large  or  the  patient 
exceedingly  susceptible,  it  may  take  place  during  the 
first  seizure. 
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.\fter  death,  rigor  mortis  may  come  on  early,  espe- 
cially if  the  victim  has  died  in  a  convulsion.  There  is 
no  definite  certainty  as  to  the  length  of  time  the 
rigidity  may  last.  Authorities  give  the  time  as 
anywhere  from  one-half  hour  to  five  days.  There 
has  been  found  congestion  of  the  brain  and  spinal 
cord,  but  the  digestive  tract  shows  no  characteristic 
trace  of  the  drug  after  death. 

Elimination  of  strychnine  from  the  system  is  con- 
sidered by  most  authorities  to  take  place  through  the 
urine,  although  a  decided  diversity  of  opinion  exists. 
Dragendorff  held  that  it  is  deposited  in  the  liver  for  a 
lengtli  of  time,  while  Ilarley  considered  it  to  be  oxi- 
dized. .'Vccording  to  Kratter,  the  drug  passes  through 
the  body  unchanged  and  is  carried  off  in  the  urine 
within  forty-eight  hours  after  the  intake. 

Poisonous  Dose. — Witthaus  gives  }  grain  (0.016) 
of  the  sulphate  of  strychnine  as  a  lethal  dose,  while 
Hare  states  that  the  average  fatal  dose  for  an  adult  is 
1^  to  IJ  grains  (0.10  to  0.12).  Recovery  has  occurred 
after  the  swallowing  of  19  grains  of  the  sulphate  of 
strychnine.  In  children  ^j  grain  has  produccrl  death, 
and  sV  grain  has  precipitated  muscular  twitchings. 
If  the  drug  is  given  hypodermically  the  action  is 
usually  much  more  rapid. 

It  has  been  demonstrated  by  Reichert  that  .500 
times  the  ordinarily  fatal  dose  is  required  to  produce 
death  in  animals  if  artificial  respiration  is  correctly 
maintained. 

Differential  Diagnosis. — The  convulsions  of 
strychnine  poisoning  are  to  be  differentiated  from 
those  of  tetanus,  epilepsy,  and  hysteria,  which  they 
most  resemble. 

In  tetanus  there  is  the  history  of  the  condition, 
usually  dating  shortly  after  an  injury,  however  small, 
and  the  convulsions  affect  the  body  from  the  head 
down  to  the  extremities,  and  the  rigidity  of  the  jaws 
is  an  early  symptom.  They  increase  in  number  a.s 
the  disease  progresses  and  the  entire  course  is  longer 
than  that  of  strychnine  poisoning;  in  epilepsy  the 
convulsions  are  clonic,  and  the  typical  history  of  the 
condition  aids;  in  hysteria,  the  story  is  significant, 
and  the  changes  in  skin  sensibility  with  areas  of 
hyperesthesia  and  anesthesia  are  present,  but  the 
spasm  may  strongly  resemble  strychnine  spasm.  .\s 
opposed  to  these  in  the  strychnine  convulsion  thert- 
is  the  history  of  the  dose,  the  usually  very  sudden 
onset,  the  clearness  of  the  mind,  and  the  later  stiffen- 
ing of  the  jaw  to  differentiate  it  from  the  other  types. 

Treatment. — Immediate  action,  quietly  carried 
out,  is  the  first  requirement.  Slight  attacks  of 
poisoning  have  been  known  to  subside  without  any 
treatment  other  than  quiet.  If  treatment  can  be 
begun  before  the  symptoms  have  manifested  them- 
selves, when  the  drug  has  been  taken  by  mouth,  the 
stomach  should  be  immediately  washed  out  by  means 
of  the  stomach  tube.  As  the  use  of  the  tube  may  bring 
on  a  spasm,  the  patient  should  be  sufficiently  chloro- 
formed to  maintain  relaxation  of  the  muscles.  After 
the  first  washings,  another  washing  of  tannic  acid  in  a 
dilute  solution  (two  per  cent.)  should  be  given  through 
the  tube.  Tannic  acid  is  the  chemical  antidote  for 
this  poisoning  and  forms  an  insoluble  tannate  with  the 
strychnine  sulphate,  rendering  it  less  soluble,  and  reduc- 
ing its  absorptive  action.  Following  this  the  physio- 
logical antidotes  bromide  of  potassium  and  chloral,  sixty 
grains  of  the  first  (4.0)  and  twenty  grains  (1.3)  of  the 
chloral  in  solution,  are  given  by  the  tube.  The  bromide 
of  potassium  acts  on  the  sensory  tracts  of  the  spinal 
cord,  while  the  chloral  depresses  the  motor  tracts. 
Chloroform  should  be  given  cjuietly  at  the  approach 
of  the  convulsions,  and  if  the  pat'ient  is  unable  to 
swallow,  the  sedative  drugs — physiological  antidotes 
— may  be  given  in  starch-water  by  the  rectum.  When 
the  convulsions  are  so  severe  as  to  produce  immova- 
bility  of   the    chest,    Hare    advises   the    hypodermic 
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injection  of  amyl  nitrite,  as  then  chloroform  is 
of  no  service.  Quiet  and  darkness  of  the  room 
are  important  means  in  aiding  the  control  of  the 
convulsions. 

Tests. — Many  tests  have  been  formulated  for  the 
detection  of  strychnine  in  the  tissues  of  the  human 
body  after  death.  Dragendorff's  test  is  used  when 
the  analysis  is  not  to  be  limited  to  a  search  for  strych- 
nine only  and  a  modification  of  this  test  may  be  u.sed 
in  medicolegal  cases  where  it  is  necessary  to  detect 
the  presence  or  absence  of  strychnine  in  the  urine 
during  the  life  of  the  patient.  Among  other  tests 
used  for  detecting  strychnine  are:  (1)  Strychnine 
crystallizes  from  an  alcoholic  solution  in  small,  four- 
sided,  orthorhombic  prisms,  terminating  in  four-sided 
pyramids;  .sometimes  all  in  small  hexagonal  plates. 
Precipitated  by  ammonia  from  solutions  of  its  salts, 
it  forms  slender,  needle-like,  four-sided  prisms.  (2) 
The  taste  of  strychnine  is  intensely  bitter,  with  a 
faint  metallic  aftertaste.  The  bitter  taste  is  still 
perceptible  in  a  solution  containing  only  one  part  of 
strychnine  in  two  hundred  thousand  of  water. 
Esther  L.  Jefferis. 


Stvpticin,  is  the  trade-name  of  cotarnine  hv- 
droctiloride  (Ci.HuNOs.HCl.H^O),  obtained  by  tlie 
oxidation  of  narcotine,  an  opium  alkaloid;  it  occurs 
in  bitter  yellow  crystals  which  are  soluble  in  water 
and  alcohol.  The  solutions  slowly  darken  on  ex- 
posure to  light.  Chemicallv  it  differs  but  slightly  from 
hydrastinine  hydrochloride  (CiHi.NO^.HCl.HjO); 
and  clinically  it  exerts  a  similar  action  on  uterine 
hemorrhage. 

Falk,  of  the  Pharmacological  Institute  of  Berlin, 
states  that  it  paralyzes  the  motor  cells  of  the  spinal 
cord,  is  mildly  narcotic,  and  stimulates  peristalsis. 
It  has  no  direct  effect  upon  the  circulation  and  is 
depressing  to  respiration,  death  being  due  to  respira- 
tory paralysis. 

Rous.se  and  Walton,  Marfori,  and  others,  however, 
assert  th.at  it  stimulates  the  heart,  and  that  it  con- 
trols hemorrhage  by  vasoconstriction.  It  does  not 
coagulate  the  blood.  As  to  its  effect  on  uterine  con- 
traction there  are  conflicting  statements.  MacXaugh- 
ton-Jones  and  a  few  other  writers  believing  it  con- 
traindicated  in  pregnancy,  while  d'Alessandro,  Beadles, 
and  many  other  obstetricians,  have  found  it  most 
useful  in  threatened  abortion. 

The  only  use  of  stypticin  is  to  control  hemorrhage, 
and  the  conditions  in  which  it  is  especially  indicated 
are:  menorrhagia,  puerperal  hemorrhage,  subinvolu- 
tion, climacteric  hemorrhage  and  hemorrhage  depend- 
ent upon  periuterine  or  adnexial  disease.  Boldt 
recommends  it  highly  in  the  profuse  and  irregular 
menstruation  of  virgins  in  whom  there  is  no  detectable 
pathological  lesion.  In  hypertrophic  endometritis 
and  uterine  fibroid  it  seems  to  act  successfully  in 
only  a  limited  number  of  cases,  though  in  the  latter 
condition  H.  D.  Ingraham  found  it  better  than  ergot, 
hydrastis  or  thyroid,  and  MacXaughton-Joncs 
writes:  "The  hemorrhages  in  which  it  proves  of  most 
service  are  those  due  to  uterine  interstitial  fibroid," 
.  .  .  etc.  The  drug  has  been  given  with  apparent 
good  result  in  hemoptysis,  hematemesis,  hematu- 
ria, and  the  menstrual  neuroses. 

The  do.se  is  gr.  H-U  (0.02-0.09)  several  times 
a  day  in  pearl,  capsule,  or  solution.  In  menor- 
rhagia the  larger  dose  is  given  for  two  or  three  days 
before  the  expected  menstruation.  The  only  ill 
effects  noted  by  Goldschmidt  from  a  dose  of  gr. 
J-1  (0.03-0.06)  every  two  or  three  hours  for  a  week, 
were  nausea,  and  heaviness  and  constriction  in  the 
stomach.  Where  a  prompt  effect  is  desired  mixxx. 
(2.0)  of  the  ten-per-cent.  solution  may  be  administered 
hypodermatically  in  the  gluteal  region.  The  in- 
jection is  non-irritating  (d'Alessandro). 


Locally  stypticin  has  been  applied  to  the  cavity  of 
the  uterus  and  to  bleeding  tooth  cavities;  and  it  is 
used  in  rectal  hemorrhage,  nosebleed,  and  following 
small  operations.  A  very  useful  form  for  local 
employment  is  the  stypticin-gauze  or  stypticin- 
cotton,  made  by  soaking  the  gauze  or  cotton  in  a  ten- 
to-fifty-per-cent.  solution  of  stypticin  and  allowing 
it  to  dry.  Stypticin  has  also  been  used  in  bougies 
containing  half  a  grain  each  (0.03)  to  check  bleeding 
from  the  urethra.  W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Styptol  (cotarnine  phthalate)  i.s'  represented  by  the 
formula,  (C,2H,5NO,)2C6H4l('OOH)2.  It  is  a  yellow 
cr3'stalline  powder,  readily  soluble  in  water,  containing 
about  seventy-five  per  cent,  of  cotarnine  and  twenty- 
five  per  cent,  of  phthalic  acid.  It  is  used  locally  as  a 
styptic  in  bladder  and  uterine  hemorrhages.  It  pro- 
duces a  slight  drowsiness.  Styptol  can  be  used  instead 
of  ergot  or  ergotin  as  a  hemostatic.  It  is  used  also  pre- 
ceding menstruation  in  menorrhagia,  metrorrhagia, 
and  dysmenorrhea,  and  in  hemorrhage  during  the 
menopause,  in  pregnancy,  or  from  uterine  fibroids. 
Dose,  i  grain  (0.0.5)  three  times  a  dav. 

"R.  .1.  E.  SroTT. 


Styrax. — Storax,  U.  S.  is  a  balsam  prepared  from 
the  wood  and  inner  bark  of  Liquiilamher  nrientalis 
Miller  (fam.  Hamamelidacefe).  This  balsam  is  a  disease 
product,  resulting  from  wounds  inflicted  upon  the  bark 
of  the  medium-sized  tree  named  above,  which  re- 
sembles the  sweet-gum  tree  (L.  dyraciflua  L.)  of  the 
eastern  United  States. 

The  styrax  tree  occupies  a  limited  area  in  the  south- 
western districts  of  Asia  Minor,  where  it  forms  forests. 
It  is  collected  by  bruising,  and  after  some  time  remov- 
ing the  outer  bark,  then  scraping  off  and  boiling  the 
inner  bark  with  sea  water.  The  oleoresin  thus  melted 
out  rises  to  the  top  and  is  skimmed  off.  By  pressure, 
an  additional  amount  can  be  obtained  from  the  re- 
maining bark. 

Storax  is  a  semi-liquid,  gray,  sticky,  opaque  mass, 
depositing,  on  standing,  a  heavier  dark  brown  stratum; 
transparent  in  thin  layers,  and  having  an  agreeable 
odor  and  a  balsamic  taste.  Insoluble  in  water,  but 
completely  soluble  (with  the  exception  of  accidental 
impurities)  in  an  equal  weight  of  warm  alcohol.  If 
the  alcoholic  solution,  which  has  an  acid  reaction,  is 
cooled,  filtered,  and  evaporated,  it  should  leave  not 
less  than  seventy  per  cent,  of  the  original  weight  of 
the  balsam,  in  the  form  of  a  brown,  semi-liquid 
residue,  almost  completely  soluble  in  ether  and  in 
carbon  disulphide,  but  insoluble  in  benzin.  When 
heated  on  a  water-bath,  storax  becomes  more  fluid, 
and  if  it  be  then  agitated  with  warm  benzin,  the 
supernatant  liquid,  on  being  decanted  and  allowed 
to  cool,  will  be  colorless,  and  will  deposit  white 
crystals  of  cinnamic  acid  and  cinnamic  ethers.  This 
balsam  consists  principally  of  an  amorphous  sub- 
stance named  sloresin.  It  also  contains  several 
cinnamic  ethers  and  cinnamale  of  cinnamyl  (styracin), 
which  can  be  prepared  in  rectangular  prisms,  and 
cinnamic  acid  and  sttjrol. 

In  its  action  storax  varies  very  little  from  a  number 
of  other  balsamic  substances;  internally  it  has  been 
used  in  bronchitis  and  similar  conditions  with  but 
moderate  success.  As  an  ingredient  of  liniments, 
ointments,  etc.,  it  is  quite  useful.  The  compound 
tincture  of  benzoin  contains  eight  i)cr  cent,  of  storax. 
Dose  of  storax,  from  three  to  five  drops. 

Allied  Plants. — The  Sweet  Gum  Tree,  Liquid- 
amber  xtyraciflua  L..  resembles  the  above  species  and 
supplies  a  non-drying  sticky  balsam  resembling  storax 
in  medicinal  properties,  although  not  in  color  or 
opacity.  Henry  H.   Rcsby. 
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Sublaminc,  etliylcnc  diamine  mereury  sulphate, 
is  a  red,  very  soluble  salt  of  mercury,  which  is  em- 
ployed as  a  non-irritant  antiseptic  substitute  for 
corrosive  sublimate.  It  is  not  decomposed  by  soap, 
does  not  readily  coagulate  albumin,  and  docs  not 
harden  the  skin;  yet  many  experiments  have  shown 
it  to  possess  marked  bactericidal  pro[)ertics,  with  a 
greater  penet  rating  power  than  has  mercuric  bichloride. 
The  ethylene-diamine  mercury  citrate  has  practically 
the  same  properties,  but  is  a  liquid. 

W.  A.   Hastedo. 
U.  .1.   ]■'..  Scott. 


Suffocation. — This  term  is  applied  to  one  form 
of  asphyxia,  others  being  drowning,  strangulation,  and 
hanging.  In  the  article  Aspki/xia  will  also  be  found 
a  brief  account  of  suffocation  with  special  reference  to 
forensic  medicine.  Generally  speaking  suffocation 
refers  to  any  condition  other  than  the  three  mentioned 
above,  through  which  air  is  prevented  from  reaching 
the  lungs.  However,  the  individual  forms  of  suffoca- 
tion differ  greatly  among  themselves,  and  some  of 
them  belong  practically  under  other  subjects. 

One  form  of  suffocation  is  closely  allied  to  strangu- 
lation, in  which  the  windpipe  is  compressed  from 
without.  In  this  form  the  thorax  is  compressed  for  a 
certain  length  of  time  sufficient  to  produce  death  by 
asphyxia.  The  condition  may  not  rejjresent  uncom- 
plicated suffocation,  for  a  shock  component  is  often 
present.  If  a  heavy  weight  is  placed  on  the  thorax 
the  latter  is  immobilized  and  held  in  the  extreme 
expiratory  position,  while  at  the  same  time  a  reflex 
closes  the  glottis.  The  air  which  remains  in  the  lungs 
is  under  increased  pressure,  so  that  the  blood  is  forced 
from  the  great  veins  backward  into  the  venous  circu- 
lation. As  the  inferior  cava  is  provided  with  valves 
ecchymoses  do  not  occur  to  any  extent  below  a  certain 
level  in  the  thorax.  The  superior  cava  and  tribu- 
taries, however,  have  no  valves  and  a  certain  amount 
and  distribution  of  ecchymoses  are  seen  in  the  head, 
neck,  face,  and  upper  part  of  the  trunk.  In  sudden 
and  extreme  compression,  however,  the  entire  area 
over  which  the  superior  cava  presides  is  involved, 
so  that  a  characteristic  picture  obtains  on  the  head, 
neck,  throat,  shoulders,  arms  and  upper  portion  of  the 
thorax.  At  first  sight  the  parts  are  swollen  and  blue 
black  and  appear  to  be  the  seat  of  an  intense  cyanosis 
but  inspection  sliows  the  presence  of  small  closely 
aggregated  ecchymoses,  due  to  the  enormous  increase 
in  the  Ijlood  pressure.  The  forms  of  compression  of 
the  chest  are  numerous,  depending  on  the  nature  of 
the  causes.  Compression  may  be  anteroposterior  or 
lateral,  and  compression  of  the  abdomen  by  forcing 
upward  and  immobilizing  the  diaphragm  produces 
the  same  result  as  direct  compression  of  the  chest. 
This  type  of  suffocation  often  goes  by  the  name  of 
traumatic  asphyxia. 

Most  striking,  because  it  so  often  occurs  en  masse, 
is  suffocation  from  trampling  on  the  chest  and  abdo- 
men in  panics.  At  the  coronation  of  Czar  Nicholas  II 
at  Moscow  3,000  people  were  trampled  to  death,  and 
this  was  the  cau.se  of  many  deaths  at  the  Ring 
Theater,  Vienna,  when  the  audience  sought  to  escape 
the  flames  by  crowding  through  a  single  narrow  exit, 
the  doors  of  which  opened  inward. 

Accidents  of  the  "avalanche"  type  also  cause 
death  by  compression  of  the  trunk  when  large  pieces 
of  masonry  fall.  In  cases  of  this  sort  in  addition  to 
mechanical  compression  much  added  traumatism 
may  be  present. 

Buffer  accidents  such  as  commonly  cause  contusion 
and  crushing  of  the  thorax  under  certain  conditions 
may  also  cause  death  by  suffocation.  If  the  com- 
pression is  brief  and  incomplete  life  may  be  saved,  the 
patient  presenting  a  characteristic  symptom-complex. 
Exophthalmos  and  rigid  pupil  (chiefly  in  mydriasis) 
and  temporary  blindness  may  occur  while  conscious- 
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ness  is  often  lost.  The  characteristic  ecchymosed 
condition  in  the  area  drained  b.v  the  superior  vena 
cava,  and  already  described  is  present.  The  in- 
dividual ecchymo.ses  range  in  size  up  to  that  of  a 
bean.  This  discolored  area  is  sharply  marked  off 
from  the  normal  integument  of  the  chest.  If  death 
has  occurred  the  same  phenomenon  persists,  and  in 
extreme  cases  rupture  of  intracranial  veins  also  occurs. 

In  the  forms  of  compression  of  the  chest  already 
described,  death  is  purely  the  result  of  an  accident. 
Homicides,  however,  are  sometimes  brought  about  by 
sitting  or  kneeling  on  the  trunks  of  feeble  individuals, 
drunken  men,  infants,  and  other  helpless  subjects. 
It  is  a  question,  however,  whether  death  is  deliberately 
brought  about  in  this  manner.  The  act  of  sitting  or 
kneeling  on  the  trunk  seems  to  be  intended  primarily 
to  render  the  individual  powerless.  Smothering  in 
such  cases  by  placing  the  hands  over  the  face  is  no 
doubt  resorted  to.  This  was  the  method  used  by  the 
body  snatchers  of  the  eighteenth  century  in  Great 
Britain.  In  other  cases  fatal  compression  of  the  chest 
may  occur  without  intention  in  fighting  and  in  criminal 
assaults  upon  women.  The  same  result  has  occurred  in 
the  murders  of  infants  and  young  children,  when  the 
real  object  was  simply  to  incapacitate  them  and  prevent 
their  cries.  In  other  cases  gradual  suffocation  may  be 
brought  about  deliberately  by  this  means,  the  hands 
also  being  held,  apparently  with  the  view  of  preventing 
evidences  of  a  struggle.  The  plan  no  doubt  succeeds 
at  times,  as  the  ecchymoses  may  not  appear.  In 
such  cases  suffocation  is  difficult  to  prove,  in  compari- 
son with  other  forms  of  asphyxia.  The  slightest 
scratches  and  bruises  then  assume  importance. 

Simple  smothering  by  mechanical  occlusion  of  the 
breathing  orifices  is  one  of  the  commoner  causes  of 
death  by  suffocation.  The  circumstances  vary  much 
with  the  case.  Accidents  of  the  avalanche  t.vpe  occur 
in  which  the  subject  is  buried  under  loose  earth,  grain, 
flour,  etc.  Owing  to  the  porous  condition  of  these 
substances  some  air  reaches  the  patient,  and  he  may 
survive  for  a  variable  time,  or  if  apparently  dead  may 
be  resuscitated.  The  conditions  are  different  if  a 
man,  while  intoxicated  or  exhausted,  fall  face  down- 
ward upon  a  heap  of  ashes  or  the  like.  In  accidents 
like  the  preceding,  some  of  the  loose  substance  usually 
enters  the  nose  and  mouth  and  may  be  swallowed 
or  aspirated;  or  if  the  subject  fall  upon  them,  the 
imprint  of  formed  objects  may  be  visible.  .'\11  such 
evidence  tends  to  support  the  view  of  accidental  death 
caused  in  the  manner  indicated  although  homicide  is 
not  necessarily  excluded.  Young  infants  die  by 
thousands  annually  as  a  result  of  smothering  chiefly 
by  overlaying  in  bed,  also  by  misuse  of  shawls  and 
coverings.  The  vast  majority  of  such  deaths  are  due 
at  most  to  criminal  carelessness.  But  many  infants, 
as  well  as  old,  sick,  helpless,  and  drunken  adults  have 
been  deliberately  smothered  by  holding  coverings  or 
the  hands  over  the  face  and  even  by  turning  quite 
helpless  subjects  face  down  on  the  bed.  Pitch  plasters 
have  sometimes  been  used  with  the  double  aim  of 
stilling  outcries  and  smothering.  Despite  the  prr- 
cautions  of  the  murderer  there  may  be  present 
minimal  traumatisms  about  the  mouth  or  nostrils 
which  indicate  a  struggle.  Suffocation  in  homicidal 
cases  can  sometimes  be  recognized  only  by  excluding 
all  other  causes  of  death.  Suicide  by  this  route  is 
almost  unknown. 

Suffocation  of  the  "living  burial"  type  sometimes 
results  from  very  close  confinement  in  which  o.xygeiia- 
tion  becomes  impossible.  But  little  exists  in  recent 
literature  on  this  subject. 

One  of  the  commoner  forms  of  suffocation,  some- 
times seen  also  in  homicides,  is  simple  occlusion  of  the 
natural  passages  by  foreign  bodies  or  matter  of  any 
kind.  The  aspiration  of  vomited  matters  constitutes 
a  well-known  clinical  form,  in  which  the  cause  of  death 
m.ay  be  obscure.  In  the  absence  of  any  history  foul 
play  may  be  suspected.     The  state  of  affairs  is  much 
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the  same  in  certain  cases  of  choking  to  death.  Cases 
of  this  type  are  readily  cleared  up  by  autopsy.  In- 
fants may  be  smothered  from  mere  clogging  of  the  air 
passages  by  mucus,  or  there  may  be  a  latent  capillary 
bronchitis.  In  such  cases  there  may  be  a  false  charge 
of  intentional  smothering. 

Foreign  bodies  such  as  rubber  nipples  are  occasion- 
ally aspirated  by  infants  with  fatal  results,  while 
infanticide  by  inserting  a  finger  or  a  piece  of  cork  or 
similar  substance  into  the  glottis  is  by  no  means  un- 
known. In  such  cases  the  introduction  of  the  foreign 
body  is  usually  designed  to  cause  death  without  detec- 
tion, but  it  is  conceivable  that  after  ordinary  smother- 
ing, objects  could  be  introduced  into  the  larynx  to 
give  the  impression  that  they  had  accidentally  been 
swallowed.  Infants  have  been  strangled  by  intro- 
ducing pepper  into  their  throats. 

The  pathology  of  suffocation  is  for  the  most  part 
comprised  under  asphyxia  as  a  general  condition.  If 
we  exclude  drowning,  hanging,  and  strangulation, 
then  asphvxia  and  .suffocation  for  the  most  part 
coincide,  clinically  and  on  section. 

For  the  treatment  of  suffocation,  see  the  article  on 
liesnncitalioii.  Edw.\rd  Preble. 


Suggillation  (more  properly  sugillation,  from 
suaillnre,  to  beat  black  and  blue). — In  the  older 
literature  this  term  is  used  to  designate  superficial 
areas  of  discoloration,  as  black  and  blue  spots,  ecchy- 
moses.  hj-peremic  spots,  livid  marks  or  patches,  or 
various  spots  occurring  in  the  skin  in  different  dis- 
eases. The  patches  of  discoloration  in  the  skin  of  the 
cadaver  due  to  postmortem  hj-postasis  or  incipient 
putrefaction  were  likewise  termed  suggillations 
(suff'llntio).  More  recently,  through  the  influence  of 
the  German  school,  the  term  has  come  to  be  applied  to 
hemorrhages  into  or  beneath  the  tissues,  of  a  larger 
size  than  ecchymoses;  and  with  this  usage  there  is  also 
conveyed  the  idea  of  a  suffusion  of  the  tissues  with 
blood.  The  term  is,  therefore,  used  interchangeably 
with  bloody  suffusion,  and  is  applied  to  more  or  less 
flattened,  diffuse  swellings  of  the  skin  due  to  hemor- 
rhage into  the  subcutaneous  tissues,  or  to  similar 
hemorrhages  occurring  in  other  loose  tissues.  A 
suggillation  is  distinguished  from  a  hematoma  by 
the  fact  that  in  the  former  the  tissues  are  infiltrated 
with  blood  but  not  torn  apart  so  as  to  form  a  distinct 
cavity  filled  with  blood.  Suggillations  are  usually 
due  to  direct  trauma,  but  occur  in  cases  of  both  con- 
genital and  acquired  hemophilia.  In  the  latter  case 
they  may  result  from  the  changes  produced  in  the 
blood-vessel  walls  through  intoxication  or  infection. 
Suggillations  of  the  skin  may  take  place  in  pernicious 
anemia,  Icucemia,  sepsis,  chronic  icterus,  and  in  the 
hemorrhagic  forms  of  the  acute  infections.  In 
typhoid  fever  suggillations  of  the  abdominal  recti 
may  occur  as  the  result  of  extensive  parenchymatous 
changes  (Zenker's  necrosis)  in  the  muscle.  The 
sequeljE  of  suggillation  are  similar  to  those  of  hem- 
atoma— absorption,  organization,  or  cyst  formation. 
Aldred  Scott  W.^rthin. 


Suicide. — The  literature  of  suicide  is  so  extensive 
that  it  would  serve  no  useful  purpose  to  enlarge  upon 
the  general  aspects  of  a  most  important  problem  in 
medicine  and  social  pathology.  Of  the  earlier  English 
literature,  "An  Essay  Concerning  Self-Murther  where- 
in is  Endeavored  to  Prove  that  It  Is  Unlawful  Ac- 
cording to  Natural  Principles.  With  some  Consid- 
erations upon  What  Is  Pretended  from  the  Said 
Principles,"  was  published  in  London  in  1700  by  J. 
Adams,  rector  of  Saint  Alban,  and  Chaplain  in  Or- 
dinary to  His  Majesty.  The  arguments  against  sui- 
cide on  moral  and  spiritual  grounds  were  as  conclusive 
at  the  time  as  they  are  to-day.  Commencing  with 
1716,  a  series  of  papers  was  published  by  clergymen 


and  others,  concluding  with  a  most  interesting  tract 
on  "Cato  Condemned:  Or,  The  Case  and  History  of 
Self-murder,  Argued  and  Displayed  at  Large,  on  the 
Principles  of  Reason,  .lustice.  Law,  Religion,  Fortitude, 
Love  of  Ourselves  and  Our  Country,  and  E.xample," 
with  "A  Solution  of  This  Problem.  Whether  a  Man 
of  Sen.se,  Goodness  and  Courage,  Ever  Did,  or  Can, 
Kill  Himself?  Particularly  Calculated  to  Prevent 
It  in  the  English  Nation."  In  1707  there  was 
published  at  Boston  a  sermon  on  "The  Sin  of  Suicide 
Contrary  to  Nature.  A  Plain  Discourse  Occasioned 
by  the  Late  Perpetration  of  That  Heinous  Crime: 
Published  for  a  Warning  to  Survivors;  .Vt  the  General 
Desire  of  the  Hearers:  Unto  Whom  It  Is  Dedicated." 
Theauthor  of  this  sermon  was  the  Rev.  Simon  Phillips, 
Pastor  of  the  South  Church  in  .\ndover.  In  1790 
an  elaborate  work  entitled  "-\  Full  Inquiry  into  the 
Subject  of  Suicide,"  was  published  in  London,  in  two 
volumes,  by  the  Rev.  Charles  Moore,  which  to  this 
day  constitutes  one  of  the  mo.st  useful  contributions 
to  the  subject,  including  historical  and  legal  observa- 
tions of  great  value,  and  concluding  with  a  chapter  on 
"Some  Precautions  or  Preservatives  Proposed  against 
Falling  Under  a  Temptation  to  the  Commission  of 
Suicide."  The  literature  of  the  nineteenth  and  early 
twentieth  centuries  presents  no  new  aspects  of  this 
lamentable  phase  of  modern  life.  The  works  of 
Morselli  and  Strahan  may  be  referred  to  as  excellent 
presentations  of  the  general  facts  of  suicide,  with 
special  reference  to  its  statistical  aspects.  One  of  the 
most  recent  contributions  of  great  value  is  the  "Sta- 
tistics of  Suicide  in  the  Kingdom  of  Saxony,"  bj"  Dr. 
O.  Kurten,  published  in  Leipzig  and  Berlin,  1913. 
.\11  that  has  been  written  on  the  subject  merely 
tends  to  confirm  earlier  views  and  conclusions  that 
suicide,  in  a  specialized  sense,  is  a  problem  of  un- 
soundness of  mind  and  falls  within  the  borderland  of 
sanity  and  insanity.  All  the  efforts  made  to  counteract 
a  suicidal  tendency  by  an  appeal  to  rea.son,  morality 
and  religion  have  apparently  had  only  slight  effect, 
since  practically  throughout  the  civilized  world  the 
tendency  to  self-murder  has  been,  and  continues  to 
be,  on  the  increase.  The  most  recent  effort  in  this 
direction  is  carried  on  by  the  Rev.  N.  M.  Warren,  of 
tlie  Parish  of  All-Strangers,  New  York  City,  who  is 
daily  informed  by  the  coroner  of  all  cases  of  suicidal 
attempts,  for  the  purpose  of  such  relief,  assistance  and 
advice  as  the  case  may  call  for. 

The  seriousness  of  the  suicide  problem,  considered 
with  special  reference  to  the  United  States,  is  empha- 
sized in  the  table  following,  which  presents  an  estimate 
of  the  probable  number  of  suicides  annually  in  the 
United  .States  during  the  period  1900-1.5,  on  the  basis 
of  the  suicide  mortality  rate  for  the  registration  area: 

Estimate   of   the   SnciDE    Mortality   of   the    Continental 
Vnited  ST.tTES,  1900-1913. 


Population    of 

Registration  area 

Estimated  suicides 

continental  U.  S. 

rate  per  100.000 

1       in  the  U.  S. 

1900 

75,994.575 

115 

S.700 

1901 

77,592.344 

12  2 

9,500 

1902 

79,190,113 

12   7 

10.100 

1903 

80.787,882 

13  s 

11.100 

1904 

82,385.651 

14   7 

12.100 

1903 

83.983,420 

16.0 

13.400 

1906 

85,581,189 

13.9 

11.900 

1907 

87,178.958 

15  7 

13.700 

1908 

88,776.727 

17.8 

l.i.SOO 

1909 

90,374,496 

16.5 

14.900 

1910 

91,972,266 

16.0 

14.700 

1911 

93,570.036 

16.2 

15.250 

1912 

95.167,806 

16.0 

15.200 

1913 

96,765,576 

15.8 

15.300 

1914 

98,363,346 

16.6 

lfi..300 

1915 

99,961,116 

17.0' 

17.000 
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It  is  shown  by  tliis  table  tliat  the  suicide  rate  in 
tlie  United  States  has  increased  since  1900  from  11.5 
to  17.0  per  100,000  of  population.  Tlie  actual 
increase  in  the  rate  was,  therefore,  5.5  per  100,000  of 
population,  equivalent  to  an  e.xcess  in  the  rate  for 
1915  of  43.5  per  cent,  over  the  rate  for  1900.  The 
actual  increase  in  the  number  of  suicides  was  ap- 
proximatelj'  from  8,700  in  1900  to  17,000  in  1915. 
These  estimates  require  to  be  accepted  with  extreme 
caution,  since  the  borderland  cases  of  accidents  and 
homicides  constitute  a  doubtful  group,  which  does  not 
for  the  time  being  admit  of  exact  analysis.  The 
that  the  probable  number  of  deaths  due  to  suicide  in 
statistical  evidence,  however,  is  absolutely  conclusive 
the  continental  United  States  at  the  present  time  (1915) 
is  about  17,000  and  if  allowance  is  made  for  doubtful 
cases  otherwise  diagno.>;cd,  or  certified  to  at  coroners' 
inquests,  it  is  reasonably  possible  that  the  number  of 
suicides  amounts  annually  to  not  less  than  20,000. 

Since  the  suicide  rate  of  cities  is  generally  higher 
than  that  of  rural  communities  the  following  table  is 
included  for  the  jnirpose  of  emphasizing  the  degree  of 
suicidal  frequency  in  fifty  American  cities  during  the 
period  1890-1914,  separately  considered  by  single 
years  and  by  quinquennial  periods  for  the  quarter 
century: 

MORTALITV  FROM  SdICIDE  IN  FiFTY  AMERICAN  CiTIES,  1890-lflll 

(Rate  per  100,000  of  Population.) 


Year 

Population 

Suicides 

Rate 

1890 

10.799,626 

1,345 

12.5 

1891 

11,270,519 

1,577 

14.0 

1892 

11,740,950 

1,468 

12.5 

1893 

12,047,729 

1,913 

15.9 

1894 

12.362.080 

1,947 

15.8 

1895 

12,778,209 

2.002 

15.7 

1896 

13.216.674 

2,162 

16.4 

1897 

13.538,278 

2,410 

17.8 

1898 

13,942,147 

2,434 

17.5 

1899 

14,269,472 

2,367 

16.6 

1900 

14,703,398 

2.494 

17.0 

1901 

15,120,091 

2,573 

17.0 

1902 

15,549.790 

2,875 

18.5 

1903 

15,973.505 

3,181 

19.9 

1904 

16,397,223 

3,392 

20.7 

1905 

16,847.630 

3,276 

19.4 

1906 

17..'!.-)0.275 

3.179 

18.3 

1907 

17.s.'iL>,926 

3.498 

19.6 

1908 

ls.:i.ir,„-)Sl 

4.086 

22.3 

1909 

18,S5S,238 

3.963 

21.0 

1910 

19,360,890 

3,895 

20.1 

1911 

19,863.542 

3,926 

19.8 

1912 

20,365,056 

3,878 

19.0 

1913 

20,867.602 

3.918 

18.8 

1914 

21,370,509 

4,420 

20.7 

1890-94 

58.210,904 

8,250 

14.2 

1895-99 

67,744,780 

11,375 

16.8 

1900-04 

77,750,007 

14,515 

18.7 

1905-09 

89.264,650 

18,002 

20.2 

1910-14 

101,827,599 

20,037 

19.7 

It  is  shown  by  this  table  that  there  was  a  persistent 
increase  in  the  suicide  rate  of  American  cities  during 
the  first  twenty  years  of  the  period  under  ob.servation, 
while  the  rate  during  the  last  five  years  has  attained 
to  apparently  a  stationary  condition.  The  rate 
now,  however,  is  relatively  so  high  tliat  a  much  further 
increase  is  not  to  be  anticipated. 

Considered  by  quinquennial  periods,  it  appears 
that  the  suicide  rate  of  American  cities  during  the 
last  twenty  years  has  increased  from  an  average  of 
16.8  during  the  five  years,  189.5-1S99,  to  19.7  during 
the  five  years,  1910-H)14.  The  statistical  evidence  is, 
therefore,  tiuite  conclusive  that  the  suicidal  tendency 
is  distinctly  on  the  increase  in  American  cities,  al- 
though subject  to  fluctuation,  attributable  to  more  or 
less  profound  social  and  economic  changes. 
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The  degree  of  suicidal  frequency  varies  materially 
for  the  different  geographical  divisions  of  the  country, 
as  shown  bj'  the  summary  statistics,  presented  in  an 
abbreviated  form  in  the  table  below : 


LTiox  OF  .Suicides,   U.  S.   Registr.\ 
States,  1909-1913. 
(Rate  per  100.000  of  Population.) 


New  England  and  Middle  Atlantic 

Southern 

Southern,  white  population 

Southern,  colored  population.  .... 

North  Central 

Rocky  Mountain 

Pacific  Coast 


Average  for  25  state 


19,590 

1,674 

1,567 

107 

12,318 
1,509 
5,026 


40,117 


This  table  is  subject  to  the  serious  limitation  of 
inadequate  returns  for  the  Southern  States  of  the 
United  States,  but  in  the  main  the  facts  disclosed 
conform  to  the  results  of  other  statistical  investiga- 
tions, chiefly,  however,  with  reference  to  the  urban 
population.  The  table  shows  that  the  degree  of 
suicidal  frequency  is  highest  on  the  Pacific  Coast, 
where  the  mortality  is  27.1  per  100,000  of  popula- 
tion, and  lowest  in  the  Southern  States,  where  the 
rate  is  9.8.  If,  however,  allowance  is  made  for  the 
element  of  color,  it  appears  that  the  suicide  rate  for 
the  white  population  of  the  South  is  11.2  per  100,000, 
against  a  rate  of  only  3.3.  for  the  colored. 

All  of  the  statistical  studies  of  suicide  prove  that 
the  male  sex  is  decidedly  more  inclined  to  self- 
murder  than  the  female  sex.  In  the  U.  S.  regis- 
tration area,  during  the  period  1904-13,  the  male 
suicide  rate  was  24.0  per  100,000,  against  a  rate  of 
7.5  for  females.  The  table  following  exhibits  the 
details  of  the  suicide  mortality  by  sex  for  each  of  the 
years  1904-13,  and  for  the  two  quinquennial  periods, 
including  the  population  estimates  for  intercensal 
years : 


(Rate  per  100,000  of  Population.) 


Year 

Midyear 

No.  of 

Rate 

Midyear 

No.  of 

Rate 

population 

suicides 

population 

suicides 

1904 

16,856.270 

3,775 

22.4 

16,492.867 

1,137 

6.9 

1905 

17.274,352 

4,121 

23.9 

16,820,253 

1,317 

7,8 

1906 

21,322,133 

4,521 

21.2 

20,661,286 

1,332 

6   4 

1907 

21.899,144 

5,185 

23.7 

21,117,846 

1,500 

7   4 

1908 

23,876.529 

6,429 

26.9 

22.913.384 

1,903 

8   3 

1909 

26,020.431 

6.494 

25.0 

24,850.087 

1,908 

7   7 

1910 

27,606,526 

6,610 

23.9 

26,237,370 

1,980 

7.5 

1911 

30,463,411 

7,389 

24.3 

28.812,566 

2,233 

7.8 

1912 

31.128.193 

7,426 

23.9 

29.298.940 

2,230 

7.6 

1913 

32,607,069 

7,709 

23.6 

30,691,649 

2,279 

7.4 

1904-08 

101,228.428 

24,031 

23.7 

98.005.636 

7,249 

7.4 

1909-13 

147,825,630 

35,628 

24.1 

139,890,612 

10,630 

7.6 

Even  more  important  than  the  sex  factor  is  the 
incidence  of  age.  Suicide  is  naturally  very  rare 
during  early  life,  but  evidence  is  not  wanting  that 
suicide  among  children  is  on  the  increase  in  this  as 
well  as  in  many  other  civilized  countries.  The  table 
following  shows  the  rate  of  suicidal  frequency,  by 
divisional  periods  of  life,  with  distinction  of  sex,  for- 
the  U.  S.  registration  area,  1904-13: 
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Suicide 


.ITT  FROM  Suicide,  bt  Age  and  Sex,  C.  S.  Registration 
Area,  1904-13. 
(Rate  per  100,000  of  Population.^ 


Males 

Females 

Ages  at 
death 

Estimated 
aggregate 
population 

No.  of 
suicides 

Rate 

Estimated 
aggregate 
population 

No.  of 
suicides 

Rate 

Under 
5  yra. 
5-9 

10-14 

15-24 

25-34 

35-44 

45-54 

.io-64 

05-74 

75-84 

85  and 
over 

25,614,623 
23,388,259 
22,189,186 
47,163,061 
44,409,145 
35,466,490 
24,908,648 
14.715.018 
8,010.576 
2,760,125 

428,927 

25,048,079 
23,025.413 
21,966,362 
47,078,302 
40,703,104 
32,072,683 
22,399,785 
13,879,653 
8.129,638 
3,039,153 

554,076 

5 
132 
6,041 
11,605 
12,828 
12,749 
9,121 
4,880 
1,737 

239 
322 

0.0 
0.6 
12.8 
26.1 
36.2 
51.2 
62.0 
60.9 
62.9 

55.7 

2 

100 

4,350 

4,476 

3,432 

2,684 

1,634 

837 

291 

42 
31 

0.0 
0.5 

9.2 
11.0 
10.7 
12.0 
11.8 
10.3 

9.6 

7.6 

• 

Total: 

249,054,058 

59,659 

24.0  ] 237,896,248 

17,879 

7.5 

There  is  obviously  a  very  rapid  rise  in  the  rate  of 
suicidal  frequency  during  youth  and  early  adolescence, 
a  fairly  stationary  rate  being  reached  after  age  si.xty- 
five,  when  however,  the  returns  are  hardly  sufficient  for 
a  safe  generalization.  It  is  rather  striking  to  find 
that  the  maximum  rate  of  frequency  for  males  is 
reached  at  ages  seventy-five  to  eighty-four,  and  for 
females  at  ages  forty-five  to  fifty-four.  There  are 
reasons  for  believing  that  a  still  more  extensive  exper- 
ience would  confirm  this  conclusion  to  the  extent  that 
the  slight  incongruities  at  the  further  advanced  ages 
would  be  eliminated.  At  no  period  of  adult  life  is  the 
female  suicide  rate  as  high  as  the  male  rate.  From  a 
medical  and  medico-legal  point  of  view  the  preceding 
table  is  of  considerable  practical  importance.  It  is  true 
that  the  suicidal  impul.se  is  not  measured  with  absolute 
precision  by  the  suicidal  mortality  statistics,  since 
It  is  conceivable  that  attempts  may  be  more  common, 
but  less  successful,  at  earlier  ages,  partly  on  account 
of  the  want  of  knowledge  and  partly  because  of 
lack  of  the  required  courage.  The  influence  of  this 
uncertainty,  however,  is  not  likely  to  be  sufficient  to 
materially  impair  the  conclusion  that  among  men 
the  relative  frequency  of  suicide,  in  proportion  to  the 
population  living  at  corresponding  ages,  is  greatest 
at  ages  seventy-five  to  eighty-four,  followed  by  the  age 
period  fifty-five  to  sixty-four;  and  among  women,  at 
ages  forty-five  to  fifty-four,  followed  by  the  age  period 
fifty-five  to  sixty-four.  The  largest  actual  number  of 
suicides,  however,  during  the  period  under  observation, 
occurred  among  men  at  ages  thirty-five  to  fortj'-four, 
and  among  women  at  ages  twenty-five  to  thirty-four. 
Suicide  would,  therefore,  seem  to  occur  somewhat 
earlier  in  life  among  women  than  among  men. 

Suicide  is  rare  among  savage  and  relatively  infre- 
quent among  barbarous  races.  The  tendency  to  self- 
murder  increases  with  the  progress  of  civilization  and 
is  proportionate  to  the  complexity  of  modern  social 
and  economic  life.  In  thirty  large  southern  cities  of 
the  United  States  the  suicide  rate  during  1900-12 
was  only  5.9  per  100,000  for  the  colored,  against  22.6 
for  the  white  population.  In  Jamaica,  where  the 
population  is  almost  exclusively  colored,  the  suicide 
rate  during  1910-14  was  only  2.0  per  100,000.  In 
contrast,  however,  the  suicide  rate  of  the  colored 
population  of  Cuba  during  1910-13  was  15.0,  against 
18.0  for  the  white  population.  The  colored  popula- 
tion of  Cuba,  however,  is  much  more  intermixed  with 
the  white  element  than  is  the  colored  population 
of  Jamaica.  In  Hawaii  the  average  suicide  rate  for 
1911-15  was  23.1  per  100,000.  There  were  no 
suicides  among  the  Spaniards  during  this  period,  and 


the  rate  was  lowest  among  the  Porto-Ricans  (4.0)  and 
the  Portuguese  (4.3).  Among  the  part-Hawaiians  the 
rate  was  7.2,  among  the  pure  Hawaiians  10.1.  Among 
the  other  racial  elements  the  rates  were  as  follows: 
Fillipinos  12.1;  Japanese  26.5;  Chinese  35.7;  other 
Caucasians  than  Spaniards  and  Portuguese  36.3;  and 
all  others  61.8.  These  rates  cannot  be  considered  en- 
tirely conclusive,  but  they  are  suggestive  of  a  rela- 
tively low  suicide  rate  among  the  primitive  jjopulation 
and  a  relative  high  rate  among  the  Chinese  and 
Japanese.  This  conclusion  is  sustained  by  the  suicide 
statistics  of  the  Pacific  Coast. 

Suicide  among  children  is  more  common  than  is 
generally  assumed  to  be  the  case.  There  are  reasons 
for  believing  that  the  tendency  to  errors  in  diagnosis, 
or  even  the  falsification  of  death  certificates,  is  more 
pronounced  in  such  cases  than  at  older  ages.  Suicide 
among  the  very  j'oung  seems  so  unnatural  an  act  that 
there  must  necessarily  be  a  strong  reluctance  on  the 
part  of  physicians  and  coroners  to  interpret  the  avail- 
able evidence  against  the  parents  and  the  child  con- 
cerned. Since  there  are  reasons  for  believing  that 
child  suicides  are  close  relation  to  erroneous  edu- 
cational methods,  it  is  of  the  utmost  importance 
that  more  serious  consideration  be  given  to  this 
most  lamentable  aspect  of  the  suicide  problem. 
Deaths  from  self-murder  are  not  infrequent  in 
extreme  old  age,  for,  as  shown  by  the  returns  for 
the  U.  S.  registration  area  for  the  period  1904-13 
there  were  3,896  suicides  of  males  at  ages  seventy  and 
over,  and  654  suicides  of  females.  Proportionatelj-  to 
the  population  of  corresponding  ages,  however,  there 
is  a  distinct  diminution  in  the  suicidal  tendency  after 
age  eighty-five  among  men,  and  after  age  seventy-five 
among  women.  Thus  far,  however,  no  thorough  study 
has  been  made  of  the  correlation  of  suicide  to  senility, 
but  the  available  evidence  would  seem  to  justify  the 
conclusion  that  self-murder  in  extreme  old  age  is 
more  common  at  the  present  time  than  in  the  past, 
just  as,  conversely,  this  appears  also  true  of  the  suicidal 
impulse  among  young  children. 

Almost  without  exception  suicides  are  more 
common  in  cities  than  in  rural  districts.  In  the 
United  States  registration  states,  during  the  period 
1904-13,  the  urban  suicide  mortality  rate  was  17.7 
per  100.000  of  population,  against  a  rural  rate  of 
12.2.  The  urban  rate  was,  therefore,  45.1  per  cent, 
in  excess  of  the  rural. 

MORTAUTT  FROM  SuiCIDE,  URBAN  AND  RrRAL,  U.  S.  RegistraTIO.N 

States,  1904-13. 
(Rate  per  100.000  of  Population). 


Urban. 


Rural. 


Year. 

Population. 

No.  of 
suicides. 

« 

Population. 

No.  of 
suicides. 

1 

1904 

10 

12.029,302 

1,668 

13.9 

9,307,413 

943 

10.1 

1905 

10 

12,372,228 

1,853 

15.0 

9,3fr*.680 

1.087 

11.6 

1906 

15 

18,195,041 

2,702 

14.9 

15,640,988 

1,621 

10.4 

1907 

15 

18,737,525 

3,133 

16.7 

15,871,371 

1,894 

11.9 

1908 

17 

20,417,270 

3,992 

19.6 

18,288,591 

2.514 

13.7 

1909 

IS 

23,066,405 

4,382 

19.0 

21,215.280 

2,679 

12.6 

1910 

21 

25,187,805 

4,513 

17.9 

22.619.901 

2,796 

12.4 

1911 

23 

27,485,457 

5,256 

19.1 

20,899,777 

3,379 

12.6 

1912 

23 

28.129,824 

5,116 

18.2 

27,122,299 

3,459 

12.8 

1913 

24 

29,244,100 

5,432 

18.6 

29,068,435 

3,529 

12.1 

1904-13 

214,865,017 

38,047 

17.7 

195,398,795 

23,901 

12.2 

The  exact  correlation  of  suicide  to  season  has  also 
not  as  yet  been  determined  with  the  required  degree 
of  scientific  accuracy  and  completeness.  The  ob- 
servations of  Dexter  on  "Weather  Influences"  may 
be  referred  to  as  exceptionally  useful  in  the  further- 
ance   of    this    line    of    specialized    research.     Much 
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more,  however,  is  required  tluui  has  heretofore  been 
possible  on  the  basis  of  crude  statistics  by  months 
or  weeks,  or  even  davs,  since  obviously  weather 
influences  react  upon  niuch  shorter  periods  of  time. 
An  analysis  of  suicide  bv  days  of  the  week,  and 
hours  of"  the  day,  bv  Prof.  William  B.  Bailey,  in 
the  Yale  Review,  as  quoted  by  Dexter,  shows  that  of 
9,5.35  cases,  3,087  occurred  before  noon,  and  5,848 
during  the  remainder  of  the  day.  Of  the  cases  of 
murder  followed  by  suicide,  roushly,  seventy  per  cent. 
were  found  to  have  occurred  during  the  six  hours 
from  ti.OO  P.M.  to  midnight.  Dexter  also  quotes  from 
the  treatise  bv  Strahan,  that  "The  yearly  variation  in 
self-destruction  dilfers  from  these  weekly  and  hourly 
variations  in  this;  that  instead  of  the  exciting  cause 
coming  to  the  individual  from  the  outside  world,  it 
comes  to  him  from  within.  There  is  an  annual 
rhythmic  rise  and  fall  which  affects  all  animate 
nature.  With  the  approach  of  spring  and  the  in- 
crease of  temperature,  there  is  a  general  wakening 
from  the  period  of  comparative  rest  in  which  the 
preceding  cold  season  has  been  passed.  With  this 
awakening,  every  function  is  quickened  and  the 
procreative,  which  is  the  highest  of  all  functions,  is 
excited  to  most  vigorous  action.  During  this  period 
of  spring  and  early  summer  the  organism  is  working 
at  its  highest  tension,  and  every  function  of  mind  and 
body  is  more  active  than  at  any  other  period  of  the 
year.  It  is  not  surprising,  then,  that  at  this  portion 
of  the  yearly  cycle  we  should  meet  with  the  most 
breakdowns  of  the  machine."  The  influence  of 
weather  conditions  has  been  investigated  with  much 
greater  thoroughness  and  in  more  exact  conformity 
to  scientific  requirements,  by  Prof.  Ellsworth  Hunt- 
ington in  his  treatise  on  "Civilization  and  Crime." 
Thus  far,  however,  no  investigation  of  this  kind  can 
be  considered  entirely  conclusive.  The  table  follow- 
ing is  intended  merely  as  an  illustration  of  the  seasonal 
fluctuation  in  suicide  in  the  combined  area  of  twenty- 
one  registration  states,  for  the  period  1910-13: 

Mortality    from    Sl-icide,    by    Season,    U.    S.    Registration 

States,  1910-13. 

(Monthly  Rate  per  100,000  of  Population.) 


Aggregate 
population.* 


January. . . . 
February. . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


198,913,288 
181,542,776 
199,558,042 
193,427,607 
200,202,796 
194,061.408 
200.847,550 
201,169,932 
194,987,4.')0 
201,814,680 
195,611,389 
202,459,440 


Winter 580,014.100 

Spring 587,691,811 

Summer I  597,004.932 

Fall 699,885,515 


2,269 
2,178 
2.673 
2,735 
2,876 
2,857 
2,668 
2,557 
2,485 
2,446 
2,434 
2.384 

7,120 
8,468 
7,710 
7,264 


Monthly  average 2,364.596.364        30,562 


1.14 
1.20 
1.34 
1.41 
1.44 
1.47 
1.33 
1.27 
1.27 
1.21 
1.24 
1.18 

1.23 


This  table  has  been  corrected  for  the  varying 
lengths  of  the  months,  but  in  brief  the  rate  was  high- 
est during  the  spring  months,  or  1.44  per  100,000 
of  monthly  population,  followed  by  a  rate  of  1.29 
for  the  summer  months,  1.23  for  the  winter  months, 
and  1.21  for  the  fall  months.  The  highest  monthly 
incidence  occurred  in  June,  when  the  rate  attained  to 
1.47  per  100,000  of  population. 

The  method  of  suicide  varies  according  to  sex,  and 


quite  materially  for  the  dilTerent  civilized  countries  of 
the  world.  Tlie  table  following  exhibits  the  methods 
employed  in  the  suicides  occurring  in  the  United 
States"  registration  area,  1910-13,  arranged  in  con- 
formity to  the  international  classification. 


Mortality  from  Suicide,  bt  Method  and  t 
(U.  S.  Registration  Area,  1910- 

According 
13.) 

TO  Sf:? 

Males. 

Fern 

ales. 

Method. 

No.  of 
suicides. 

Per  cent. 

No.  of 
suicides. 

Per  eent. 

10,201 
7,040 
4,499 
2,981 

2,185 

1,363 

387 

298 

180 

35.0 
24.2 
15.5 
10.2 

7.5 

4.7 

l.:i  • 
1.0 

0.0 

945 
3,955 

956 
1,434 

299 
734 
222 
51 

126 

10,  S 

Poison                

45   4 

Hanging  or  strangulation.  . 

11    0 
16.5 

Cutting  or  piercing  instru- 

3   4 

8.4 

Jumping  from  high  places. 

2.5 
0.6 

Other     methods,     or     not 

1  ,4 

29,134 

100.0 

8,722 

100.0 

*  Standardized  for  variation  in  length  of  months. 


It  is  shown  by  this  table  that  the  predominating 
method  of  suicide  among  men  was  by  firearms,  and 
among  women  it  was  by  poison.  It  is  regrettable  that 
details  should  not  be  available  to  disclose  the  nature 
of  the  poison  employed,  since  restrictive  measures 
aiming  at  more  effective  control  in  the  sale  of  poison 
would  necessarily  have  to  be  based  upon  the  kind  of 
poison  made  use  of.  Much  better  and  more  useful 
returns  of  this  kind  are  published  annually  by  the 
Registrar-General  for  England  and  \yalcs.  The  large 
proportion  of  suicides  by  firearms  is  obviously  sug- 
gestive of  more  effective  legislative  restrictions  in  the 
sale  of  dangerous  weapons. 

The  alleged  motives  for  suicide  are  the  least 
satisfactory  statistical  returns  even  under  the  best 
possible  conditions.  Probably  the  most  tru.st- 
worthy  statistics  are  those  of  France,  which  nic 
presented  in  the  table  below,  for  the  period  1906-10: 


Suicide  According  to  Motives,  in  France 

(1906-191(1) 

Males. 

Females, 

Motive. 

No.  of 

suicides. 

Per 

No.  of 
suicides. 

Per 
cent. 

Poverty  or  fear  of  poverty. .... 

Economical  embarrassment, 

loss  of  position,  iosa  by  law- 

2,905 

2,337 
3,118 

1,150 

655 

5,274 

781 
8,191 

172 
2,367 
5,059 
4,909 

7.9 

6.3 

8.4 

3.1 

1.8 
14.3 

2.1 
22.2 
0.3 
6.4 
13.7 
13.3 

766 

278 
1,257 

991 
155 
631 

106 
2,415 

0   '1 
2.5 

11.3 

Disappointment  in  lov<.',  jeal- 

R   '.1 

Debauchery,  misconduct 

1    4 

.S   7 

Desire  to  evade  judicial  or  dis- 
ciplinary punishment 

1    II 
21    ,s 

Disgust  with  military  service. . . 

804 
2,443 
1,235 

7.3 

22.0 

11.2 

Total..                 

36,918 

100.0 

11,081 

100.0 

According  to  this  analysis  the  predominating  motive 
for    suicide    among    men    was    physical    suffering; 
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and  among  women  mental  affections,  and  physical 
suffering  to  practically  the  same  degree.  From  a 
medical  point  of  view  thi.s  evidence  is  extremely  sug- 
gestive. For  the  United  States  the  evidence  is 
quite  conclusive  that  unwillingness  to  endure  physical 
suffering  is,  to  an  increasing  e.xtent,  an  underlying 
cause  of,  or  reason  for,  self-murder.  A  large  number 
of  individual  ca.ses  are  available  to  prove  that  at 
least  the  alleged  motive  was  an  unwillingness  to 
undergo  a  surgical  operation  or  to  continue  the 
unavoidable  endurance  of  physical  suffering.  In  the 
case  of  cancer  particularly  this  has  been  so  to  a 
sufficient  e.xtent  to  require  consideration  in  con- 
nection with  the  question  as  to  the  actual  or  apparent 
increase  in  cancer  frequency.  The  preceding  table, 
which  has  been  derived  from  the  judicial  statistics 
of  France,  may  be  accepted  as  an  approximately 
trustworthy  indication  of  the  probable  underlying 
motives  for  suicide,  and  there  are  no  reasons  for 
believing  that  the  returns,  if  available  for  this  country, 
would  differ  very  materially  from  those  of  the  French 
Republic. 

International  statistics  of  suicide  are  of  doubtful 
intrinsic  conclusiveness.  Methods  of  coroners'  in- 
quests, death  certification,  etc.,  vary  sufficiently  to 
invalidate  the  scientific  conclusiveness  of  the  returns 
for  certain  countries  with  fundamentally  different 
codes  of  judicial  procedure  as  well  as  essentially  dif- 
ferent manners  and  customs  from  those  common  to 
the  L'nited  States  and  other  countries  with  populations 
largely  of  Anglo-Saxon  origin.  The  crude  suicide 
rates,  unless  standardized  for  variations  in  age  and 
sex  distributions,  are  also  likely  to  be  seriously  im- 
paired for  comparative  purposes  on  this  ground  in 
addition  to  the  underlying  difficulty  of  medical  diag- 
nosis, coroners'  inquests,  and  death  certification. 
Since,  however,  international  statistics  are  quite 
generally  made  use  of  in  connection  with  medical 
and  other  considerations  of  the  suicide  problem,  it 
has  seemed  best  to  include  the  following  table,  which 
has  been  derived  from  official  sources: 

MORT-\UTT  FROM  SciCIDE    THROUGHOUT  THE  WoKLD  (I902--1911) 

(Rate  per  100,000  of  Population.) 


I 

Changes  in  the  rate 
during  the  last  decade. 

Actual. 

Percent. 

.Switzerland 

France 

Germany 

Hungary 

22.7 

21.4 
18.4 
18.1 
17.8 
15.5 

15.5 
12.9 
12.1 

10.2 
8.8 
7.3 
6.6 
5.8 
5.1 
3.4 
2.5 

22.6 

21.1 
18.0 
17.6 
17.8 
14.4 

14.2 
12.5 
12.6 

10.2 
8.9 
6.5 
6.6 
6.1 
5.2 
3.4 

22.9 
22.0 
21.7 
18.8 
18.7 
17.8 
16.6 

16.4 
13.2 
11.7 

10.2 
8.7 
8.1 
6.7 
5.5 
5.1 
3.4 

+0.3 

+6'6 
+0.8 
+  1.1 

+  2.2 

+  2.2 
+0.7 
-0.9 

-0^2 
+  1.6 

1.3 

2^8 
4.4 
6.3 

Sweden 

15.3 

U.    S.    Registra- 
tion Area 

Belgium 

Australia 

England  and 
Wales 

Uruguay 

Italv. .  . 

15.5 
5.6 

7.1 

24    B 

Holland 

+0.1               1.5 

Scotland 

-0.6               9.8 
-0.1                1.9 

+0.2               8.3 

' 

Total 

14.6 

14.1 

15.0 

+0.9 

0.4 

During  the  ten-year  period  under  consideration  the 
suicide  rate  increa.sed  from  an  average  of  14.1  per 
100,000  of  population  during  1902-00  to  15.0  during 
1907-11.  The  rate  was  higliest  for  Switzerland,  or 
22.9  per  100,000  of  population  during  1907-11,  and 
lowest   for   Spain,  wlicre  the   rate   during   the   same 


period  was  only  2.6.  There  are  no  convincing  reasons 
for  questioning  the  approximate  accuracy  of  this 
comparison,  and  the  data,  in  the  main,  may  be  relied 
upon  as  conclusive.  The  table  has  been  limited  to 
countries  for  which  the  returns  are  of  a  sufficient  de- 
gree of  intrinsic  trustworthiness  to  justify  their  being 
utilized  for  comparative  purposes.  As  an  additional 
illustration,  however,  the  following  table  of  the  suicide 
rates  of  large  cities  throughout  the  world  is  included, 
since  obviously  the  statistics  of  cities  are,  in  the  main, 
more  trustworthy  than  those  available  for  large, 
political  areas: 


(Rate  per  100.000  of  Population.) 


San  Francisco 

Leipzig 

Hamburg 

BerUn 

Dresden 

Stockholm 

St  Louis 

Frankfort  a/M 

Vienna 

Denver 

Brussels 

Zurich 

Buenos  Aires 

Copenhagen 

Paris 

Havana 

.Milan 

Chicago 

Rome 

Munich 

New  Orleans 

Cleveland 

New  York  City 

Basel 

Baltimore 

Boston 

Philadelphia 

Rio  de  Janeiro 

Tokio 

Antwerp 

Sydney 

Moscow 

Madrid 

London 

Naples 

Melbourne  and  suburb: 

Birmingham 

Manchester 

Edinburgh 

Calcutta 

.\msterdam 

Liverpool 

Christiania 

Toronto 

Montevideo 

Belfast 

Montreal 

Dublin 

Mexico  City 

Manila 


Period.      Rate. 


United  States 1904-13 

Germany 1909-13 

Germany 1904-13 

Germany 1904-13 

Germany 1904-13 

Sweden 1903-12 

United  States 1904-13 

Germany 1904-13 

Austria 1903-12 

United  States 1904-13 

Belgium 1903-12 

Switzerland 1903-12 

Argentine   Republic.  .     1904-13 

Denmark 1903-12 

France > 1902-11 

Cuba 1903-12 

Italy 1903-12 

United  States 1904-13 

Italy 1904-12 

Germany j   1903-12 

United  States '   190-1-13 

1904-13 
1904-13 
1903-12 
1904-13 
1904-13 
1904-13 
1904-13 
1904-12 
1903-12 
1904-13 
1903-12 
1901-10 
1904-13 
1903-12 
1904-13 
1904-13 


United  States. . 
United  States.. 
Switzerland. . . . 
United  States. . 
United  States. . 
United  States. . 

Brazil 

Japan 

Belgium 

Australia 

Russia 

Spain 

England 

Italy 

Australia 

England 

England '■    1904-13 

Scotland :    1905-13 

India ;   1904-13 


Holland 

England 

Norway 

Canada 

Uruguay 

Ireland 

Canada 

Ireland 

Mexico 

Philippine  Islands. 


1904-13 
1904-13 
1903-12 
1904-13 
190.3-12 
1904-13 
1904-13 
1904-13 
190.5-13 
1904-13 


48.0 
37.9 
36.0 
34.3 
34.0 
33.0 
32.8 
32.7 
30.5 
29.8 
28.5 
28.2 
27.2 
27.1 
25.5 
23.0 
22.7 
21.7 
21.6 
21.5 
18.7 
18.6 
17.8 
17.5 
16.7 
16.2 
16.2 
16.0 
15. S 
15.4 
13.2 
12.9 
12.3 
11.4 
10.8 
10.8 
10.4 
9.7 
9.4 
9.3 
7.6 
7.2 
7.1 
5.5 
5.0 
4.6 
4.3 
3.3 


Vol.  VIII.— 2 


This  table,  in  each  and  every  case,  gives  an  average 
rate  for  a  period  of  sufficient  length,  whch  in  the  large 
majority  of  cases  covers  the  years  1904-13.  For  a 
few  of  the  cities,  however,  the  period  has  been  made 
to  terminate  with  an  earlier  year  on  account  of  the 
nonavailability  of  more  recent  data.  Throughout, 
however,  the  statistics  may  be  considered  strictly 
comparable,  and  the  table  brings  out  the  surprising 
fact  that  the  highest  suicide  rate  for  any  large  city 
of  the  world  is  for  San  Francisco,  while  the  lowest 
rate  is  for  Manila,  Philippine  Islands. 

In  the  strict  scientific  sense  of  the  term  it  is,  to  say 
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the  least,  inisleadiiig  to  speak  of  the  heredity  of  suicide, 
althougli  the  inheritance  of  a  suicidal  tendency  in 
persons  with  a  family  record  of  self-murder  has  been 
conclusively  established  by  numerous  trustworthy 
cases.  The  statement  of  Strahan  that  a  careful  study 
of  the  family  histories  of  suicide  demonstrates  that 
frequently  suicide  "runs  in  families"  as  suicide,  is  quite 
in  conformity  to  the  facts  of  observed  experience. 
This  conclusion,  however,  does  not  justify  the  common 
error  of  assuming  that  suicide  is  directly  inherited,  or 
transmitted  from  parent  to  child,  in  the  same  son.sc  a-s 
specific  racial  or  individual  traits  or  characteristics  arc 
transmitted,  from  one  generation  to  another.  Suicide 
is  not  an  entity  in  tlie  sen.se  of  a  specific  disease,  hke 
leprosy  or  tuberculosis,  but  it  is  a  phenomenon  of 
wrongful  conduct  arising  out  of  a  more  or  less  dis- 
ordered state  of  mind.  Whether  it  is  true,  as  asserted 
by  Strahan,  that  "we  know  as  a  fact  that  there  is  no 
abnormal  constitutional  .state  more  commonly  trans- 
mitted from  parent  to  child  than  this  tendency  to  self 
destruction,"  the  evidence  made  available  through  the 
analvsis  of  family  records  by  Davenport  is  conclusively 
to  this  effect,  in  a  discus.sion  of  the  feebly  inhibited, 
with  special  reference  to  the  specificity  of  the  suicidal 
impulse,  Davenport  concludes  that  "suicide  is  not  in- 
herited, but  only  a  tendency  to  an  impulse  that  leads 
to  suicide"  and  he  points  out  that  "the  impulse  is  in- 
deed quite  distinct  from  the  act."  This  conclusion, 
based  upon  perhaps  the  most  careful  stvidy  made  of 
the  subject,  is  of  exceptional  practical  importance,  for 
it  justifies  the  further  conclusion  that  most  persons  in- 
hibit tlie  impulse,  but  it  is  the  feebly  inhibited  who 
give  way  to  it."  Davenport  refers  to  forty  families  in 
eighteen  cases  of  which  one  of  the  parents  of  a  suicide 
also  committed  suicide.  The  logical  result  of  such  in- 
vestigations is  to  emphasize  the  urgency  of  a  better 
practical  understanding  of  the  underlying  physiological 
and  p.sychological  considerations  which  condition,  if 
they  do  not  determine  and  even  pre-determine,  the 
correlation  of  suicide  to  temperament. 

An  exceedingly  imjjortant  but  much  neglected  as- 
pect of  the  suicide  prnhlem  is  the  question  of  a  directly 
or  indirectly  inherited  tendency  to  self-murder.  Tlie 
number  of  family  records  subjected  to  critical  exami- 
nation is  too  limited  in  extent  to  justify  far-reaching 
conclusions  at  t  he  present  time.  .\s  said  in  my  discus- 
sion of  the  suicide  record  for  1915  {Spectator,  Nov.  30, 
1916) :  Wliether  a  tendency  to  commit  suicide  is 
directly  inherited  or  not,  it  can  no  longer  be  ciues- 
tioned,  as  shown  by  the  investigations  made  by 
Charles  B.  Davenport  and  others,  that  a  liability  to 
self-murder  runs  in  families  w'hich  are  scientifically 
defined  as  "feebly  inhibited."  As  observed  by  Dr. 
Davenport,  a  suicidal  tendency  can,  not  infreciuently, 
"be  traced  back  through  three  generations,  and  this 
is  about  as  far  as  the  memory  of  man  extends."  He 
advances  the  important  conclusion  that  "suicide  fol- 
lowing arteriosclerotic  depression  probably  tends  to 
run  in  families,  as  the  arteriosclerotic  basis  is  still 
found  to  do,"  and  while  he  holds  that  suicide,  in  the 
limited  sense  of  the  term,  is  not  inherited  but  only  a 
tendency  to  an  impulsion  that  leads  to  suicide,  he 
concludes  that  while  many  per.sons  may  experience 
the  suicidal  impulse,  "it  is  the  feebly  inhibited  who 
give  way  to  it."  The  investigations  by  Davenport 
are  of  much  greater  practical  significance  to  life  insur- 
ance companies  than  has  heretofore  been  recognized, 
however  intrinsically  difficult  the  scientific  considera- 
tions may  appear  to  be.  In  other  words,  whether  it 
would  be  feasible  on  the  jjart  of  life  insurance  com- 
panies to  take  into  consideration  the  facts  of  tempera- 
ment, and  the  inheritance  of  ancestral  temperamental 
traits,  in  addition  to  such  physical  and  medical  con- 
siderations as  generally  govern  the  selection  of  lives 
for  insurance,  is  secondary  to  the  question,  for  the 
time  being,  as  to  whether  it  would  not  be  desirable 
to  attach  more  serious  significance  to  suicide  in  the 
family  history  than  is  generally  the  case. 
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Among  other  involved  aspects  of  the  suicide  prob- 
lem, admirably  summarized  by  Dr.  George  M.  Gould, 
in  a  paper  on  "The  Mysteries  and  Sources  of  .Suicide,  ' 
Medical  Record.  Sept.  8,  1906,  reference  may  be  maile 
to  secret  drug-taking,  venereal  diseases,  scoliosis  and 
diseases  consequent  upon  eye-strain,  other  than  spinal 
curvature.  Further  research  work  in  these  directions 
would  unquestionably  reveal  much  valuable  informa- 
tion, u.seful  to  the  effort  at  suicide  prevention,  which 
is  by  no  means  as  hopeless  as  generally  assumed. 
The  effort  at  prevention  must,  however,  rest  upon 
much  more  qualified  technical  knowledge  than  is  com- 
mon to  the  average  medical  practitioner  at  the  present 
time.  As  well  said  by  Dr.  Tom  R.  Williams,  after 
pointing  out  that  the  suicide's  common  sense,  religion, 
and  ordinary  medical  advice  have  generally  failed, 
"special  psychopathological  knowledge  is  required," 
for  "it  is  by  means  of  this  that  the  patient  acquires 
an  understanding  of  the  perverted  adaptability  and 
learns  means  of  adjustment."  Obviously  the  neces- 
sary reeducation  of  the  patient  reciuires  a  teaching 
capacity  of  a  high  order.  In  a  large  number  of  cases, 
however,  there  are  reasons  for  believing  that  the  fun- 
damental causative  factor  is  eye-strain  and  that  the 
remedial  measures  lie  rather  within  the  province  of 
the  oculist  or  expert  in  errors  of  refraction  than  within 
the  field  of  the  general  practitioner. 

The  foregoing  st.atistical  and  other  observations 
are  intended  to  emphasize  the  more  important  prac- 
tical aspects  of  the  suicide  problem,  which,  however, 
is  entirely  too  complex  to  permit  of  complete  presen- 
tation within  the  present  limitations.  For  additional 
data,  with  special  reference  to  life  insurance,  the 
annual  suicide  records  published  in  The  Spectator,  a 
New  York  insurance  periodical,  should  be  consulted. 
Frederick  L.   Hoffman. 


Sulphides. — Sulphides  of  four  metallic  bases 
have  been  employed  as  medicines,  namely,  sulphides 
of  mercury,  antimony,  potassium,  and  calcium.  Of 
these,  the  sulphides  of  antimony  and  potassium  are 
no  longer  used;  and  the  sulphide  of  mercury  will  be 
found  discussed  under  the  title  HyDRARGYRrM.  The 
sulphide  of  calcium  is  official  in  the  United  States 
Pharmacopoeia  as  Calx  Sulphurata,  and  is  considered 
below. 

The  common  characteristics  are,  physicalh',  an 
alkaline  reaction,  a  disagreeable  smell,  and  an  alkaline 
and  offensive  sulphureted  taste;  physiologically, 
quite  intense,  irritant  properties,  and  a  special  obnoxi- 
ousness  to  animal  and  vegetable  skin  parasites;  and, 
therapeutically,  a  local  healing  influence  over  many 
skin  diseases  in  their  chronic  stage,  and,  given  inter- 
nally, an  uncertain  tendency  to  abate  chronic  glandu- 
lar, or  cutaneous,  or  arthritic  disea.se,  and  to  control  or 
repress  suppuration.  In  full  dose  too  long  continued, 
the  compounds  tend  to  impair  general  nutrition, 
leading  to  emaciation  and  muscular  weakness. 

Calx  Sulphurata:  SulphuratedLime. — The  prepara- 
tion thus  named  in  the  United  States  Pharmacopoiu 
is  what  is  commonly,  but  incorrectly,  called  sulplndr 
of  calcium.  It  is  a  mixture  in  varying  proportions  of 
calcium  sulphide,  calcium  sulphate,  and  carbon,  but 
should  contain  at  least  sixty  per  cent,  of  calcium 
sulphide — the  salt  which  gives  the  substance  its 
medicinal  activity.  Sulphurated  lime  is  made,  liy 
the  process  directed  in  the  United  States  Pliar- 
macopceia,  by  heating  to  a  bright  red  heat  in  a 
closed  crucible  a  mixture  of  dried  calcium  sulphatr, 
charcoal,  and  starch.  The  product,  after  coolill^, 
is  pulverized,  and  at  once  put  up  in  small  gla.<>- 
stoppered  vials.  It  appears  as  a  grayish-white  nr 
yellowish-white  powder,  which  slowly  decomposes  on 
exposure  to  the  air.  It  has  a  faint  odor  of  hydrogen 
sulphide,  and  an  offensive  and  alkaline  taste.  It  is 
alkaline  in  reaction,  is  very  slightly  soluble  in  cold 
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water,  more  readily  in  boiling  water,  and  insoluble  in 

alcohol. 

Sulphurated  lime  has  the  general  properties  of  the 
alkaline  sulphides,  as  already  detailed.  It  is  power- 
fully irritant,  even  medicinal  doses  being  apt  to  upset 
the  .stomach.  And  it  is  a  disagreeable  medicine  for 
internal  taking,  also,  because  of  its  giving  rise  to 
eructations  of  sulphureted  gases.  The  preparation  has 
been  used,  locally,  principally  as  a  depilatory.  For 
this  purpose  it  is  applied  in  powder,  and,  after  fifteen 
minutes,  the  part  is  wiped  with  a  wet  sponge.  Medi- 
cine and  hairs  then  come  away  together.  Internally, 
sulphurated  lime  has  acquired  a  certain  reputation 
as  tending  to  control  suppurations,  the  discharge 
lessening  in  quantity  and  offensive  pus  acquiring 
a  better  character  under  the  medication.  Given 
between  times  in  recurring  suppurations,  as  in  recur- 
ring crops  of  boils,  it  is  also  held  to  abate  the  frequency 
and  severity  of  the  attacks.  The  dose  of  sulphurated 
lime  ranges  from  gr.  ,'0  to  gr.  -,',;  (0.003-0.006)  several 
times  a  day,  or  even  hourly,  given  most  conveniently 
in  trituration  with  sugar  of  milk. 

Edward  CrRTis. 
R.  J.  E.  Scott. 

Sulphites. — I.  General  Medicinal  Properties 
OF  Sulphites  .\xd  Thiosulphates. — A  number  of 
sulphites  and  thiosulphates  (hyposulphites)  are  used 
in  medicine  because  of  a  virtue  which  they  are  con- 
sidered to  derive,  in  common,  from  their  acid  radicals, 
and  accordingly  such  salts  form  a  distinct  group  of 
medicines,  which  it  is  convenient  to  discuss  under  a 
single  heading.  The  class  characteristics  are  as 
follows:  The  salts  are  soluble  in  water,  have  a  com- 
bined saline  and  sulphurous  flavor,  and  are,  in  physio- 
logical operation,  locally  bland  and  constitutionally 
innocuous.  From  a  medicinal  point  of  view,  their 
most  important  reaction  is  that  in  the  presence  of 
stronger  acids  they  are  decomposed,  with  the  evolu- 
tion of  sulphurous  acid.  Given  medicinally,  they  are 
thought  to  undergo  this  change  in  the  stomach  through 
the  agency  of  the  free  acid  of  the  gastric  juice. 
The  decomposition  is  said  to  be  slower  with  "hy- 
posulphites" than  with  sulphites.  As  a  secondary 
result  of  the  chemical  change,  sulphates  are  formed, 
such  being  the  combination  in  which  the  base  reap- 
pears in  tlie  urine  when  a  sulphite  or  "hyposulphite" 
is  swallowed  in  ordinary  dosage.  Medicinally. 
these  salts  are  employed  with  the  single  view  of 
obtaining  by  their  means  the  germicide  and  antiseptic 
action  of  sulphurous  acid.  But  in  this  connection  it 
must  carefully  be  borne  in  mind  that  sulphites  and 
"hyposulphites,"  while  maintaining  their  chemical 
composition  as  such,  have  been  proved  experimentally 
to  be  practically  devoid  of  either  germicide  or  anti- 
septic power.  They  can,  therefore,  even  theoreti- 
cally, be  of  avail  in  this  line  only  under  circumstances 
determining  their  decomposition  and  the  evolution 
thereby  of  sulphurous  acid.  Such  reaction  may  take 
place  in  the  stomach,  but  is  seemingly  impossible  in 
the  blood,  and  with  the  inference  naturally  following 
from  these  premises  clinical  experience  is  in  accord. 
For  these  salts  have  been  vaunted  in  the  treatment 
of  pyrosis  and  sarcina",  and  their  employment  has 
proved  fairly  efficacious;  but  they  have  been  even 
more  strenuously  advocated  for  the  treatment  of 
constitutional  diseases  assumed  to  be  caused  by 
infection  of  living  organisms  (PoUi),  and  have,  in  the 
hands  of  the  majority  of  the  profession  at  least, 
signally  failed.  The  salts  have  also  been  used,  with 
variously  reported  success,  as  lotions  for  the  cure  of 
parasitic  skin  disease,  or  for  the  abatement  of  the 
pain  of  chilblains,  sprains,  etc. — applications  in 
which  it  is  certainly  doubtful  if  they  e.xert  any  specific 
influence. 

II.  The  Sulphite.s  and  Thiosulphates  Used  ix 
Medicin-e. — The  salts  of  this  category  are  the  normal 


and  acid  sulphite,  respectively,  of  sodium,  and  the 
normal  thiosulphate  of  sodium  (also  called  hyposul- 
phite). 

Normal  Sodium  Suplhite,  Na^SOj  +  7H2O. — The 
salt  is  official  in  the  United  States  Pharmacopoeia  as 
Sodii  Sulphis,  Sodium  Sulphite.  It  occurs  in  colorless, 
transparent,  monoclinic  prisms,  which  effloresce  in 
dry  air.  It  is  odorless,  with  a  cooling,  salty,  and 
sulphurous  taste.  It  is  soluble  in  two  parts  of  water  at 
25°  C.  (77°  F.),  and  in  1.4  parts  of  boiling  water. 
It  is  sparingly  soluble  in  alcohol.  The  salt  should  be 
kept  in  well-stoppered  bottles  in  a  cool  place. 

Sodium  sulphite  may  be  used  locally  in  twelve-per- 
cent, aqueous  solution,  and  may  be  given  internally 
in  do.ses  ranging  fromgr.  xv  togr.lx  (1-4  grams)  three 
or  four  times  a  day. 

Acid  Sodium  Sulphite,  NaHSOs. — The  salt  is  official 
in  the  United  States  Pharmacopoeia  as  Sodii  Bisulphis, 
Sodium  Bisulphite.  It  occurs  in  opaque,  prismatic 
crystals,  or  a  crystalline  or  granular  powder,  and  on 
exposure  to  air  slowly  oxidizes  and  becomes  the 
sulphate.  The  salt  has  an  odor  of  sulphur  dioxide 
and  a  disagreeable,  sulphurous  taste.  It  dissolves 
in  3. .5  parts  of  water  at  2.5°  C.  (77°  F.),  in  two  parts 
of  boiling  water,  in  seventy  parts  of  alcohol  at  25°  C. 
(77°  F.),  and  in  forty-nine  parts  of  boiling  alcohol. 
It  should  be  kept  in  small  vials,  well  stoppered 
and  well  filled. 

This  sulphite  is  less  stable  than  the  normal  sodium 
salt,  and  more  disagreeable  to  taste.  In  other 
respects  it  is  similar. 

Normal  Sodium  Thiosidphale,  Na-.  S5O3  -t-  5H;0. — 
The  salt  is  official  in  the  United  States  Pharmacopoeia 
under  the  title  of  Sodii  Thiosulphas,  Sodium  Thiosul- 
phate. The  confusion  in  the  use  of  the  term  hypo- 
sulphite arises  from  the  fact  that  before  the  discovery 
by  Schiitzenberger  of  what  is  now,  and  properly, 
called  hyposulphurous  acid — namely,  the  body  HjSOj 
— the  name  in  question  was  applied  to  thiosulphuric 
acid  (H2S2O3).  Hence  it  comes  about  that  though  a 
true  sodium  h^^posulphite  is  known,  the  salt  that 
formerly  passed  current  by  that  name  was  not  a 
hyposulphite,  but  a  thiosulphate.  Sodium  thiosul- 
phate occurs  as  large,  colorless,  transparent,  mono- 
clinic  prisms,  or  plates,  which  effloresce  in  dry  air  of  a 
higher  temperature  than  33°  C.  (91.4°  F.).  It  is 
odorless,  with  a  cooling,  bitter,  and  somewhat  sul- 
phurous taste.  It  dissolves  in  0.35  part  of  water 
at  25°  C.  (77°  F.).  In  boiling  water  it  decomposes 
rapidly.  It  is  insoluble  in  alcohol.  It  should  be  kept 
in  well-stoppered  bottles. 

Sodium  thiosulphate  is  more  stable  than  the  sul- 
phites, undergoing  decomposition  by  acids  less  easily. 
In  properties,  uses,  and  modes  of  administration  it 
resembles  sodium  sulphite.  The  internal  dose  is 
generally  from  gr.  xv  to  gr.  xx  (1.0-1.3). 

Besides  the  foregoing,  potassium  sulphite  and 
magnesium  sulphite  have  been  used  in  medicine, 
but  are  out  of  vogiie  and  not  now  official  in  the 
United  States  Pharmacopoeia.  They  are,  medicinally, 
duplicates  of  the  sodium  salts. 

Edward  Curtis. 
R.  J.  E.  Scott. 


Sulphonmethanuin,  U.  S. — Sulphonmethan,  Sul- 
phonal,  B.  P.  (Dimethyt-methanc-dicthyl-sut  phone) 
(CH,).C(S02C;H61;.  It  fomis  in  colorless,  odorless, 
and  nearly  tasteless  prismatic  crystals:  soluble  in  360 
parts  of  cold  water  and  15  parts  of  boiling  water.  It 
is  soluble  in  47  parts  of  alcohol. 

Professor  Kast  introduced  it  in  ISSS  as  an  hypnotic, 
and  it  has  proved  so  efficacious  that  it  is  now  recog- 
nized as  one  of  tlie  best  drugs  we  possess  for  that  pur- 
pose. It  is  durely  a  soporific,  and  is  rarely  employed  for 
any  other  purpose  than  to  procure  sleep.  It  does  not 
influence  the  body  temperature,  it  has  no  antiseptic 
qualities,  and  as  an  analgesic  is  of  no  practical  value. 
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The  action  of  sulphonal  is  directed  to  the  central 
nervous  .system  as  a  sedative,  inducing  a  quiet  and 
cahn  sleep  from  which  the  patient  awakens  refreshed. 
In  the  case  of  animals,  when  excessive  doses  are  niven 
the  sleep  deepens  into  coma,  convulsions,  and  paral.v- 
sis.  Its  sedative  action  extends  to  the  spinal  cord, 
lessening  reflex  action.  In  animals  the  loss  of  power 
in  the  hind  limbs  may  be  an  early  symptom.  After 
absorption  sulphonal  is  decomijosed  in  the  system  and 
excreted  in  the  urine  in  the  form  of  sulphur  com- 
pounds. Some  observers  have  reported  the  pre.sence 
of  pure  sulphonal  in  the  urine  after  its  free  adminis- 
tration. At  times  sulphonal  proves  irritating  to  the 
kidney,  causing  lessoned  secretion  and  pain. 

Sulplional  has  proved  of  greatest  service  where  the 
insomnia  isof  purely  nervous  origin,  as  in  neurasthenia, 
mental  depression"  overwork,  and  worry,  and  has 
found  a  field  of  great  usefulness  in  the  various  forms 
of  mental  disease.  When  pain  is  the  cause  of  the 
sleeplessness,  its  good  effects  are  greatly  modified,  but 
in  many  forms  of  neuralgia  and  pain  of  a  reflex  char- 
acter it  may  be  used  with  success.  Where  pain  is  due 
to  organic  disease  it  has  no  influence  whatever.  In 
the  insomnia  of  acute  and  chronic  disease,  and  during 
convalescence  from  di.soase,  it  is  of  much  benefit,  but 
reciuires  to  be  given  with  some  caution,  particularly 
when  there  is  much  debility  or  prostration,  and  in  the 
aged.  In  the  sleeplessness  of  cardiac  disease  and  of 
other  forms  of  organic  or  mechanical  derangement,  it 
is  not  of  much  use.  In  delirium  tremens  it  has  been 
mudi  used,  in  many  instances  with  benefit,  but  in 
these  eases  the  effect  is  uncertain,  and  the  do.se  re- 
quired is  excessive  and  approaching  the  limit  of  its 
physiological  action. 

As  an  hypnotic,  the  dose  is  from  fifteen  to  thirty 
grains.  It  is  usual  to  commence  with  fifteen  grains 
and  increase  the  quantity  until  the  proper  effect  is 
produced.  Ten  grains  will  often  be  sufficient  in  the 
aged  and  debilitated,  or  where  the  insomnia  is  of  a 
mild  degree.  Under  ordinary  conditions  thirty  grains 
is  a  perfectly  safe  do.se,  and  this  quantity  is  usually 
required  to  produce  its  full  hypnotic  action.  On  ac- 
count of  its  insolubility  the  action  is  slow,  and  the 
dose  should  be  administered  at  least  one  hour  before 
bedtime  in  hot  solution. 

The  .sedative  action  of  sulphonal  on  the  spinal  cord 
and  nerve  centers  has  led  to  its  use  in  some  nervous 
troubles.  In  chorea  it  has  been  given  to  children  in 
doses  of  from  two  to  five  grains,  and  has  been  followed 
by  a  fair  percentage  of  successes.  In  old-standing 
cases  it  has  little  or  no  influence. 

It  is  now  fully  recognized  that  sulphonal  is  not 
without  its  toxic  action,  and  numerous  fatal  cases 
have  followed  its  employment.  The  simplest  symp- 
toms that  may  arise  include  drowsiness  and  stupor, 
giddiness,  vertigo,  ataxia  of  tlie  tongue  and  muscles 
of  the  throat  and  face,  and  of  the  extremities.  These 
.symptoms  gradually  disappear  after  an  interval  of 
from  ten  to  twelve  hours,  without  leaving  any  ill 
effects.  The  more  .severe  symptoms  are  profound 
coma,  muscular  twitchings,  paralysis  of  sphincters, 
hallucinations,  delirium,  anuria,  great  prostration. 

The  fatal  cases  that  have  been  reported  were  due  to 
overdoses  or  to  the  prolonged  use  of  the  drug. 

Be.\umont  Sm.\li-. 


Sulphur. — Sulphur  is  used  in  medicine  in  the 
condition  of  fine  powder,  three  .styles  of  which  arc 
official  in  the  United  States  Pharmacopoeia,  as 
follows: 

SuLPunR  ScBLiM.^TUM,  Sublimed  Sulphur. — This 
preparation,  commonly  called  flou-ers  of  sulphur,  is 
crude  sulphur  purified  by  distillation  in  an  apparatus 
so  arranged  that  the  vaporized  sulphur  shall  condense 
in  the  form  of  a  powder  upon  the  walls  of  the  receiving 
chamber.     Sublimed  sulphur  is  a  fine,  citron-yellow 


powder,  of  a  slight,  characteristic  odor,  and  generally 
of  a  faintly  acid  taste  and  an  acid  reaction.  It  is 
insoluble  in  water  or  alcohol.  When  ignited,  it 
burns  with  a  blue  flame,  forming  sulphur  dioxide  gas. 
Sublimed  sulph\ir  always  contains  a  little  suli)luuic 
acid,  whereby  it  is  unfitted  for  internal  mcilicinul 
use. 

Sdlphur  Lotum. — Washed  Sulphur. — This  prepara- 
tion is  simply  sublimed  sulphur  freed  from  contaminat- 
ing sulphuric  acid.  The  sulphur  is  digested  for  three 
days  with  diluted  ammonia  water,  by  which  process 
the  sulphuric  acid  is  fixed  as  ammonium  suljjliate, 
and  the  mass  is  then  thoroughly  washed  with  water 
upon  a  muslin  strainer.  The  ammonium  sidphatc^ 
is  thus  washed  away,  and  the  purified  sulphur  is 
finally  dried  at  a  gentle  heat,  and  passed  through  a  No. 
30  sieve.  Washed  sulphur  is  a  fine,  citron-yellow 
powder,  odorless  and  almost  tasteless,  insoluble  in 
water  or  alcohol.  When  derived  from  a  sulphur 
originally  obtained  from  metallic  sulphides,  washed 
sulphur  may  contain  the  very  dangerously  con- 
taminating substance,  arsenic,  in  the  form  of  the 
trioxide  or  trisulphide  of  that  element.  Proof  of 
absence  of  arsenic  is  afforded  by  digesting  a  samjilc  of 
washed  sulphur  with  two  parts  of  ammonia,  filtering, 
and  finding  the  filtrate  unaffected  by  supersaturation 
with  hydrochloric  acid,  and  not  precipitated  by 
passing  through  it  a  stream  of  hydrogen  sulphide. 

Sulphur  Pr.ecipitatum,  Precipitated  Sulphur. — 
This  preparation,  formerly  known  as  milk  of  .':ulp)iur, 
is  an  exceedingly  fine  powder  of  sulphur,  gotten  by 
precipitating  with  diluted  hydrochloric  acid  a  solution 
of  sulphur  salts  of  calcium,  obtained  by  mixing  sub- 
limed sulphur  and  slaked  lime  with  water.  The 
sulphur,  after  precipitation,  is  collected  upon  a 
strainer,  thoroughly  washed  with  water,  and  dried  at 
a  gentle  heat.  Precipitated  sulphur  is  a  very  fine, 
yellowish-white,  amorphous  powder,  odorless  and 
almost  tasteless,  insoluble  in  water  or  in  alcohol. 
Precipitated  sulphur  should  stand  the  same  tests  for 
absence  of  free  acid  and  of  contaminating  arsenic  as 
washed  sulphur  (see  above).  This  variety  of  sulphur 
powder  differs  from  the  foregoing  in  being  lighter  in 
color  and  of  finer  particles.  From  the  latter  fact 
it  derives  the  advantages  of  greater  smoothness  and 
readiness  of  mixing  with  fluids;  but,  to  offset,  it  has 
the  disadvantage  of  tending  to  develop  an  acid  upon 
keeping. 

Sulphur  is  insoluble  in  water  and  practically  so  in 
alcohol,  but  dissolves  in  varying  proportions  in  solu- 
tions of  the  alkalies  and  in  oils,  fixed  and  volatile. 
Because  of  its  insolubility  in  aqueous  fluids,  sulphur  is 
practically  devoid  of  physiological  activity  while  under 
its  own  form,  but,  when  rubbed  in  ointment  upon  the 
skin  or  when  taken  internally,  a  feebly  irritant  action 
appears,  presumably  due  to  a  sulphide  formed  in 
small  quantity  by  the  chemicals  present  in  the 
secretions  of  the  part.  What  little  of  an  internally 
taken  dose  of  sulphur  is  absorbed  is  also  probably 
in  the  condition  of  a  sulphide,  and  the  constitutional 
effects  that  follow  are  a  feeble  reflex  of  those  of  the 
alkaline  sulphides  (see  Sulphides).  In  single,  con- 
sideraljle  dose  the  local  irritation  displayed  by  sulphur 
determines  increased  intestinal  activity,  showing 
itself  by  relaxation  of  the  bowels,  but  this  with  but 
little  increase  of  secretion.  The  stools  are  therefore 
generally  composed  of  solid  or  semi-solid  fecal  matter, 
and  the  operation  of  the  medicine  is  mild  and  slow,  the 
call  to  stool  rarely  occurring  until  from  six  to  eight 
hours  after  the  taking  of  the  sulphur.  If  haliitually 
used  as  a  laxative,  sulphur  may  induce  a  low  catarrli 
of  the  alimentary  tract.  A  disagreeable  feature  of  its 
internal  taking  for  anj'  purpose  is  the  tendency  to  the 
generation  of  flatus,  offensive  from  the  presence  of 
sulphurcted  gases. 

The  therapeutic  applications  of  sulphur  are  as  follows. 
By  some  it  is  given  internally  as  a  means  of  getting 
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the  constitutional  effects  of  the  sulphides  in  consti- 
tutional diseases,  but  by  the  majority  of  practitioners 
the  internal  use  is  in  laxative  dose  only,  for  a  laxative 
eflfect.  Such  dose  is  from  3i-iij  (4.0-12.0),  the 
washed  or  precipitated  preparations  being  selected, 
arfd  the  powder  mixed  with  molasses  or  diffused  in 
milk  for  the  taking.  Externally,  ointments  contain- 
ing sulphur  are  a  good  deal  used  as  mildly  irritant 
applications  in  skin  diseases  generally,  and,  specifi- 
cally, as  efficient  parasiticidal  dressings  in  itch. 
The  following  ointment  is  official  in  the  United  States 
Pharmacopoeia : 

Unguentum  Sulphuris.  Sulphur  Ointment. —  This 
preparation  is  compounded  of  150  parts  of  washed 
sulphur  and  850  of  benzoinated  lard,  thoroughly 
incorporated.  It  may  be  applied  without  dilution, 
and  is  a  very  commonly  used  ointment  for  the 
treatment  of  the  itch.  It  has  a  disagreeable  sul- 
phureted  smell,  which  may  to  a  certain  degree  be 
masked  by  the  addition  of  a  little  of  some  odoriferous 
volatile  oil.  Edward  Curtis. 

R.  J.  E.  Scott. 


Sulphur  Dioxide  (formula  SOj). — This  compound, 
commonly  miscalled  .'nil/ih  Kraiis  acid  gas,  is  the  product 
of  the  comljustion  of  sulphur  in  air.  It  is  a  colorless 
gas,  of  a  well-known  characteristic  "sulphurous" 
odor,  and  is  both  offensive  to  the  nostrils  and  intensely 
irritant  to  the  larynx.  Even  the  fumes  of  a  single 
burning  sulphur  match-head  easily  excite  coughing, 
and  air  highly  charged  with  the  gas  is  fatal  to  life. 
Sulphur  dioxide  dissolves  freely  in  water — in  one- 
fiftieth  of  its  volume  at  ordinary  temperatures — 
forming  in  the  process  of  solution  an  acid  body. 
sulphurous  acid  proper  (H-SO3).  (See  Sulphurous 
Acid.) 

The  medicinally  valuable  property  of  sulphur 
dioxide  is  its  peculiar  noxiousness  to  the  vitality  of 
disease  germs — a  germicidal  potency  in  which  this 
compound,  among  gases,  is  rivalled  only  by  formal- 
dehyde, chlorine,  and  the  vapors,  respectively,  of 
bromine  and  of  iodine.  (See  under  Disinfeclatits.) 
Edward  Curtis. 
R.  J.   E.  Scott. 


Sulphur  Iodide. — Under  the  title  Sulphuris 
lodidum,  Sulphur  Iodide,  the  United  States  Phar- 
maccipci'ia  recognizes  a  preparation  made  by  fusing 
by  lieat  a  mixture  of  one  part  of  washed  sulphur  and 
four  parts  of  iodine.  The  fused  mass,  after  cooling, 
is  broken  into  pieces  and  kept  in  glass-stoppered 
bottles.  These  lumps  are  grayish  black  in  color  and 
have  a  metallic  luster.  They  have  the  odor  of 
iodine  and  an  acrid  taste.  The  substance  is  prac- 
tically insoluble  in  water,  but  dissolves  in  about 
sixty  parts  of  glycerin,  .\lcohol  and  ether  dissolve 
out  the  iodine  and  leave  the  sulphur.  On  exposure 
to  the  air,  also,  iodine  is  gradually  lost. 

This  substance  is  differently  regarded  by  chemists, 
some  considering  it  a  definite  compound,  correspond- 
ing to  the  formula  S2I2,  and  others  thinking  it  more 
probalily  a  mere  physical  mixture.  If  a  true  chemical 
compound,  it  is  one  of  exceptional  instability,  as  the 
foregoing  narration  of  its  properties  makes  evident. 
To  the  therapeutist  it  presents  itself  practically  as  a 
joint  representative  of  free  sulphur  and  free  iodine. 
It  has  occasionally  been  given  internally  for  the 
purposes  for  which  iodine  is  so  administered,  but  the 
commoner  employment  is  external  as  a  gentlj*  irri- 
tant, iodized  application  in  various  skin  diseases.  It 
is  best  applied  in  the  form  of  ointment  made  with 
lard,  containing  the  sulphur  iodide  in  the  proportion  of 
about  ciglit  per  cent.  Edw.\rd  Curtis. 

R.  J.  E.  Scott. 


Sulphur  Spring  (Cold  Sulphur  Spring). — Rock- 
bridge County,  Virginia. 

Post-Office. — Goshen.     Hotel. 

Access. — Via  Chesapeake  and  Ohio  Railroad  to 
Goshen,  thence  by  -stage  two  miles  to  springs. 

The  Cold  Sulphur  Spring  is  located  in  the  moun- 
tains of  Virginia,  at  an  altitude  of  2,000  feet  above 
the  sea-level.  The  .spring  is  near  the  center  of  the 
celebrated  mineral-spring  region,  so  long  noted  for  the 
beauty  of  its  scenery  and  the  salubrity  of  its  climate. 
On  every  side  are  lofty  mountains  of  rare  loveliness 
and  grandeur,  and  the  beautiful  lawn  with  its  shade 
of  primeval  oaks,  forms  a  picture  of  alluring  restful- 
ness  and  tranciuillity.  Within  a  few  minutes'  drive 
is  the  west  entrance  to  the  Go.shen  Pass,  the  gate- 
way through  which  the  north  branch  of  the  James 
River  finds  its  way  to  the  sea — a  spot  famous  for 
its  wild  and  magnificent  scenery. 

The  water  of  the  Cold  Sulphur  Spring  is  clear  and 
slightly  sparkling  from  the  gases  which  it  contains. 
It  has  a  temperature  of  50°  F.  as  it  flows,  and  the 
presence  of  a  large  amount  of  free  carbonic  acid  gas 
renders  it  peculiarly  light  and  grateful  both  to  the 
taste  and  to  even  a  delicate  stomach.  The  following 
analysis  of  the  water  has  been  made: 

Calcium  bicarbonate 1 .84 

Magnesium  carbonate 1 .  78 

Iron  carbonate 0 .  02 

Sodium  sulphate 2.40 

Calcium  sulphate 2.91 

Lithia Trace 

Aluminum  sulphate 0 .  25 

Magnesium  sulphate 0.29 

Phosphates    Trace 

.Sodium  silicate 1 .48 

Calcium  chloride 0.12 

Volatile  matter 0  .  32 

This  analysis  shows  a  mild  alkaline-chalybeate. 

The  effects  of  the  water  are  tonic  and  sedative. 
It  is  used  with  good  effects  in  various  conditions 
among  which  are  diseases  of  the  stomach,  bowels, 
liver,  and  kidneys;  diseases  of  women,  nervous  affec- 
tions; gout,  rheumatic  affections,  and  skin  diseases. 
Emma  E.   Walker. 


Sulphur  Springs  (Bronson). — Vigo  County,  In- 
diana. 

Post-office. — Terre  Haute.     Sanatorium. 

Access. — Via  Cleveland,  Cincinnati,  Chicago  and 
St.  Louis,  Evansville  and  Terra  Haute,  and  Terra 
Haute  and  Indiana  Railroads. 

The  water  from  the  well  that  is  used  for  all  baths 
comes  from  a  depth  of  1865  feet. 

The  following  analysis  has  been  made  by  W.  \. 
Noyes,  Professor  of  Chemistry  in  the  Rose  Poly- 
technic Institute: 

Grains  to 
r.  S.  Gallon. 

Silica 0.706 

Alumina 0.05.3 

Iron  bicarbonate 0.035 

Strontium  chloride trace 

Calcium  chloride 12.941 

Calcium  sulphide 1 .  197 

Calcium  sulphate 0 .  257 

Calcium  bicarbonate 19.927 

Calcium  phosphate trace 

MaRnesium  chloride 11. 055 

Magnesium  bicarbonate 15.344 

Lithium   chloride more  than  a  trace 

Potassium  chloride 3 .  625 

Borax more  than  a  trace 

Sodium  iodide trace 

.Sodium  bromide more  than  a  trace 

Sodium  chloride 301.258 

Hydrogen  sulphide 4 .  629 

Total 371  027 
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The  best  hotel  iircomiiiiMiatioiis  have  been  provided. 
The  water  is  used  for  drinking  and  batliing  and  has 
proved  beneficial  in  the  treatment  of  rheumatic 
troubles,  neuralgia,  diseases  of  the  stomach,  kidney, 
liver,  and  skin.  E.mm.\  E.  W.-vlker. 


Sulphuric  Acid.— Oil  of  Vitriol,  H.SOi.  This 
well-known  acid  is  official  in  the  United  States  Phar- 
macopoeia under  the  title  Acidum  Sulpliurirum,  Sul- 
phuric Acid,  and  is  defined  to  be  "a  licpiitl.  composed 
of  not  less  than  92.5  per  cent,  of  absolute  sulphuric 
acid,  and  about  7.5  per  cent,  of  water"  (U.  S.  P.). 
Sulphuric  acid  is  a  heavy  liquid  of  an  oily  appearance, 
colorless  when  newly  made,  but  apt  to  acquire  a 
smoky  hue  upon  kcejjing.  The  s])ecific  gravity  varies 
in  different  samples,  but  a  gravity  of  not  below  1.826 
at  25°  C.  (77°  F.)  is  recognized  as  standard  by  the 
United  States  Pharmacopoeia.  The  acid  has  an 
intense  affinity  for  water.  Mixed  with  that  fluid,  it 
unites  therewith  with  the  evolution  of  considerable 
heat  and  with  a  contraction  of  volume,  forming  a 
clear  solution.  By  reason  of  the  same  affinity,  many 
organic  bodies  are  decomposed  upon  treatment  with 
sulphuric  acid,  the  acid  abstracting  from  their  mole- 
cule the  elements  of  water.  Thus,  by  dehydration, 
oxalic  acid  is  chemicallj'  broken  up,  alcohol  is  con- 
verted into  ethylene  gas  (C^Hi),  wood  and  sugar  are 
blackened,  and  textile  fabrics  and  animal  tissues  are 
destroyed.  Sulphuric  acid,  if  diluted,  also  attacks 
most  of  the  common  metals,  the  prominent  exceptions 
being  gold,  platinum,  and  iridium.  Certain  of  the 
metals,  such  as  copper,  mercury,  antimony,  bismuth, 
tin,  lead,  and  silver,  are  also  acted  upon  by  the  con- 
centrated acid,  if  the  same  be  heated. 

Upon  the  living  animal  system  strong  sulphuric  acid 
acts  purely  as  a  powerful  caustic.  Its  action  is  a 
spreading  one,  and  the  sloughs  have  a  dusky  or 
blackish  hue,  quite  different  in  color  from  the  yellow 
sloughs  produced  by  nitric  or  hydrochloric  acid. 
Swallowed  in  any  quantity,  the  strong  acid  is  an 
intense  corrosive  poison. 

Therapeutically,  strong  sulphuric  acid  is  occasion- 
ally used  as  a  caustic,  but  the  very  intensity  of  its  ac- 
tion is  in  its  disfavor,  so  that  nitric  acid  is  generally 
preferred.  The  acid  must  be  kept  in  glass-stoppered 
bottles. 

Diluted,  so  as  not  to  be  corrosive,  sulphuric  acid, 
like  all  sour  acids,  tends  to  check  acid,  and  to  increase 
alkaline  secretions,  to  inhibit  fermentations,  and,  of 
course,  to  neutralize  alkalinity.  Dilute  preparations 
of  sulphuric  acid  are,  therefore,  available  to  repress 
morbid  sweatings,  both  applied  locally  as  lotions,  and 
given  internally  to  allay  thirst  and  quicken  appetite; 
to  prevent  fermentation  of  food  in  the  primw  vi(r.  and 
so  to  cure  diarrheas  due  to  the  irritation  of  the  prod- 
ucts of  such  fermentations,  and  to  neutralize  the 
alkali  of  alkaline  pyrosis.  For  these  various  purposes 
tlie  following  official  preparations  of  the  United 
States  Pharmacopoeia  are  available: 

AcmcM  SuLPHDRicu.M  DiLUTUM,  Diluted  Sulphuric 
Acid. — This  preparation  is  a  simple  aqueous  dilution 
of  sulphuric  acid,  of  ten-per-cent.  strength.  It  is  a 
colorless  fluid,  intensely  sour  of  taste,  and  of  about  the 
specific  gravity  1.067  at  25°  C.  (77°  F.).  It  should  be 
kept  in  glass-stoppered  bottles.  This  grade  of  acid, 
although  not  corrosive,  is  quite  irritant,  and,  for 
medical  use,  requires  considerable  further  dilution. 
The  dose  is  from  ten  to  thirty  drops,  diluted  thirty- 
or  fortyfold,  and  to  be  taken  through  a  tube,  with  the 
mouth  well  rinsed  after  the  swallowing. 

Acidum  ScLPHunicuM  Ahom.\ticum,  Aromatic  Sul- 
phuric Acid. — This  preparation  consists  of  alcohol 
charged  with  sulphuric  acid  and  tincture  of  ginger, 
and  flavored,  in  addition,  with  a  trace  of  oil  of  cinna- 
mon. It  contains  about  twenty  per  cent.,  by  weight, 
of  sulphuric  acid.     The  preparation  is  a  limpid,  yellow 
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fluid  of  an  aromatic,  ethereal,  and  strongly  sour  taste, 
and  of  specific  gravity  about  0.933  at  25°  C.  (77°  F.). 
.•\s  its  odor  suggests,  it  probably  contains  some  ethe- 
real product  of  a  reaction  between  the  acid  and  alco- 
hol of  its  composition.  Aromatic  sulphuric  acid 
should  be  kept  in  glass-stoppered  bottles. 

This  preparation  is  tlie  favorite  one  for  the  internal 
administration  of  sulphuric  acid.  It  is  to  be  given  in 
the  same  manner  as  the  dilute  acid  (see  above),  and  in 
the  same  or  somewhat  smaller  doses. 

Edward  Cdrtis. 

R.  J.  E.  SroTT. 

Sulphurous  Acid. — H^SOs.  Sulphur  dioxide  gas 
(SO;)  is  readily  absorbed  by  water,  and  in  so  dissolving 
is  to  be  regarded  as  uniting  with  water,  molecule  for 
molecule,  with  the  formation  of  the  acid  body,  II2SO3. 
The  United  States  Pharmacopoeia  recognizes  under 
the  official  title  Acidum  Sulphurosum,  Sulphurous 
Acid,  an  acid  representing  not  less  than  six  per  cent.,  by 
weight,  of  sulphur  dioxide,  and  of  specific  gravity  not 
less  than  1.028  at  25°  C.  (77°  F.).  Sulphurous  acid  is 
a  colorless  fluid,  smelling  pungently  of  sulphur  dioxide, 
and  tasting  both  sulphurous  and  sour.  It  has  a  strong 
acid  reaction,  and  first  reddens  and  then  bleaches 
litmus  paper.  It  is  wholly  volatilized  by  heat,  and 
tends  constantly  to  undergo  conversion  into  sulphuric 
acid  by  the  absorption  of  oxygen.  This  change  is 
hastened  by  the  action  of  light,  hence  the  Pharmaco- 
pa'ia  directs  that  sulphurous  acid  be  put  up  in  glass- 
stoppered,  dark  amber-colored  bottles,  and  be  kept  in 
a  cool  and  dark  place.  The  pharmacopcrial  process 
for  making  the  acid  is  to  generate  sulphur  dioxide  by 
heating  a  mixture  of  sulphuric  acid  and  charcoal,  and 
to  conduct  the  mixed  sulphur  and  carbon  dioxides 
into  distilled  water.  The  sulphur  dioxide  dissolves 
in  the  water  with  the  formation  of  sulphurous  acid, 
and  the  carbon  dioxide  mostly  escapes. 

In  its  medical  properties  sulphurous  acid  resembles 
sulphur  dioxide  (see  Sulphur  Dioxide),  and  may  prac- 
tically be  regarded,  indeed,  as  a  simple  aqueous  solu- 
tion of  that  compound.  It  is  a  pretty  potent  germi- 
cide, and  upon  tender  surfaces  of  the  animal  body  is 
decidedly  irritant.  It  bleaches  vegetable  colors. 
The  acid  is  used,  externally,  as  a  wash  in  parasitic 
skin  diseases,  generally  diluted  two-  or  threefold, 
and,  internally,  is  occasionally  prescribed  in  cases  of 
pyrosis  and  sarcinae.  It  is,  however,  an  exceedingly 
disagreeable  medicine  to  take.  The  dose  is  thirty 
minims  (2.0)  of  the  official  acid,  taken  in  a  wineglass- 
ful  of  water.  Edward  Curtis. 

R.  J.  E.  Scott. 

Sumbul.— U.  S.  P.  (Sumbul  Radix,  B.  P.,  Miisk- 
Tool).  The  dried  rhizome  and  root  of  an  undetermined 
plant,  probably  of  the  family  Umbelliferw.  This 
large  perennial  herb,  belonging  to  the  asafetida-, 
galbanum-,  and  ammoniacum-yielding  group  of  the 
family,  and  inhabiting  the  same  general  region,  has 
a  large,  rather  short  cylindrical  root,  attaining  a 
diameter  of  four  or  five  inches,  and  a  length  of  say  a 
foot,  when  it  divides  into  several  stout  branches. 
The  root  itself,  as  a  perfume  and  afterward  as  a 
medicine,  appeared  in  Europe  about  1840. 

Sumbul  occurs  in  transverse  segments,  varying  in 
diameter  from  about  two  to  seven  centimeters,  and  in 
length  from  fifteen  to  thirty  millimeters;  light,  spongy, 
annulate  or  longitudinally  wrinkled;  bark  thin,  brown, 
more  or  less  bristly  fibrous;  the  interior  whitish,  with 
numerous  brownish-yellow  resin  dots  and  irregular, 
easily  separated  fibers;  odor  strong,  musk-like;  taste 
bitter  and  balsamic. 

Constituents. — The  most  important  constituent  is 
the  Tesi7i,  of  which  there  is  nine  per  cent.  (Fliickiger); 
it  has  a  musky  smell,  more  developed  in  contact  with 
water,  and  a  bitter,  aromatic  taste.  The  root  con- 
tains also  a  small  quantity  of  dull  bluish-colored  oil. 
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Action  and  Use. — Sumbul  has  not  any  important 
medicinal  value;  like  asafetida,  and  its  namesake, 
musk,  it  is  gently  stimulant  and  slightly  antispas- 
modic, and  may  be  given  for  the  same  nervous 
conditions  as  they;  but  its  principal  employment  is 
in  the  preparation  of  some  perfumes,  where  it  takes 
the  place  of  musk.  A  tincture  [Tinclura  Sumbul, 
strength  one-tenth)  is  official.       Henry  H.  Rusby. 


Summerville,  S.  C. — This  popular  winter  resort, 
among  the  pines,  is  situated  in  the  southeastern 
portion  of  the  State,  twenty-two  miles  northwest 
from  Charleston.  Its  favorable  features  as  a  health 
resort  are  its  dry  sandy  soil,  pine  forests,  equable  mild 
temperature,  and  freedom  from  the  enervating  heat 
peculiar  to  points  farther  south.  The  pines  are  an 
especial  feature  of  the  place,  and  abound  not  only 
about  the  town  but  are  thickly  scattered  throughout 
it  "in  the  middle  of  the  streets  on  the  sidewalks,  in 
the  gardens,  and  in  fact  everywhere."  There  are 
local  laws  prohibiting  the  cutting  down  of  these 
trees.  The  atmosphere  is  permeated  with  their 
balsamic  odor,  and  if  there  is  any  virtue  in  such  a 
naturallj'  medicated  air  it  must  surely  be  found  here. 

The  population  of  the  town  is  about  2,500  souls, 
and  there  are  various  churches,  schools,  shops,  good 
markets,  etc. 

The  sanitary  condition  is  carefully  supervised  by 
an  efficient  board  of  health.  Tuberculosis  is  in- 
cluded in  the  list  of  contagious  or  infectious  diseases 
required  to  be  reported  to  the  board,  and  whenever 
in  a  hotel  or  any  other  building  a  case  of  consump- 
tion has,  "lived,  resided  or  died,"  it  must  be  reported 
in  writing  to  the  secretary  of  the  board  of  health; 
and  "immediately  upon  receipt  of  each  report,  the 
health  officer  shall,  at  the  expense  of  the  occupant  or 
owner  of  the  premises,  cause  said  premises  to  be  at 
once  fumigated  and  properly  disinfected."  [Extract 
from  the  Rules  and  Regulations  of  the  Board  of 
Health.] 

The  natural  drainage  is  excellent,  and  this  is  sup- 
plemented by  an  open  canal,  on  one  side  of  the  town, 
some  miles  in  length,  and  into  this  accessory  canals  or 
ditches  empty.  Soil  carts  are  also  employed  by  the 
town. 

The  water  supply  is  very  generally  derived  from 
open  wells,  although  the  Pine  Forest  Inn  and  Pine- 
hurst  (Tea  Farm)  have  artesian  wells. 


The  accommodations  are  good,  there  being  several 
first-class  hotels  and  many  boarding-houses. 

The  outdoor  attractions  and  amusements  are  walks 
and  drives  among  the  pines,  golf,  many  excursions 
in  the  vicinity  to  various  historic  and  ancient  land- 
marks— old  churches,  plantations,  and  the  like — 
the  Pinchurst  Garden  Park,  with  its  large  variety 
of  ornamental  trees  and  shrubs,  and  the  Pinehurst 
Tea  Gardens  where  the  tea  plant  is  successfully  grown. 
Twenty-two  miles  distant  is  Charleston,  with  all  its 
attractions  in  and  about  the  city.  There  are  also 
opportunities  for  shooting  and  fi.shing. 

The  subjoined  meterological  table  affords  an  index 
of  the  various  climatic  features.  It  will  be  seen  that 
the  winter  temperature  is  comparatively  mild,  the 
mean  maximum  and  minimum  temperatures  not 
extreme,  and  a  large  majority  of  the  days  are  sunny, 
so  that  one  can  be  out  of  doors  the  most  of  the  time. 
The  mean  average  annual  rainfall  for  nineteen  years 
was  56.76  inches,  and  for  the  four  years  of  the  chart, 
59.16  inches.  On  account  of  the  character  of  the  soU 
the  ground  is  quickly  dry  after  the  heaviest  rainfall. 
The  average  relative"  humidity  appears  high,  but  it  is 
said  that  there  is  no  sensation  of  dampness  In  the 
atmosphere.  According  to  Dr.  W.  H.  Prioleau,  of 
Summerville  (Therapcuiic  Gazette,  September,  1897), 
the  climate  is  most  beneficial  to  invalids  from  October 
to  May,  "for  during  that  time  there  is  bright  sunny 
weather,  and  the  atmosphere  changes  are  seldom  so 
sudden  as  to  cause  any  serious  anxiety  or  discomfort." 
"The  town  is  near  enough  to  the  sea  coast,"  says 
the  same  authority,  "to  cause  the  atmosphere  to 
lose  the  aridity  of  a  sandy  plain;  at  the  same 
time  sufficiently  distant  to  be  free  from  all  damp- 
ness." 

The  diseases  and  conditions  for  which  this  climate 
is  suitable  are  pulmonary  tuberculosis  in  the  early 
stage,  laryngitis,  bronchitis,  asthma,  influenza,  neu- 
rasthenia, and  insomnia.  Further,  it  is  a  favorable 
place  for  a  winter  residence  for  the  many  who,  for 
one  reason  or  another,  desire  to  escape  the  cold  of  the 
North  or  West.  "I  must  admit,"  says  Elizabeth 
Stuart  Phelps,  writing  in  McChire's  Magazine,  "that 
Summerville  is  a  land  of  lovely  dreams,  with  more 
conveniences  and  fewer  discomforts,  more  tonic  and 
less  enervation  than  any  other  Southern  health  or 
pleasure  resort  I  have  seen.  Roses  run  riot  over  it; 
its  homes  are  gardens,  and  gardens  are  its  homes. 
There  the  winds  are  laid.  .  .  .     There  it  is  always 
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Temperature — Di 
Average  mean. 
Average  maxiii 


Mean  minimum 

Average  daily  range. .  .  . 
Average  monthy  range  . 
'       iiiity— 


59.3° 
79.5 
29.5 
66.5 
51.2 
15  3 


.77 


N.E. 


Hu 

(The  humidity  was  recorded  only 

tion  of  the  period.) 
Average  relative,  per  cent 

Precipitation — 

Average  in  inches 

Wind- 
Prevailing  direction 

Weather — 

Average  number  of  clear  days 18.2 

.\verage  number  fair  days 

Average  number  clear  and  fair  days 24.9 

Average  number  cloudy  days 5.0 


Frost  occurs  from  November  to  April,  with  ice  and  occasional  snow  in  the  coldest  month  of  the  year. 
•  These  data  were  obtained  through  the  kindness  of  Dr.  A.  H.  Hayden,  of  Summerville.  S.  C. 
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dreamland,   and   there  the  knotted  Northern  nerves 
mav  relax  and  rest." 

One  can  reach  Summerville  by  various  railroad 
routes  or  bv  water  from  New  York  to  Charleston 
and  from  thence  by  rail.  The  time  from  New  York 
by  rail  is  twenty-four  hours.  Edward  O.  Otis. 


Superfetation. — Ordinary  multiple  pregnancy  is 
generally  the  result  of  the  simultaneous  fertilization  of 
more  than  one  ovule.  Should  such  fecundation  be 
successive  instead  of  simultaneous,  it  is  called  super- 
impregnation.  Of  this,  there  are  two  varieties:  (1) 
Superfecutidation,  which  occurs  when  two  (or  more) 
ovules  belonging  to  the  same  period  of  ovulation 
are  impregnated  by  successive  acts  of  coitus.  (2) 
Superfetation,  which  occurs  when  two  or  more  ovules 
belonging  to  successive  periods  of  ovulation  are  im- 
pregnated, so  that  a  woman  who  is  already  pregnant 
becomes  again  pregnant  a  month  or  more  later,  and 
carries  simultaneously  in  the  uterus  both  these  prod- 
ucts of  conception.  Thus  a  second  ovum  is  fertilized 
after  the  first  has  been  developing  for  a  month  or 
more,  and  the  two  fetuses  continue  to  develop  simul- 
taneously and  independently. 

The  term  superimpregttation  has  been  used  in  two 
senses:  (1)  as  a  generic  term  including  both  super- 
fecundation  and  superfetation;  and  (2)  as  synonymous 
with  superfetation  or  superfecundation.  We  believe 
the  former  to  be  the  more  correct  usage,  though  the 
term  might  well  be  abolished. 

Superfecundation  is  now  well  recognized,  and  needs 
no  discussion.  There  have  been  reports  of  too  many 
well-authenticated  cases  to  allow  of  any  doubt  on  this 
point.  The  most  conclusive  proofs  are  furnished  by 
those  cases  in  which  a  black  woman  has  at  the  same 
time  given  birth  to  twins,  of  different  colors,  the  one  a 
mulatto  and  the  other  black,  and  whoso  features 
have  unmistakably  indicated  their  paternity.  In 
many  of  these  instances  the  mother  has  explained  that 
both  a  white  man  and  a  black  man  had  had  intercourse 
with  her  within  a  short  interval  of  eaoh  other.  Similar, 
but  not  so  frequent,  are  the  reported  cases  in  which  a 
white  woman  h.as  had  intercourse  successively  with  a 
white  man  and  a  black  man,  and  has  given  birth  to 
twins  of  different  colors  and  races.  Illustrative  cases 
in  abundance  may  be  found  in  the  pages  of  works  on 
medical  jurisprudence,  notably  those  of  Tidy  and 
Beck. 

Rut  superfetation  was  not  so  readily  admitted. 
Like  other  theories  which  have  subsequently  crystal- 
lized into  facts  and  been  accepted,  the  possibility  of 
superfetation  was  alternately  asserted  and  denied. 
Thus,  according  to  Beck,  Brassavolus,  who  lived 
between  1500  and  155.5,  said  that  he  had  known  super- 
fetation to  be  epidemic!  By  later  physicians,  the  pos- 
sibility of  superfetation  was  generally  accepted,  and 
many  cases  were  brought  forward  to  support  the 
claim;  but  it  is  doubtful  how  many  of  these  cases 
would  stand  the  test  of  a  thorough  investigation  at 
the  present  day.  The  next  stage  was  that  of  vigorous 
denial.  This  view  was  taken  by  Lusk,  wliQ  says: 
"That  impregnation  can  take  place  at  two  periods 
distant  from  one  another — must  be  regarded  as  an 
inadmissible  hj'pothesis,  until  physiologists  shall 
succeed  in  demonstrating  in  a  single  instance,  by  the 
presence  of  corpora  hitea  of  different  ages,  that  ovula- 
tion ever  occurs  during  pregnancy."  No  doubt  ovula- 
tion does  ordinarily  cea.se  during  pregnancy;  and  this 
maj'  be  one  of  the  reasons  why  there  are  so  few  cases 
of  superfetation.  But  that  ovulation  can  occur  dur- 
ing pregnancy  was  demonstrated  by  Christopher, 
who  also  cited  Slavjansky's  case.  An  apparently  un- 
assailable case  is  one  reported  by  Cosentino:  "A 
woman  in  the  sixth  month  of  pregnancy  died  of 
heart  disease.  The  ovaries  were  subjected  to  a  care- 
ful microscopic  examination,  and  in  them  were 
found   follicles    in   all   stages  of    development;   also 
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one  ruptured  follicle  of  a  diameter  of  fifteen  milli- 
meters with  ragged  margins  and  a  rich  arterial  and 
venous  network  surrounding  the  theca  foUiculi.  Be- 
tween the  granular  layer  and  a  lot  of  detritus  a 
perfectly  mature  ovum  with  all  of  its  elements  was 
found"  (quoted  by  Herzog). 

At  the  present  day,  both  the  possibility  and  the 
probability  of  superfetation  are  fully  admitted;  that  it 
is  of  frequent  occurrence,  or  that  the  majority  of  the 
cases  formerly  reported  under  this  heading  are  cor- 
rectly designated,  is  not  conceded.  It  must  be  re- 
membered that  superfetation  is  neither  normal  nor 
physiological ;  it  is  a  pathological  condition.  In  an  or- 
dinary normal  pregnancy  we  note  the  following  (among 
other")  characteristics:  (1)  It  is  single;  (2)  it  is  intra- 
uterine; (3)  menstruation  and  ovulation  both  cease; 
(4)  the  uterus  is  neither  bifid  nor  septate,  but  single. 
Now,  variation  in  any  of  these  conditions  may  pro- 
duce pathological  or  abnormal  results;  and  superfeta- 
tion is  one  such  pathological  variation.  The  possible 
results  of  superfetation  are  two:  either  two  children 
equally  well  developed,  but  born  at  different  times;  or 
the  birth  of  twins,  one  of  which  is  developed  and  the 
other  not.  Those  who  deny  the  possibility  of  super- 
fetation have  explained  these  conditions  as  being  due 
either  (1)  to  an  ordinary  twin  pregnancy,  or  a  super- 
fecundation, in  which  one  fetus  was  "crowded,  or 
for  some  other  reason  did  not  obtain  adequate  nutri- 
tion during  gestation,  and  was  therefore  not  properly 
developed;  or  (2)  to  an  ordinary  twin  pregnancy  or 
superfecundation  in  which  one  ovum  became  blighted, 
and  possibly  suffered  compression  and  partial  mum- 
mification {  =  fetus  papyraceus);  or  (.3)  to  a  bifid 
uterus,  in  w-hich  one  ovum  was  developed  in  each 
half.  The  possibility  of  superfetation  occurring  in  a 
normal  uterus  is  extremely  doubtful. 

There  can  be  no  doubt  that  many  of  the  earlier 
reported  cases  of  superfetation  can  be  explained  as 
above;  but  there  still  remain  some  that  are  intelligible 
only  on  the  ground  of  superfetation.  Thus,  where 
viable  children  are  born  at  an  interval  of  four  rnonths, 
and  the  uterus  is  not  double,  there  is  at  present  no 
explanation  to  be  offered  beyond  the  one  that  forms 
the  subject  of  this  article.  Tidy,  in  his  "Legal  Medi- 
cine," quotes  one  such  ease  from  Naphey:  "Mary 
Anne  Bigaud,  at  thirty-seven,  gave  birth,  on  April 
30,  1748,  to  a  full-term  mature  boy,  which  survived 
its  birth  two  and  one-half  months,  and  to  a  second 
mature  child  (girl)  on  September  16,  1748,  which 
lived  for  one  year.  The  mother  was  proved  after 
her  death  not  to  have  had  a  double  uterus.  (This 
case  is  vouched  for  by  Professor  Eisenman,  and  by 
Leriche,  surgeon-major  of  the  Strasbourg  Military 
Hospital.)"  Several  such  cases  are  .also  given  by 
Bonnar  (Edin.  Med.  Jour.,  January,  1865),  "cases 
that  prove,  as  far  as  anything  of  the  sort  can  prove, 
that  superfetation  is  a  positive  fact." 

R.  J.  E.  Scott. 


Suppositoria. — In  common  parlance  the  word 
suppository  (Supposilorium)  means  a  properly  shaped 
plug  of  rnedic.ated  material,  intended  for  insertion 
into  the  rectum,  urethra,  or  vagina,  with  the  design  of 
having  this  plug,  after  insertion,  liquefy  by  the 
warmth  of  the  part,  and  so  set  free  a  contained  medica- 
ment. By  custom,  however,  a  urethral  or  a  vaginal 
suppository  is,  respectively,  so  designated  specifically, 
and  the  word  "suppository,"  unqualified,  is  held  to 
refer  to  a  rectal  suppository  only.  The  United 
States  Pharmacopoeia,  under  the  title  Suppositoria, 
Suppositories,  gives  a  general  direction  only  for  the 
making  of  a  plug  intended  for  use  as  a  rectal  sup- 
pository, leaving  it  to  the  prescriber  to  order  the 
active  ingredient  to  be  incorporated  with  the  same. 
By  such  pharmacopoeial  direction,  the  suppository 
is  made  up,  in  substance,  ot  oil  of  Iheobroma  ("cacao 
butter")    or   glycerinaled   gelatin   and   weighs   about 
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two  grams  in  the  case  of  rectal  and  urethral 
suppositories;  and  about  four  grams  in  the  case 
of  vaginal  suppositories  when  made  with  oil  of  theo- 
broma,  and  about  ten  grams  if  made  with  gly- 
cerinated  gelatin.  The  special  medicament  is  to  be 
mixed  with  the  oil  of  theobroma,  melted  by  heat,  and 
the  mixture  then  run  into  elongated  cylindrical, 
conical  or  globular  moulds,  according  to  the  kind  of 
suppository.  Oil  of  theobroma  is  specially  adapted 
for  a  suppository  basis,  since  it  is  at  once  bland,  hard 
at  ordinary  temperatures  but  readily  liquefied  by  the 
temperature  of  the  body,  because  it  combines  the 
qualities  of  medicinal  inertness  and  hardness  at 
ordinary  temperatures  with  ready  capability  of  lique- 
faction at  the  temperature  of  the  recta!  cavity.  In 
the  administration  of  a  rectal  suppository  the  points 
should  be  ob.served  to  clean  out  the  rectum  before 
insertion,  and,  in  the  inserting,  to  push  the  suppository 
well  pa.st  the  sphincter.  There  is  one  suppository 
olRcial  in  the  United  States  Pharmacopoeia,  and  one 
in  the  National  Formulary. 


Composition. 

SCPPOSITOBIA 

BOROGLV- 

X.F.    Glycerinated    gelatin    1.25  gm.. 

CEBINI 

Boric  acid   0.33  gm..  Glycerin 

(Suppositorie 

s     of    Boro- 

1.45  gm..  Water  1.1  gm. 

glycerin). 

SuPPOSITORt.4 

Oltcerim 

U.S.P.  Glycerin  3  gm.,  Monohydrated 
sodium    carbonate    0.05    gm.. 

(.Suppositorie 

3         of         eLv- 

Stearic  acid    0.2    gm..    Water 

ccrin). 

0.5  CO. 

R.  J.  E.  Scott. 


Suprarenal  Glands,  Anatomy  of. — The  supra- 
renal glands  or  adrenals  are  two  ductless  glands,  that 
is,  they  form  a  secretion  that  is  taken  up  directly  by 
the  blood-vascular  or  lymph-vascular  system.  They 
belong  to  the  chromophil  system,  a  series  of  glandular 
organs  mostly  of  small  size  that  produce  or  discharge 
adrenin.  Tliey  are  called  chromophil  because  the 
cells  of  these  organs,  when  fixed  in  a  solution  of  a 
salt  of  chromium,  or  chromic  acid,  become  yellowish 
to  brown  in  color.  The  medullary  portion  of  the 
adrenals  contains  mostly  chromaffin,  or  pheochrome 
cells. 

Each  adrenal,  of  a  yellowish  color  externally  and 
dark  brown  internally,  is  in  relation  with  the  cephalic 
pole  of  the  kidney  of  that  side  and  lies  in  the  epigas- 
tric region.  Each  weighs  6  to  7  grams  and  measures 
about  2  inches  (4  to  5  centimeters)  in  height,  H  inches 
(3.75  centimeters)  in  width  and  J  to^  inch  (6  to  12 
millimeters)  thickness. 

The  right  adrenal  is  triangular  in  outline  and  its 
base  rests  upon  the  cephalic  extremity  of  the  right 
kidney.  Upon  its  ventral  surface  near  the  apex  is 
seen  a  furrow,  the  hilus,  from  which  the  suprarenal 
vein  emerges.  This  surface  is  moulded  by  the  liver, 
laterally,  and  the  inferior  vena  cava,  medially. 

The  left  adrenal  is  .semilunar  in  outline  and  its 
base  (concavity)  rests  upon  the  medial  border  and 
adjacent  part  of  the  cephalic  extremity  of  the  left 
kidney.  The  hilus  is  in  the  ventral  surface,  but  near 
its  caudal  (inferior)  end. 

The  adrenals  are  retroperitoneal,  though  the  peri- 
toneum may  cover  them  to  a  variable  extent. 

Histology. — The  suprarenal  capsule,  or  adrenal  is 
surrounded  by  a  capsule  of  white  fibrous  tissue  that 
may  contain  some  smooth  muscle  tissue.  The 
capsule  sends  in  trabecula-  that  have  a  different  course 
in  the  different  parts  of  the  gland,  thus  causing  the 
peculiar  arrangement  of  the  parenchyma.  The  tra- 
becuUe  form  a  framework  that  supports  the  paren- 
chyma, vessels,  and  nerves. 


The  parenchyma  consists  of  two  main  parts,  the 
cortex,  usually  yellowish  in  color,  and  the  medulla 
that  is  of  a  dark  red  color. 

The  cortex  is  the  larger  part  of  the  organ  and  con- 
sists of  three  zones.  The  outermost  is  the  zona  glo- 
merulosa  and  the  epithelial  cells  are  arranged  in  oval 
or  sphenoidal  groups  bj'  anastomosis  of  the  trabec- 
ul;c  of  the  supportive  tissue.  This  zone  consists  of 
two  or  three  layers  of  these  glomeruli  (each  of 
which  is  two  to  three  cells  wide)  or  in  areas  glomeruli 
may  be  absent.  The  second  is  the  zona  Jascicu- 
lata  which  consists  of  parallel  rows  of  cells  (two  cells 
wide).  This  row  formation  is  due  to  the  parallel 
course  of  the  trabecuUt  which  are  here  perpendicular 
to  the  surface.  This  is  the  widest  zone.  The  third 
is  the  zona  reticularis  and  here  the  cell  cords  anasto- 
mo.sc  .ind  produce  a  rcticuLir  appearance  due  to  the 


AWp 

['■ft'-i 

4095.— The    Suprarenal  Glands.     Utudaich'; 
W.  B.  Saunders  Co.) 


reticular  arrangement  of  the  trabecuhp  of  the  frame- 
work and  to  the  plexus  of  sinus-like  veins.  The 
cortical  cells  are  polyhedral  cells  r2..')/j  to  20^  in  di- 
ameter. The  cytoplasm  is  finely  granular  and  con- 
tains small  globules  of  lipoid  material.  This  gives 
the  yellow  color  to  the  cortex.  In  addition,  secretion 
granules  have  been  found. 

The  medulla  consist  of  anastomosing  chains  of 
cells  with  glomeruli  here  and  there.  The  cells  are 
large  polyhedral  and  the  cytoplasm  finely  granular. 
With  special  stains  other  granules  (probably  secre- 
tory) are  found.  When  fixed  in  chromic  acid  or 
chromium  salts  these  cells  become  brownish  in  color 
and  are  called  chromaffin  cells.  Ganglion  cells  of 
the  sympathetic  system  are  also  found  in  the  medulla. 

Blood-vessels. — Each  gland  usually  receives  three 
arteries:  (a)  one  from  the  aorta  (suprarenal  artery); 
(6)  a  branch  from  the  inferior  phrenic  artery;  and  (o) 
one  from  the  respective  renal  artery.  The  arteries 
enter  the  organ  at  the  periphery,  pierce  the  capsule 
and  enter  the  trabecuhr.  From  these  branches  form 
a  capillary  plexus  around  the  cells  of  the  zona  glome- 
rulosa,  zona  fasciculata,  and  empty  into  a  venous 
plexus  in  the  zona  reticularis.  Arterioles  pass 
directly  from  the  capsule  to  the  medulla  to  form  a 
plexus  that  is  continuous  with  an  extensive  network 
of  large  anastomosing  venous  sinusoids.  The  endo- 
thelial cells  of  the  latter  are  in  close  relation  to  the 
epithelial  cells  of  the  medulla,  no  doubt  thereby 
facilitating  the  passage  of  the  internal  secretion  of 
these  cells  into  the  sinusoids.  The  blood  from  the 
peripheral  part  of  the  cortex  passes  into  the  venous 
plexus  of  the  zona  reticularis  and  then  into  the  medul- 
lary sinusoids.  From  the  latter  it  passes  to  several 
veins  near  the  center  of  the  medulla  and  is  then 
ultimately  collected  into  a  single  vessel,  the  supra- 
renal vein,  that  leaves  the  organ  at  the  hilus.     The 
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right  vein  is  a  tributary  of  the  inferior  vena  cava;  the 
left  vein  is  a  tributary  of  the  loft  renal  vein. 

Lymphatic  vessels  form  a  plexus  on  the  internal 
surface  of  the  capsule  and  in  the  medulla  and  these 
two  plexuses  are  connected  by  vessels  that  traverse 
the  cortex.  The  lymph  is  carried  by  vessels  from  the 
capsule  and  fromthe  medulla  (by  way  of  the  hilum) 
to  the  lymph  nodes  near  the  organs. 

The  it'enes  are  both  sympathetic  and  cerebrospinal. 
They  form  the  suprarenal  plexuses  that  communicate 
witli  the  renal  and  celiac  plexuses  and  the  celiac 
ganglia.  Numerous  fibers  are  derived  from  the 
greater  splanchnic,  vagal,  and  phrenic  nerves.  The 
branches  from  the  |)lexuses  supply  the  vessels  and 
ci)ithehum  of  the  organ. 


Fio.  4G'.1G. — Section  of  Huit 
zonafasciculata;  4,  zona  reticularis;  5,  cl 
lary  vein.     (From  Radasch's  Histology 


1 ,  Capsule ;  2,  zona  g 
mafBn  cells  of  the  medulla;  6, 
.  Blakiaton's  Son  &  Co.) 


Developments. — The  suprarenal  gland  is  of  double 
origin,  the  cortex  being  derived  from  the  mesothelium 
(mesoderm)  and  the  medulla  from  the  sympathetic 
ganglia  (ectoderm).  They  are  formed  independently 
of  each  other  and  later  unite. 

The  cortical  porlions  appear  in  embryos  of  five  to 
six  millimeters  as  buds  of  mesothelial  cells  at  the  level 
of  the  cephalic  third  of  the  mesonephros.  These  buds 
grow  into  the  mesenchyme  at  each  side  of  the  root  of 
the  dorsal  mesentery.  As  these  cells  proliferate,  each 
mass  enlarges  and  becomes  separated  from  the  sur- 
rounding structures  as  an  independent  body.  In 
fishes  these  never  unite  with  their  medullary  divisions 
and  constitute  the  interrenal  organs. 

The  vxedulla  forms  somewhat  later  from  cells 
derived  from  the  .sympathetic  ganglia.  These  primi- 
tive ganglion  cells  give  rise  to  two  types  of  cells: 
(1)  sympathetoblasts  (future  ganglion  cells),  (2) 
pheochromoblasts    (future    chromaffin    cells). 

The  pheochromoblnsts  migrate  to  the  cortical  mass 
and  lie  m  contact  with  it  in  ten  to  twelve  millimeters 
embryos  and  penetrate  it  in  cord-like  mas.ses  in  embryos 
of  twenty  millimeters.  These  column-like  groups  are 
present  in  embryos  up  to  ten  centimeters.  Some  .sym- 
pathetoblasts are  also  carried  in  and  these  form  the 
future  ganglion  cells  of  the  medulla.  In  fishes  each 
pheochrome  mass  forms  the  sujjrarenal  organ.  Dur- 
mg  the  union  of  cortex  and  medulla  the  suprarenal 
gland  comes  into  clo.ser  relationship  with  the  perma- 
nent kidney.  During  the  third  and  fourth  months  of 
intrauterine  life  each  is  larger  than  the  corresponding 
kidney.  At  birth  it  is  about  one-third  the  size  of  the 
kidney.  In  the  adult  1:28.  The  large  size  at  birth 
is  due  to  the  h>-pertrophy  of  the  inner  part  of  the  cor- 
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tex.  This  part  is  highly  vascular  and  the  cells  possess 
no  lipoid  material.  B3-  the  end  of  the  first  year  this 
fetal  cortex  disappears  and  is  partially  replaced  by  the 
adult  cortex  which  previously  formed  a  thin  marginal 
layer.  The  zona  reticularis  of  the  cortex  is  present  in 
fifteen  millimeters  embryos,  but  the  zona  glomerulosa 
is  not  prominent  until  the  second  to  the  third  year. 

Function. — The  adrenals  are  ductless  glands  and 
give  rise  to  an  internal  secretion,  that  is,  a  secretion 
that  is  taken  up  by  the  blood-vascular  or  lymph-vascu- 
lar system  or  both.  From  the  gland  an  alkaloidal 
substance  called  epinephrin  and  also  a  crystallizable 
substance  called  adrenalin  have  been  prepared. 
Whether  either  of  these  actually  represents  the  true 
active  principle  is  still  in  dispute.  Under  normal 
conditions  the  secretion  maintains  the 
normal  blood  pressure  as  well  as  the  tonicity 
of  the  skeletal  muscles. 

These  substances  produce  contraction  of 
the  smooth  muscle  tissue  of  the  various 
organs  of  the  body.  By  their  action  upon 
the  smooth  muscle  tis.sue  of  the  blood- 
vessels, an  increase  in  the  blood  pressure  is 
produced.  The  administration  of  adrenalin 
is  followed  by  an  inhibition  of  contraction 
succeeded  by  a  relaxation  of  the  muscular 
walls  of  the  other  viscera,  such  as  stomach, 
uterus,  etc.  Whether  the  extract  acts  upon 
the  sympathetic  nerves  or  the  muscle  tissue 
directly  is  still  undetermined.  Some  believe 
that  there  is  an  intermediate  "receptive 
substance"  between  the  nerve  endings  and 
the  muscle  tissue,  ultimately  related  to  the 
muscle  and  upon  this  the  extract   acts. 

Stimulation  of  the  splanchnic  nerves 
causes  an  increase  in  blood  pressure.  An 
increase  in  secretion  is  also  caused  by  emo- 
tional disturbances,  as  fright.  In  some 
animals  emotional  excitement  is  attended 
by  glycosuria  and  h^-perglycemia.  This 
may  be  due  to  the  direct  or  indirect  action, 
or  through  secretory  nerves,  upon  the  liver 
cells  causing  those  cells  to  release  the 
glycogen  after  converting  it  into  sugar. 
Under  this  condition  the  presence  of  this  readily 
available,  energy-yielding  material  in  the  blood 
w-ould  permit  of  sudden  and  increased  muscular 
activity.  H.   E.   Radasch. 


Suprarenal  Glands,  Pathology  of. — Inasmuch 
as  this  subject  has  already  been  discussed  to  some 
extent  in  the  article  on  A<ldisoti's  Disease,  only  those 
conditions  will  be  mentioned  here  which  were  not 
considered  under  that  head. 

Anomalies  and  Malformations. — Total  absence  of 
the  adrenals  has  been  reported.  Congenital  absence 
and  hypoplasia  have  been  observed  in  cases  of 
hemicephalus  (hyi^oplasia),  anencephalus,  cyclopia, 
microcephalus,  and  in  certain  forms  of  malformations 
of  the  genito-urinary  organs.  According  to  Zander, 
the  adrenal  hypoplasia  is  associated  only  with  defects 
of  the  frontal  lobes.  Aplasia  of  the  medullary  por- 
tion of  the  suprarenals  has  been  seen  in  cases  (jf 
chronic  hydrocephalus,  but  the  connection  between 
these  conditions  is  not  clear.  Hypoplasia  of  th(> 
chromaffinic  tissue  is  sometimes  associated  with  the 
thymicolymphatic  status.  Fusion  into  one  organ, 
abnormality  of  shape  and  form,  displacement, 
separation  into  several  bodies,  and  hypertrophy  have 
been  described.  As  a  rule,  the  malformations  of  (he 
suprarenals  bear  no  relation  to  those  of  the  kidneys, 
though  in  one  case  reported  of  horseshoe  kidney  there 
were  four  adrenals.  Malformations  of  these  organs 
appear  to  stand  in  a  closer  relationship  with  those  of 
the  sexual  glands.  Marchand  has  reported  a  case  i>f 
marked   hyperplasia   of  the  suprarenals    and  of   the 
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accessory  suprarenal  structures  in  the  broad  lisa- 
ment,  in  a  case  of  rudimentary  development  of  the 
ovaries  and  external  hermaphrodism. 

Accessory  Suprarenals  (Adrenal  Rests). — Small 
isolated  portions  of  adrenal  tissue,  varying  in  size 
from  a  pinhead  to  a  cherry,  are  of  very  frequent  oc- 
currence in  the  immediate  neighborhood  of  the  main 
organ,  Ij'ing  in  the  periadrenal  connective  tissue, 
in  the  solar  plexus,  in  or  under  the  kidney  capsule, 
in  the  kidney  substance,  or  even  in  the  liver.  Small 
bodies  consisting  of  tissue  resembling  that  of  the 
adrenal  cortex  are  also  found  in  the  broad  ligament, 
along  the  spermatic  vessels,  in  the  inguinal  canal, 
on  the  spermatic  cord,  in  the  testis,  and  in  the  retro- 
peritoneal connective  tissue.  By  a  number  of  authors 
the  adrenal  tissue  found  in  the  last-named  regions  is 
regarded  as  analogous  to  the  suprarenal  organs  of  the 
lower  vertebrates,  the  main  adrenal  organs  of  man 
representing  the  interrenal  bodies  of  these  animals. 
Marchand  having  been  the  first  to  ob.serve  their 
presence  in  the  broad  ligament,  they  have  been 
designated  the  "adren.als  of  Marchand."  By  other 
writers  they  are  regarded  as  misplaced  adrenal  tissue 
referable  to  some  disturbance  of  development  or 
as  independent  formations  arising  from  rudiments 
of  the  urogenital  system.  The  chief  pathological 
importance  of  these  bodies  is  the  possibilitj-  of  the 
development  in  them  of  the  same  form  of  new  growths 
as  arise  in  the  adrenals  themselves,  or  in  the  adrenal 
"rests"  of  the  kidney,  liver,  etc.  It  is  also  possible 
that  these  accessory  bodies  may  undergo  a  com- 
pensatory hypertroph}'  in  the  case  of  destruction  of 
the  main  organs  in  earlv  life.  Accessory  adrenals  or 
"adrenal  rests"  are  of  a  yellowish  color,  and  have  a 
fatty  shine.  From  their  close  resemblance  to  fat 
tissue  they  have  frequently  been  mistaken  for  lipo- 
mata  ("Grawitz  tumors").  In  the  great  majority  of 
cases  the  microscopical  structure  resembles  that  of 
the  fascicular  or  reticular  zone  of  the  adrenal  cortex; 
and  very  rarely  do  these  bodies  contain  cells  resem- 
bling those  of  the  medullary  portion  of  the  organ. 

Circulatory  Disturbances. — Chronic  passive  con- 
gestion of  the  systemic  veins  gives  rise  to  a  -passive 
congestion  of  the  adrenals,  which  in  consequence  are 
enlarged  and  of  a  deep  brownish-red  color.  Adrenal 
hyperemia  occurs  in  the  infectious  diseases,  particu- 
larly in  children.  Diphtheria  toxin  produces  a 
marked  adrenal  h>^^eremia.  Passive  congestion  is 
usually  the  result  of  cardiac  incompensation.  Hemor- 
rhage into  the  adrenals  may  occur  in  congenital  or 
acquired  hemophilia,  in  pernicious  anemia,  in  leucemia, 
in  various  infections  (diphtheria,  pneumonia,  typhoid, 
septicemia,  tetanus,  etc.)  after  thrombosis  of  the 
veins,  and  as  a  result  of  trauma  or  of  general  passive 
congestion.  Severe  injuries,  such  as  fracture  of  the 
spine,  are  frequently  associated  with  hemorrhage  into 
or  about  the  adrenals.  Hemorrhage  into  the  supra- 
renals appears  to  be  of  frequent  occurrence  in  the  new- 
born. .■According  to  Mattel  and  Spencer,  some  degree 
of  congestion  of  the  suprarenals  is  always  present  in 
the  new-born.  In  asphyxiated  new-born  the  ad- 
renals may  be  completely  infiltrated  with  blood  or 
connected  into  blood  cysts.  Small  hemorrhages  may 
become  organized;  larger  ones  encapsulated,  calcified, 
or  in  very  rare  cases  replaced  by  true  bone  formation. 

Hemorrhagic  infarction  of  the  suprarenal  due  to 
thrombosis  of  the  central  vein  has  beqn  reported  as 
occurring  in  a  child  of  eleven  months.  The  etiology 
of  the  thrombus  was  not  clear,  but  it  was  thought  to 
be  marantic  in  origin.  A  similar  condition  may 
follow  thrombosis  of  the  renal  vein.  Anemic  in- 
farctions due  to  obstruction  of  the  artery  are  very 
rare. 

Retrograde  Changes. — Simple  atrophy  of  the  adre- 
nals occurs  in  old  age  and  in  cachectic  conditions.  .\ 
marked  atrophy  has  been  observed  in  cases  of  Addi- 
son's disease.     The  atrophic  organs  may  be  no  larger 


than  peas,  or  appear  as  thin  translucent  "ghosts" 
of  the  normal  gland.  Associated  with  the  atrophy 
of  old  age  there  is  frequently  seen  a  marked  pigmen- 
tation of  the  medulla. 

Necrosis  of  the  adrenals  occurs  in  tuberculosis, 
eclampsia,  in  certain  infections  and  intoxications 
(diphtheria),  in  extreme  passive  congestion,  and  fol- 
lowing hemorrhage  and  thrombosis  of  the  central  vein. 
Focal  necrosis  has  been  observed  in  diphtheria  and 
malaria.  Inasmuch  as  the  medulla  of  the  adrenals 
very  quickly  undergoes  a  postmortem  disintegration, 
such  change  occurring  even  within  from  half  an  hour 
to  one  hour  after  death,  the  presence  of  a  soft 
brownish  substance  in  a  cyst-like  cavity  representing 
the  medulla  should  not  be  mistaken  for  a  pathological 
condition.  The  postmortem  change  may  be  recog- 
nized by  the  absence  of  hemorrhage  or  of  changes  in 
the  cortex.  The  presence  of  cyst-like  cavities  formed 
by  postmortem  change  gave  rise  to  the  designation 
"suprarenal  capsule." 

Cloudy  strelling  of  the  cells  of  the  adrenals  occurs  in 
severe  general  intoxications. 

Fat  in  the  form  of  small  droplets  (anisotropic  lipoids) 
is  almost  constantly  present  in  the  cortical  cells 
of  the  adult  adrenal,  particularly  in  those  of  the 
fascicular  zone.  Large  droplets  are  often  present. 
Excessive  fatty  change  has  been  described  as  occurring 
in  marasmic  infants  and  in  cases  of  congenital  and 
latent  acciuired  syphilis,  and  has  also  been  regarded 
as  a  cause  of  Addison's  disease. 

Amyloid  change  is  of  frequent  occurrence  in  the 
adrenals  in  cases  of  general  amyloidosis.  The  amy- 
loid is  deposited  in  the  walls  of  the  blood-vessels 
and  in  the  connective  tissue.  The  parenchymatous 
cells  become  atrophic  and  may  entirely  disappear, 
the  organ  becoming  larger,  hard,  waxy,  and  bluish 
gray  in  color.  The  cortex  usually  shows  the  greatest 
change,  but  the  medulla  is  not  infrequentlj'  affected 
alone  or  coincidently.  Amyloid  change  of  the  adrenals 
has  also  been  regarded  as  a  cau.se  of  Addison's  disease. 

Calcification  of  the  adrenals  may  follow  caseous 
necrosis  or  hemorrhage,  and  is  not  infrequently  present 
without  any  signs  of  other  pathological  changes,  a 
metaplasia  of  the  calcareous  deposit  into  true  bone 
may  occur. 

Pigmentation  of  the  cells  of  the  medulla  is  increased 
in  old  age  and  in  conditions  of  excessive  blood  de- 
struction. 

Cysts. — The  postmortal  degeneration  of  the 
medulla  produces  a  false  cyst  of  the  organ.  Other 
cysts  arise  as  the  result  of  hemorrhage.  True 
lymphangiomatous  cysts  have  been  observed.  Epi- 
tlielial  cysts  are  extremely  rare. 

LvFL.uiMATioN. — Simple  inflammation  of  the  adre- 
nals is  very  rare.  Aletastatic  abscesses  occur  in 
pyemia  and  may  lead  to  total  destruction  of  the  organ; 
they  may  rupture  into  the  intestine  or  into  the  re- 
troperitoneal connective  tissue.  Fibrosis  of  the 
adrenals  due  to  chronic  interstitial  inflammation  has 
been  reported,  but  the  nature  of  these  cases  is  obscure. 
Such  changes  have  also  been  reported  as  occurring  in 
.\ddison's  disease.  Latent  syphilis  is  probably  the 
chief  etiological  factor. 

Tuberculosis. — Miliarj-  tubercles  may  be  found 
in  the  adrenals,  but  tuberculosis  of  these  organs  is 
usually  of  the  fibrocaseous  type.  The  glands  in  the 
latter  condition  become  enlarged,  hard,  and  often 
nodular.  The  capsule  is  thickened,  the  parenchyma 
either  wholly  or  in  part  replaced  by  a  firm,  dry,  cheesy, 
yellowish,  or  soft  pus-like  material.  About  the 
capsule  there  may  be  present  a  large  amount  of  scar 
tissue  involving "  the  semilunar  ganglia.  Tubercle 
bacilli  are  found  in  the  caseous  areas.  Calcification 
or  liquefaction  may  follow  the  caseation.  In  many 
cases  only  one  organ  is  affected.  The  condition  is 
rarely  primary,  but  is  in  the  great  majority  of  cases 
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sei'oiulary  to  :i  chronic  pulmonary  tuberculosis.  In 
eighty-nine  per  cent,  of  cases  it  is  present  on  both 
sides."  When  primary  it  may  form  tlie  starting-point 
for  a  tuberculosis  of  the  peritoneum.  ConRcnital  tuber- 
culosis of  the  adrenals  has  been  ob.served  in  an  infant 
twelve  days  old.      (See  Addison's  Disease.) 

Syphilis. — Gunimata  have  been  found  in  the  adre- 
nals, and  in  both  congenital  and  ac(|uired  syphilis 
thickening  of  the  blood-vessels  may  occur.  Total 
fatty  degeneration  has  also  been  described  as  occiirring 
in  cases  of  congenital  syphilis.  In  the  majority  of 
eases  of  congenital  syphilis  spirochetes  occur  in 
great  numbers  in  the  adrenals  without  causing  ap- 
parent changes.  In  old  latent  syphilis  the  adrenals 
frequently  show  thickenings  of  the  capsule  and  small 
collect ioiis  of  mononuclear  and  plasma  cells,  par- 
ticularly in  the  cortical  zone  bordering  upon  the 
medulla.     The  stroma  may  be  increased. 

AcTiNOMYCttsis  of  the  adrenals  has  been  reported  as 
extending  from  actinomycotic  processes  in  the  liver. 

Rabies. — Negri  bodies  have  been  found  in  the 
ganglion  cells  of  the  medullary  substance. 

PaooRESSiVE  Chaxges. — Hypertrophy  and  hyper- 
plasia of  adrenal  tissue  may  occur  in  young  individuals 
after  loss  of  the  main  organ  or  organs.  In  the  latter 
ease  the  adrenals  of  Alarchand  or  other  accessory 
adrenal  tissue  may  undergo  a  compensatory  hy- 
pertrophy. The  diffuse  hyperplasias  are  very  rare, 
but  localized  nodular  hyperplasias  are  frequent. 
The  small  local  hypertrophic  nodules  of  the  cortex 
pass  without  sharp  transition  into  the  so-called 
adenoma  of  the  cortex  and  the  accessory  adrenals. 
The  regenerative  capacity  of  the  adrenal  tissue  is 
very  slight.  In  experimental  hypertrophy  after 
removal  of  one  organ  an  increased  development  of 
parasympathetic  elements  is  said  to  occur.  Increase 
of  the  chromaflinic  tissue  has  been  observed  in 
pregnancy,  nephritis,  atherosclerosis,  cardiac  hyper- 
trophy, etc.  Experimental  hyperplasia  of  the  med- 
ulla has  also  been  observed  in  nephrectomy.  Trans- 
plantation of  adrenal  tissue  into  the  kidneys  has 
been  successful. 

Tumors. — The  most  common  form  of  tumor  is 
that  arising  from  adrenal  rests  (see  Hypernephroma). 
these  growths  may  reach  a  very  large  size,  and 
occasionally  present  the  appearance  of  a  large  cyst 
filled  with  a  brownish  pultaceous  material  produced 
by  the  extensive  fatty  degeneration  characteristic  of 
these  growths.  The  smaller  growths  appear  as 
yellowish  nodules  resembling  fat  tissue  because  of 
their  great  richness  in  lipoid  droplets  {"  tumors  of 
Grawitz").  The  microscopical  picture  is  usually  that 
of  the  fascicular  zone  of  the  cortex,  but  growths  con- 
sisting of  medullary  tissue  have  al.so  been  described. 
Though  frec|Uently  benign  except  for  size,  the  hyi)er- 
nephromas  of  the  adrenals  may  through  continued 
atypical  growth  take  on  the  characteristics  of  a  car- 
cinoma. It  is  probable  that  'the  majority  of  the 
malignant  tumors  arising  primarily  in  the  adrenals, 
which  have  been  reported  as  carcinomata,  in  reality 
belonged  to  the  hypernephromata,  though  it  is  also 
possible  that  tumors  of  the  type  of  carcinoma  may  be 
primary  in  this  organ.  The  term  adenoma  or  malig- 
nant adenoma  is  frequently  applied  to  these  growths 
{struma  suprarenalis);  at  present  they  are  classed 
with  the  hyiierncphromata.  The  malignant  hyper- 
nephroid  tumors  of  the  adrenals  are  in  general  charac- 
terized by  their  abundant  content  of  fat  and  glycogen, 
and  their  tendency  to  form  pulmonary  and  bone 
metastases. 

Sarcoma. — Melanotic  and  non-pigmented  sarcomata 
have  been  reported  as  primary  in  tiie  adrenals.  Lym- 
phosarcoma is  of  rare  occurrence.  There  exist  in  the 
literature  numerous  accounts  of  sarcoma  of  the 
adrenal,  but  it  is  very  probable  that  these  tumors 
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belonged  to  the  hypernephromata  and  not  to  the 
true  sarcomata.  This  is  especially  true  of  the  cases 
reported  as  "malignant  tumor,"  "adenosarcoma," 
"alveolar  sarcoma,"  "carcinoma,"  etc.  Through 
the  occurrence  of  hemorrhages  the  growths  may 
become  very  large,  and  occasionally  break  into  the 
veins  and  .set  up  metastases.  The  latter  are  found 
chietiv  in  "ic  lungs. 

Gliomnta  and  iicuromnta  of  the  adrenals  have  been 
described,  but  the  true  nature  of  the  cases  is  uncertain. 
They  arise  from  the  medulla  or  from  the  sympathetic 
system. 

Connective-tissue  growths  are  very  rare.  Cystic 
lymphangioinata,  lipoma,  fibromyoma,  and  tumors 
containing  bone-marrow  tissue,  ganglion  cells  and 
nerve  hbers  have  been  very  rarely  observed.  Gangli- 
onic iibromyoangioma  has  also  been  described. 

Secondary  tumors  (sarcoma  and  carcinoma)  are  of 
not  infrequent  occurrence.  Metastasis  takes  place 
usually  through  the  lymphatics.  Secondary  car- 
cinoma may  be  associated  with  Addison's  disease. 

Parasites. — In  very  rare  cases  echinococrus  has 
been  found  in  the  adrenals. 

.\i.DREi)  .Scott  Warthin. 

Suprarenal  Glands,  Physiology  of.— See  Secretion, 
PhysU)logy  of. 

Surgery,  History  of. — The  history  of  surgery- 
studied  comprehensively  must  include  that  of  medi- 
cine and  general  civilization,  but  such  a  history,  how- 
ever valuable  as  a  contribution  to  historical  literature, 
cannot  be  comprised  within  the  limits  of  this  article. 
Nor  from  the  viewpoint  of  the  ordinary  surgical 
student  would  it  sujjply  in  available  and  impressive 
form  those  latent  and  often  unrecognized  forces  which 
in  the  course  of  centuries  evolved  surgery  from  a 
simple  rude  art  to  a  practical  science. 

The  development  of  an  art  is  always  characterized 
by  a  succession  of  related  events  each  of  which  marks 
another  step  of  progress.  These  events  may  be  of 
slight  apparent  importance  and  yet,  as  Sir  James 
Fagot  remarks,  "closcl.y  studied,  they  are  all  links  in 
an  endless  chain  of  events  leading  to  a  higher  devel- 
opment, as  we  witness  in  the  evolution  of  the  embryo." 
But  in  this  logical  chain  of  events  there  often  occurs 
one  of  such  importance  that  it  creates  an  epoch  by  the 
radical  changes  which  it  affects.  Baas  ("History  of 
Medicine")  remarks  of  epochs,  "If  we  look  upon  the 
history  of  medicine  as  a  department  entirely  separable 
from  the  general  history  of  civilization,  it  is  justifiable 
to  fix  upon  special  epochs  and  to  regard  particular 
services  of  representative  persons  within  these  epochs 
as  special  landmarks." 

As  these  epochal  events  are  great  beacon  lights 
which  illumine  the  pathway  of  the  pioneer  the  suc- 
ceeding history  is  designed  to  trace  the  progress  of 
surgery  from  prehistoric  times  by  an  exposition  of 
these  events.  Though  this  course  is  necessary  owing 
to  the  limitations  given  the  author,  it  has  its  advan- 
tage in  this  that  the  student  more  readily  recognizes 
the  scientific  spirit  which  after  centuries  of  contention 
with  the  hostile  forces  of  ignorance,  superstition  and 
empiricism  has  given  to  humanity  one  of  its  most- 
powerful  and  effective  agencies  in  the  rehef  of  suffering 
from  hitherto  incurable  diseases.  Again,  the  dis- 
cussion of  the  peculiarities  of  these  epochal  events 
necessarily  includes  an  historical  notice  of  the  great 
masters  of  surgery  who,  endowed  with  a  genius  for, 
analytical  and  sj'nthetical  research  and  a  deeper  in- 
sight into  the  operation  of  physical  forces,  have- 
coordinated  the  accumulated  facts  and  experiences  of 
the  past  into  a  simple  and  more  effective  code  of  pro- 
cedure and  thus  have  created  an  epoch. 

Our  sources  of  knowledge  of  surgery  in  the 
earhest  periods  are  very  imperfect  as  it  is  deriv.il 
from  hieroglyphics  on  tombs  and  monuments  ami 
cursive  writings  on  papyrus.     Max  Miiller  alludes  to 
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pictures  engraved  on  the  door-posts  of  a  tomb  near 
Memphis  representing  surgical  operations  2500  b.c. 
These  are  believed  to  be  the  earliest  pictures  of  this 
kind  known.  The  most  important  of  the  cursive 
writings  are  those  of  Evers  of  the  date  of   1550  B.C. 

The  recent  revelations  of  prehistoric  people  explain 
the  advanced  stage  of  progress  in  the  arts  of  civiliza- 
tion of  the  old  historic  nations  as  the  Egyptians 
and  Hindus.  '  It  has  been  a  surprise  that  in  the  earliest 
recorded  events  of  their  history  they  were  practising 
arts  belonging  to  a  higher  civilization  than  they  had 
attained.  It  now  appears  that  they  may  have  de- 
rived their  knowledge  from  a  much  older  people  who 
had  attained  a  higli  grade  of  physical,  mental  and 
industrial  development.  Such  people  are  now  known 
to  have  existed  in  the  remotest  ages  in  the  central 
portion  of  western  .Asia. 

Prof.  Osborn  in  his  recent  work  ("  Men  of  the  Stone 
Age.  Their  Environment,  Life  and  Art")  throws  a  new 
light  on  the  antiquity  and  civilization  of  primitive 
man.  He  concludes  that  the  125,000  years  during 
which  men  used  implements  of  chipped  stone  repre- 
sent a  complete  cycle  of  human  development;  that  the 
sudden  appearance  in  Europe  at  least  25,000  years  ago 
of  a  human  race  with  a  high  order  of  brain  power  and 
ability  was  not  a  leap  forward  but  the  effect  of  a  long 
process  of  evolution  elsewhere.  During  this  age  the 
rudiments  of  all  the  economic  powers  of  man  were 
developed,  the  guidance  of  the  hand  by  the  mind, 
manifested  in  his  creative  industry,  his  inventive 
faculty,  his  sense  of  form,  of  proportion,  of  symmetn,-, 
the  appreciation  of  beauty  of  animal  form  and  the 
beauty  of  line,  color,  and  form  in  modeling  and 
sculpture. 

The  Knife  and  the  C.^rTERY  (Prehistoric). — The 
first  epoch  in  surgery  occurred  in  prehistoric  time  but 
the  date  we  do  not  and  cannot  know,  and  its  origin 
we  can  only  conjecture  from  the  implements  eniplo3'ed 
by  primitive  people  and  which  have  come  down  to 
us  in  their  original  condition.  It  is  assumed  by  his- 
torical writers  that  the  first  treatment  of  disease  was 
by  surgical  methods.  Baas  says.  ''The  first  medical 
services  were  of  a  surgical  character,  and  these  had 
attained  a  certain  degree  of  perfection  at  a  period 
when  scarcely  any  traces  of  internal  medicine  were  to 
be  found." 

AVe  may  safely  conclude  that  external  affections  as 
ulcers,  wounds,  growths,  abscesses,  appealed  to  the 
senses  of  primitive  man  for  relief  by  any  means  at  his 
command.  Evidently  the  first  recognized  want  of  the 
prehistoric  surgeon  was  a  penetrating  and  cutting 
instrument.  This  instrument  he  found  ready  at 
hand  in  the  stone  knife  in  familiar  domestic  use. 

Garrisonsays  ("History of  Medicine")  "The earliest 
surgical  instrument  was  in  all  probability  not  the 
specialized  leaf-shaped  flint  or 'celt' — but  rather  some 
fragment  unusually  sharpened  as  to  edge  and  point 
by  accidental  flaking.  .  .  .  By  means  of  these  sharp- 
ened flints,  or  of  fishes  teeth,  blood  was  let,  abscesses 
emptied,  tissues  scarified,  skulls  trephined,  and,  at  a 
later  period,  ritual  operations  like  circumcision  were 
performed  .  .  .  with  the  primitive  celts  themselves." 
He  adds  the  interesting  suggestion  that  there  is  such  a 
solidarity  of  folklore  "that  folk  ways  of  early  medicine, 
whether  .\ccadian  or  Scandinavian,  Slavic  or  Celtic, 
Roman  or  Polynesian,  have  been  the  same."  Hence 
we  may  conclude  that  the  stone  knife  was  the  first 
surgical  instrument.  There  is  one  recorded  instance 
of  its  being  used  in  a  surgical  operation.  In  Exodus 
(iv,  25)  it  is  written,  "Then  Zipporah  took  a  sharp 
stone  and  cut  off  the  foreskin  of  her  son." 

The  necessary  complication  of  a  cutting  operation 
was  a  more  or  less  free  flow  of  blood  which  must  be 
promptly  and  permanently  arrested.  We  can  only 
assume  that  pressure  directly  on  the  vessel  in  the 
wound  would  be  the  first  impulse  of  the  operator,  but 
that   means   would   be   only   temporary.     From    the 


early  application  of  heat  to  wounds,  as  hot  oil,  we  in- 
fer that  its  effect  in  controlling  hemorrhage  must  have 
attracted  attention,  and  led  to  the  direct  application 
of  the  heated  stone  and  hence  the  first  appearance  of 
the  actual  cautery,  an  instrument  which  was  to  have  a 
large  place  in  surgical  operations.  This  appears  from 
an  ancient  apothegm  of  the  Hindus;  -The  fire  cures 
diseases  which  cannot  be  cured  by  physic,  the  knife 
and  drugs."  In  fact  the  cautery  as  tlien  constituted 
did  supersede  the  knife  with  many  surgeons  owing  to 
its  twofold  qualities  of  cutting  and  at  the  same  time 
arresting  hemorrhage. 

During  the  succeeding  nameless  centuries  to  the 
-second  epoch  it  is  impossible  to  trace  the  progress  of 
surgerj-  with  any  exact  continuity  of  events  in  the 
absence  of  reliable  historical  data. "  We  can  onlv  state 
in  general  terms  the  few  facts  that  are  of  record. 

Egypt  is  regarded  as  one  of  the  oldest  historical 
countries  and  is  believed  to  have  derived  manj-  of  the 
more  important  elements  of  its  civilization  "from  a 
highly  cultivated  antecedent  people.  .\s  early  as  1552 
n.r.  there  were  independent  practising  physicians, 
besides  the  Temple  priests.  Heroditus  states  that  the 
art    of   medicine   was   divided    amoni;   them:    "Each 
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Fig.  4iiH7. — Operative  Surgery  in  Egypt.     Fn.m  a  carving  on  a 
tomb.  2500  B.  C. 

physician  applies  himself  to  one  disease  only  and  not 
more.  All  places  abound  in  physicians."  Baas  says 
of  the  Egyptians:  "In  surgery,  and  especially  in 
operative  surgery,  the  physicians  of  the  warlike 
Pharaohs  accomplished  considerable,  and  obtained 
results  fully  capable  of  refuting  the  denials  of  this  fact 
dictated  by  the  self-sufficient  vanity  of  the  old  Greek 
writers.  They  bandaged  suppurating  ulcers,  prac- 
tised venesection,  and  cupped  by  means  of  bones  sawed 
off  near  the  point.  They  performed  circumcision 
.  .  .  using  apparently  knives  of  flint  and  they  also 
practised  castration  by  crushing  or  pounding  the 
testicles  and  more  rarely  with  the  knife.  They  prac- 
tised lithotomy  with  a  dexterity  preserved  as  a  secret^ 
and,  indeed,  performed  amputations.  In  ophthalmic 
surgery  they  were  especially  skilful." 

Indian  or  Hindu  medicine  about  1300-500  b.c.  was 
the  most  comprehensive  known  throughout  all  antiq- 
uity, except  the  Greek.  The  Indians  were  familiar 
with  a  great  variety  of  surgical  diseases  as  ulcers,  ab- 
scesses, hernia,  fractures,  dislocat  ions,  orchitis,  epididy- 
mitis, fistula  in  ano,  tumors  in  general.  To  success- 
fullv  meet  the  varying  conditions  that  would  be  found 
in  operating  uponsuch  eases  a  number  of  instruments 
would  be  required  in  addition  to  the  knife.  The 
Indian  surgeon  showed  a  genius  for  devising  the 
requisite  instruments  for  such  emergencies.  We  find 
in  his  collection  of  instruments  forceps,  saws,  needles, 
specula,  niox.as,  enema  svringes,  the  actual  cautery, 
and  other  apparatus.     Baas  says :  •'  Operative  surgery 
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attained  such  a  position  auioiiR  the  Indians  that  thoy 
did  not  slirink  from  the  greatest  and  most  difficult 
operations." 

Garrison  says:  "The  Hindus  apparently  knew 
every  important  operative  procedure  except  the  use 
of  the  lipature.  They  amputated  limbs,  checkins 
hemorrhaKc  bv  cauterization,  boiling  oil  or  pressure. 
Thev  treated  fractures  and  di.slocatioiis  by  a  .special 
splint  made  of  withes  of  bamboo  which  was  subse- 
<iuentlv  adopted  in  the  Hritish  .Vrniy  as  the  'patent 
rattancanc  splint.'  They  performed  lithotomy  (with- 
out the  stalT),  Cesarean  section,  excision  of  tumors 
and  the  removal  of  omental  hernia  through  the  scro- 
tum. Their  mode  of  extracting  cataract  has  survived 
to  the  present  day  and  they  were  especially  strong  in 
skin-grafting  and   other  phases  of  plastic  surgery." 

He  also  states  that:  "The  Hindus  were  especi.ally 
clever  in  their  method  of  teaching  surgery.  Realizing 
the  importance  of  rapid,  dexterous  inci.^ion  in  oi)ora- 
tions  without  anesllusia,  they  had  the  student  practise 
upon  plants.  The  hollow  stalks  of  water  lilies  or  the 
veins  of  large  leaves  were  punctured  or  lanced  as  well 
ns  the  blood-vessels  of  dead  animals.  Gourds,  cu- 
cumbers and  other  soft  fruits,  or  leather  bags  filled 
with  water  were  tapped  or  incised  in  lieu  of  hydrocele 
or  any  other  disorder  of  a  hollow  cavity.  Flexible 
models  were  used  for  bandaging,  and  amputations 
and  the  plastic  operations  were  practised  upon  dead 
animals. 

Egyptian  and  Hindu  medicine  spread  among  the 
neighboring  nations  but  in  none  did  it  excel  the  stand- 
ard attained  by  tho.se  countries.  No  great  mind 
appeared  during  the  centuries  before  the  second  epoch 
which  was  capable  of  giving  a  new  impetus  to  the 
development  of  surgery.  Garri-son  says:  "Wiat  wc 
owe  to  oriental  medicine,  the  H.abylonians  specialized 
in  the  matter  of  medical  fees,  the  Jews  origin.ated 
medical  jurisprudence  and  public  Iiygiene  and  or- 
dained a  weekly  day  of  rest,  and  the  Hindus  demon- 
strated th.at  skill  in  operative  surgery  which  has 
been  a  permanent  possession  of  the  Aryan  race  ever 
since." 

Thus,  in  the  vast  prehistoric  centuries  we  fix  without 
date  the  simple  beginnings  among  primitive  people  of 
the  first  epoch  of  surgeTy  as  an  art.  The  outcome  of 
that  epoch  was  Itie  remarkable  progress  which  its 
practisers  made  in  the  increase  of  the  number,  variety 
and  adaptation  of  instriiments  to  the  emergencies  of 
practice.  It  was  jjractically  an  epoch  of  the  invention 
of  in.struments.  It  necessarily  followed  that  by 
these  inventions  the  range  of  operations  was  extended 
so  that  at  the  commencement  of  the  second  epoch  the 
number  of  ditTerent  ojierations  performed  was  sur- 
prisingly l.irge. 

The  genius  of  the  oriental  mind  tended  to  the  per- 
fection of  handicrafts  or  objective  works,  and  but 
slightly  to  the  subjective,  which  require  for  their 
successful  prosecution  inductive  methods  of  .study. 
Hence  an  art  like  operative  surgery  which  must  de- 
pend for  its  success  upon  accuracy  of  diagnosis  could 
not  attain  to  precision  except  when  its  acts  were 
guided  by  principles  established  by  scientific  methods 
of  research.  Evidently  there  was  not  that  scientific 
spirit  in  those  early  nations  which  by  proper  analy- 
tical and  synthetical  processes  would  utilize  facts 
and  experience  in  establishing  correct  principles  of 
practice. 

lNDnrTi\-E  Metimds  OF  RESEABrn  (Hippocrates  400- 
370  B.C.). — The  time  had  come  when,  if  surgery  was 
to  develop  beyond  a  mere  handicraft,  it  must  be  culti- 
vated by  a  receptive  people  whose  teachers  must  be 
adapted  by  temperament,  genius,  and  experience  for 
inquiry  and  research  into  those  basic  principles  which 
underlie  and  govern  the  development  of  the  disea.scs 
which  as  an  art  the  practisers  were  now  (|ualified  to 
relieve  or  cure.  The  field  to  be  cultivated  mu.st  be 
charted  and  a  code  of  procedure  established  based  on 
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the  immutable  princii)les  of  science.  Such  a  people 
with  its  pioneer  teacher  was  already  equipped  and 
awaiting  the  summons  to  the  task. 

Civilization  in  its  progress  westward,  unlike  its 
spread  among  the  decaying  nations  of  the  East,  was 
constantly  meeting  more  and  more  intellectual,  re- 
ceptive and  aggressive  peoples.  At_  that  period 
Greece  excelled  all  preceding  n.ations  in  its  intellectual 
adaptation  to  lay  the  foundations  of  the  art  of  surgery 
on  a  scientific  basis.  Uaas  says:  ''The  Greeks  in- 
corporated info  their  own  culture  original  portions  of 
the  primitive  civilizations;  tliey  raised  these  foreign 
elements  at  once  to  an  extraordinary  perfection  and 
development;  whatever  they  touched  iiitellectu:dly. 
or  incorporated  frcun  without,  they  purified,  cleNateil 
and  refined;  the  simple  knowledge  of  these  |)riinitivi> 
peoples  they  developed  and  elevated  info  the  lilx-rnl 
sciences;  the  stereotyped,  mechanical  forms  of  the 
former  became,  tinder  their  hands,  a  genuine  art;  the 
Greek  mind  strove  always  for  the  profound  and  entire 
and  was  not  contented  with  knowledge  of  facts  alone 
in  medicine,  but  ever  sought  the  inmost  essence,  aim 
and  object,  a  knowledge  of  disease  in  itself  rathet  than 
of  individual  species  of  disease  and  their  peculiar 
phenomena." 

Egyptian  medicine  was  introduced  into  Greece, 
according  to  its  mj-thology,  by  ^sculapius  (1250 
B.C.).  He  is  reputed  to  have  come  from  Memphis,  in 
Egypt,  and  to  have  brought  medicine  from  that 
country.  After  his  death  he  was  exalted  to  the  posi- 
tion of  the  God  of  Medicine  and  a  special  cultus  was 
introduced  by  his  priests.  The  places  devoted  to  his 
cultus  were  called  .■Esclepieia  to  which  the  sick  resorted 
for  treatment.  These  jEsclepieia  became  the  re- 
positories of  the  records  (tablets)  of  the  diseases  of  the 
sick  who  visited  them  for  treatment.  This  practice 
led  to  the  creation  of  schools  of  medicine  in  connection 
with  the  iEsdepieia. 

The  earliest  mention  of  surgeons  in  Greece  was  by 
Homer  who  speaks  of  the  two  sons  of  .(Esculapius — 
Machon  and  Podalirius — as  actively  engaged  in  the 
Homeric  wars.  Machon  was  summoned  to  remove  an 
arrow  which  was  driven  through  the  belt  of  Menelaus, 
King  of  Sparta;  he  extracted  the  arrow  from  the  well- 
fitted  belt,  but  while  it  was  being  extracted  the  sharp 
barbs  were  broken;  then  he  loosed  the  variegated 
belt  and  the  girdle  beneath  and  the  plated  belt  which 
brass-workers  had  forged;  when  he  perceived  the 
wound  where  the  bitter  shaft  had  fallen,  having 
sucked  out  the  blood  he  skillfully  sprinkled  on  it 
soothing  remedies  (Garrison). 

From  the  same  author  we  quote:  "Eurypylus 
wounded  with  an  .arrow  in  the  thigh  calls  upon  Patro- 
clus  to  remove  it.  Patroclus  laying  him  at  length, 
cut  out  with  a  knife  the  bitter,  .sh.arp  arrow  from  the 
thigh,  and  washed  the  black  blood  from  it  with  warm 
water.  Then  he  applied  a  bitter,  pain  assuaging  root, 
rut^bing  it  between  his  hands,  which  checked  all  his 
p.ains;  the  wound  indeed  dried  up,  the  bleeding  having 
ceased." 

That  surgeons  were  attached  to  divisions  of  the 
Greek  army  is  evident  from  the  statement  of  Xeno- 
phon  that  ten  surgeons  were  assigned  to  his  army  of 
10,000.  Homer  describes  more  than  forty  wounds  in 
different  parts  of  the  body  and  with  such  accuracy  of 
details  as  to  suggest  that  they  came  within  his  personal 
knowledge.  War  was  regarded  as  the  proper  school 
for  learning  the  art  of  surgery  while  the  practice  of 
medicine  was  learned  at  the  temple-schools  of  the 
.Esclepieia. 

Though  these  schools  were  active  agents  in  promot- 
ing .a  knowledge  of  medicine  it  was  not  until  the  genius 
of  Hippocrates  was  applied  to  what  w^as  regarded  as  a 
department  of  philosophy  that  medicine  and  surgerv 
became  .sciences.  He  w.as  peculiarly  adapted  to  apply 
to  the  vast  accumulation  of  hitherto  unrelated  facts 
and  experiences  of  the  past  centuries  the  inductive 
method    of    arriving    at    scientific    conclusions    and 
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establish  on  them  as  a  basis  a  logical  and  rational 
sj'stem  of  practice. 

The  life  of  Hippocrates  was  cast  in  the  golden  period 
of  Greek  art,  literature,  and  philosophy.  He  was  a 
contemporary  of  Socrates,  Plato  and  Aristotle;  of 
Heroditus  and  Thucydides;  of  Sophocles  and  Euripi- 
des; of  Pericles  and  Demosthenes.  He  was  the  son  of 
a  physician  and  had  the  education  of  the  schools  of 
the  period;  he  practised  his  profession  during  a  wide- 
spread epidemic  and  became  famous;  he  traveled 
extensively  and  was  a  careful  observer;  he  was  a 
teacher  of  medicine  and  gave  to  the  school  at  Cos  its 
great  reputation.  His  writings  exhibit  a  mind  trained 
to  close  observation;  to  the  judicious  discrimination 
between  the  true  and  the  false;  to  exact  expression; 
and,  above  all,  to  a  synthetic  or  orderly  arrangement 
of  subjects  and  details. 

Billings  saj's  ("History  of  Surgerj-"):  "The  surgi- 
cal part  of  the  Hippocratic  Collection  is  much  more  in 
accordance  with  modern  views  than  the  medical  part; 
but  there  are  certain  characteristics  of  all  the  books 
generally  considered  to  have  been  written  by  Hippo- 
crates himself,  which  are  worthy  of  special  attention 
in  connection  with  the  high  repute  in  which  they  have 
been  held  by  medical  men  for  over  2,000  years.  In 
the  first  place,  it  is  evident  that  one  of  his  special  aims 
was  to  be  entirely  honest  and  truthful  in  his  state- 
ments. He  reports  no  marvelous  cures,  no  speci- 
mens of  extraordinary  success  in  diagnosis  where  others 
had  failed;  fatal  cases  are  given  as  well  as  recoveries, 
and  there  are  no  hints  that  the  former  were  not  seen 
in  time  nor  that  they  had  been  improperly  treated  by 
others." 

The  acknowledged  works  of  Hippocrates  include  the 
treatises  on  "Injuries  of  the  Head;"  "Fractures;" 
"Articulations;"  "Bones,  Their  Injuries  and  Di.s- 
placemcnts;"  "Wounds  and  Ulcers;"  "Fistula;" 
"Hemorrhoides;"  the  "latrium"  or  "Surgery." 

The  books  on  articulations,  dislocations  and  frac- 
tures, are  .systematic  treatises  and  though  based  on  an 
imperfect  knowledge  of  anatomy  show  a  careful  dis- 
crimination of  symptoms  and  the  results  of  large 
experience  in  the  treatment  of  the  latter  accidents. 
Diseases  of  the  joints  are  judiciously  treated  and 
the  use  of  massage  recommended.  Fractures  are  so 
intelligently  discussed  as  to  be  regarded  by  high 
authority  as  quite  in  accord  with  modern  ideas  and 
practice.  The  author  suggests  a  novel  method  of 
equalizing  the  length  of  limbs,  when  one  has  been 
shortened,  viz.,  by  fracturing  the  uninjured  hmb  and 
reducing  it  to  the  length  of  the  other. 

Allbutt  says  ("Relations of  Medicine  and  Surgery") : 
"In  respect  of  fractures  and  luxations  of  the  forearm, 
Petrequin  pronounced  Hippocrates  more  complete 
than  Boyer;  in  respect  of  congenital  luxations  richer 
than  Dupuytren.  Malgaigne  again  admires  his  com- 
parison of  the  effects  of  unreduced  luxations  on  the 
bones,  muscles,  and  functions  of  the  limb  in  adults,  in 
young  children,  and  before  birth,  as  a  wonderful  piece 
of  clinics.  In  Littre's  judgment,  the  work  of  Hippo- 
crates on  the  joints  is  a  work  for  all  time." 

Dislocations  form  an  interesting  feature  of  the  Hip- 
pocratic surgical  works  as  they  seem  to  have  been  of 
common  occurrence,  due  it  has  been  suggested 
(Adams)  to  the  liability  to  that  accident  of  wrestlers 
at  the  public  games.  Of  di.slocations  at  the  shoulder 
it  is  stated  (Baas)  that:  "The  head  of  the  humerus  is 
often  luxated,  but  not  upward,  in  consequence  of  the 
acromian;  nor  backward,  by  reason  of  the  scapula;  nor 
forward,  in  consequence  of  the  biceps  muscle,  but 
rarely  inward  or  outward,  yet  frequently  and  chiefly 
downward." 

Of  dislocations  at  the  knee-  and  elbow-joints  it  is 
alleged  (Billings):  "Luxations  and  subluxations  at  the 
knee  .are  much  milder  accidents  than  subluxations  and 
luxations  at  the  elbow;  for  the  knee-joint  in  propor- 
tion to  its  size,  is  more  compact  than  that  of  the  arm 
and  has  a  more  even  conformation,  and  is  rounded, 
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while  the  jomt  of  the  arm  is  large  and  has  manv  cavi- 
ties. .  .  .  Dislocations  at  the  elbow  are  more  trouble- 
some than  those  at  the  knee,  and,  owing  to  the  inflam- 
mation which  comes  on  and  the  configuration  of  the 
joint,  are  more  difficult  to  reduce  if  the  bones  are  not 
immediately  replaced.  The  bones  at  the  elbow  are 
less  subject  to  dislocation  than  tho.se  of  the  knee,  but 
are  more  difficult  to  reduce  and  keep  in  their  position, 
and  are  more  apt  to  become  inflamed  and  ankylosed.' 
.  .  .  Owing  to  their  configuration,  the  bones"  of  the 
knee  are  indeed  frequently  dislocated,  but  thev  arc 
easily  reduced  for  no  great  inflammation  follows  nor 
any  constriction  of  the  joint.  .  .  .  They  are  dis- 
placed for  the  most  part  to  the  inside,  sometimes  to  the 
outside  and  occasionally  into  the  ham.  The  reduc- 
tion in  all  these  cases  isnot  difficult,  but  in  the  dislo- 
cations inward  and  outward  the  patient  should  be 
placed  on  a  low  seat,  and  the  thigh  should  be  elevated 
but  not  much.  Moderate  extension  for  the  most  part 
sufficeth,  extension  being  made  at  the  leg  and  counter- 
extension  at  the  thigh." 

It  appears  that  Hiiipocrates  makes  no  mention  of 
amputations  through  living  parts  but  alludes  to  the 
successful  separation  of  a  limb  by  gangrene  after  the 
crushing  of  the  vessels  or  the  application  of  a  bandage 
too  tight  in  the  treatment  of  fracture.  He  recognized 
the  importance  of  the  union  of  wounds  by  first  inten- 
tion and  advocated  cleanliness  in  dressing  wounds  to 
secure  that  result.  Wounds  of  the  head  are  to  be 
treated  without  the  application  of  liquors,  cataplasms 
or  tents,  unless  they  are  on  the  forehead  or  the  part 
without  hair,  or  about  the  eyebrow  and  ej'e.  The 
wound  rnay  be  enlarged  for  examination  of  the  bone 
when  it  is  suspected  to  be  injured  and  these  incisions 
may  be  practised  with  impunity  except  on  the  temple 
and  parts  above  it  where  there  is  a  vein  crossing;  for 
convulsions  seize  on  a  person  who  has  been  thus 
treated ;  if  the  incision  be  on  the  left  temple  the  convul- 
sions seize  on  the  right  side,  if  on  the  right  temple  the 
convulsions  take  place  on  the  left  side — showing  a 
knowledge  of  the  decussation  of  the  cerebr.al  nerves. 
Of  the  treatment  it  is  stated  that  those  injuries  requir- 
ing trepanning  are  contusions,  whether  the  bone  is 
bare  or  not,  and  fi.ssure  whether  apparent  or  not; 
exceptions  to  trepanning  are  bones  depressed,  "and 
those  which  are  most  pressed  and  broken  require 
trepanning  the  least." 

Hippocratic  literature  covered  nearly  the  entire 
known  field  of  medicine  and  surgen,'  and,  as  Garrison 
remarks,  "voiced  the  spirit  of  an  entire  epoch." 
While  the  authors  of  this  literature  are  believed  to 
have  been  numerous,  it  is  generally  admitted  that  they 
belonged  to  the  Hippocratic  School.  .\s  a  teacher, 
author,  and  practiser  Hippocrates  exerted  a  controlling 
influence,  not  only  upon  the  medical  thought  of  his 
time,  but  of  all  future  time.  "In  a  word  he  w;is  the 
great  creator  of  scientific  medicine  and  of  artistic 
practice"  (Baas).  The  same  author  adds:  "The 
undying  importance  of  Hippocrates  in  medicine  rests 
first  of  all,  not  so  much  upon  his  enrichment  of  science 
with  new  material  (though  this  honor  is  his  unques- 
tioned due),  as  upon  the  creation  of  a  (lay-)  medicine 
and  art;  upon  the  method  and  really  great  principles 
which  he  introduced  for  all  lime  into  science  and  espe- 
cially into  practice."  From  Celsus'  writings  we  leam 
that  during  the  first  three  centuries  of  the  Hippocratic 
Epoch  the  practice  of  surgery  was  characterized  by 
gre.iter  skill  due  to  more  scientific  methods. 

The  medical  schools  of  Greece  were  active  agencies 
in  promoting  the  study  of  medicine  which  was  re- 
garded as  a  branch  of  Greek  philosophy  prior  to  the 
Hippocratic  Epoch.  There  were  between  fifty  and 
si.xty  temples  of  .Esculapius  in  Greater  Greece  where 
instruction  was  given  in  medicine  and  surgery  as 
early  as  600  B.C.  Of  these  schools  two,  viz.,  that  of 
Cnidos  and  that  of  Cos  became  the  most  famous 
in  the  annals  of  Greek  medicine.  Students  were 
attracted  to  these  Schools  from  other  countries  and 
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became  the  means  of  diffusing  a  knowledge  of  Creek 
surgery  among  existing  nationalities.  The  izistruct- 
c.rs  in  these  schools  were  the  most  eminent  men  of 
their  time  in  the  science  and  art  of  surgery.  It  was  m 
the  School  of  Cos  that  Hippocrates  developed  his  new 
theories  based  on  the  inductive  method  of  analyzing 
facts  and  formulating  conclusions.  Both  schools  had 
a  literature  which  was  held  in  great  repute  for  centu- 
ries. Tlie  School  of  Cnidos  published  its"Cnidiaii 
Sentences"  and  that  at  Cos  its  '■  Pra-notiones  Coaex." 

In  Greater  Greece,  Aristotle  (3S4-:522  B.C.),  a 
pupil  of  Plato,  supplied  a  most  important  elenicnt  in 
the  linal  perfection  of  the  art  of  surgery  by  his  pro- 
motion of  the  study  of  anatomy.  While  his  own 
contributions  were  chiefly  in  the  field  of  comparative 
anatomy  and  cmbrvologv,  it  was  through  the  influence 
of  his  pupils  that  the  schools  of  Alexandria  in  Egypt, 
were  established,  whidi  became  famous  as  centers  of 
instruction  in  anatomy. 

The  following  surgeons  practised  in  the  early 
Hippocratic  Era: 

Cliri/sippus,  of  Cnidos  (340  B.C.),  arrested  hemor- 
rhage by  applying  a  ligature  tightly  to  the  limb  above 
the  bleeding  "point.  Praxagoras,  of  Cos  (355  B.C.), 
practised  taxis  in  every  possible  way  in  strangulated 
hernia,  performed  herniotomy,  amputated  the  uvula, 
recommended  laparotomy  in  obstruction  of  the  intes- 
tine and  removal  of  the  cause  of  obstruction.  Hero-, 
philus,  of  Chalcedon  (355-280  B.C.),  a  pupil  of 
Praxagoras  of  Cos,  was  a  distinguished  teacher  of 
anatomy  in  the  School  of  Alexandria;  discovered  the 
calamus  scriptorius,  the  torcular  Herophili,  the 
venous  sinuses,  the  chyliferous  and  lymphatic  vessels, 
the  livoid  bone,  the  duodenum,  the  prostate  gland,  and 
described  the  anatomy  of  the  eye.  Erasistralus,  of 
lulus  (200  B.C.),  was  a  pupil  of  Chrysippus,  of  Cnidos, 
and  became  a  colleague  of  Hcrophilus  in  the  School  of 
.Alexandria.  He  described  accurately  the  gross  anat- 
omy of  the  brain  and  regarded  the  convolutions  of  the 
cerebrum  and  cerebellum  as  the  seat  of  thought; 
also  the  trachea  to  which  he  gave  its  name,  the  vena 
cava  valve.  He  explained  the  development  of  the 
embrvo  by  new  formation — epigenesis.  Asdepiades, 
of  Bythinia  (124  B.C.),  studied  in  Alexandria,  prac- 
tised at  .\thens  and  Rome,  was  a  solidist,  and  founded 
the  School  of  Methodism,  discarded  anatomy,  relied 
on  medication  and  not  on  nature  and  in  this  as  in 
many  other  opinions  was  an  avowed  opponent  of 
Hippocrates.  He  is  credited  with  performing  the 
first  recorded  tracheotomy  which  he  practised  for  the 
relief  of  angina.  He  also  gave  the  name  "phrenitis" 
to  certain  mental  diseases.  He  scarified  the  ankles  in 
dropsy,  performed  paracentesis  with  a  smalt  wound, 
recognized  spontaneous  luxation  at  the  hip-joint, 
gained  great  popularity  with  the  people  by  the  alleged 
revival  of  a  dead  man.  While  living  at  Rome  ho 
taught  rhetoric,  became  a  friend  of  Cicero  and 
Crassus  and  by  his  cleverness  accomplished  much  in 
allaying  the  prejudices  of  the  Romans  against  Greek 
physicians. 

The  teachings  of  Hippocrates  awakened  in  the 
susceptible  Greek  mind  a  speculative  rather  than  a 
practical  tendency  with  the  result  that  most  of  the 
medical  and  surgical  writers  of  the  next  centuries 
devoted  themselves  to  the  advocacy  and  practice  of 
theories.  This  incessant  theorizing  of  teachers  and 
writers  naturally  led  to  the  division  of  the  profession 
into  schools  of  practice.  The  basis  of  each  school  was 
the  assumed  relations  of  the  solid,  liquid,  antl  gas 
constituents  of  the  body  to  disease  and  the  practice  of 
each  sect  was  governed  by  the  adherence  of  the  indi- 
vidual practiser  to  solidism,  humoralism,  or  pneu- 
matism.  In  this  "welter"  of  the o.-ics,  as  Garrison 
characterizes  them,  surgery  as  a  science,  made  little 
substantial  progress. 

It  had  the  elements  of  a  philosophy  and  was  taught 
in  its  schools  with  great  enthusiasm.  Pupils  were 
attracted  to  these  schools  in  large  numbers  and  on  the 
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completion  of  their  education  they  located  in  practice 
in  home  and  foreign  cities.  As  a  result  Greek  medi- 
cine and  surgery,  which  w^ere  then  taught  as  branches 
of  a  single  subject,  spread  widely  among  surrounding 
nations,  both  West  and  East. 

In  the  West  wc  first  learn  of  the  practical  extension 
of  Greek  surgery  to  the  Roman  Empire  (219  b.c). 
In  that  year  Archagathus,  a  native  of  Peloponnesus, 
Cireece,  "located  in  Rome.  iVlthough  he  secured 
citizenship  he  was  subsequently  banished  from  the 
city  as  a  "carnifex"  (butcher)  because  he  used  the 
knife  and  cautery  so  freely.  The  incident  illustrates 
the  prejudice  of  the  Romans  against  Greek  culture. 
Pliny  savs:  "The  dignity  of  the  Roman  does  not 
permit  him  to  make  a  profession  of  medicine,  and  the 
few  Romans  who  begin  to  study  it  are  venal  renegades 
to  the  Greeks."  Again  he  states  that:  "The  Roman 
people  for  more  than  600  years  were  not,  in- 
deed, without  medical  art,  but  thej'  were  without 
physicians." 

Baas  comments  on  this  statement  as  follows:  "  This 
art  consisted  merely  in  prayers,  dietetic  measures, 
prescriptions  from  the  Sybelline  books,  charms,  etc. 
That  the  Romans  cherished  much  grosser  supersti- 
tions than  the  Greeks  is  well  known.  With  rude 
simplicity  they  elevated  into  divinities  those  evils 
w'hich  especially  harrassed  them,  in  order  probably 
to  rid  themselves  of  them  by  such  promotion,  and 
then  worshiijped  these  deities  with  fervor."  He  adds: 
"In  this  early  period  physicians  formed  a  class  dis- 
pised  by  the  better  order  of  Romans,  for  medicine 
down  to  the  time  of  Caeser  and  even  later,  was  con- 
sidered an  occupation  unworthy  of  one  of  the  CJuir- 
ities,  in  fact  as  dishonorable."  Surgery  was  believed 
to  be  adapted  to  the  functions  of  a  barber,  or  bather, 
or  other  person  engaged  in  the  care  of  the  sick.  En- 
couraged by  such  a  state  of  public  opinion  the  barbers 
assumed  the  duties  of  cupping,  venesection,  applying 
leeches  and  minor  operations. 

However  slight  may  have  been  the  advance  of 
surgery  among  the  Romans  as  a  people,  it  is  neverthe- 
less true  that  by  their  tolerance  of  Greek  surgeons 
they  w-ere  instrumental  in  protecting  and  conserving 
the  scientific  spirit  which  has  characterized  its  devel- 
opment at  all  periods.  Garrison  says:  "Under  the 
Romans,  surgery  .  .  .  attained  to  a  degree  of  per- 
fection which  it  was  not  to  reach  again  before  the 
time  of  Ambroise  Par6.  Surgical  instrumentation, 
in  particular,  was  highly  specialized.  Over  200 
different  surgical  instruments  were  found  at  Pompeii. 
Herniotomy  and  plastic  surgery  were  known,  as  well 
as  the  operations  for  cataract,  version,  and  Cesarean 
section. 

Christianity  a  New  Element  in  Civilization. — 
The  teachings  of  the  Founder  of  Christianity  created 
an  epoch  in  human  history.  His  doctrines  established 
new  ideals  of  life  which  profoundly  changed  the  char- 
acter of  every  individual  who  received  and  practised 
them.  Human  life  now  under  all  conditions  became 
.sacred  and  appealed  for  protection  to  the  highest 
moral  obligation  of  which  man  is  conscious. 

Hitherto,  the  care  and  cure  of  the  sick,  the  protec- 
tion and  support  of  the  helpless  young  and  feeble 
aged  were  undertaken  from  the  common  impulse  of 
luman  sympathy  or  the  requirements  of  the  State. 
The  teacliings  and  the  life  of  the  Christ  exalted  the.se 
ministrations  to  the  realm  and  sacredness  of  religious 
oliligations.  It  was  no  longer  a  duty  to  save  human 
life  in  the  economic  interests  of  the  State,  but  in  an 
exalted  recognition  of  the  brotherhood  of  man.  A 
new_  and  holy  motive  was  henceforth  to  inspire 
Christian  cottimunities  in  their  social  relations  and 
humane  efforts.  Hospitals  were  erected  for  the  sick 
and  asylums  were  created  for  the  dependent  classes. 
The  influence  of  these  works  of  charity  upon  the 
people  was  thus  expres.sed  by  the  Emperor,  Julien, 
who  wrote  Oribasiiis,  the  most  distinguished  surgeon 
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of  the  period,  that  "these  Christians  had  established 
everywhere  hospitals  in  which  not  only  their  own 
people,  but  also  those  who  w'ere  not  Christians  were 
received  and  cared  for  .  .  .  that  it  would  be  idle 
to  hope  to  counteract  the  influence  of  Christianity 
until  corresponding  institutions  could  be  erected  by 
the  government." 

Walshe  ("Old  Time  Makers  of  Medicine")  contends 
that  "Christianity's  influence  on  medicine  instead  of 

hampering  was    most    favorable Far  from 

Christianity  inhibiting  culture,  it  was  the  most 
important  factor  for  its  preservation,  and  it  provided 
the  best  stimulus  and  incentive  for  its  renewed 
development  just  as  soon  as  the  barbarous  peoples 
were  brought  to  a  state  of  mind  to  appreciate  it."  He 
adds:  "The  Church  evidently  considered  itself  bound 
to  care  for  men's  bodies  as  w-ell  as  their  souls." 

"Religion  itself  was  spoken  of  as  a  medicine  of  the 
soul  and  the  body.  Christianity  was  defined  as  the 
religion  of  healing.  The  word  salvation  had  a 
reference  to  both  body  and  soul." 

The  Christian  epoch  influenced  the  evolution  of 
surgery  in  two  important  particulars,  viz.:  (1)  It 
consecrated  the  scientific  spirit,  which  the  epoch  of 
Hippocrates  created,  to  the  sacred  duty  of  conserving 
human  life  and  relieving  human  suffering  from  the 
highest  possible  motive,  the  recognition  of  the  basic 
principle  of  Christianity — the  Fatherhood  of  God  and 
the  Brotherhood  of  man — and  (2)  it  preserved  the 
records  of  the  experience  of  the  centuries  past  inviolate 
and  encouraged  the  study  and  practice  of  surgery — 
many  of  the  "Fathers  of  the  Church"  even  bishops, 
becoming  eminent  practisers.  Though  the  Christian 
Church  did  not  materially  advance  surgery  it  served 
as  important  a  purpose  by  conserving  its  practice  in 
its  hospitals  and  in  its  monasteries  (its  literature) 
during  the  disturbed  centuries  of  the  mediaeval 
period.  Walsh  says:  "The  Church's  first  grave  duty 
was  the  preservation  of  the  old  records  of  literature 
and  science.  Fortunately  the  monasteries  accom- 
phshed  this  task."  But  the  church  not  only  carefully 
preserved  the  literature  of  surgery,  but  it  published 
from  time  to  time  important  works  embodying  practi- 
cal and  essential  matter  gleaned  from  former  writers. 

The  epoch  of  Christianity  may  be  regarded  as  the 
close  of  the  period  of  antiquity  in  the  history  of  sur- 
gery. It  will  prove  useful  and  interesting  before 
entering  upon  the  new  era  to  make  a  note  of  the  stage 
of  development  which  surgery  had  reached  at  this 
period.  This  can  be  approximately  determined  by 
the  number  and  variety  of  instruments  invented  and 
the  character  of  the  operations  performed.  On  the 
variety  and  use  of  instruments  Billings  quotes  Susutra 
whose  writings  he  places  at  100  B.C.  or  700  a.d.  and 
remarks:  "Recent  authorities  consider  that  the  later 
•date  is  the  more  probable  one,  and  that  the  work  took 
its  present  form  under  the  influence  of  ideas  derived 
from  the  Alexandrian  School  and  the  early  Arab 
writers." 

We  select  from  these  writings  such  statements  as 
will  enable  the  student  to  determine  the  stage  of 
development  of  the  art  of  surgery  at  this  epoch. 
"Edged  instruments  are  used  for  eight  purposes,  viz., 
(1)  amputating;  (2)  opening;  (3) _  scarifying;  (4) 
puncturing;  (5)  exploring;  (6)  drawing;  (7)  evacua- 
tions; (8)  sewing."  "A  surgeon  contemplating  to 
operate  in  any  of  the  above  ways  should  first  have 
ready  the  following:  blunt  instruments  (forceps,  etc.), 
sharp  instruments,  potential  cauteries,  cathcrs,  horns, 
leeches,  a  dry  gourd,  a  cauterizing  needle,  stuffing 
materials,  strings,  board,  bandage,  honey,  ghee,  fat, 
milk,  oil,  soothing  decoctions,  injections,  lotions,  fan, 
cold  and  warm  water,  a  frying-pan,  able,  steady  and 
attached  servants."  During  the  operation  "Let  the 
patient  be  seated,  who  has  taken  very  little  food, 
offered  sacrifices,  and  made  ablutions,  with  his  face 
toward  the  east.  The  surgeon  should  stand  with  his 
face  toward  him,  and  plunge  his  instrument  after  the 
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proper  incision  until  matter  comes  out,  and  withdraw 
It,  avoiding  vital  parts,  vessels,  muscles,  articulations, 
bones,  and  arteries.  In  the  case  of  a  large  collection 
of  matter  the  incision  may  be  of  the  breadth  of  two  or 
three  fingers  even.  Incisions  are  either  long,  wide, 
even  or  uneven.  An  incision,  whether  long,  broad, 
clean,  or  dependent,  is  always  to  be  extolled  when  it 
suits  (the  purpose  and)  the  occasion.  Boldness, 
rapidity  of  action,  sharp  instruments,  operation  with- 
out trembling,  fear,  or  doubt,  are  always  praiseworthy 
of  the  surgeon.  The  operation  for  moles,  ascites,  piles, 
calculus,  fistula,  and  mouth  diseases  are  to  be  per- 
formed on  an  empty  stomach."  "The  instruments 
should  be  so  made  that  they  should  be  of  good  finish, 
strong,  clean  in  appearance,  with  good  handles, 
whether  they  be  sharp  or  blunt." 

The  extreme  care  to  have  instruments  adapted  to 
their  purpose  is  seen  in  the  notice  of  the  Svastika  in- 
struments which  "ought  to  be  about  nine  inches  long; 
their  mouths  should  be  respectively  like  those  of  a 
lion,  tiger,  wolf,  hyena,  bear,  elephant,  cat.  hare, 
antelope,  crow,  heron  dog,  jay,  vulture,  falcon,  owl 
kite,  cock,  crouch,  the  bee,  rat,  mouse,  or  bullock, 
each  half  being  united  to  the  other  by  a  nail  of  the 
form  of  a  lentil  seed,  being  bent  inward  at  the  handles 
like  the  elephant-drivers'  hook.  These  forceps  arc 
recommended  for  the  extraction  of  splinters  lodged  in 
bone  .  .  .  The  lion-mouth  forceps  is  for  foreign  bodies 
that  can  be  seen  while  for  covered  ones  there  are  the 
heron  forceps  and  others  of  its  kind.  These  should 
be  used  gently  the  foreign  body  being  removed  in 
accordance  with  surgical  principles.  The  heron  for- 
ceps is  the  best  of  all  forceps,  since  its  use  never  leads 
to  accidents.  It  enters  easily  and  is  very  easily  drawn 
back.  It  lays  a  firm  hold  on  splinters  and  removes 
them  easily." 

Tubular  instruments  are  described  as  "of  a  variety 
of  kinds,  having  various  uses,  open  at  one  end  or  both 
or  having  several  foraminae.  They  are  used  for  re- 
moving obstructions  from  the  great  canals  of  the  body, 
or  for  examination  of  diseases,  or  as  suction  tubes,  or 
for  easy  application  of  remedies.  Their  lengths  are 
always  determined  by  the  aperture  of  the  canal  whence 
the  obstruction  is  to  be  removed  or  the  use  to  which 
they  are  to  be  apphed.  It  appears  that  different 
tubular  instruments  were  used  in  "fistula,  hemorrhoids, 
polypi,  sores,  urethral  injections,  enemas,  retention 
of  urine,  ascites,  inhalation  for  cough  and  dyspnea,  and 
obstruction  of  the  bowels." 

Probe-like  instruments  "are  of  various  kinds  and 
serve  a  variety  of  purposes.  Their  magnitudes  differ 
according  to  the  uses  they  are  applied  to.  .Among 
them  the  earthworm-like  probe,  the  arrow  probe,  the 
serpent-hood  probe,  and  the  hook  probe  are  each  of 
them  two  in  number.  They  have  been  recommended 
for  sounding,  separating,  loosening,  and  extracting 
(foreign  bodies).  Probes  having  lentil-seed-Hke  ends 
are  two.  They  are  sUghtly  curved  inward  at  their 
extremities,  and  are  used  for  the  extraction  of  foreign 
bodies  from  the  large  canals.  There  are  six  probes 
which  are  capped  with  cotton  wool,  and  are  used  for 
cleaning  and  wiping  purposes.  There  arc  three  which 
are  ladle-like  and  mortar-like,  and  are  used  for  appli- 
cation of  caustics.  Three  others  there  arc  which  have 
their  ends  like  a  jambel-seed;  three  others  resemble 
the  elephant  hook.  These  six  arc  u.sed  for  cauterizing 
purposes.  There  is  a  nasal-polypus  probe  which 
resembles  the  kolasthi.  There  is  the  inunction  probe 
which  at  both  extremities  has  a  knob  like  the  pea-seed 
resembling  an  open  bud.  There  is  the  urinary  cathe- 
ter which  resembles  the  stalk  of  malati  flowers,  and  its 
length  varies  according  to  purpose." 

The  writer  who  most  completely  describes  the  opera- 
tions at  this  period  was  .Vuliis  Cornelius  Celsus 
(25  B,c.-50  .\.D.),  a  Greek  resident  of  Rome. 
He  was  not  a  practitioner  but  an  author — an  en- 
cyclopedist— who  wrote  authoritatively  on  many  sub- 
jects.    His  writings  are  believed  to  correctly  illustrate 
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the  state  of  suriiical  practice  at  that  period.  Baas 
says:  "In  this  work  of  Celsus  much  of  the  substance 
of  the  lost  writings  of  ancient  physicians,  and  especially 
those  of  the  Alexandrian  age,  is  preserved.  He  has 
inaiiifestlv  selected  from  these  with  ripe  judgment  only 
what  is  reasonable,  useful,  and  valuable."  He  says: 
"The  (lualitications  of  the  surgeon  .  .  .  are  a  firm, 
steady  hand,  the  ability  to  use  either  hand  equally 
well,  youth,  or  at  least  an  approximation  thereto,  a 
.sharp "eye,  lack  of  timidity  and  cornpassion,  so  as  not 
to  be  moved  by  the  outcries  of  his  patient.  .  .  He 
describes  ...  a  large  number  of  surgical  ailments, 
such  as  disease  of  the  joints  and  the  bones, 
wounds,  tumors,  burns,  fistula,  abscess,  sprains, 
and  lu.xations,  for  which  he  recommends  reduction 
before  the  commencement  of  inflammation;  frac- 
tures, in  which,  when  they  fail  to  unite  he  recom- 
mends extension  and  rubbing  the  ends  of  the  bone, 
and  even  cutting  down  upon  the  bone  so  that  it 
heals  as  an  open  wound;  hernia  which  he  thinks 
originates  in  laceration  of  the  peritoneum;  strangu- 
lated hernia  where  he  cautions  against  cathartics,  the 
radical  operation  for  reducible  hernia  by  turning  up 
and  casting  a  ligature  about  the  neck  of  sac  or  com- 
pression of  the  latter  until  necrosis  takes  place  (in 
large  and  strangulated  hernia  he  does  not  approve 
any  operation). 

He  notices  many  operations  of  the  ancients,  some 
of  them  handed  down  by  him  alone,  as  bleeding, 
double  ligation  of  bleeding  vessels  and  division  of 
vessels  between  the  ligatures,  lithotomy,  castration, 
amputation  in  the  sound  Ilesh  with  a  single  circular 
cut  (in  gangrene  only,  a  rule  which  prevailed  through- 
out the  whole  Middle  .Vges  down  to  the  seventeenth 
century)  which  he  is  the  iirst  among  the  ancients  to 
describe  unequivocally,  catherization,  repair  of  de- 
fects of  the  nose,  lips,  auricles,  and  prepuce  .  .  .  tre- 
panning, the  operative  treatment  of  goiter  .  .  .  resec- 
tion of  the  ribs,  enema  (with  the  view  too  of  artificial 
feeding)  diseases  of  the  ears  (which  ho  only  among  the 
ancients  discusses,  and  in  which  he  recommends  the 
car  .syringe,  extraction  by  means  of  the  forceps,  fasten- 
ing the  teeth  with  gold  wire." 

He  describes  catheterization  .as  follows:  "This  in- 
strument (catheter)  is  necessary  not  only  in  men,  but 
also  occasionally  in  women.  In  order  that  it  may 
fit  everybody,  whether  small  or  large,  the  surgeon 
should  have  tlirce  sizes  for  men  and  two  for  women. 
The  largest  size  for  men  should  be  fifteen  inches  in 
length,  the  medium  twelve  inches,  and  the  smallest 
nine  inches.  For  women  the  larger  size  should  be 
nine  inches  and  the  smaller  six  inches  in  length.  The 
instrument  should  be  curved  slightly  (especially  tlie 
male  variety)  and  as  smooth  as  possible,  and  neither 
too  thin  or  too  thick.  The  patient  should  be  placed 
supine  upon  a  bench  or  couch,  as  in  the  treatment  of 
the  diseases  of  the  anus.  The  surgeon  st.anding  upon 
his  right  side  grasps  with  his  left  hand  the  penis,  and 
with  the  right  introduces  the  instrument  into  the 
urinary  passage.  When  the  catheter  has  reached  the 
neck  of  tlie  bladder,  it,  with  the  penis,  is  to  be 
depressed  and  the  point  pushed  into  the  bladder, 
and  after  the  evacuation  of  the  urine,  it  is  to  be 
withdrawn." 

He  arrested  hemorrhage  by  pressing  the  finger  on 
the  open  vessel  until  the  flow  ceases  when  a  properly 
heated  cautery  is  applied  until  the  blood  stops;  if 
the  blood  cools  the  cautery  another  should  be  used 
.several  of  which  should  be  in  readiness.  He  carefully 
avoided  applying  the  cautery  to  the  nerves.  He 
speaks  of  four  methods  of  arresting  hemorrhage,  viz., 
by  the  cautery,  by  completely  dividing  the  vessel  so 
1hat  the  ends  may  contract  and  allow  the  formation  of 
blood  clots,  by  ligature  and  by  the  application  of 
substances  which  arrest  blood,  supported  by  a 
bandage. 

He  incised  a  contracted  meatus,  dilated  strictures 
of  the  urethra  ^\nth  lead  sounds,  suggested  operations 
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for  hypospadias,  operated  on  varicose  veins  by  inci- 
sion or  extirpation,  cured  adherent  fingers  by  dividing 
the  adhesions  and  inserting  lead  plate  to  prevent 
union.  He  proposed  treatment  of  fracture  of  the 
pelvic  arch  in  women  by  the  introduction  of  a  sheep's 
bladder  into  the  vagina  and  distending  it  through  a 
tube  introduced  into  its  orifice. 

From  the  preceding  quotations  it  is  evident  that 
both  the  art  and  science  of  surgery  had  reached  a 
high  state  of  development  at  this  period.  It  is  to 
be  noted  in  this  connection  that  hitherto  medicine 
and  surgery  were  cultivated  together,  a  condition 
which  contributed  to  their  healthy  and  symmetrical 
development. 

EXPERI.MENTAL     METHODS     OF     RESEARCH     (ClaUdius 

Galen,  131-201  a.d.). — While  the  prejudice  of  the 
Romans  against  Greek  medicine  was  so  intense  that 
few  citizens  entered  the  profession,  Rome  and  its 
provinces  furnished  an  inviting  field  to  enterprising 
physicians  of  other  nationalities.  One  of  the  most 
distinguished  of  this  class  was  Claudius  Galen,  a  native 
of  Pergamus,  who  had  received  his  education  at  the 
schools  of  Smyrna,  Corinth,  and  Alexandria. 

G.alen's  contributions  to  surgery  were  chiefly  con- 
fined to  his  works  on  anatomy  which  were  text-books 
until  the  sixteenth  century.  An  interesting  feature 
of  his  teachings  was  the  recognition  of  the  function  of 
an  organ  or  part,  and  then  the  adaptation  of  structure 
to  function.  This  is  scientific  anatomy  and  even  in 
our  time  does  not  receive  the  .attention  it  deserves. 
In  his  enthusiasm  at  the  revelation  of  design,  or  the 
special  fitness  of  a  part  for  the  function  it  is  to  perform, 
Galen  is  said  to  have  cried  out,  "The  study  of  anat- 
omy is  like  reciting  a  hymn  to  the  Gods."  Deprived 
of  the  opportunity  of  using  human  subjects  in  his 
dissections  Galen's  anatomical  studies  were  largely 
confined  to  animals  and  the  pig  was  his  favorite, 
especially  at  his  demonstrations.  He  was  the  first  to 
describe  the  structure  of  the  tendo  Achillis,  the 
popliteus  muscle,  eight  other  muscles  of  which  two 
were  situated  on  the  upper  arm  and  two  were  niastica- 
tory  muscles,  the  platysma  myoides,  three  coats  of 
arteries,  the  eye  and  its  six  muscles,  the  heart,  the 
larynx,  and  the  spleen  (Baas).  In  experimental  work 
Baas  says  that  Galen  was  the  first  physiologist  to 
vivisect  and  experiment  upon  scientific  principles. 
He  founded  the  physiology  of  the  nervous  system  by 
section  of  the  fifth  cervical  nerve  after  which  he  saw 
the  motility  of  the  supra-  and  infraspinatus  muscles 
cease;  after  destruction  of  the  spinal  marrow  he 
observed  the  loss  of  the  voice.  Galen's  re.searehes  in 
special  pathology  were  useful  as  he  based  results  on 
experiment. 

Though  Galen's  contributions  to  the  development  • 
of  surgery,  embodied  in  his  writings  on  anatomy,  were 
learned  by  the  dissection  of  animals,  the  scientific 
spirit  which  characterized  his  work,  as  illustr.ated  by 
his  .search  for  truth  by  experimental  methods  of 
research,  made  him  an  undisputed  authority  until  the 
epoch  of  human  anatomy  created  by  Vesalius  (1514- 
64).  Baas  remarks  of  Galen  that  he  was  the  dis- 
coverer of  many  anatomical  facts  and  was  always  a 
very  careful  describer,  especially  in  osteology,  the 
central  and  peripheral  nervous  systems,  the  larynx, 
the  intestines  and  the  genital  organs.  He  adds  that 
"Galen  is  the  Father  of  Teleology  in  Medicine." 

Galen's  surgical  wTitings  are  replete  with  sugges- 
tions. He  mentions  forward  dislocation  of  the  thigh; 
aneurysms  due  to  dilatation  and  puncture  of  the  artery ; 
the  treatment  of  .aneurysm  by  means  of  compression 
with  a  sponge  a  method  believed  to  be  modern,  and 
also  treatment  by  ligature.  In  hemorrhage  he  directs 
the  finger  to  be  placed  gently  upon  the  mouth  of  the 
bleeding  vessel,  extending  and  compressing  it;  if  the 
wounded  vessel  lies  deep  the  surgeon  *nust  learn  its 
position  and  size,  and  then,  whether  it  be  a  vein  or 
artery,  lift  it  with  a  hook  and  twist  it  a  little;  if  this 
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does  not  answer,  and  it  is  a  vein,  styptics  such  as 
roasted  rosin,  fine  flour,  gypsum,  etc.,  are  to  be  tried; 
but  if  it  is  an  artery  it  must  be  ligaled  or  entirely 
divided;  also  sometimes  the  veins  must  be  ligated  and 
divided  and  it  is  safer  to  do  both,  that  is,  to  ligate  the 
proximal  end  of  the  vessel  and  also  divide  it  beyond 
the  ligature. 

The  surgeons  of  the  period  whose  names  have 
become  historical  are  as  follows: 

Archigenes  of  Apamea  (48-117  a.d.)  advocated  in 
amputations  the  preliminary  ligation  of  the  main 
vessel  and  subsequent  cauterization  of  the  smaller 
ones;  another  method  of  preventing  hemorrhage  in 
amputations  was  retraction  of  the  skin  above  the 
point  of  operation  and  the  application  of  a  bandage 
tightly._  The  surgeons  of  the  Roman  period  of  his- 
torical interest  were  not  numerous.  Herophilus  and 
Erasistratus  of  the  Alexandrian  School,  practical 
surgeons  but  especially  famous  as  teachers  of  anatomy, 
contributed  to  the  advancement  of  scientific  surgery. 

Rufus  of  Ephesus  (98-117  a.d.)  by  his  dissection 
of  apes  and  other  animals  made  discoveries  in  the 
structures  of  the  eye,  of  the  nervous  system  and  of 
the  heart,  and  published  a  small  work  on  anatomy; 
he  wrote  on  the  diseases  of  the  kidneys  and  urinary 
organs.  Heliodorus  (about  100  a.d.)  is  reputed  to 
have  been  the  first  to  describe  the  ligation  and  torsion 
of  blood-vessels,  and  one  of  the  first  to  perform  inter- 
nal urethrotomy  for  stricture.  In  amputation  of  the 
leg  he  first  made  an  incision  on  the  aftterior  surface  of 
the  leg  and  sawed  the  bone  before  incising  the  soft 
parts  and  the  blood-vessels  on  the  posterior  part  of 
the  leg.  He  discarded  chopping  off  limbs  and 
declares  amputation  through  and  above  the  knee- 
and  elbow-joint  dangerous,  an  opinion  prevalent  to 
the  seventeenth  century.  Supernumerary  members 
he  removed  by  double  circular  section.  He  describes 
trepanning  and  its  after-treatment,  caries  and  necrosis, 
injuries  of  the  head,  exostosis  and  fissures  of  the  skull 
and  their  treatment. 

Leonidas  of  Alexandria  (about  200  a.d.)  is  men- 
tioned as  one  of  the  most  important  of  the  great 
surgeons  of  the  imperial  period.  "He  amputated 
limbs  and  cancerous  breasts  with  the  knife,  even 
cutting  through  the  healthy  tissues,  but  treated 
hemorrhage  with  the  actual  cautery.  In  operating 
for  empyema  he  resorted  to  incision,  as  well  as  to 
burning  through  the  chest  wall  with  the  red-hot  iron. 
In  hydrocele  he  first  cauterized  and  then  made  an 
incision;  he  practised  scarification  in  anasarca, 
recommended  puncture  in  hydrocephalus,  and  found 
the  reduction  of  hernia  not  very  difficult.  Fistula, 
especially  fistula  in  ano,  he  operated  upon  with  a 
blunt  pointed  knife  which  he  called  a  syringotome. 
He  was  the  most  important  syphilographer  for 
antiquity." 

Antyllus  (third  century)  ranks  as  one  of  the  great 
surgeons  of  antiquity.  He  described  the  operations 
of  venesection,  arteriotomy,  cupping,  scarification, 
subcutaneous  section  of  the  ligaments  in  stiff  joints 
and  of  the  tongue  in  stammering,  tracheotomy,  etc. 
He  was  the  first  to  use  depression  of  small  cataract. 
The  most  interesting  feature  of  Antyllus'  writings,  as 
given  by  Oribasius,  and  which  illustrates  his  charac- 
ter and  ability  as  a  practical  surgeon  is  the  descrip- 
tion of  his  method  of  treating  aneurysm — a  method 
recognized  and  practised  until  Hunter  in  1785  applied 
the  ligature  on  the  distal  side  of  the  artery. 

Billings  quotes  from  Oribasius:  "There  are  two 
kinds  of  aneurysm.  In  the  first  the  artery  has  under- 
gone a  local  dilatation;  in  the  second  the  artery  has 
been  ruptured.  The  aneurysms  which  are  due  to 
dilatation  are  longer  than  the  others.  The  aneurysms 
by  rupture  are  more  rounded.  To  refuse  to  treat 
any  aneurysm  as  the  ancient  surgeons  advised  is 
unwise;  but  is  is  also  dangerous  to  operate  upon 
all  of  them.  We  should  refuse,  therefore,  to  treat 
aneurysms  w-hich  are  situated  in  the  axilla,  in  the 
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groin,  and  in  the  neck,  by  reason  of  the  volume  of  the 
vessels  and  the  impossibility  and  danger  of  isolating 
and  tymg  them.  We  should  not  touch  an  aneurysm 
of  large  volume  even  when  it  is  situated  in  some  other 
part  of  the  body.  We  operate  in  the  following  manner 
upon  those  which  are  situated  upon  the  extremities 
and  the  head:  If  the  aneurysm  be  by  dilat.ition  make 
a  straight  incision  through  the  .skiii  in  the  direction 
of  the  length  of  the  vessel,  and  drawing  open  by  the 
aid  of  hooks  the  lips  of  the  wound,  divide"with 
precautions  the  membranes  which  cover  the  artery. 
With  blunt  hooks  we  isolate  the  vein  from  the  artery 
and  lay  open  on  all  sides  the  dilated  part  of  this  la,st 
vessel.  After  having  introduced  beneath  the  artery 
a  probe,  we  raise  the  tumor  and  pass  along  the  probe 
a  needle  armed  with  a  double  thread  in  such  a  manner 
that  the  thread  finds  itself  placed  beneath  the  artery; 
cut  the  threads  near  the  extremity  of  the  needle,  so 
that  there  will  be  two  threads  having  four  ends; 
seizing  then,  the  two  ends  of  one  of  these  threads,  we 
bring  it  gently  toward  one  of  the  two  extremities  of 
the  aneurysm,  tying  it  carefully;  in  like  manner  also 
we  bring  the  other  thread  toward  the  opposite  extrem- 
ity, and  in  this  place  tie  the  artery.  Thus  the  whole 
aneurysm  is  between  the  two  ligatures.  We  open 
then  the  middle  of  the  tumor  by  a  small  incision;  in 
this  manner  all  which  it  contains  will  be  evacuated 
and  there  will  be  no  danger  of  hemorrhage." 

"To  tie,  as  it  has  been  advised,  the  artery  on  both 
sides  of  the  vein,  and  then  to  extirpate  the  dilated 
part  which  finds  itself  between,  is  a  dangerous  opera- 
tion, frequently,  in  fact,  the  violence  and  tension  of 
the  pneuma  push  off  the  ligatures.  If  the  aneurysm 
owes  its  origin  to  the  rupture  of  the  artery,  we  isolate 
with  the  fingers  as  much  of  the  tumor  a.s  we  can,  in- 
cluding the  skin,  after  which  we  pass  underneath  the 
isolated  part  the  needle  with  the  double  thread  and 
proceed  as  before;  after  which  the  tumor  may  be 
opened  at  its  summit  and  the  superfluous  portion  of 
skin  cut  away." 

On  the  downfall  of  the  Western  Empire  (476  a.d.) 
the  capitol  of  the  Eastern  Empire,  Byzantium,  be- 
came prominent  as  the  seat  of  learning.  Although 
several  surgeons  of  eminence  appeared  during  the  first 
centuries  of  the  Byzantine  period  their  attainments 
were  due  to  their  Greek  culture  rather  than  to  any  aid 
derived  from  local  conditions  favoring  their  profes- 
sional advancement. 

Garrison  says:  "The  solitary  thing  the  Eastern 
Empire  did  for  European  medicine  was  to  preserve 
something  of  the  language,  culture  and  literary  texts 
of  Greece.  Although  the  Byzantine  power  lasted 
over  1,000  years  (39.5-1153  a.d.),  medical  history  is 
concerned  chiefly  with  the  names  of  four  industrious 
compilers  who  were  prominent  surgeons  in  the  first 
three  centuries  of  its  existence,  viz.,  Oribasius  (326- 
403),  .Etius  (502-575),  Alexander  of  Tralles  (52.5- 
605),  and  Paul  of  ^gina  (62.5-690)." 

Paul  of  .(Egina  (02.5-690  a.d.)  is  regarded  as  the 
most  famous  surgeon  of  the  Byzantine  period  of  the 
Eastern  Empire.  He  was  educated  at  the  University 
of  Alexandria  and  lived  for  the  most  part  in  Egj^it 
and  Asia  Minor.  His  surgical  writings  were  authority 
for  centuries  though  he  made  no  claim  to  originality, 
acknowledging  that  he  compiled  his  works  from  ancient 
authors,  adding  little  of  his  own  except  a  few  things 
which  he  had  seen  and  tried.  It  appears  from  his 
writings  that  he  practised  scarifications,  punctured  in 
hydrocephalus,  performed  paracentesis,  used  the 
cautery  m  abscess  of  the  liver  and  empyema,  in  her- 
niotomy removed  the  testicle  which  was  practised  into 
the  sixteenth  century,  removed  the  breast  for  cancer, 
extirpated  the  uterus,  incised  in  hydrocele,  applied 
two  ligatures  to  veins  in  varicocele  which  caused 
sloughing  of  the  intermediate  portions,  performed 
clitoridectomy  in  nymphomania,  used  a  speculum  in 
disease  of  the  uterus,  operated  for  imperforate  anus, 
performed  amputations  (Baas). 
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III  frsH'turcs  he  aclvisi'S  iinrnodisite  uso  of  splints  and 
frequent  ehange;  rcfracliire  in  badly  united  fractures, 
even  to  the  use  of  the  chisel;  pressure  in  straightening 
calhis;  describes  machines  for  correcting  crooked 
growth. 

Baas  says:  "The  military  surgery  of  Taul  is  very 
complete,  clear  and  suited  to  the  weapons  of  the  period. 
It  is  evidently  based  on  a  rich  experience  for  he  had 
seen  even  the"  worst  injuries  do  well."  He  concludes 
that  "Paul  must  have  been  one  of  the  most  capable, 
if  not  the  most  important,  of  the  surgeons  among  the 
Greeks  and  certainly  the  most  daring  operator  among 
them." 

The  Mediev.\l  Period  (470-900  a.d.).— The  Nletlio- 
val  Period  was  an  epoch  of  disaster  to  the  existing 
civilization.  Its  dominant  feature  w:us  the  decline  of 
learning  and  the  reign  of  the  vices  of  ignorance  and 
superstition  due  to  the  inva.sion  of  the  Roman  prov- 
inces bv  the  wild  Northmen,  the  conquests  of  Moham- 
medantsm  in  Asia  Minor  and  Spain,  and,  finally, 
the  vast  disturbances  created  among  the  nations  en- 
gaged in  the  crusades.  The  Medieval  Period  has  been 
described  as  the  expiring  struggle  of  ancient  civiliza- 
tion and  the  birth  of  the  Christian  Epoch  or  modern 
civilization. 

Baas  says:  "The  creation  of  a  new  civilization  in 
place  of  the  decayed  and  stagnant  culture  of  the 
ancients  was  then"  the  diincult  task  of  the  Middle 
Ages.  From  a  spiritual  i)(iint  of  view  it  was  the 
result  of  unprecedented  struggles  concerning  the  new 
feelings  and  thoughts  awakened  b}'  a  new  and  Christian 
philo.sophy  and  a  new  faith." 

The  history  of  surgery  during  that  period  was 
characterized  by  conservation  rather  than  progress, 
and  though  it  was  under  the  depressing  influence  of 
Roman  prejudice  from  its  introduction  to  Rome  (146 
B.C.)  to  the  downfall  of  the  Western  Empire  (47r) 
A.D.)  its  darkest  period  was  between  the  latter  date 
and  the  origin  of  the  medical  school  of  Salerno  in 
Italy  in  the  tenth  century — formally  constituted  a 
university  by  Ferdinand  II  (1213  .\.D.). 

It  is  an  interesting  fact  that  while  the  destructive 
forces  of  this  period  were  dominant,  surgery  found  in 
the  religious  orders  that  spirit  of  conservatism  essen- 
tial to  the  preservation  of  its  traditions.  While,  there- 
fore, little  substantial  progress  was  made  nothing  of 
intrinsic  value  was  lost.  The  Medieval  Period  fur- 
nishes to  the  student  of  surgical  history  no  other 
features  of  special  interest  than  a  knowledge  of  the 
conditions  which  during  that  period  protected  the  art 
and  science  of  surgery  from  the  general  disaster. 

We  have  already  noticed  the  fact  that  during  the 
Roman  Period  (146  B.C.,  476  a.d.)  surgery  as  a 
profession  was  discarded  by  the  higher  classes  and 
relegatefl  to  barbers  anrl  bathers,  though  they  tolerated 
and  even  patronized  Greek  surgeons.  We  .attributed 
to  this  latter  incident  the  conservation  of  the  tradi- 
tions of  surgery  and  the  high  grade  of  practice  main- 
tained, during  the  early  centuries  of  the  Medieval 
Period. 

The  first  and  most  important  factor  in  the  protec- 
tion of  surgery  from  the  destructive  forces  of  the  later 
centuries  of  the  Middle  Ages  was  the  spirit  of  conser- 
vatism of  the  sciences  and  the  humane  institutions 
of  the   period  by  the   Church  and  the  monasteries. 

Walshe's  able  review  of  this  period  is  very  enlighten- 
ing as  to  the  relations  of  Christianity  to  the  sciences 
and  especially  to  the  preservation  of  those  of  medicine 
and  surgery.  He  says:  "The  decadence  of  the  early 
Middle  .\gcs  was  due  to  the  natural  shifting  of  masses 
of  population  of  this  time,  while  the  salvation  of 
scientific  and  literary  trarlitions  was  due  to  the  one 
.stable  element  in  all  these  centuries — ^the  Church. 
Far  from  Christianity  inhibitng  culture,  it  was  the 
most  important  factor  for  its  preservation. 

The  service  which  the  Church  rendered  to  medicine 
and  surgery  he  thus  explains:  "The  Church's  first 
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dut}'  was  the  preservation  of  the  old  records  of  litera- 
ture and  of  scieni'e.  Fortunately  the  monasteries 
accomplished  this  task,  which  would  have  been  ex- 
tremely i)erilous  for  the  precious  treasures  involved 
but  for  tlie  favorable  conditions  thus  afforded.  .  .  . 
Monasteries  .  .  .  were  built  very  substantially  and 
very  simply,  and  the  life  in  them  formed  the  best  pos- 
sible safeguard  against  fire  which  worked  so  much 
havoc  in  cities.  Not  only  were  the  old  records  pre- 
served, but  excerpts  from  them  were  coll.ated  and  dis- 
cussed and  applied  by  means  of  direct  observation." 

Another  conservative  force  during  the  Medieval 
Period  was  the  Jewish  physician.  During  the  Middle 
Ages  the  Jews  were  very  prominent  as  practising 
physicians  and  instructors.  They  were  among  the 
teachers  of  the  Arabs  in  the  East,  and  of  the  Moors  in 
Spain,  and  were  probably  among  the  first  profes- 
sors at  Salerno  as  well  as  at  Montpellier.  Many 
prominent  rulers  and  ecclesiastics  selected  Jewish 
physicians. 

Billings  says:  "The  kings  and  the  great  nobles, 
including  some  of  the  bishops,  resorted  to  Hebrew 
physicians,  who  during  the  tenth  and  eleventh  cen- 
turies were  almost  the  only  persons  who  possesseri 
medical  learning  or  who  wrote  on  medical  subjects. 
A  Jewish  physician  in  those  days  was  a  sort  of  contra- 
band luxury.  Both  Catholic  and  Mohammedan  rulers 
resorted  to  him  when  anything  like  scientific  knowl- 
edge was  required.  ...  It  should  be  noted  that 
the  preference  ti'as  for  Jewish  physicians  as  being 
Jews."  .  .  . 

A  third  conservative  force  was  due  to  the  Arabian 
influx  into  Italy  and  Spain  after  the  capture  of  Alex- 
"andria  by  the  Muhaiuinedans  (640  a.d.).  The  con- 
quests of  the  Mnhanunedan  Arabs  in  Asia  Minor  and 
Spain  brought  these  wandering  tribes  into  contact 
with  Greek  and  Christian  culture.  Walsh  says : 
"Captive  Greece  took  its  captors  captive.  What  hap- 
pened to  the  Romans  earlier  came  to  pass  also 
among  the  Arabs.  Inspired  by  Greek  philosophy, 
especially  that  of  Aristotle,  they  became  ardent  devo- 
tees of  science  and  the  arts.  While  not  inventing  or 
discovering  anything  new,  like  the  Romans,  they  car- 
ried on  the  old."  An  important  feature  of  this  awak- 
ening of  the  oriental  mind  to  an  appreciation  of 
learning  led  to  the  establishment  of  centers  of  educa- 
tion and  the  collection  and  preservation  of  scientific 
literature  in  libraries.  Medicine  as  a  philosophy  of 
health  attracted  especial  attention  and  its  literature 
was  carefully  preserved  and  its  tenets  taught  in  the 
schools. 

A  disturbing  element  in  the  progress  of  surgery 
which  had  its  origin  in  the  prejudices  of  the  Roman 
people  against  Greek  medicine  became  dominant 
during  the  later  Medieval  Period  And  must  be  noted, 
viz.,  the  rise  of  the  "barber  surgeons."  The  physi- 
cians of  the  period  were  of  the  priestly  class  and 
abhorred  the  shedding  of  blood,  while  the  barbers 
were  the  ordinary  surgical  operators.  The  Romans 
had  declared  that  surgery  was  a  menial  handicraft, 
unfit  for  the  nobility  but  adapted  to  the  functions  of 
barbers  and  bathers.  This  prejudice  was  intensified 
by  the  arrogance  of  the  priests  who  were  in  intimate 
relations  with  the  ruling  classes,  and  who  sought 
everywhere  to  control  the  policies  of  governments  in 
relation  to  the  practice  of  medicine  and  surgery. 
The  result  was  that  the  barber  surgeons  became  a 
power  for  centuries  in  France,  Germany  and  Great 
Britian  and  influenced  unfavorably  the  progress  of 
scientific  surgery.  In  France  they  were  divided  into 
two  classes  in  the  middle  of  the  thirteenth  century,  viz., 
the  ordinary  or  lay  barber,  afterward  known  as  "barber 
surgeons"  or  "surgeons  of  the  short  robe;"  and  the 
"clerk  barbers"  or  "surgeon  barbers,"  "the  surgeons 
of  St.  Come,"  or  "surgeons  of  the  long  robe,"  who 
sought  to  be  independent  of  the  ordinary  barbers,  to 
monopolize  surgical  operations  and  to  raise  their 
Guild  to  the  rank  of  a  profession.     The  Guild  of  the 
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surgeon  barbers  was  organized  in  1268,  six  surgeons 
being  selected  to  examine  and  license  those  who 
wished  to  practise,  more  especially  barbers. 

In  England  the  barber  surgeons  were  chartered  as  a 
company  in  1401,  but  the  charter  did  not  prohibit 
other  persons  from  practising  surgery  in  London.  In 
1512  a  new  charter  was  granted  which  forbade  the 
practice  of  surgery  by  others  than  members  of  the 
company  of  barber  surgeons  inside  the  City  of  London 
and  within  seven  miles  of  the  same.  In  1540  there 
was  an  effort  to  separate  the  duties  of  surgeons  and 
barbers  by  an  act  of  Parliament  which  provided  that 
"no  person  using  any  shaving  or  barbery  in  London 
shall  occupy  any  surgery,  letting  of  blood  or  other 
matter,  except  only  drawing  of  teeth."  Surgeons 
were  prohibited  from  practising  shaving.  In  1745  an 
act  was  passed  separating  the  surgeons  from  the  bar- 
bers which  resulted  in  the  final  downfall  of  the  hier- 
archy of  barber  surgeons. 

The  following  were  the  more  notable  surgeons  of 
the  period: 

jEtius  (502-576  a.d.)  of  Amida,  in  Mesopotamia, 
was  the  first  great  Christian  surgeon.  He  was  edu- 
cated in  the  School  of  Alexandria  and  lived  in  Byzan- 
tium. He  became  physician  to  the  Emperor  Jus- 
tinian I.  His  WTitings  on  surgery  show  an  advanced 
stage  of  practice.  He  mentions  ligation  and  torsion 
of  vessels  to  arrest  hemorrhage.  In  the  cure  of  vari- 
cose veins  he  applied  two  ligatures  and  excised  the 
dilated  portion  followed  by  a  light  bandage.  He  also 
applied  the  cautery  at  intervals  on  the  distended  part. 
Foreign  bodies  in  the  larynx  he  removed  by  inducing 
sneezing  or  coughing  and  if  in  the  esophagus,  and 
could  not  be  reached  by  forceps,  the  patient  was 
either  to  swallow  mouthfuls  of  fresh  bread  to  force  the 
mass  into  the  stomach  or  an  attempt  should  be  made 
to  have  him  swallow  a  well-greased  sponge,  or  piece 
of  meat  to  which  a  string  is  attached.  He  distin- 
guishes between  rodent  ulcers  and  cancer,  and  the 
latter  he  says  is  more  frequent  in  women  than  in  men. 
In  operations  for  cancer  he  quotes  from  Leonides  the 
necessity  of  extensive  removal  of  tissue  and  the  free 
use  of  the  cautery  to  destroy  any  remaining  diseased 
tissue — quite  modern  methods. 

jEtius  was  obsessed  with  Christian  superstition  as 
appears  from  his  method  of  treating  foreign  bodies  in 
the  esophagus,  which  was  to  seize  the  patient  by  the 
throat  and  cry  in  a  loud  voice,  "As  Jesus  Christ  drew 
Lazarus  from  the  grave;  and  Jonah  out  of  the  whale; 
thus  Blasius,  the  MartjT  and  servant  of  God,  com- 
mands, 'Bone  come  up  or  go  down'!"  The  surgical 
writings  of  Jitius  were  popular  for  centuries  though 
largely  copied  from  previous  '^Titers.  Cornelius  re- 
marks that  if  one  "would  have  the  whole  of  Galen 
abbreviated  and  the  whole  of  Oribasius  extended,  and 
the  whole  of  Paulus  (of  ^gina)  ampUfied  all  the 
special  remedies  of  the  old  physicians  ...  in  surgery 
boiled  down  to  a  summary,  he  will  find  it  in  jEtius." 

Rhazes  (850-923  a.d.)  was  a  native  of  Raj, 
Province  of  Chorasan,  Persia,  and  studied  at  Bagdad. 
By  direction  of  the  Sultan  he  had  charge  of  the  en- 
larged hospital  at  Bagdad.  His  principal  surgical 
writings  were  largely  quotations  from  Oribasius,  Paul 
of  iEgina  and  ^Etius,  with  original  observations  on  a 
variety  of  subjects,  as  hernia.  Malgaigne  says  that 
Rhazes  was  the  first  to  mention  a  7nelal  band  in  con- 
nection with  a  truss.  In  wounds  of  the  abdomen 
with  protrusion  of  the  intestines  which  it  is  difficult  to 
replace,  he  advises  suspension  of  the  patient  by  his 
hands  and  feet  in  a  bath  with  the  application  to  the 
intestines  of  comjiresses  wet  with  warm  wine.  The 
writings  of  Rhazes  were  in  great  repute  for  centuries. 
_  The  .\rabians  contributed  to  the  revival  of  scien- 
tific surgery  through  the  institutions  of  learning 
which  they  had  acquired  by  their  conquests  in  Egypt, 
Asia  Minor  and  Spain,  and  which  they  not  only 
continued  but  to  which  they  added  others.  The 
schools  of  Alexandria,  Tarsus,  Cos,  Cnidos,  Pergamos 


were  thus  preserved  and  the  most  famous  added  were 
tlie  schools  of  Bagdad  in  the  East  and  Cordova  in  the 
West.  Hence,  it  has  been  alleged  that  the  teaching 
in  Salerno  was  Arabian,  but  there  is  evidence  that  it 
was  chiefly  Grecian.  This  opinion  is  confirmed  by 
Hyrtl,  "Rarer  Old  Anatomists"  who  says:  "The 
.A.rabs  paid  very  little  attention  to  anatomy,"  and  .  .  . 
because  of  the  prohibition  of  the  Koran,  added  nothing 
to  it.  '\\Tiatever  t  hey  knew  they  took  from  the  Greek.s, 
and  especially  Galen.  Not  only  did  thev  not  add 
anj'thing  new  to  this,  but  they  even  lost  sight  of  much 
that  was  important  in  the  older  authors.  .  .  .  They 
delighted  in  theory,  rather  than  in  observation." 
.\li  .4bbas  (tenth  century)  described  the  treatment  of 
a  wound  of  the  artery  in  venesection  from  the  median 
basiUc  vein,  \-iz.:  careful  isolation  of  the  arterj'  by  dis- 
section and  the  application  of  a  ligature  above  and 
another  below  the  wound  and  then  complete  division 
of  the  vessel  at  the  seat  of  the  wound.  In  ascites,  he 
directed  that  an  opening  be  made  in  the  abdominal 
wall  with  a  lancet  three  fingers  breadth  below  the 
navel  and,  after  the  evacuation  of  a  portion  of  the 
fluid,  the  insertion  of  a  tube  through  which  a  certain 
amount  of  fluid  is  allowed  to  escape  from  time  to  time 
until  the  cure  is  effected.  From  the  preceding  sketch 
it  appears  that  though  little  progress  in  the  develop- 
ment of  surgery  was  made  during  the  period  of  the 
Middle  Ages  prior  to  the  tenth  century,  it  had  not  lost 
the  scientific  spirit  which  has  characterized  its  prog- 
ress at  all  times,  and  under  all  conditions.  The  long 
period  of  conservatism  through  which  surgery  had 
passed  seems  to  have  prepared  it  to  enter  with  renewed 
energy  an  epoch  of  education.  The  time,  place  and 
promotors  of  such  an  epoch  seem  to  have  been  wisely 
chosen  in  the  organization  and  management  of  the 
Medical  School  of  Salerno. 

The  Medical  Schoolof  Salerno  (About  900  a.d.). — 
This  epoch  was  characterized  by  tlic  establishment 
of  schools  of  learning  and  universities.  The  debris  of 
the  ancient  and  now  destroyed  civilization  was  to  be 
removed  and  new  generations  were  educated  and 
adapted  to  the  duties  of  the  future  constitution  of 
society.  The  initial  movement  in  this  preparation  so 
far  as  it  affected  the  progre-ss  of  surgery  began  with  the 
Medical  School  of  Salerno  about  the  beginning  of  the 
tenth  century.  Salerno  was  a  small  sea-side  town 
near  Naples,  Italy.  It  had  been  a  famous  health- 
resort  of  the  Romans  from  an  early  period.  A  hos- 
pital was  among  its  public  institutions  820  a.d.,  under 
tlie  management  of  the  Benedictines.  Other  chari- 
ties were  added  from  time  to  time  and  thus  the  sick 
were  attracted  to  Salerno  from  all  parts — Arabs, 
Jews,  Mohammedans,  Christians,  Greeks.  At  one 
time  crusaders  sought  the  cure  of  their  injuries  and 
diseases  at  Salerno.  Naturally,  high-grade  physicians 
and  surgeons  were  called  to  attend  them  and  many  be- 
came permanent  residents. 

The  school  began  to  attract  attention  at  the  begin- 
ning of  the  tenth  century.  Its  origin  is  attributed  to 
four  persons,  called  "The  Four  Masters,"  viz.,  Elinus, 
a  Jewish  Rabbi;  Pontus,  a  Greek;  Adala,  an  .\rabian; 
Salerno,  a  Roman  Magister. 

In  its  origination  and  teachings  the  School  of  Sal- 
erno created  an  epoch  in  the  teaching  of  medicine  and 
it  ushered  in  the  era  of  modern  scientific  in  phicc 
of  ancient,  empirical,  practice.  W'alshe  says:  "It 
brought  about  in  the  course  of  its  development  an 
organization  of  medical  education,  and  an  establish- 
ment of  standards  that  were  to  be  maintained  when- 
ever and  wherever  there  was  a  true  professional  si)irit 
down  to  our  time.  They  insisted  on  a  preliminary 
education  of  three  years  of  college  work,  on  at  least 
four  years  of  medical  training,  on  special  study  for 
special  work,  as  in  surgery  and  on  practical  training 
with  a  physician,  or  in  a  hospital,  before  the  student 
was  allowed  to  practise  for  himself."  These  stringent 
but   altogether   rational   regulations,   which   are   not 
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cxcollfd  by  the  best  medical  schools  of  to-tlay,  were 
so  popular  that  the  authorities  proceeded  to  en- 
force them  bv  legal  enactments.  Thus  the  Medical 
School  of  Salerno  not  only  became  famous  as  the 
epoch-making  force  in  the  new  era  of  the  development 
of  the  medical  sciences,  but  it  attracted  other  depart- 
ments (if  learning  which  resvilted  in  its  becoming  a 
universitv,  bv  roval  edict,  in  1213. 

The  resources  of  the  School  of  Salerno,  as  a  centex  of 
instruction  in  surgery,  were  greatly  improved  by  Con- 
stantine  .\fricanus,  a  native  of  Carthage  (1018-108.'j), 
who  was  devoted  to  the  collection  of  scientific  works. 
In  extensive  travels  he  collected  and  preserved  a  large 
amount  of  the  most  important  medical  literature  then 
accessible.  On  being  called  to  the  School  of  Salerno 
as  a  professor  this  literature  became  available  to  the 
teachers  and  pupils  and  thus  gave  a  high  character  to 
the  instruction  in  all  branches.  After  ten  years 
service  as  a  professor  Constantine  became  a  Benedic- 
tine monk  and  retired  to  the  monaster}'  at  Monte 
Cassino  where  he  prepared  much  of  the  medical  litera- 
ture which  is  attributed  to  him. 

As  the  Arabs  by  their  conquests  h.ad  been  brought 
into  immediate  contact  with  Grecian  physicians  in 
the  Greek  cities  of  .\sia  Minor  tlicy  were  more  familiar 
with  the  medical  sciences  than  the  scholars  of  the 
West.  "What  was  best  in  .Arabian  medicine"  says 
Walsho,  "  was  brought  to  Salerno  by  Constantine  and 
his  translation  of  many  well-known  Arabian  medical 
authors  proved  eminently  suggestive  to  seriously 
investigating  physicians  all  over  the  world."  Pagel, 
quoted  by  Walshe  ("Puschmann's  Handbook"), 
says,  "a  further  merit  of  Constantine  must  be  recog- 
nized, inasmuch  as  that  not  long  after  his  career  the 
second  epoch  of  the  school  of  Salerno  begins,  marked 
not  only  by  a  wealth  of  writers  and  writings  on  medi- 
cine, but,  above  all,  because  from  this  time  on  the 
study  of  Greek  medicine  received  renewed  encourage- 
ment through  the  Latin  versions  of  the  .\rabian  litera- 
ture. We  may  think  as  we  will  of  the  worth  of  these 
works,  but  this  much  is  sure,  that  in  many  ways  they 
brought  about  a  broadening  and  an  improvement  of 
Greek  knowledge." 

The  distinguishing  features  of  the  School  of  Salerno 
were  both  in  the  subjects  taught  and  the  method  of 
teaching.  The  subjects  taught  were  the  most  ad- 
vanced then  known  in  the  art  and  science  of  surgery, 
and  were  made  available  to  the  teaching  faculty  by 
the  collection  of  literature  contributed  by  Con.stantine. 
The  method  of  teaching  was  in  a  legally  organized 
school  which  admitted  only  qualified  stiidents  and 
required  a  fixed  term  of  .study  and  a  high  grade  of 
scholarship  for  graduation.  Walshe  says  the  school 
of  Salerno  standardized  medical  teaching  and  adds: 
"The  most  important  contributions  to  medical  science 
made  by  the  Medical  School  of  Salerno,  at  the  height 
of  its  development,  were  in  surgery." 

The  epoch  which  the  School  of  Salerno  created  was 
distinguished  for  the  high  grade  of  its  teachings  due 
largely  to  its  intimate  association  with  the  rising  uni- 
versities. In  this  regard  it  laid  securely  the  founda- 
tions of  the  teaching  of  scientific  surgery.  Baas 
speaks  of  the  dominance  of  the  School  of  Salerno  as 
the  "Scholastic  Period." 

Created  and  finally  endowed  as  a  university  this 
school  was  in  a  position  to  exert  a  wide  and  popular 
influence  on  the  progress  of  the  medical  sciences. 
Students  were  attracted  to  it  from  distant  countries 
who,  on  returning,  estabUshcd  schools  of  medicine  in 
the  Universities  of  Italy,  Spain,  and  France  on  the 
basis  of  that  at  Salerno.  Several  of  these  became 
famous  as  centers  of  surgical  instruction,  viz.,  Bolonga, 
Reggio,  and  Mocena  in  the  twelfth  centurv;  Vicenza,' 
Padua,  and  Naples,  in  the  thirteenth  centurv;  Rome, 
Pisa,  and  Florence  in  the  fourteenth  century.  The 
representative  surgeons  of  Salerno  and  the  more  promi- 
nent universities  of  southern  Italv  maintained  for 
centuries   the   high   standards   of   instruction   of   the 
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schools  with  which  they  were  connected  and  through 
their  pupils  transmitted  them  to  the  northern  States  of 
Europe. 

The  most  important  work  on  surgery  emanating 
from  the  School  of  Salerno  was  by  Roger  of  Parma 
(about  1210)  who  had  been  one  of  its  pupils  and  pro- 
fessors. His  work  "Practica  Chirurgise"  is  said  to 
have  formed  the  real  basis  of  the  medieval  surgery  of 
Italv,  though  he  borrowed  from  Albucasis  and  Paul  of 
.EgiiKi  (Baas). 

Walshe,  however,  says:  "Apart  from  Greek  sources 
Roger's  book  rests  entirely  upon  his  own  experiences, 
those  of  his  teachers  and  colleagues,  and  the  tradi- 
tions in  surgery  that  had  developed  at  Salerno.  This 
tradition  was  entirely  from  the  Greek."  He  quotes 
from  Roger  as  follows:  "We  have  resolved  to  write 
out  deliberately  our  methods  of  operation  such  as 
they  have  been,  derived  from  our  own  experience  and 
that  of  our  colleagues  and  illustrious  men." 

Roger  was  the  first  to  mention  hernia  pulmonis; 
described  trepanning  of  the  sternum  and  stitching  of 
the  intestine  over  a  hollow  cylinder.  He  was  an 
advocate  of  moist  dressings  in  the  treatment  of 
wounds  or  healing  by  second  intention;  he  employed 
the  seton;  advised  the  ashes  of  the  sponge  and  -sea- 
weed (iodides)  for  goiter  and  scrofula;  taught  the  use 
of  the  ligature  in  hemorrhage. 

Rolando,  of  Parma  (about  1250),  a  pupil  of 
Salerno  and  professor  in  the  School  of  Bologna,  wrote 
a  commentary  on  the  works  of  his  master,  Roger.  He 
practised  excision  of  chancres,  scrofulous  glands  and 
goiter.  Later  (about  1270)  the  "Four  Masters" 
of  Salerno,  as  they  were  called,  probably  surgeons 
living  together  in  the  style  of  the  monks,  issued  a  com- 
mentary on  the  writings  of  these  surgeons  which  has 
been  regarded  as  the  ablest  of  the  medieval  works  on 
surgery.  Gurlt,  referring  to  this  final  work,  says: 
"in  spite  of  the  fact  that  there  is  some  doubt  about  the 
names  of  the  authors,  this  volume  constitutes  one  of 
the  most  important  sources  for  the  history  of  surgery 
of  the  later  Middle  Ages  and  makes  it  very  clear 
that  these  writers  drew  their  opinions  from  a  rich 
experience." 

Following  Roger  and  Rolando  and  the  "Four 
Masters"  in  southern  Italy  was  a  group  of  surgeons 
of  northern  Italy,  educated  at  Salerno,  who  became 
prominent  as  teachers  and  authors  and  through  whose 
efforts  we  trace  the  progress  of  surgery  northward  to 
France  and  even  England.  First  was  Bruno  of 
Longoburgo  (1252)  of  Calabria,  who  studied  at 
Salerno  and  became  a  professor  at  Padua.  Baas 
speaks  of  him  as,  "A  man  of  ointments,  though  he 
did  not  shrink  from  lithotomy,  and  treated  goiter,  etc., 
by  operation."  He  wrote  two  works  on  surgery — 
major  and  minor — which  were  compiled  from  the 
Greek  and  were  very  celebrated.  He  advocated  the 
healing  of  wounds  by  first  intention  the  "dry  method  " 
of  that  day,  and  to  this  end  he  adopted  absolute 
cleanliness  of  the  wound,  even  avoiding  the  use  of 
water  and  secured  drainage  by  position  and  tents. 

Theodoric  (1205-1298),  of  Cervia,  was  a  Dominican 
monk  and  later  Bishop  of  Cervia.  He  was  a  son  of 
the  eminent  physician,  Hugh  of  Lucca,  and  wTote  a 
text-book  of  surgery  with  his  full  name  and  title  as 
bishop.  He  also  practised  the  dry  healing  of  wounds 
by  the  use  of  the  ligature  and  the  appHcation  of  wine 
and  water;  he  used  soft  bandages  instead  of  wooden 
splints  and  secured  narcotism  of  the  patient  to  be 
operated  upon  bv  means  of  opium  and  hyoscyamus. 

William  of  Salicet  (1201-1280)  was  a  pupil  of 
Bruno  and  became  a  professor  at  Bolonga  and 
Verona.  His  surgical  WTitings  were  remarkable  for 
that  period  in  that  he  quoted  little  from  old  authors, 
but  recorded  his  own  experience.  He  was  an  advo- 
cate of  the  combination  of  medicine  and  surgery  in  a 
practiser,  believing  that  the  physician  learned  much 
by  seeing  the  interior  of  the  body  during  life,  while 
the  surgeon  was  more  conservative  if  he  were  a  phy- 
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sician  (Walshe).  Billings  speaks  of  William  of 
Salicet  as  the  greatest  surgeon  of  his  century  and  it 
is  certain  that  he  represented  the  highest  attainment 
of  Italian  surgery  of  that  period.  The  introduction  of 
Italian  or  modern  surgery  into  the  northern  countries 
was  naturally  effected  through  the  medium  of  their 
students,  who  recei\ed  their  education  in  the  Italian 
medical  schools. 

In  France  surgery  was  at  this  time  in  a  transition 
state  and  it  was  largely  through  the  introduction  of 
the  teachings  of  William  of  Salicet  that  it  assumed  a 
scientific  character.  From  Baas  we  learn  that 
medicine  and  surgery  were  entirely  separated  in  its 
schools  the  latter  being  regarded  as  inferior.  From 
an  early  period,  the  surgeons  were  a  distinct  class, 
having  their  own  special  college  and  guilds  of  inferior 
and  superior  surgeons,  the  former  being  subordinate 
to  the  latter,  and  both  were  under  the  control  of  the 
physicians  or  "Faculties."  The  most  important 
and  influential  in  the  development  of  modern  surgery 
was  the  ''College  de  Saint  Come."  Its  organizer  and 
president  was  the  royal  surgeon  Jean  Piturd  (12'2.S- 
1315).  The  members  had  already  separated  from 
the  barbers  and  formed  a  guild  of  superior  surgeons, 
but  though  a  high  grade  of  guild-surgery  was  thus 
attained  it  was  held  in  little  esteem  scientifically. 
This  defect  was  supplied  from   the  Italian  schools. 

Lanfranc-Lanfranchi  (died  about  1315),  a  native 
of  Milan,  was  prominent  in  introducing  Italian  sur- 
gery into  France.  He  was  a  pupil  of  the  famous 
William  of  Salicet  and  was  compelled  through  political 
disturbances  to  leave  his  country.  He  located  at 
Lyons  where  he  gained  such  a  reputation  that  he  was 
invited  to  lecture  in  Paris.  He  became  a  member  of 
the  "College  de  St.  Come"  and  his  lectures  were 
attended  by  throngs  of  pupils.  One  feature  of  his 
lectures  especially  attractive  to  .students  was  that  he 
invited  them  to  the  bedside  of  the  patient  and  thus 
established  clinical  teaching.  By  his  lectures  and 
writings  _  Lanfrano  has  the  reputation  of  being  the 
pioneer  in  lajang  the  foundations  of  scientific  and 
practical  surgery  in  France.  He  wTote  treatises  on 
major  and  minor  surgerj'  which  Gurlt  regards  with 
great  favor. 

Monde  ville  (1260-1320),  a  native  of  Normandy,  was 
a  contemporary  of  Lanfranc  and  aided  him  in  the 
promotion  of  the  new  era  in  surgery.  He  was  a 
pupil  of  Theodoric  of  Italy  and  of  Pitard  of  Paris. 
He  first  lectured  at  Montpellier  and  subsequently  at 
Paris.  He  promoted  the  study  of  scientific  anatomy. 
His  writings  on  surgery  were  held  in  high  esteem  owing 
to  their  thoroughly  practical  character  in  all  details. 
Walshe  states  that  "  Mondeville  diWdes  surgeons 
of  this  period  into  three  sects:  "first,  that  of  the 
Salernitians,  with  Roger,  Roland,  and  the  Four 
Masters;  second,  that  of  William  of  Salicet  and  Lan- 
franc; and  third,  that  of  Hugo  de  Lucca  and  his 
brother  Theodoric  and  their  modern  disciples."  The 
characteristics  of  these  sects  are  given  as  follows: 
"The  first  limited  patients'  diet,  used  no  stimulants, 
dilated  all  wounds,  and  got  union  only  after  pus  for- 
mation; the  second,  allowed  a  liberal  diet  to  weak 
patients,  though  not  to  the  strong,  but  generally 
mterfered  with  wounds  too  much;  the  third,  believed 
in  a  liberal  diet,  never  dilated  wounds,  never  in- 
serted tents,  and  its  members  were  extremely  careful 
not  to  complicate  wounds  of  the  head  by  unwise 
interference." 

Guy  de  Chauliac  (1300-1370)  was  a  native  of 
Chauliac,  on  the  borders  of  .\uvergne,  France.  He 
was  educated  for  the  service  of  the  Church,  but 
studied  medicine  in  the  Universities  of  Paris,  Mont- 
pellier, and  Bolonga.  The  latter  place  was  famous  for 
its  instruction  in  anatomy,  while  Paris  was  reputable 
for  its  surgery.  He  traveled  extensively  and  prac- 
tised surgery  at  Lyons  and  other  places,  and  on  being 
appointed  Chaplain  to  Pope  Urban  V.,  he  located  at 
Avignon. 


In  1363  his  "Chirurgia  Magna"  was  written  which 
for  a  long  period  was  the  surgical  authority  of  France. 
Baas  regards  his  surgical  treatise  as  marked  by  his- 
torical comprehensiveness  and  critical  judgment,  by- 
freedom  from  subtilities,  by  truthfulness  in  respect  to 
the  author's  own  observations,  and  by  high  estimation 
and  knowledge  of  anatomy.  He  performed  venesec- 
tion according  to  the  seat  and  grade  of  the  disease, 
opened  boldly  deep-seated  abscesses,  slit  up  fistula;,  and 
employed  compressive  bandages  in  ulcers.  In  caries, 
anthrax  and  all  suitable  lesions  he  used  the  actual 
cautery,  especially  in  open  cancer,  which  he  declared 
allied  to  leprosy;  but  non-ulcerating  cancer  he  cut  out. 
His  treatment  of  injuries  of  the  head  were  conserva- 
tive, the  trephine  being  used  when  necessary,  but  ac- 
cording to  rules  which  he  gave.  As  a  caution  against 
its  too  free  use,  he  states  that  he  has  seen  cases  re- 
cover where  there  has  been  a  loss  of  brain  substance. 
He  advised  suturing  of  wounds  of  the  intestine  and 
describes  the  kind  of  suture  and  invented  a  special 
needle-holder. 

Walsh  quotes  the  following  passage  in  Guy's 
account  of  amputation  referring  to  the  use  of  anes- 
thetics, viz.,  "Some  prescribe  medicaments  which 
.send  the  patient  to  sleep,  so  that  the  incision  may  not 
be  felt,  such  as  opium,  ivy,  hemlock,  lettuce.  A  new 
sponge  is  soaked  by  them  in  these, juices  and  left  to 
dry  in  the  sun;  and  when  they  have  need  of  it  they 
put  this  sponge  into  warm  water  and  then  hold  it 
under  the  nostrils  until  he  goes  to  sleep.  Then  they 
perform  the  operation." 

Guy  deplored  the  separation  of  phj-sicians  from 
surgeons,  a  union  which  exi.sted  to  the  time  of 
A\-icenna,  sa>-ing,  "since  that  time,  either  because 
of  the  fastidiousness  or  excessive  occupation  of  the 
clerics,  surgery  has  become  a  separate  branch  and  has 
fallen  into  the  hands  of  the  mechanics." 

The  surgical  wTitings  of  Guy  de  Chauliac  were  of 
such  an  authoritative  character,  though  largely 
compilations,  that  he  has  received  the  title  of  "'The 
Father  of  Modern  Surgery."  Garrison  regards  him 
as  "on  the  whole  a  reactionary  in  the  important  mat- 
ter of  the  treatment  of  wounds  and  by  his  great 
authority,  threw  back  the  progress  of  surgery  for  some 
six  centuries,  giving  his  personal  weight  to  the  doc- 
trine that  the  healing  of  a  wound  must  be  accom- 
plished by  the  surgeon's  interference — salves,  plas- 
ters, and  other  meddling — rather  than  by  the  healing 
power  of  nature." 

In  Germany  surgery  (Garrison)  began  with  a 
surgical  work  of  a  Bavarian  army  surgeon — von 
Pfolspeundt — wTitten  in  1460;  he  is  described  as  a 
wound  surgeon  without  skill  in  major  operations, 
which  he  left  to  the  cutters  or  "incisors;"  and  he  did 
not  know  how  to  treat  fractures  or  dislocations.  His 
military  experience  gave  him  large  practice  in  arrow 
wounds;  he  makes  the  first  faint  allusion  to  "powder 
burns,"  and  to  the  extraction  of  bullets  by  means  of 
the  sound;  treated  wounds  by  second  intention;  used 
the  narcotic  recommended  by  Theodoric.  This 
surgeon  was  followed  by  two  .\lsatian  army  surgeons, 
natives  of  Strassburg — von  Gersdorff  and  Brun- 
schwig.  The  latter  gave  the  first  account  of  gun-shot 
wounds  in  surgical  literature;  regarded  such  wounds  as 
poisoned  and  removed  the  poison  by  promoting  suppur- 
ation, usually  by  means  of  the  seton.  He  performed 
no  major  operations,  confining  himself  to  wounds, 
bone-setting,  and  amputation;  applied  the  actual 
cautery,  or  boiling  oil,  to  check  hemorrhage.  His 
book  was  published  in  1497.  Gersdorff's  work  was 
published  in  1517.  He  treated  fully  of  gun-shot 
wounds  and  did  not  regard  them  as  poisonous; 
probed  for  the  bullet  with  special  instruments  and 
poured  hot  oil  into  the  wounds.  In  amputation,  he 
con-stricted  the  limb  by  a  band  as  did  Esmarch.  with 
his  rubber  band,  subsequently ;  checked  hemorrhage  by 
a  cautery  of  his  own  demising,  completing  the  operation 
by  covering  the  stump  with  the  bladder  of  an  animal. 
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In  ICiit'land,  John  of  Arilcrnc  (130(>-90)  was  tlic 
curliest  of  the  surgeons;  jirobiibly  cclut-ated  at  tlic 
Medical  School  of  MontpcUicr,  which  was  in  close 
affiliation  with  the  Scliool  of  Salerno.  ^ 

Of  d'Argelata  (1423  died),  Garrison  says:  Guys 
most  distinKuisliod  pupil  became  professor  at  Bologna; 
his  Chirurgia  was  printed  in  14S0.  He  taught  the  dry 
treatment  of  wounds  and  used  sutures  and  drainage 
tubes."    ■  ,  •     T- 

The  most  important  of  the  early  surgeons  m  Eng- 
land W!is  Thomas  Linacre  (1460-1524),  who  became  a 
priest  and  was  physician  to  both  Henry  VII  and 
Henry  \111.  He  wiis  graduated  at  the  University  of 
Padua,  Italy.  He  made  translations  of  Galen's  writ- 
ings on  hygiene,  therapeutics,  temperaments,  the 
pulse,  and  semeiology.  He  was  called  by  Fuller,  the 
"restorer  of  learning  in  England."  His  foundations 
of  lectures  on  medicine  at  Oxford  and  Cambridge 
(1524)  were  valuable  in  establishing  medical  education 
in  England. 

In  the  low  countries  at  this  period,  Yitornuui 
(129.5-1351)  was  an  authority  on  surgery;  a  pvi|)il  of 
Lanfranc  and  an  ardent  supporter  of  his  master's 
teachings,  especially  in  regard  to  ligation  and  torsion 
of  arteries. 

HrMA.N  .\.N.\TO.MY  .^s  A  SCIENCE  (Andre.as  Vesalius, 
1514-1504). — The  great  awakening,  from  the  stupor 
of  the  Middle  -■^gcs,  the  real  Renaissance,  occurred 
early  in  the  si.xteenth  century.  Two  great  epochs 
in  the  history  of  surgery 
followed  in  quick  succes- 
sion, each  tending  power- 
fully to  give  to  its  practice 
a  high  grade  of  scientific 
precision. 

The  fir.st  event  was  the 
introduction  of  human  an- 
atomy. Hitherto,  the 
])ractice  of  surgery  was 
based  on  the  anatomical 
works  of  Galen,  but  Galen's 
an.atomy  was  that  of  the 
animal,  e.specially  of  the 
hog.  It  is  surprising  that 
surgeons  of  the  past  ven- 
tured to  perform  the  opera- 
tions that  they  record,  with 
such  imperfect  guides,  and 
Fia.  4698. — Andreas  Vesalius.  it  is  remarkable  that  they 
had  such  favorable  results. 
Vesalius,  a  native  of  Brussels,  descended  from  a  long 
line  of  distinguished  physicians.  He  was  educated  at 
Louvain  and  subsequently  went  to  Paris  where  he  was 
the  pupil  of  men  eminent  in  their  profession,  one  of 
whom  was  Sylvius,  the  discoverer  of  the  aqueduct 
bearing  his  name.  Servetus,  who  became  fanums  by 
being  burned  to  death  as  a  heretic  at  the  direction  of 
John  Calvin,  was  one  of  his  fellow  students.  On  re- 
turning to  Louvain  in  his  twentieth  year  he  stole  a 
human  skeleton  from  the  gallows  and  pursued  his  now 
favorite  study  of  human  an.atomy.  He  next  entered 
the  military  service  as  surgeon  and  continued  his 
investigations  on  the  dead.  .'Vt  the  age  of  twenty- 
three,  he  became  professor  of  anatomy  at  Padua,  and 
afterward  taught  at  Pisa  and  Bologna.  He  published 
his  first  work  on  anatomy  in  1543  and  it  differed  so 
much  from  the  writings  of  Galen,  that  it  met  wilh 
opposition  from  every  quarter.  Even  his  former 
preceptor,  Sylvius,  opposed  him.  He  became  J)liy- 
sician  to  Emperor  Charles  V  and  later  to  Phillip  II 
of  Spain,  but  persecution  followed  him.  He  died  on 
his  return  from  a  pilgrimage  to  Jerusalem  on  the  Island 
of  Zante  as  the  result  of  an  .accident  from  shipwreck; 
he  had  been  recalled  as  a  professor  to  Padua. 

During  the  quadricentennial  of  the  birth  of  Vesa- 
lius— January  7.  1915^the  New  York  .\cademy  of 
Medicine  collected  and  exhibited:  (1)  the  works  of 
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pre-Vesalian  anatomists,  twenty-three  in  number;  (2) 
the  works  of  Vesalius,  ten  in  number;  (3)  posthumous 
editions— followers  and  imitators,  sixteen  in  number. 
The  most  important  of  his  works  is  entitled,  "De 
Humani  Corporis  Fabrica,"  1543.  One  of  Edison's 
publications  illustrated  Vesalius'  method  of  demon- 
strating the  action  of  muscles  with  the  following  re- 
nuirks:  "His  tests  of  the  functioning  of  the  recurrent 
nerves  are  most  in.structive  as  also  his  method  for 
artificial  respiration  when  the  chest  has  been  opened — 
a  century  and  a  half  before  Robert  Hook  to  whom 
artificial  respiration  is  generally   credited.     \'esalius 


stratioii  cif  the  Actii 


of  Muscles  and  Tendo 


further  shows  insight  into  the  mutual  relations  be- 
tween the  respiration  and  the  action  of  the  heart. 
.\mong  the  other  points  he  noticed  is  the  lower  position 
of  the  stomach  after  a  meal."  The  same  publication 
gives  an  illustration  of  Vesalius'  equipment  for  the 
study  of  anatomy  and  physiology. 

In  estimating  the  work  of  Vesalius,  Baas  states  that 
Mondino  (1276-1326)  h.ad  already  made  a  beginning 
in  the  erection  of  the  science  of  anatomy  on  the  basis  of 
the  examination  of  the  human  cadaver,  but  it  was  not 
until  the  sixteenth  century  that  it  advanced  rapidly 
and  became  independent  of  the  doctrines  of  Galen. 


!•  i(i.  4700. — \*esalius'  Complete  Equipment  for  the  Study  of 
Anatomy  and  Physiology. 

In  this  work  Vesalius  took  the  lead  of  all  others ;  he  it 
was  who  first,  and  for  a  long  period  alone,  boldly  and 
persistently  combated  by  facts  the  popular  reverence 
for  the  authority  of  Galen's  animal  anatomy,  eradi- 
cated it,  if  not  among  all  his  contemporaries,  at  least 
for  the  future.  Baas  adds  that,  "In  this  task  he  was 
the  first  to  employ  wood-cuts  drawn  after  nature  in 
illustrations  of  his  .anatomical  works."  This  state- 
ment is  of  doubtful  authenticity. 

The  LiGATiTBE  in  the  SnppRESsioN  of  Hemorrhage 
(.\mbroise  Pare;  1510-90). — Thesecond  epochal  event 
of  the  sixteenth  century  was  the  permanent  employ- 
ment of  the  ligature  of  vessels  in  the  control  of  hem- 
orrhage.    Billings  states  that  Celsus'  directions  that 
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the  veins  and  arteries  must  be  secured  by  a  ligature 
at  tlie  groin  and  divided  behind  it,  is  the  first  mention 
of  the  ligature  of  blood-vessels  in  published  literature. 
He  adds  that  it  was  an  invention  of  the  Alexandrian 
School  and  was  said  to  have  been  introduced  at  Rome 
by  Euelpistus.  The  ligature  did  not  become  a  recog- 
nized method  of  suppressing  hemorrhage,  a  substitute 
for  the  cautery,  for  fifteen  centuries.  It  was  occasion- 
ally mentioned  and  its  use  taught,  as  at  the  School  of 
Salerno,  but  it  did  not  gain  its  position  as  one  of  the 
epoch-making  events  for  upward  of  ten  centuries. 
Like  so  many  great  discoveries  the  initial  stage  of  its 
development  was  due  to  an  accident. 

.\mbroise  Pare  was  the  son  of  a  country  barber  of 
France,  and,  though  of  humble  origin  and  deprived  of 
the  advantages  of  learning,  he  won  by  his  genius  the 
title  of  "Father  of  Modern  Surgery."  He  became 
a  barber  surgeon  and  on  witnessing  the  operation  of 
lithotomy  determined  to  become  a  surgeon.  He 
entered  Hotel  Dieu  as  a  dresser  and  there  learned  the 
art.  He  enlisted  in  the  army  and  on  one  occasion 
there  was  no  hot  oil  with  which  to  arrest  the  hemor- 
rhage of  a  wound  and  he  applied  ligatures,  as  recom- 
mended by  Galen  witli  success. 

Pare  makes  the  following  statement  of  his  experiences 
in  the  treatment  of  gun-shot  wounds  by  the  old  meth- 
ods and  the  incident  which  led  to  his  use  of  the  ligature 
to  the  vessel :  "To  tell  the  truth,  I  was  not  very  expert 
at  that  time  in  matters  of  chirurgery,  neither  was  I 


4701. — Par6  Demonstrating  the  Use  of  the  Ligature  in  Arrest- 
ing Hemorrhage. 

used  to  dress  wounds  made  by  gun-shot.  But  I  had 
read  in  John  de  Vigo  that  wounds  made  by  gun-shot 
were  venenate  or  poisoned,  by  reason  of  the  gunpowder ; 
wherefore,  for  their  cure,  it  was  expedient  to  burn  or 
cauterize  them  with  oil  of  elders,  scalding  hot,  with  a 
little  treacle  mixed  therewith.  But,  since  I  gave  no 
credit  neither  to  the  author  nor  remedy,  because  I 
knew  that  caustics  could  not  be  poured  into  wounds 
without  excessive  pain,  I  determined,  before  I  would 
run  a  hazard,  to  see  whether  the  chirurgeons  who 
went  with  me  in  the  army  used  any  other  manner  of 
dressing  to  these  wounds.  I  observed  and  saw  that  all 
of  them  used  that  method  of  dressing  which  Vigo 
prescribes,  and  that  they  filled  as  full  as  they  could 
the  wounds  made  by  gun-shot  with  tents  and  pledgets 
dipped  in  this  scalding  oil  at  the  first  dressing,  which 
encouraged  me  to  do  the  like  to  those  who  came  to  be 
dressed  by  me. 

"  It  chanced,  on  a  time,  that  by  reason  of  the  multi- 
tude that  were  hurt,  I  wanted  this  oil.  Now,  because 
there  were  some  few  left  to  be  dressed,  that  I  might 
seem  to  want  nothing,  and  that  I  might  not  leave 
them  undressed,  I  was  forced  to  apply  a  digestive, 
made  of  the  yolk  of  an  egg,  oil  of  roses,  and  turpentine. 
I  could  not  sleep  all  that  night,  for  I  was  troubled  in 
mind,  and  the  dressing  of  the  preceding  day  troubled 
my  thoughts,  and  I  feared  that  the  next  day  I  should 
find  them  dead,  or  at  the  point  of  death,  by  the  poison 
of  their  wounds,  which  I  had  not  dressed  ^\-ith  scalding 
oil.     Tlierefore,  I  rose  early  in  the  morning  and  visited 
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my  patients ;  and,  beyond  expectation.  I  found  such  as 
I  had  dressed  with  a  digestive  only,  free  from  vehem- 
ency  of  pain,  to  have  had  good  rest,  and  that  their 
wounds  were  not  inflamed  or  tumefied;  but  on  the 
contrary,  the  others  that  were  burnt  with  the  scalding 
oil  were  feverish,  tormented  with  much  pain,  and  the 
parts  about  their  wounds  were  swollen.  When  I  had 
many  times  tried  this,  on  divers  others,  I  thought  this 
much,  that  neither  I,  nor  any  other,  should  ever 
cauterize  any  wounded  with  giin-shot."  He  seems 
to  have  repeated  the  operation  frequently  which  led 
to  the  suggestion  to  apply  the  ligature  to"  the  vessels 
in  amputations.  After  consulting  with  surgeons  of 
Paris,  it  was  determined  to  make  experimental  trial 
and  accordingly  the  ligature  was  formallv  u.sed  in  an 
amputation  and  with  satisfactory  results.  In  the 
carnpaign  of  1552  Pare  applied  the  ligature  in  ampu- 
tations systematically  and  thus  it  became  a  recognized 
method  in  practice. 

He  was  now  made  one  of  the  twelve  royal  surgeons. 
In  1554  he  was  made  a  fellow  of  the  College  de  St. 
Come  in  spite  of  the  opposition  of  the  professors  of  the 
University  who  objected  that  he  did  not  understand 
Latin.  He  became  surgeon  to  King  Henrv  II,  Francis 
II,  and  Charles  IX,  and  died  (1.590)  "highlv  honored 
by  his  iiation,  in  spite  of  the  fact  that  he  was  decried 
by  the  literati  of  his  day  as  an  ignorant  upstart  and 
plagiarist"  (Baas). 

Par6  was  an  instructor  and  several  of  his  pupils 
attained  to  high  rank.  He  published  several  works 
the  most  important  in  1504,  entitled,  "  Dix  livres  de 
Chirurgie."  As  a  practiser  his  operations  had  a  wide 
range.  He  performed  the  radical  operation  for  her- 
nia; also  herniotomy  in  strangulated  hernia;  habitu- 
ally employed  trusses;  taught  how  to  recognize  indura- 
tion of  the  prostate  and  fracture  of  the  neck  of  the 
femur;  introduced  the  operation  of  staphylopla.sty ;  im- 
l)roved  trepanning  with  the  crown  trepan;  performed 
bronchotomy;  employed  the  ligature  in  the  treatment 
of  fistula  in  ano;  healed  wounds  of  the  nerves;  re\ived 
the  figure-of-eight  suture  in  hare-lip;  was  the  first  to 
remove  loose  cartilages  of  the  joints  by  direct  incision; 
taught  version  by  the  feet  and  was  the  first  to  induce 
labor  artificially  at  full  term  in  cases  of  hemorrhage. 

Fare's  special  service  to  the  progress  of  scientific 
surgery  was  determining  the  question  of  the  advan- 
tages of  healing  wounds  by  first  intention  and  the 
method  by  which  that  result  can  most  effectually  be 
secured.  From  the  time  of  Hippocrates  this  question 
had  di\-ided  surgeons  more  effectually  than  any  other 
and  especially  in  regard  to  the  belief  that  gun-shot 
wounds,  then  a  novelty,  were  necessarily  poisoned. 

The  discoveries  of  Vesalins  and  Par6  had  a  strong 
tendency  to  divert  practical  surgeons  from  scholastic 
teachings  to  natural  methods.  Many  advances  were 
made  in  anatomy  but  the  number  of  surgeons  eminent 
during  the  sixteenth  century  was  comparatively  few. 

Giovanni  di  Vigo  (14()()-1519),  of  Rapalo,  near 
Genoa,  was  distinguished  for  his  work  "  Practica 
Copiosis"  (1514),  which  work  had  a  very  large  and 
extended  influence  upon  the  practice  of  surgery,  pass- 
ing through  fifty-two  editions.  He  regarded  gunshot 
wounds  as  poisoned  and  cauterized  them  with  a  hot 
iron,  used  frequently;  or  with  boiling  oil.  He  intro- 
duced the  crown  trepan  and  practised  the  ligation  of 
arteries,  transfixing  them  with  needles  and  tjnng  them 
above  the  ligature. 

Caspar  Tagliacozzi  (1546-1599\  professor  of  anat- 
omy and  surgery  in  the  I'niversity  of  Bolonga,  was 
distinguished  for  his  work  in  plastic  .surgery,  especially 
rhinoplasty.  His  surgical  works  were  published  in 
1597.  He  is  reputed  to  have  learned  the  art  from 
the  Sicilian  Brancas.  the  elder  of  whom,  made  his 
flaps  for  a  new  nose  from  the  skin  of  the  face,  the 
Indian  method.  His  son  used  the  skin  of  the  arm 
and  extended  his  method  to  the  repair  of  mutilated 
lips  and  ears.  Tagliacozzi  laid  the  foundations  of 
plastic  surgery. 
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Pierre  Franco,  born  about  1500,  was  a  native  of 
Provence,  Switzerland.  He  was  the  most  fanjous  of 
a  class  of  itinerant  surgeons  called  "incisors,"  or 
"cutters."  His  most  important  contribution  to  sur- 
gery was  in  lithotomy.  He  first  used  the  old  opera- 
tion called.  "cuttinK  on  the  erippe,"  but  sub.sequently 
he  performed  suprapubic  litliotomy,  the  first  opera- 
tion of  this  kind.  The  patient  was  a  child  ten  years 
old,  in  whom  Franco  was  unable  to  remove  the  stone, 
because  of  its  larpce  size,  by  perineal  section.  He  did 
not,  however.  adViso  this  operation  in  general  prac- 
tice. In  strangulated  hernia,  he  operated  without 
the  removal  of  the  testicles,  as  had  been  the  practice 
until  his  time. 

Paracelsus  (U9.3-l.')41)  of  Zurich,  Switzerland, 
though  not  a  practical  surgeon,  still  exerci.sed  a  great 
influence  upon  the  opinions  of  his  day,  by  his  caustic 
criticisms.  He  was  the  son  of  a  physician,  with  whom 
he  studied,  devoting  himself  especially  to  alchemy  and 
astrology.  He  was  a  brilliant  but  erratic  genius, 
traveled  widely,  practising  his  profession  in  various 
places.  His  teachings  had  a  powerful  tendency  to 
divert  thought  from  scholastic  to  rational  methods. 
The  value  of  his  writings  on  surgery  was  the  substi- 
tution of  the  natural  for  the  empirical  system.  In 
treating  of  the  larger  wounds,  he  says:  "It  is  neces- 
sary to  note  in  the  first  place  what  is  the  efficient  cause 
in  the  curing  nf  wounds,  because  this  may  of  itself 
indicate  the  proper  treatment.  Know  then,  that  the 
human  body  contains  in  itself  its  own  proper,  radical 
balsam,  born  in  it  and  with  it,  and  not  only  the  body 
as  a  whole  contains  it,  but  all  its  parts,  such  as  flesh. 
bone  and  nerves  have  each  its  own  peculiar  juice  com- 
petent to  cure  wounds.  It  is  not  the  surgeon  who 
cures  the  wound,  it  is  the  natural  balsam  or  juice  in 
the  part  itself."  He  speaks  of  the  practice  of  induc- 
ing superation  in  woimds  as  the  "damnable  precept 
which  teaches  that  it  is  necessary  to  make  wounds 
suppurate." 

Though  the  sixteenth  century  was  remarkable  for 
two  epochal  events  in  surgery,  no  distinguished  sur- 
geon appears  in  the  records  hut  Par6.  Nevertheless, 
it  is  evident  that  the  study  of  the  physical  sciences 
became  far  more  important  than  hitherto,  due  to  the 
writings  of  Vesalius. 

The  Circulation-  of  the  Blood  (William  Harvey, 
1.578-1657). — -The  distinguishing  feature  of  the  seven- 
teenth century  was  the  discovery  of  the  circulation  of 
the  blood  by  William  Harvey,  born  in  Folkestown, 
Kent  County,  England,  and  educated  at  Canterbury 
and  Cambridge.  In  1,599  he  went  to  Padua  to  pursue 
the  study  of  medicine  in  its  famous  school  and  there  he 
remained  a  student  for  five  years,  under  Fabricius  ab 
Aquapendente.  Upon  his  return  to  England  he  was 
first  appointed  a  physician  to  St.  Bartholomew's 
Hospital,  London,  1609,  and  in  1615  he  became  jirofes- 
sor  of  anatomy  and  surgery  at  the  College  of  Physi- 
cians. Subsequently  he  was  appointed  Phy.sician 
Extraordinary  to  James  I,  and  an  ordinary  physician 
to  Charles  I.  He  was  in  active  practice  until  he 
published  his  discovery  (162S)  which  created  such 
discredit  that  he  was  even  regarded  as  demented 
and  thereby  he  lost  much  of  his  business.  His  opin- 
ions were  known  prior  to  their  publication,  for  he  had 
taught  them  in  his  lectures  in  the  College  of  Physicians 
since  1616,  and  already  the  oi)position  to  him  was  so 
great  that  he  published  the  first  edition  of  his  work  in  a 
foreicn  country,  viz.,  at  Frankfort-on-the-Maine. 
Much  of  his  subsequent  life  was  spent  in  defending  his 
theory  of  the  circulation  of  the  blood,  but  he  lived  in 
retirement  in  London  to  his  eightieth  year. 

He  established  the  fundamental  facts  "that  the 
blood  passes  through  the  luncs  and  heart  by  the  pul- 
sation of  the  ventricles,  and  is  sent  for  distribution  to 
all  parts  of  the  body,  where  it  makes  its  way  into  the 
veins  and  pores  of  the  flesh,  and  then  flows  by  the  veins 
from  the  circumference  on  every  side  to  the  center, 
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from  the  lesser  to  the  greater  veins,  and  is  by  them 
finally  discharged  into  the  vena  cava  and  right  auricle 
of  the  heart,  and  this  in  such  a  quantity,  or  in  such  a 
flux  and  reflux,  thither  by  the  arteries,  hither  by  the 
veins,  as  cannot  possibly  be  supplied  by  the  ingesta, 
and  is  much  greater  than  can  be  required  for  mere  pur- 
poses of  nutrition;  it  is  absolutely  necessary  to  con- 
clude that  the  blood  in  the  animal  body  is  impelled  in 
a  circle." 

"This  discoverj'"  says  Baas  "dispelled  many  of  the 
favorite  theories  of  the  past:  It  overturned  the 
whole  physiological  and  philosophical  foundations  of 
the  medicine  up  to  that  time  by  certain  results  gained 
through  the  inductive  method." 

A  recent  work  by  the  late  Professor  ,Iohn  G.  Curtis 
on  "Harvey's  Views  on  the  Use  of  the  Circulation 
of  the  Blood"  contains  a  critical  review  of  the  contro- 
versies which  grew  out  of  Harvey's  announcement  of 
his  theory  of  the  circulation  of  the  blood. 

Though  the  seventeenth  century  was  not  distin- 
guished for  any  remarkable  apparent  growth,  still 
there  seems  to  have  been  a  steady,  quiet  advance  in 
the  study  and  progress  of  surgery.  According  to  Baas, 
the  seventeenth  century  ...  is  highly  important  in 
the  history  of  the  development  of  surgery  through 
the  elevation,  attained  in  silence  and  accomplished 
within  itself.  He  states  that  surgery  now  won  a 
wider  field  for  action  as  the  Dutch,  English,  Germans, 
and  Danes,  who  had  up  to  this  time  attained  little 
prominence,  now  began  to  distinguish  themselves 
in  this  department;  the  number  of  surgeons  known 
by  their  writings  and  discoveries  is  large  compared 
with  that  of  the  sixteenth  century. 

Among  the  Italians,  Cesare  "Magati  (1579-1647) 
professor  at  Ferrara  was  regarded  as  the  pioneer  in  the 
simplification  of  the  treatment  of  wounds.  He 
advocated  infrequent  dressings  and  instead  of  chang- 
ing them  several  times  a  day,  as  was  the  custom,  he 
would  have  them  renewed  once  in  four  days.  This 
reform  was  effected  by  .avoiding  the  use  of  poultices, 
salves,  plasters,  etc.,  and  maintaining  cleanliness,  by 
employing  bandages  wet  with  clean  water. 

"Two  names  appear  prominently  among  the  German 
surgeons  at  this  period.  Fabricius  Hildanus  (1560- 
1624)  of  Hilden  is  often  alluded  to  as  the  father  of 
Gorman  surgery;  he  was  bold  as  an  operator,  being 
the  first  to  amputate  the  thigh  above  the  di-seased 
part ;  employed  a  knife-shaped  cautery  in  hemorrhage; 
removed  a  particle  of  iron  from  the  cornea  by  means  of 
a  magnet. 

Purmann  (164S-1721)  of  Luben  in  Silesia  is  held  by 
Germans  in  the  same  esteem  as  Hildanus.  Baas  says: 
"he  was  a  bold  and  experienced  operator,  knocked 
about  and  educated  in  the  field,  an  author  of  a  mili- 
tary surgery."  He  practised  all  the  current  opera- 
tions of  his  time;  he  lamented  the  low  state  of  surgery 
in  Germany  and  strongly  advocated  a  knowledge  of 
anatomy.  He  treated  wounds  of  the  intestines  with 
the  simple  suture;  employed  bimanual  examination  for 
stone;  used  the  speculum  ani  and  yagina>  in  the  diag- 
nosis and  treatment  of  s\-philis.  He  lamented  the 
low  state  of  surgery  in  Germany.  His  writings  wore 
highly  esteemed. 

The  supremacy  which  France  had  attained  in  sur- 
gery in  the  fifteenth  and  sixteenth  centuries  through 
its  high-grade  universities,  was  maintained  in  the 
seventeenth  century  notwithstanding  the  disturbances 
created  by  the  barber  surgeons.  "Though  no  single 
surgeon  reached  great  eminence  there  was  an  unusu- 
ally large  number  whose  average  standard  of  effi- 
ciency was  comparatively  high. 

In  "England,  Richard  Wiseman  (1622-1676)  took 
rank  with  the  ablest  surgeon  of  the  period;  he  was 
surgeon  to  King  Charles  I  and  to  Charles  II.  He  had 
a  large  military  experience  in  the  civil  war  and 
upon   the    continent;    he    was    the    first    to    describe  j 

tuberculosis  of  the  joints  "tumor  albus;"  he  was  the 
first  to  perform  external  urethrotomy  for  stricture 
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in  1562.  To  control  hemorrhage,  though  familiar 
with  the  hgation  of  vessels,  he  preferred  the  use  of  the 
"royal  styptic,"  but  had  the  actual  cautery  in  readi- 
ness for  use.  He  is  reported  to  have  thought  that 
ligation  required  too  much  light  and  too  many  assist- 
ants to  be  used  in  battles  on  land  or  sea.  His  chief 
work  was  entitled,  "Several  Chirurgical  Treatises" 
(1672). 

Among  the  Dutch  and  the  Danes  surgery  reached  a 
high  reputation  during  this  century. 

\  noticeable  feature  of  the  seventeenth  century  was 
a  large  increase  of  universities  in  the  European  States, 
many  of  which  became  centers  of  medical  education, 
such  as  Paris,  MontpelUer,  and  Leyden.  It  was 
through  these  university  schools,  that  the  seventeenth 
centurj-  paved  the  way  for  the  greater  achievements  of 
the  eighteenth  century.  Though  Germany  suffered 
severely  from  the  distractions  of  the  "Thirty  Year's 
War,"  its  close  was  the  signal  for  a  remarkable 
advance  in  devotion  to  the  medical  sciences,  especially 
anatomy  and  physiology. 

"The  seventeenth  century,"  says  Garrison,"  was 
the  great  age  of  specialized  anatomic  research,  and  was 
notable  for  a  long  array  of  individual  discoveries  and 
investigations,  nearly  everj-one  of  which  had  a  physio- 
logical significance."  The  invention  of  the  micro- 
scope (1610)  enlarged  immensely  the  field  of  anatomy 
by  making  \-isible  hitlierto  unknown  structures  as  well 
as  the  elements  of  all  structures.  It  is  impossible  to 
detail  the  vast  number  of  important  discoveries  in 
anatomy,  gross  and  minute,  which  followed  Harv-ey's 
publication  of  his  work  and  also  the  invention  of  the 
microscope. 

Some  of  the  more  important  were  as  foUows:  the 
discovery  of  the  thoracic  duct  and  receptaculum 
chyU  by  Pecquet  (1622-1674);  the  pancreatic  duct  by 
Wirsung,  in  1642;  the  antrum  of  Highmore,  in  1651; 
the  heart  as  a  muscle,  in  1669;  the  structure  of  the 
kidneys,  by  Balanni  in  1662;  account  of  the  ovar\'  and 
Graafian  follicles  in  1672;  the  parotid  duct  in  1662; 
lymphoid  follicles  in  the  small  intestine  in  1677. 
Harvey's  discovery  also  led  to  the  injection  of  the 
minute  vessels  with  various  substances,  which  resulted 
in  the  beautifully  colored  museum  specimens  which 
are  now  so  useful  in  demonstrations  of  anatomy. 

The  eighteenth  century  opened  with  Paris  as  the  cen- 
ter of  education.  Students  from  all  civihzed  nations 
gathered  in  its  universities.  The  practice  of  surgery- 
was  along  lines  laid  down  by  the  French  teacliers 
until  the  advent  of  John  Hunter  in  the  latter  portion 
of  the  century.  The  surgeons  prominent  during 
the  intervening  period  were  numerous  but  their 
improvements  of  surgical  practice  related  chiefly  to 
details. 

Jean-Louis  Petit  (1674-1750)  was  the  leading 
French  surgeon  in  the  early  days  of  the  eighteenth 
century.  He  was  a  director  of  the  "Academic  de 
Chirurgie;"  when  eighteen  years  of  age,  he  entered  the 
army,  thereby  gaining  experience  that  ser\'ed  a  useful 
purpose  in  his  future  work.  He  was  the  inventor  of 
the  screw-tourniquet,  which  has  come  down  to  our 
own  times;  he  was  the  pioneer  in  operations  on  the 
mastoid  process  and  further  perfected  the  operations 
of  amputation  and  herniotomy.  His  principal  works 
were  his  "Treatises  of  Surgical  Diseases  and  Opera- 
tions." Dominique  Ancl  (1628-1725)  of  Toulouse, 
a  pupil  of  Petit,  treated  traumatic  aneurysm  by  single 
ligature  (1710),  thus  anticipating  John  Hunter. 
Pierre  Brasdor  (1721-1776)  was  a  di.stinguished  pro- 
fessor of  surgery,  and  advised  the  treatment  of  certain 
aneurysms  by  ligature  on  the  distal  side  of  the  tumor, 
an  operation  afterward  adopted  by  the  English  sur- 
geon Wardrop.  Henri-Francois  le  Dran  (16S.5-1770) 
was  a  very  distinguished  teacher  of  surgery  and  had 
many  pupils  from  Germany,  who  made  his  methods  of 
practice  popular  in  that  countn.-.  He  was  sent,  as 
chief  surgeon,  to  the  army  1734,  and  published  his 
observations,  which  passed  through  several  editions; 


his  chief  work  was  on  operative  surgcrv,  published  in 
1742. 

Claude  Nicolas  le  Cat  (1700-1768)  of  Rouen,  was 
famous  as  a  Uthotomist ;  he  was  a  Professor  of  anatomy 
and  surgerj-  in  the  School  of  Rouen;  a  prolific  writer 
especially  on  Uthotomy.  Pierre  Joseph  Desault 
(1744-1795)  rose  to  eminence  in  spite  of  great  obsta- 
cles, and  -n-ithout  a  collegiate  education  became  the 
chief  surgeon  in  the  Hotel  Dieu;  he  was  the  first  to 
estabhsh  surgical  cUnics  and  laid  the  foundation  of 
surgical  anatomy.  He  greatly  improved  the  svstem  of 
operations  by  inventing  appropriate  instruments; 
he  was  distinguished  as  an  educator  of  students  but 
left  no  writings.  Frangois  Chopart  (1743-1795)  who 
is  well  known  for  his  method  of  amputation  of  the  foot, 
was  an  intimate  friend  and  contemporarj-  of  Desault. 

In  Italy,  the  most  distinguished  surgeon  of  the  pe- 
riod was  .\ntonio  Scarpa  (1752-1832).  a  professor  in 
the  schools  of  Modena  and  Pavia.  He  was  a  distin- 
guished anatomist;  he  was  the  first  to  determine 
arteriosclerosis  as  a  lesion  of  the  inner  coats  of  the 
arteries;  he  described  the  region  known  as  "Scarpa's 
triangle;"  he  invented  a  shoe  for  club-foot,  which  is 
still  in  use,  and  was  the  first  to  illustrate  the  nerves  of 
the  heart.  His  most  important  works  were  on  hernia 
and  diseases  of  the  eye.  He  illustrated  his  own  work.? 
and  it  has  been  said  that  they  "are  the  crown  and 
flower  of  achievement  in  anatomic  pen  drawing" 
(Garrison). 

In  Germany,  Lorenz  Heister  (168.3-1758),  was  the 
first  surgeon  of  complete  scientific  education  (Baas). 
He  studied  in  Amsterdam  and  Leyden  but  acquired 
his  surgical  experience  in  the  Dutch  military  service. 
In  1710  he  was  called  to  .\ltdorf,  and  in  1720  he  came 
to  Helmstead.  His  principal  work  was  "Chirurgie," 
1718. 

In  England,  William  Cheselden  (167,8-1752)  was 
the  leading  surgeon  in  London,  at  the  beginning  of  the 
eighteenth  century.  He  was  a  native  of  Lcistershire 
and  a  student  of  the  anatomist  Cowper.  In  1719  he 
became  surgeon  of  St.  Thomas'  Hospital.  In  1723  he 
published  a  treatise  on  the  high  operation,  lithotomy, 
and  subsequently  he  changed  this  method  for  the 
lateral  operation  which  he  perfected,  and  which  was 
popular  with  surgeon.s.  .\s  an  operator  in  lithotomy 
he  was  distinguished  for  rapidity  of  action,  performing 
this  operation  in  fifty-four  seconds.  In  1728  he  pub- 
lished his  new  method  of  making  an  artificial  pupil  by 
iriodotomy  with  a  needle.  He  also  pubUshed  a  work 
on  anatomy  in  1713  and  an  atlas  of  osteologj- in  17.33. 

Percival  Pott  (1714-1788)  was  the  most  distin- 
guished surgeon  of  England  in  the  middle  of  the  cen- 
tur}\  Having  himself  sustained  a  fracture  of  the 
fibula  he  described  it  and  its  treatment  minutely, 
and  it  is  still  known  as  "Potts'  fracture."  Subse- 
quently he  published  a  number  of  very-  instructive 
treatises  on  hernia,  injuries  of  the  head,  fistula  in  ano, 
hydrocele,  dislocations,  and  fractures;  and  the  most 
notable  of  all,  caries  of  the  spinal  column  commonly 
called  even  now,  "  Potts'  disease  of  the  spinal  column.'' 

Chas.  White  (1728-1813)  of  Manchester,  introduced 
a  method  of  reducing  dislocations  of  the  shoulder  by 
extension  of  the  arm  witli  the  heel  of  the  operator 
in  the  axilla;  first  excised  the  head  of  the  humerus 
1768;  he  was  the  first  to  describe  "white  swelling," 
or  phelgmasia  alba  dolens  1784.  He  w-as  very  con- 
servative. 

Phtsiologt  axd  P.\thologt  -Applied  to  Scrgert 
(Jolin  Hunter,  1728-1793). — The  practice  of  surgery 
had  been  along  established  Unes  with  little  regard  to 
conser\-ation.  Operating  surgeons  rarely  showed  a 
disposition  to  preserve  function  or  to  render  the  opera- 
tion useful  and  even  ornamental  as  was  the  practice  of 
rhinoplasty  by  Tagliacozzi.  There  was  wanting  that 
guiding  principle  which  a  knowledge  of  biologj-, 
physiologv  and  pathology  imparts.  This  element  in 
the  scientific  practice  of  surgerj-  was  supplied  by  John 
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Hunter  and  created  in  modern  surgery  an  epoch  of 
vast  importance. 

Prior  to  the  time  of  John  Hunter  pathology,  the  sei- 
entitio  basis  of  surgery,  was  practically  unknown.  This 
ifjnoranoc  was  largely  due  to  the  fact  that  in  all  former 
times  the  use  of  the  "bodies  of  the  dead  for  purpo.scs  of 
teaching  were  prevented  by  law,  or  the  Church,  or  by 
popular  prejudice.  Hunter  was  a  devoted  student  of 
the  natural  sciences  and  was  satisfied  in  his  .studies 
only  with  a  knowledge  of  ultimate  facts.  His  surgical 
teachings,  based  upon  his  researches  in  physiology  and 

Sathology,  laid  the  foundations  of  modern  surgery. 
lunter's  character  was  an  anomaly  which  it  is  diffi- 
cult to  analyze  or  understand.  He  came  to  London 
from  his  Scotland  home  (I74S)  a  rude,  uncultivated 
young  man,  who,  on  being  i)laced  in  the  dissecting 
room  of  his  brother,  William  Hunter,  an  eminent 
physician,  developed  an  extraordinary  talent  for 
anatomical  research.  Within  a  year  he  was  teaching 
anatomy  and  studying  surgery;  in  17()1  he  served  as 
staff  surgeon  in  the  Army  and  subsequently  wrote  a 
treatise  on  gun-shot  wounds;  established  himself  in 
practice  in  London  and  made  a  great  success;  became 
surgeon  to  St.  George's  Hospital,  where  he  taught 
surgery  until  his  death;  created  a  museum  of  his  own 
preparations.  13.000  in  number.  His  field  of  investi- 
gation embraced  every  subject  which  came  within  his 
ob.servation.  He  studied  syphilis,  which  he  himself 
had  accidentally  actiuired,  distinguished  between  hard 
and  soft  chancre;  described  phlebitis,  pyemia,  intus- 
susception, shock,  inflammation  and  gun-shot  wounds. 
He  also  studied  the  vital  heat  of  animals  and  vege- 
tables, superfetation,  smallpox,  electric  fishes,  free 
martins,  and  the  regeneration  and  transplantation  of 
tissues. 

Hunter's  greatest  achievement  as  a  surgeon  was  his 
treatment  of  aneurysm.  The  method  of  Antyllus  of 
applying  two  ligatures,  one  above  and  the  other  below 
the  aneurysm  and  then  removing  its  contents  by  in- 
cision, was  .still  the  approved  practice.  The  dangers 
from  this  operation  were:  (1)  Hemorrhage,  owing  to 
the  diseased  condition  of  the  artery  where  it  is  tied  close 
to  the  aneurysm;  and  (2)  the  suppuration  of  the  open 
sac.  Therefore,  he  proposed  to  apply  the  ligature 
on  the  proximal  side  higher  up,  where  the  artery  was 
sound.  The  first  operation  of  applying  a  single  liga- 
ture at  a  greater  distance  from  the  aneurysm  made  a 
good  recovery,  and  thus  established  an  important  re- 
form in  the  treatment  of  this  affection  (1785).  The 
new  operation  was  opposed  by  leading  surgeons,  but 
being  based  on  sound  principles,  it  soon  a.ssumed  a 
permanent  position  among  the  recognized  methods. 
Though  Hunter  stands  forth  as  one  of  the  most  pic- 
turesque figures  in  surgical  history,  his  claim  to  rank 
with  the  most  scientific  surgeons  who  have  yet  ap- 
peared cannot  be  contested.  "  His  permanent  posi- 
tion in  science,"  says  Garrison,  "is  based  on  the  fact 
that  he  was  the  founder  of  surgical  pathology  and  a 
pioneer  in  comparative  physiology  and  experimental 
morphology." 

The  influence  of  Hunter's  teaching  was  more  ap- 
parent in  England  and  its  American  Colony  through 
the  students  of  surgery  who  attended  his  lectures  and 
practice,  than  on  the  continent. 

The  nineteenth  cxntury  opened  auspiciously  for 
the  development  of  scientifie  surgery.  It  was  not 
only  the  heir  to  the  vast  experience,  and  knowledge 
of  the  past;  but  there  arose  a  class  of  surgeons  from 
time  to  time,  competent  still  further  to  utilize  this 
knowledge  and  experience  in  perfecting  the  art. 
The  more  prominent  surgeons  of  this  period  were  as 
follows: 

In  France,  Dominique-Jean  Larrey  (1766-1842) 
a  stiident  of  Desault,  joined  the  Army  of  the  Rhine, 
continuing  in  the  service  twenty-two  years;  he  was  an 
experienced  operator.  He  was  an  advocate  of  pri- 
mary amputations  and  was  among  the  first  to  perform 
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the  articulation  of  the  hip-joint;  he  discovered  the 
contagious  nature  of  opthalmia,  or  conjunctivitis,  as 
he  saw  it  in  Egypt.  He  wTote  much,  the  most  im- 
portant work  being  his  "Memoirs  of  Military  Medi- 
cine." He  was  a  favorite  of  Napoleon,  on  whose 
staff  he  served;  this  monarch  left  him  a  large  amount 
of  money  at  his  death. 

Guillaumc  Dupuytren  (1777-1835)  rose  from 
poverty  and  became  the  cleverest  surgeon  of  his  time. 
Baas  describes  him,  as  "the  most  brilliant  and  for- 
tunate surgeon  of  our  country,  equally  famous  as 
a  keen  diagnostician,  a  bold  and  dexterous  operator, 
a  fluent  and  untiring  clinician  and  teacher  and  an 
enlightened  physiologist." 

Jacques  Lisfranc  (1790-1817)  was  an  extremely 
skillful  and  rapid  operator;  invented  new  methods  for 
articulation  of  the  shoulder,  and  for  amputation  be- 
tween the  tarsus  and  metatarsus. 

Joseph-Frangois  Malgaignc  (1806-1865)  was  a 
prolific  writer  upon  surgical  topics,  contributing 
largely  to  the  literature  of  fractures  and  dislocations, 
experimental  surgery  and  operative  surgery.  The 
famous  anatomist  Bichat  (1771-1802)  should  be 
mentioned  in  this  connection;  he  was  a  favorite  pupil 
and  assistant  of  Desault. 

Alfred-Armand-Louis-Marie  Velpeau  (1795-1867), 
born  a  blacksmith's  son,  became  surgeon  to  several 
hospitals,  and  professor  of  clinical  surgery  at  the  Paris 
Faculty  (1834-1867).  He  was  a  consciencious  and 
indefatigable  worker,  a  skillful  operator,  and  a  popu- 
lar teacher;  his  clinics  were  always  largely  attended 
by  students  and  distinguished  surgeons  from  other 
countries.  He  is  best  known  to  the  English  surgeon 
by  his  "Operative  Surgery,"  translated  by  Townsend, 
with  notes  by  Valentine  Mott. 

Of  the  surgeons  of  this  period  in  Germany,  Johann 
Friedrich  Dieffenbach  (1792-1847)  was  a  profes.sor  in 
Berlin,  an  attractive  teacher  and  operator,  and  drew 
students  in  large  numbers  to  the  university.  He 
perfected  plastic  operations,  was  the  pioneer  in  treat- 
ing strabismus  by  cutting  the  tendons  of  the  muscles 
of  the  eye,  also  extended  the  operation  of  tenotomy 
to  many  other  muscles.  He  wrote  extensively  on 
operative  surgery. 

Georg  Friedrich  Louis  Stromeyer  (1804-1876)  of 
Hanover,  was  surgeon  general  in  the  army  and  is  con- 
sidered the  father  of  military  surgery  in  his  country. 
His  special  field  work  was  operative  orthopedia  by  the 
application  of  subcutaneous  tenotomy  to  all  deformi- 
ties of  the  body  caused  by  the  contraction  of  the 
muscles,  especially  of  the  lower  extremities. 

To  these  surgeons  mav  be  iidded  the  names  of  von 
Langenbeck  (1810-1887)';  Gustav  Simon  (1824-1876); 
von  Middeldorpf  (1824-1868);  Theodor  Billroth 
(1829-1894);  Richard  von  Volkmann  (1830-1889); 
Friedrich  von  Esmarch  (1823-1908);  Ernst  Julius 
Ourlt  (182.5-1899). 

In  Russia,  Nikolai  Ivanovich  Pirogoff  (1810-1881) 
took  preeminence  in  his  time.  He  was  educated  at 
Berlin  and  Gottingen  and  records  his  contempt  for  the 
lack  of  teaching  of  anatomy  in  these  schools.  In  1840 
he  was  appointed  professor  of  surgery  at  the  Medico- 
Chirurgical  Academy  at  St.  Petersburg,  a  position 
which  he  held  for  forty-five  years.  During  the  Cri- 
mean war,  he  spent  fourteen  months  at  Sebastopol, 
witnessing  the  devastations  of  hospital  gangrene, 
erysipelas,  and  infective  diseases  among  the  soldiers. 
His  severe  criticisms  of  the  inefficient  management  of 
the  sanitary  conditions  were  resented  by  the  authori- 
ties, and  he  was  forced  to  resign  his  professorship.  He 
was  among  the  first  to  use  ether  in  anesthesia.  He 
won  distinction  by  his  peculiar  method  of  complete 
osteoplastic  amputation  of  the  foot.  In  England 
during  the  nineteenth  century.  John  Abernethy 
(1764—1831)  was  a  pupil  of  Hunter  and  the  immediate 
and  successful  advocate  of  his  teachings.  He  was 
the  successor  of  Pott  as  surgeon  of  St.  Bartholomew's 
Hospital  in  1787.      He  began  to  give  private  lectures 
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on  anatomy  at  his  own  house  and  his  success  was  so 
great  that  the  governors  of  St.  Bartholomew's  built 
a  lecture  theater,  where  he  taught  anatomy,  physiol- 
ogy and  surgery.  He  was  the  first  to  ligate  the  ex- 
ternal iliac  (17i36)  and  repeated  the  operation  four 
times,  twice  with  success;  also,  ligated  the  common 
carotid  1796  for  hemorrage;  performed  neurectomy 
1793,  and  demonstrated  the  union  of  the  nerve; 
opened  lumbar  abscess  by  valvular  incision  to  avoid 
the  entrance  of  air. 

Sir  Astley  Paston  Cooper  (1768-1841)  was  also  a 
student  of  Hunter  and  the  most  conspicuous  sur- 
geon of  the  first  quarter  of  the  century.  When  twenty- 
one  vears  of  age,  he  became  demonstrator  of  anatomy 
of  St.  Thomas'  Hospital,  1789;  and  in  1800  was 
appointed  surgeon  to  Guy's  Hospital.  He  was  an 
indefatigable  worker  throughout  his  life,  filling  each 
day  from  six  in  the  morning  till  midnight,  with  the 
service  to  two  large  hospitals,  teaching  cla.sscs  of 
students,  daily  making  dissections;  advising  crowds 
of  both  rich  and  poor  at  his  own  house,  and  dictating 
in  his  carriage  for  his  published  works;  he  was  a  most 
painstaking  and  successful  operator;  in  1808  he 
successfully  ligated  the  common  carotid  and  the  exter- 
nal iliac  arteries;  1817  he  ligated  the  abdominal  aorta. 
His  work  on  hernia,  injuries,  of  the  joints,  diseases 
of  the  testis,  and  the  anatomy  of  the  thymus  gland 
were  standard  authorities. 

Of  the  surgeons  of  London,  we  can  only  mention 
some  of  the  more  prominent  of  this  centurv,  viz.: 
WiUiam  BUzard  (1743-183.5);  Henry  CHne"  (17.50- 
1827);  Benjamin  CoUins  Brodie  (1783-1862);  Ben- 
jamin Travers  (178.3-1858);  Robert  Li.ston  (1794- 
1847);  Sir  William  Fergus.son;  Sir  James  Paget. 

The  Edinburgh  Medical  School  had  now  become 
important  through  the  labors  of  the  Monros,  father, 
son  and  grandson,  who  reigned  supreme  from  1725- 
1846,  a  period  of  125  years.  The  elder  of  these  was  a 
pupil  of  Cheselden  and  was  the  first  professor  of 
anatomy  in  the  University  of  Edinburgh;  he  also  gave 
clinical  lectures  on  surgery,  and  as  a  writer  took  rank 
as  an  authority.  His  son  was  a  professor  of  surgery 
until  1810,  when  his  son  succeeded  him  and  remained 
in  this  position  until  1846.  The  elder  Monro  was 
the  most  eminent  as  a  teacher  and  surgeon,  and  by  his 
reputation  gave  a  high  character  to  the  University 
Medical  School. 

Scarcely  less  attractive  to  students  was  the  private 
school  of  antatomy  and  surgery  of  John  and  Charles 
Bell;  the  former  was  a  bold  and  fearless  surgeon  and  a 
brilliant  operator;  while  his  brother  Charles  Bell  was 
eminent  as  an  investigator,  writer  and  teacher,  es- 
pecially of  the  nervous  system. 

John  Lizar  (1783-1860)  was  a  pupil  of  John  Bell, 
and  became  professor  of  surgery  to  the  College  of 
Surgeons  in  1831 ;  he  was  a  fellow  pupil  of  the  Ameri- 
can surgeon,  McDowell;  followed  his  lead  in  ovari- 
otomy 1825.  James  Wardrop  (1782-1869)  of  Edin- 
burgh, settled  in  London  in  1809;  he  is  known  for  his 
successful  operations  in  applying  the  ligature  of  the 
distal  side  of  the  aneurysm,  as  recommended  by 
Brasdor. 

The  most  eminent  surgeon  of  Edinburgh  was  James 
Syme  (1799-1870),  a  very  conservative  operator, 
who  is  best  known  by  his  work  on  amputations  and 
excisions.  He  was  among  the  first  surgeons  to  adopt 
ethor  anesthesia;  he  was  also  one  ofthe  first  to  accept 
the  antiseptic  method  of  his  pupil  and  son-in-law 
Lister.  It  was  his  practice  to  treat  aneurysm  by  ligat- 
ing  the  artery  above  and  below  the  tumor  and  incis- 
ing it.  He  is  best  known  by  his  amputation  at  the 
ankle-joint. 

Abraham  Colles  (1773-1843)  was  among  the  promi- 
nent surgeons  of  this  period  in  Ireland.  His  works  on 
surgical  anatomy  and  surgery  were  valuable  contri- 
butions to  surgical  literature.  But  he  is  famous  for 
his  description  of  the  carpal  end  of  the  radius,  known 
as  "Colles'  fracture." 


The  Develop.ment  of  Sck<;eky  i.\  .\iiERicA.* — 
American  surgery  had  its  origin  in  the  medical  schools 
of  London  and  Edinburgh.  Prior  to  the  organization 
and  establishment  of  medical  colleges  in  this  country 
(1765-1767),  the  graduated  surgeons  took  their  de- 
grees from  the  British  schools.  During  the  succeeding 
half  century  the  more  ambitious  students  of  surgery 
who  graduated  from  the  home  schools  took  post- 
graduate courses  of  instruction  in  the  schools  and 
hospitals  of  the  mother  country.  A  reference  to  the 
teachers  of  the  science  and  art  of  surgery  in  the  British 
schools  during  this  period,  detailed  on  a  former  page, 
enables  us  to  form  a  jiSiSt  estimate  of  the  qualifications 
of  their  American  graduates  to  create  a  system  of 
medical  education  in  this  country. 

Whatever  other  forces  may  contribute  to  the  forma- 
tion of  the  special  peculiarities  of  the  practice  of  a  pro- 
fession it  is  the  education  of  its  individual  members 
which  determines  its  character  more  largely  than  any 
other  factor.  The  school  formulates  the  principles 
which  govern  the  future  acts  of  its  pupils,  and  the 
quality  and  value  of  the  in.struction  depend  entirely 
upon  the  qualifications  of  the  teachers.  Mr.  Erichsen, 
in  his  address  on  "Impressions  of  .American  Surgery," 
truthfully  remarks:  "The  method  of  doing  things  in 
surgery  is  transniitted  directly  from  the  master  to  the 
pupil;  the  American  of  a  past  generation  acquired  in 
this  way  the  traditionary  art  of  British  surgery,  and 
has  transmitted  it  directly  to  his  descendants.  Sur- 
geons of  both  nations  drew  their  inspiration  from 
the  same  source  and  drank  at  the  same  fountain  of 
knowledge." 

Though  American  surgery  was  originally  but  a 
transplanted  root  of  British  surgery  to  a  virgin  soil  and 
its  subsequent  evolution  was  along  lines  established  by 
the  parent,  it  is  not  difficult  to  distinguish,  at  many 
points  of  contrast,  that  American  practice  has  always 
been  characterized  by  a  greater  freedom  of  thought, 
a  promptness  of  action,  and  an  afRucnce  of  resources. 
Foreign  surgeons  accustomed  to  the  observance  of 
technical  rules  of  practice,  have  attributed  the  inde- 
pendent spirit  of  American  surgeons  in  their  methods 
of  operating  to  ignorance  of  established  rules  and  even 
to  mere  recklessness.  But  experience  has  proved  that 
these  attributes  have  simply  illustrated  the  genius  of 
British  surgery  emancipated  from  the  thraldom  with 
which  the  traditions  of  the  barber  surgeons  had  fet- 
tered the  progress  of  scientific  surgery  in  Europe  for 
centuries.  In  order  to  have  a  proper  understanding  of 
the  trend  of  the  development  of  .American  surgery  we 
must  first  enquire  as  to  the  educational  character  of 
the  medical  schools,  and  their  teachers. 

In  1765  the  Medical  Department  of  the  College  of 
Philadelphia  was  organized,  chiefly  through  the  efforts 
of  Dr.  John  Morgan  and  Dr.  William  Shippen,  Jr. 
They  were  natives  of  Philadelphia,  graduates  of 
literary  institutions,  had  studied  medicine  in  due 
course  in  the  office  of  prominent  physicians  and  com- 
pleted their  profes.sional  education  in  the  British 
schools.  In  the  scheme  of  instruction  the  promoters 
followed  the  European  plan  of  giving  surgery  a  sub- 
ordinate place  in  connection  with  other  branches  and 
united  it  with  anatomy.  Dr.  Joseph  Carson,  historian 
of  the  Medical  Department  of  the  University  of 
Pennsylvania,  says:  "The  Medical  School  of  Phila- 
delphia may  be  said  to  be  the  legitimate  offspring  of 
that  of  Edinburgh." 

Dr.  Shippen  though  devoted  to  the  practice  of  mid- 
wifery was  appointed  professor  of  anatomy  and  sur- 
gery, and  held  this  position  until  1S05.  a  period  of 
forty  years.  It  appears  from  the  announcement  of 
his  lectures  that  the  course  of  instruction  in  surgery 
was  limited  to  "all  the  necessary  operations  of  sur- 
gerj-,"  and  "a  course  of  bandages."     Considering  how 

•The  writer  recently  had  occasion  to  prepare  a  paper  on  "The 
Evolution  of  American  Surncry"  which  contains  much  matter  [jerti- 
nent  to  the  present  historical  sketch  and  from  which  he  has  made  very 
liberal  extracts. 
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few  operations  were  retjarded  as  necessary,  and  liow 
important  was  the  use  of  the  bandage  at  that  time,  we 
ran  estimate  the  character  of  the  surgical  instruction 
imparte<l  by  Dr.  Shippen.  He  was,  however,  a 
popular  teacher,  and  by  liis  devotion  to  the  duties  of 
his  professorship  amid  the  distractions  of  the  war  of 
tlie  Revolution  and  the  dissensions  of  the  profession, 
powerfully  aided  in  preser\nng  the  foimdations  on 
wliiih  the  Medical  Department  of  the  University  of 
riiiiisylvaiiia,  the  successor  of  the  College  of  Philadel- 
phia, iiad  been  reared. 

In  the  year  1805  the  teaching  of  surgery  w.is 
divorced  from  that  of  anatonW  and  midwifery,  and 
became  an  independent  professorship  in  what  was  now 
the  Medical  Department  of  the  Universitv  of  Pennsyl- 
vania. Dr.  Philip  Syng  Pliysick  (170S-1.S3T)  was 
appointed  to  the  new  position.  He  was  admirably 
adapted  to  elevate  thenewprofessor.ship  to  tlie  highest 
grade  then  attainable.  He  was  a  native  of  Philadel- 
I)hia,  of  English  descent  and  received  his  c()Ilegiate 
education  at  the  I'niversity  of  Pennsylvania.  He 
studietl  medicine  in  the  olTice  of  a  physician  and  in 
17S9,  at  the  age  of  twenty-one,  became  the  private 
pui)il  of  John  Hunter  and  a  member  of  his  family. 
He  was  apiiointed  to  the  house  staff  of  St.  George's 
Hospital,  London,  through  the  influence  of  his  master 
with  whom  he  seems  to  liave  been  a  favorite,  for  at  the 
close  of  his  residence  Hunter  requested  him  to  become 
his  partner.  He  visited  Kilinburgh  and  received  his 
degree  in  1792,  at  the  age  of  twenty-four.  On  return- 
ing to  Philadelphia  he  began  practice  under  favorable 
conditions;  was  elected  surgeon  of  the  Pennsylvania 
Hospital  in  1794;  gave  lectures  on  surgery  to  the  stu- 
dents in  the  University  in  ISOO;  and  in  ISOS  was  ap- 
pointed to  the  new  professorship  of  surgery  created 
in  the  University.  He  held  the  position  thirteen  years, 
when  he  accepted  the  chair  of  anatomy,  which  he  re- 
tained until  1830. 

Dr.  Joseph  Carson,  the  historian  of  the  Medical 
Department  of  the  University  of  Pennsylvania,  thus 
speaks  of  Dr.  Physick's  method  of  instruction:  "The 
lectures  were  carefully  written  out  and  delivered  with 
the  manuscript  before  him  or  in  hand;  for  it  was  an 
axiom  with  him  that  on  so  important  an  occasion  as 
the  instruction  of  youth  in  an  art  so  necessary  to  the 
well-being  and  hapi)ine.ss  of  mankind,  every  care 
should  be  taken  to  render  the  inculcation  of  principles 
and  practice  clear  to  the  comprehension  of  students. 
His  dignified  bearing  and  imposing  presence,  his 
emphatic  manner,  and  painstaking  execution  of  his 
duties  deeply  impressed  his  pupils  and  commanded  the 
profoundest  deference."  The  immediate  successors 
of  Phvsick  in  the  chair  of  surgerv  in  the  Pennsylvania 
school— Gibson  (178S-18(iO),  Henry  Smith  (181.5- 
1890),  Agnew  (1818-92)— have  maintained  the  high 
character  which  he  gave  it. 
^  In  1707,  the  Medical  Department  of  King's  College, 
New  York,  the  second  pioneer  college,  was  organized. 
and  on  November  2,  of  that  year  the  introductory  ad- 
dress to  the  first  course  of  lectures  was  given.  In  the 
plan  of  instruction  in  surgery  adopted  by  the  promoters 
of  this  school,  we  recognize  the  first  "departure  from 
European  methods  anfl  the  initial  step  in  creating  a 
class  of  distinctly  .\meriean  surgeons.  Tlie  faculty  not 
only  exhibited  a  commendable  spirit  of  independpnce 
of  the_  traditions  of  the  i)ast,  but  they  demonstrated 
unec|uivocaIlythat  they  recognized  higher  ideals  of  sur- 
gery as  a  science  and  an  art  than  wore  prevalent  in 
foreign  countries.  Under  the  leadership  of  Dr.  John 
Jones,  surgery  was  divorced  from  all  other  branches  of 
a  medical  education  and  erected  into  an  independent 
professorship.  Dr.  Jones  was  appointed  full  professor 
of  surgery,  the  first  appointment  of  the  kind  in  tliis 
country,  and  gave  the  first  lecture  on  November  9, 
1707.  He  gave  an  annual  cour.se  of  lectures  until  the 
college  was  closed  by  the  war  of  the  Revolution,  177,=). 

John  Jones  (1729-1791)  was  of  Welsh  origin.  His 
grandfather,    Dr.    Edward    Jones,    was   from    Wales, 
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and  came  to  this  country  in  the  famous  ship  Wel- 
come, with  WiUiam  Penn  and  his  colony.  He  married 
a  daughter  of  Dr.  Thomas  W'ynne,  Speaker  of  the 
As.sembly  of  Penn's  colony.  His  son.  Dr.  Evan  Jones, 
settled  at  Jamaica,  Long  Island,  N.  Y.,  where  John 
Jones  was  born  in  1729.  He  was  educated  at  a  private 
scliool  in  New  York,  and,  at  the  age  of  eighteen  years, 
began  the  study  of  medicine  with  Dr.  Thomas  Cacl- 
walader,  of  Philadeljjhia.  He  visited  London  and 
attended  the  lectures  of  Dr.  William  Hunter  and  the 
practice  of  Mr.  Percival  Pott,  in  St.  Bartholomew's 
Ho.spital.  In  1757,  he  again  visited  France  and  ob- 
tained the  degree  of  Doctor  in  Medicine  from  the 
University  of  Rheims.  In  Paris  he  attended  the 
anatomical  lectures  of  Petit,  and  received  instruction 
from  Le  Dran  and  Le  Cat,  in  Hotel  Dieu.  Dr.  Jones 
enlisted  as  surgeon  in  the  Continental  Army,  but  soon 
retired  on  account  of  ill-health.  In  17S0  he  removed 
to  Pliikulelphia,  became  surgeon  to  the  Pennsylvania 
Hosijital,  and  was  the  professional  attendant,  on 
occasions,  of  Washington  and  Franklin.  He  died  on 
June  2.3,  1791,  at  the  age  of  sixty-three. 

Dr.  Jones  was  eminently  qualified  to  be  the  founder 
of  a  system  of  surgical  education.     The  qualities  of  his 
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mind  fitted  him  to  be  a  teacher,  and  his  standard  of 
professional  qualification  was  ideal.  He  was  devoted 
to  surgery  as  a  science  and  an  art,  and  cultivated  it 
with  passionate  zeal.  He  traveled  extensively  and 
availed  himself  of  every  opportunity  to  acquire 
knowledge.  Although  he  made  specialties  of  anatomy 
and  surgery,  his  general  studies  took  a  wide  range  and 
his  inquiries  extended  to  the  collateral  sciences.  He 
made  warm  friends  of  the  most  prominent  surgeons  of 
that  time  in  the  hospitals  abroad,  and  was  a  favorite 
student  of  Pott,  of  .St.  Bartholomew's  Hospital,  Lon- 
don, and  of  Petit  and  Le  Dran,  of  Hotel  Dieu,  Paris. 
He  attended  the  lectures  of  Dr.  William  Hunter  and 
must  have  been  brought  into  more  or  less  intimate 
association  with  his  brother,  John  Hunter,  who  was 
nearly  the  same  age  as  Dr.  Jones  and  had  just  com- 
pleted his  studies,   1752. 

Dr.  John  B.  Beck,  in  his  "Historical  Sketch" 
remarks  of  Dr.  Jones:  "He  was  well  fitted  by  his  edu- 
cation and  his  various  accomplishments  to  become 
the  instructor  of  others."  He  adds  this  very  per- 
tinent statement;  "Not  merely  as  the  skilful  opera- 
tor, but  as  the  scientific  surgeon  and  the  first  teacher 
of  surgery  in  the  colonies,  he  justly  deserves  to  be 
styled  "The  Father  of  American  Surgery." 

The  successor  of  Dr.  Jones  in  King's  College  was  Dr. 
Wright  Post  who  was  a  native  of  Hempstead,  Queens 
County,  New  York.  He  was  a  student  of  medicine  in 
the  office  of  Dr.  Richard  Bavley,  a  prominent  surgeon 
of  New  Y'ork  City.     In  1784  he  went  to  London  and 
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became  the  house  puijil  of  Mr.  Sheldon,  of  St.  George's 
Hospital,  to  which  Hunter  was  surgeon. 

He  became  thoroughly  familiar  with  the  teachings 
of  Hunter,  and  was  undoubtedly  present  when  that 
surgeon  performed  his  first  operation  of  ligating  the 
femoral  artery  for  aneurj^sm,  1785.  In  1786  he 
returned  to  New  York  and  gave  lectures  on  anatomy. 
In  1792  he  was  appointed  professor  of  surgery  in  the 
Medical  Department  of  Columbia,  formerly  King's 
College.  From  1796  to  1807,  when  the  College  of 
Physicians  and  Surgeons  was  organized.  Dr.  Post 
taught  anatomy  and  surgery,  apparently  without  a 
rival,  in  Columbia  College.  He  was  the  first  profes- 
sor of  anatomy  and  surgery  in  the  College  of  Physi- 
cians and  Surgeons,  but  in  1811  the  chair  was  divided, 
at  his  special  solicitation,  and  he  retained  the  chair  of 
anatomy,  teaching  surgerj-  only  clinically.  In  1813  he 
received  the  honorary  degree  of  Doctor  in  Medicine 
from  the  regents  of  the  University  of  New  York,  and 
in  1821  was  elected  to  the  office  of  President  of  the 
College  of  Physicians  and  Surgeons,  a  position  which 
he  held  until  1826,  when  he  resigned.  He  died  in  1828, 
at  the  age  of  sixty-two. 

For  upward  of  forty  years  he  was  a  prominent  figure 
in  the  medical  schools  and  hospitals  of  New  York,  in 
the  former  giving  didactic  and  in  the  latter  clinical 
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instruction.  In  his  lectures  he  taught  surgerj-  as  a 
true  science,  and  in  his  practice  he  demonstrated  it  as 
a  high  art.  He  was  also  the  legitimate  and  worthy 
successor  of  Dr.  John  Jones,  being  appointed  to  the 
chair  of  surgery  in  the  reorganized  Medical  Depart- 
ment of  Columbia  College,  in  1792. 

Dr.  Valentine  Mott,  one  of  Dr.  Post's  most  devoted 
pupils  and  eminently  qualified  to  give  a  judicial 
opinion,  thus  characterizes  Dr.  Post's  qualifications 
as  a  teacher  and  practitioner  of  surgery:  "He 
was  unrivalled  as  an  anatomist,  a  most  beautiful 
dissector,  and  one  of  the  most  luminous  and  perspicu- 
ous teachers  I  have  ever  listened  to  at  home  or  abroad. 
His  manners  were  grave  and  dignified;  he  seldom 
smiled,  and  never  trifled  with  the  serious  and  responsi- 
ble duties  in  which  he  was  engaged  and  which  no  man 
ever  more  solemnly  respected.  His  delivery  was 
precise,  slow  and  clear — qualities  inestimable  in  a 
teacher — and  peculiarly  adapting  his  instructions  to 
the  advancement  of  the  junior  portion  of  the  class. 
As  an  operator  he  was  careful,  slow  and  elegant,  and 
competent  to  any  emergency  contemplated  by  the 
then  existing  state  of  surgical  science." 

In  1811,  the  College  of  Phj-sicians  and  Surgeons, 
the  successor  of  the  Medical  Department  of  Columbia 
University,  restored  surgery  to  the  position  of  an  inde- 
pendent professorship,  wliich  was  assigned  to  it  in  1767, 
and  Dr.  Valentine  Mott  was  appointed  to  the  chair. 
He  was  born  at  Glencove.  Long  Island,  .August  20,  17S.i. 
His  father.  Dr.  Henry  Mott,  a  native  of  Hempstead, 


Long  Island,  was  the  son  of  Adam  Mott,  an  English- 
man and  disciple  of  George  Fox,  the  founder  of  the  sect 
of  Friends.  At  the  age  of  nineteen  he  entered  the  office 
of  his  relative.  Dr.  Valentine  Seaman,  a  prominent  sur- 
geon of  the  New  York  Hospital.  Young  Mott  re- 
mained with  Dr.  Seaman  from  1H04  until  1807,  when  he 
graduated  from  the  Medical  Department  of  Columbia 
College,  in  which  Dr.  Wright  Post  was  the  professor  of 
anatomy  and  surgerj-.  Soon  after  graduation  he 
visited  London,  and  became  the  pupil  of  Sir  Astley 
Cooepr,  then  the  foremost  surgeon  of  that  city.  He  re- 
mained in  London  two  j-ears,  assisting  Cooper  in  his 
operations  and  then  visited  the  Edinburgh  school.  On 
returning  to  New  York  in  1809,  he  delivered  a  course  of 
lectures  and  demonstrations  on  operative  surgerj-  in  the 
anatomical  rooms  of  Columbia  College.  To  the.se  lec- 
t  ures  he  attributed  his  appointment  to  the  professorship 
of  surgery  in  Columbia  College,  181 1,  which  iminediatey 
followed.  This  appointment  was  actually  made  on 
the  advice  of  his  preceptor.  Dr.  Wright  Post.  He 
continued  in  this  position  until  1826,  when  the  pro- 
fessors resigned  in  a  bodj-  on  account  of  differences 
with  the  regents.  The  Rutgers  Medical  College  was 
then  organized,  and  Dr.  Mott  entered  the  facultj-  as 
])rofessor  of  surgerj-.  This  school  continued  but 
five  jears.  Dr.  iVIott  was  next  appointed  professor 
of  operative  surgerj-  and  surgical  anatomj-  in  the 
College  of  Phj-sicians  and  Surgeons,  a  position  which 
he  resigned  in  1834,  on  account  of  failing  health.  He 
now  traveled  extensivelv  in  Europe,  Asia,  and  .\friea. 
On  his  return  he  united  in  the  effort  to  establish  the 
Medical  Department  of  the  University  of  New  York, 
and  in  1840  was  appointed  the  professor  of  surgery. 
Though  the  school  had  a  verj-  able  facultv,  the  fame 
of  Dr.  Mott  was  its  greatest  attraction  to  students, 
and  its  classes  soon  far  exceeded  anj- hitherto  gathered 
in  this  citj-.  In  1850  he  resigned  this  position  and 
again  visited  Europe.  On  his  return  he  was  appointed 
emeritus  professor  of  operative  surgerj-  and  surgical 
anatomj-  in  the  College  of  Phj-sicians  and  Surgeons, 
and  commenced  his  course,  November  7.  1850,  with 
an  address  on  "Reminiscences  of  Medical  Teaching 
and  Teachers  in  New  York,"  an  interesting  review  of 
the  progress  of  surgerj-  in  this  citj-  for  half  a  centurj-. 
In  18.52  he  accepted  the  position  of  emeritus  pro- 
fessor of  surgerv  in  the  ^Iedical  Department  of  the 
Universitj-  of  New  York,  which  he  held  until  his 
death,  giving  annual  courses  of  lectures,  chiefly  clin- 
ical. He  died  after  a  short  illness  from  embolism 
affecting  the  right  leg,  April  26,  1865,  his  last  words 
being,  "Order,  truth,  punctuality." 

The  qualifications  of  Dr.  Mott  as  an  educator  were 
of  the  highest  order.  He  was  a  careful  and  accurate 
student  of  the  medical  and  collateral  sciences,  and 
based  his  practice  of  surgerv  upon  the  principles 
which  thej-  inculcated.  He  had  been  trained  nt  home 
in  the  school  of  Hunter  by  his  preceptor.  Dr.  Wright 
Post,  and  abroad  by  Home,  .\bernethy.  and  Cooper. 
He  was  the  legitimate  successor  of  Dr.  John  Jones  and 
Dr.  Wright  Post  in  laying  broad  and  deep  the  founda- 
tions of  surgical  education,  not  only  in  the  schools  of 
New  York,  but  in  the  colleges  of  the  country  organized 
bv  graduates  of  these  metropolitan  schools. 

"Alexander  Hodgden  Stevens  (1789-1869)  was  a 
native  of  New  York  Citj-.  He  was  a  graduate  of  Yale 
College  in  1807,  and  of  the  Medical  Department  of  the 
University  of  Pennsjlvania  in  1811.  In  1S14  he  was 
appointed  professor  of  surgerj-  in  the  New  York 
Medical  Institute,  and  in  1818  he  became  one  of  the 
visiting  surgeons  to  the  New  York  Hospital.  In  1826 
he  was  appointed  professor  of  surgery  in  the  College 
of  Physicians  and  Surgeons,  as  the  successor  of  Mott. 
He  retired  in  1838  on  account  of  failing  health,  and 
was  made  emeritus  bv  the  board  of  regents.  He  died 
in  1869. 

The  true  successor  of  Stevens  was  Dr.  'V\  illard 
Parker,  though  the  chair  of  surgerj-  was  occupied  for 
two  sessions  by  Dr.  .\lban  G.  Smith,  of  Kentucky. 
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Piirker  became  the  professor  of  surgery  in  1840,  having 
been  called  from  the  Cincinnati  College,  Ohio.  He 
was  a  graduate  of  the  Harvard  Medical  College  and  a 
private  i)upil  of  Dr.  John  C.  Warren.  Thus  it  hap- 
pened that  the  chair  of  surgery,  one  occupied  by 
Jones  and  Post,  then  made  illustrious  by  Mott,  one  of 
its  own  pupils,  next  tilled  by  a  rejireseiitative  of 
Phvsick,  was  now  to  be  given  to  a  student  of  \Varren. 
Parker  had  many  of  the  (jualifications  of  the  best 
class  of  teachers.  "His  very  presence  and  personality 
commanded  the  confidence,  respect,  and  even  admira- 
tion of  students.  His  mental  attributes  and  his  tem- 
perament rendered  his  teaching  practical  rather  than 
theoretical  and  speculative.  He  readily  grasped  the 
essential  facts  of  any  subject  matter,  and  at  once 
endeavored  to  estimate  their  practical  value.  This 
peculiarity  of  his  teaching  was  attractive  to  students 
and  practitioners,  and  always  gave  him  large  and 
attentive  audiences.  His  special  characteristics  as  a 
teacher  of  surgery  were  seen  to  the  best  advantage  in 
the  clinics  which  he  organized  in  the  lecture-room  of  the 
college,  the  first  of  the  kind  in  this  country.  Here, 
in  a  familiar  manner,  he  illustrated  the  diagnosis  and 
treatment  of  surgical  diseases  and  applied  the  princi- 
ples which  he  taught  to  practice. 


Fig.  4701.— John  Warren  (1753-1815). 

WUlard  Parker  (1800-1884)  was  a  native  of  Hills- 
boro,  N.  H.  He  graduated  from  Harvard  College  in 
1826.  He  was  a  pupil  of  Dr.  John  C.  Warren,  and 
served  one  year  as  house  surgeon  in  the  Massachusetts 
General  IIos|)ital.  He  graduated  in  medicine  from 
the  Harvard  Medical  School  in  ISUO,  and  soon  after 
accepted  tlie  profcssorsliip  of  unatomv  in  the  Berkshire 
Medical  College  at  Pittsfield,  Mass.  In  1832  he 
delivered  a  course  of  lectures  on  surgery  in  the  same 
institution.  In  1836  he  was  appointed  professor  of 
surgery  in  the  Cincinnati  Medical  College,  and  in  1S39 
accepted  the  professor-ship  of  surgery  in  the  College 
of  Physicians  and  Surgeons  of  New  York,  a  position  he 
held  thirty  years.  On  retiring  he  was  appointed 
emeritus  professor  and  continued  in  that  relation  to 
the  college  until  his  death  in  1884. 

.\t  the  close  of  the  Revolutionary  war  the  third 
pioneer  medical  school  was  organized.  This  was  the 
NIedical  Department  of  Harvard  College,  Cambridge, 
Mass.,  established  in  1783.  Dr.  John  Warren,  who 
was  the  chief  ])romotor  of  the  school  was  a  native  of 
Roxbury.  Mass.  He  was  a  younger  brother  of  Gen. 
Joseph  Warren,  a  surgeon,  who  fell  at  the  battle  of 
Bunker  Hill,  June  17,  1776.  He  was  educated  at 
Harvard  College,  which  he  entered  at  the  age  of 
fourteen.  He  then  began  the  study  of  medicine  with 
his  brother,  and  on  receiving  his  degree  he  located  in 
Salem   at   the  age  of  twenty  years.     Like  his  elder 
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brother,  Joseph,  Dr.  John  Warren  was  an  ardent 
patriot,  and  joined  Colonel  Pickering's  regiment  as  a 
volunteer,  and  marched  to  the  defence  of  the  military 
stores  at  Concord.  He  was  present  at  the  first  battle 
at  Lexington.  He  was  afterward  attached  to  the  main 
army  under  the  immediate  command  of  General  Wash- 
ington. He  was  at  many  important  battles,  as  that 
on  Long  Island,  at  Princeton,  and  his  services  were 
highly  appreciated  by  the  Commander-in-Chief. 
After  suffering  a  severe  attack  of  fever,  he  was  as- 
signed to  duty  at  Boston,  where  he  remained  until  the 
close  of  the  war.  In  1780  Dr.  Warren  gave  a  coiirse 
of  lectures  with  dissections  at  the  Military  Hospital 
and  the  following  year  the  students  of  Harvard  College 
were  permitted  to  attend.  These  lectures  led  to  the 
creation  in  1783  of  the  Medical  Department  of  Har- 
vard College. 

Dr.  Warren  oecupied  the  chair  of  anatomy  and 
surgery  upward  of  thirty  years.  He  died  April  3, 
181.5.  Dr.  Thacher,  a  pupil  of  Dr.  Warren,  thus  de- 
scribes his  personal  appearance:  "He  was  of  about 
middling  stature  and  well  formed ;  his  deportment  was 
agreeable;  his  manners,  formed  in  a  military  school 
and  polished  by  intercourse  with  the  officers  of  the 
French  army,  were  those  of  an  accomplished  gentle- 
man.    An    elevated    forehead,    black    eyes,    aquiline 


Fig.  4705.— J.  C.  Warren  (1778-1856). 

no-se,  and  h.air  turned  up  from  his  forehead  gave  him  an 
air  of  dignity  which  became  a  person  of  his  profession 
and  character." 

Dr.  John  Collins  W'arren  (177S-1856)  became  the 
assistant  of  his  father.  Dr.  John  Warren,  the  founder 
of  the  Harvard  School.  In  1806  he  was  associated 
with  his  father  in  the  chair  of  anatomy  and  surgery, 
and  on  the  death  of  the  Latter  in  181.5  he  became  full 
professor,  and  continued  in  that  position  until  1847, 
when  a  professorship  of  surgery  was  created,  and  he 
became  the  emeritus  professor.  He  died  May  4, 
1856. 

The  successor  to  Warren  in  the  Harvard  school,  in 
1847,  was  Dr.  George  Hayward  (1791-1863).  He  was 
a  native  of  Boston,  a  graduate  of  Harvard  College  in 
1809,  but  he  graduated  in  medicine  from  the  Univer- 
sity of  Pennsylvania  in  1812.  As  a  teacher,  it  is 
stated,  "thoroughly  versed  in  the  principles  and 
theory  of  surgery,  he  was  a  remarkably  practical  and 
popular  teacher  in  the  professor's  chair  and  at  hos- 
pital clinics."     He  died  in  1863. 

In  1849  Dr.  Henry  J.  Bigelow  succeeded  Hayward 
as  professor  of  surgery  in  the  Harvard  school,  and  con- 
tinued in  that  position  until  1882,  a  period  of  thirty- 
three  years.  Bigelow  was  qualified  by  birth,  mental 
endowments,  and  preparatory  training,  not  only  to 
maintain  the  high  standard  of  educational  qualifica,- 
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tions  which  the  Harvard  school  required  of  its  gradu- 
ates, but  to  adv-auce  that  standard  so  that  it  kept  pace 
with  the  rapid  development  of  the  medical  sciences 
during  the  period  of  his  service.  It  is  well  stated  of 
him  that  as  "inventor  and  discoverer  by  nature,  his 
constant  aim  was  to  enlarge  the  boundaries  of  his 
profession,  and  to  this  end  his  fertility  in  ideas  and 
remarkable  mechanical  ingenuity  came  to  his  aid." 
He  was  preeminently  a  master  of  both  the  science  and 
the  art  of  surgery,  and  in  his  teachings  he  was  able  so 
to  combine  principles  and  practice  that  the  student 
became  proficient  in  both  branches  of  the  subject. 
The  fourth  pioneer  medical  school,  perhaps  more 
than  the  preceding,  illustrates  the  genius  of  American 
surgery,  viz.,  its  independent  spirit.  In  the  year 
1798  the  Medical  Department  of  Dartmouth  College, 
at  Hanover,  N.  H.,  was  established,  at  the  suggestion 
of  Dr.  Nathan  Smith,  a  graduate  of  Harvard  Medical 
College.  The  most  interesting  feature  in  the  organi- 
zation of  this  school  was  the  composition  of  the  faculty, 
which  consisted  of  a  single  person,  viz.,  its  promoter. 
Dr.  Nathan  Smith.  For  twelve  years  he  gave  full 
courses  of  lectures  on  all  of  the  different  branches  of 
medicine  then  taught,  except  two  courses  in  the  de- 
partment of  chemistry. 


Fig.  4706 —Henry  Jac  b  I!  „cIow  (ISIS  1890). 

Nathan  Smith  was  born  at  Rehoboth,  Mass., 
September  30,  1762.  His  education  was  obtained  at 
the  public  school.  At  the  age  of  twenty-four  he  wit- 
nessed a  surgical  operation,  which  so  impressed  him 
that  he  determined  to  study  medicine,  and  accordingly 
applied  to  the  surgeon  to  be  admitted  to  his  office  as  a 
student.  He  was  directed  to  prepare  himself  for 
admission  to  Harvard  College  before  commencing  the 
study  of  medicine,  which  he  promptly  did,  and  was 
then  allowed  to  enter  and  register  as  a  student.  After 
three  years  of  study  he  located  in  practice  at  Cornish, 
Vt.  Soon  after,  he  attended  the  lectures  on  medicine 
and  collateral  sciences  at  Harvard  College,  from  which 
he  received  the  degree  of  Bachelor  of  Medicine  in 
1790.  He  returned  to  his  practice,  which  he  pursued 
with  marked  success  for  five  or  six  years.  During 
this  time  he  became  much  impressed  with  the  low 
grade  of  educational  ciualifications  of  the  practitioners 
with  whom  he  was  brought  in  contact.  On  this  ac- 
count his  biographer  states  that  "he  was  led  to  pro- 
ject a  medical  institution  in  connection  with  Dart- 
mouth College,  in  order  to  rear  up  for  the  widespread 
regions  of  the  interior  of  New  England  a  race  of  better 
educated,  more  enlightened,  and  more  skilful  physi- 
cians and  surgeons."  His  plans  being  approved  by  the 
president  of  the  college,  Dr.  Smith  sought  to  better 
qualify  himself  for  the  new  duties  by  attending  the 
schools  of  London  and  P>linburgh.  He  returned  in 
September,  1797,  and  early  in  the  year  1798  began  a 
course  of  lectures  which  embraced  the  entire  circle  of 
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the  medical  sciences,  as  then  understood,  and  which 
he  repeated  for  twelve  successive  years. 

In  181.3  he  was  invited  to  the  cliair  of  "physics  and 
surgery"  in  the  recently  established  Medical  Depart- 
ment of  Yale  College,  which  he  accepted.  He  subse- 
quently gave  one  course  in  Dartmouth  College,  one 
in  Vermont  University,  and  five  in  the  Medical  Institu- 
tion of  Bowdoin  College  at  Brunswick,  Maine.  He 
died  January  26,  1829,  in  the  sixty-seventh  year  of 
his  age. 

"As  an  instructor,"  saj's  Prof.  Knight,  "the  repu- 
tation of  Dr.  Smith  was  high,  from  the  time  he  began 
the  business  of  instruction.  .  .  .  That  for  many  years 
he  gave  instruction  upon  all  the  branches  of  medical 
and  surgical  science,  that  this  instruction  was  to  cla.sscs 
of  intelhgent  young  men,  and  that  many  who  were  thus 
instructed  have  become  eminent  in  their  i)rofossion, 
prove  not  only  versatility  of  talent,  but  variety  and 
extent  of  information,  with  a  happy  niethori  of  com- 
municating it.  .  .  .  He  sought  no  aid  from  an  artificial 
style,  but  merely  poured  forth,  in  the  plain  language 
of  conversation,  the  treasures  of  his  wisdom  and 
experience." 

Of  the  influence  of  Dr.  Smith  upon  the  profession  of 
New  England,  Prof.  Knight  remarks:  "His  influence 


4707.— Nathan  Smith  (1762-1829). 


over  medical  literature  was  equally  extensive.  This 
influence  was  exerted,  through  his  Large  acquaintance 
among  medical  men,  by  his  advice  and  examiile.  as  well 
as  more  directly  through  the  medium  of  the  various 
medical  schools  which  were  favored  with  his  in- 
structions. By  means  of  his  influence  thus  exerted,  he 
effected,  over  "a  large  extent  of  country,  a  great  and 
salutary  change  in  the  medical  profession.  The 
assertion  that  he  has  done  more  for  the  improvement 
of  physics  and  surgery  in  New  England  than  any  other 
man  mil  bv  no  one  be  deemed  invidious." 

In  1826,  "Jefferson  Medical  College,  of  Philadelphia, 
was  founded  by  Dr.  deorge  McClellan  (179l)-;1847), 
a  graduate  of  the  Medical  Department  of  tlie  Univer- 
sity of  Pennsylvania.  McClellan  wjis  a  type  of  the 
aspiring  and  aggressive  young  surgeons  of  that  early 
period.  He  had  been  a  pupil  of  Dorsey,  the  .assistant 
of  Physick,  a  brilliant  lecturer  and  accredited  author. 
Soon  after  his  graduation  McClellan  began  teaching 
anatomy  and  surgery,  and  his  vivacity  of  manner  and 
fluency  "of  speech  attracted  large  cla.<ses.  It  is  stated 
th.at  as  a  public  teacher  his  style  was  purely  extempora- 
neous; he  became  so  absorbed  with  his  subject  as  to 
be  unconscious  of  those  around  him.  His  lectures 
achieved  a  popularity  and  produced  an  effect  seldom 
equalled.  As  a  practical  surgeon  he  took  rank  with 
the  most  successful  practitioners  of  that  day.  The 
school  which  he  founded  has  been  one  of  the  largest 
contributers  to  the  ranks  of  eminent  practical  surgeons 
and  teachers. 
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One  of  the  most  illustrious  surgeons  and  educators 
of  our  period  was  a  private  pupil  of  McClcllun.  a 
graduate  of  the  Jefferson  Medical  College,  and  his 
successor  to  the  chair  of  surgery — Dr.  Samuel  D. 
Gross.  It  is  impossible  to  estimate  the  vast  influence 
of  Gross  upon  the  diaractcr  of  surgical  practice  during 
his  long  career  of  over  half  a  century,  and  in  the  three- 
fold capacity  of  an  original  investigator,  a  popular 
teacher  in  many  schools,  and  an  accepted  authority  on 
general  surgery.  He  was  born  near  Easton,  Pa., 
July  S,  1S05.  He  wjus  a  pujiil  of  Dr.  George  Mc- 
Clellan  graduating  in  medicine  from  Jefferson  Medical 
College  in  1828.  He  located  in  Philadelphia,  and  in 
1830  published  a  work  on  "Diseases  and  Injuries  <if 
the  Bones  and  Joints."  In  1833  he  became  demon- 
strator of  anatomy  in  the  Medical  College  of  Ohio  ,  and 
in  183.5  he  was  appointed  professor  of  pathological 
anatomy  in  the  .Medical  Department  of  the  Cincinnati 
College."  His  lectures  were  the  first  delivered  in  this 
country  on  that  subject,  and  resulted  in  tlie  prepara- 
tion of  a  work  on  the  "Elements  of  Pathological 
Anatomy,"  the  first  work  of  the  kind  in  the  English 
language.  In  1839  he  became  professor  of  surgery  in 
the  University  of  Louisville,  Ky.,  and  in  1850  he  was 
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appointed  to  the  same  position  in  the  Medical  Depart- 
ment of  the  University  of  the  City  of  New  York.  He 
gave  but  a  single  course  of  lectures  in  New  York,  and 
returned  to  his  former  position  in  the  Louisville  school. 
In  1805  he  was  appointed  professor  of  surgery  in  the 
Jefferson  Medical  College,  Philadelphia,  from  which 
he  retired  in  1882.  The  crowning  art  of  his  surgical 
career  was  the  publication  of  his  great  "System  of 
Surgery"  in  1857.     He  died  in  1884. 

In  1837,  Rush  Medical  College,  of  Chicago,  was 
founded  by  Dr.  Daniel  Brainard.  This  was  the 
pioneer  medical  school  in  the  Northwest,  and  has 
always  maintained  a  high  grade  of  surgical  instruction. 

The  pioneer  teacher  of  surgery  in  the  extreme  South 
was  Dr.  Warren  Stone,  of  New  Orleans  (1808-1872). 
He  was  a  native  of  Vermont  and  studied  medicine 
under  Dr.  .\mos  Twitehell,  one  of  the  most  famous 
surgeons  of  that  day  in  this  country.  He  took  his 
medical  degree  in  Philadelphia  in  1825,  and  located  in 
New  Orleans.  He  was  connected  with  the  Medical 
Department  of  the  University  of  Louisiana  from  its 
organization  in  183-1.  In  183G  he  was  appointed  a 
lecturer  in  anatomy,  and  in  1839  anatomy  was  sepa- 
rated from  surgery,  and  he  assumed  the  full  duties  of 
the  chair  of  surgery;  and  for  upward  of  a  third  of  a 
century  he  taught  large  classes  of  students  and  exer- 
cised a  great  influence  upon  the  practice  of  surgery. 

One  of  the  most  conspicuous  surgeons  of  the  South, 
who  at  an  early  period  took  an  active  part  as  a  teacher 
in  the  newly  organized  medical  schools,  was  Dr.  Paul 
F.  Eve.  He  was  a  native  of  Georgia,  a  graduate  of 
the  University  Medical  College  of  Philadelphia,  and 
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later  an  attendant  upon  the  lectures  and  practice  of 
the  leading  surgeons  of  London  and  Paris.  He  began 
teaching  in  1832,  in  a  small  college  in  Georgia,  and 
from  that  time  until  his  death  he  was  engaged  in  giv- 
ing courses  of  lectures  on  surgery  in  a  large  number  of 
colleges.  On  his  final  settlement  in  Nashville,  Tenn., 
he  became  eminent  as  a  practical  surgeon.  As  an 
instructor  he  was  popular  and  had  flattering  offers  of 
professorships  of  surgery  in  the  older  colleges. 

This  brings  our  narrative  of  the  pioneer  medical 
schools  to  the  close  of  what  may  be  called  "the  forma- 
tive" ijcriod  of  .American  surgery.  They  laid  the 
foundations  on  which  its  future  character  would  be 
constructed  and  during  the  century  which  has  since 
elapsed  they  have  had  master  builders  on  those  foun- 
dations, and  to-day  they  take  rank  among  the  world's 
best  institutions  for  a  high-grade  surgical  education. 
Not  less  illustrious  in  the  annals  of  surgery  are  the 
names  of  many  of  the  graduates  who  went  forth  from 
these  schools  inspired  by  the  highest  ideals  of  profes- 
sional character  and  animated  by  the  adventurous 
spirit  which  pervaded  all  ranks  of  our  young  communi- 
ties, to  establish  other  schools  to  meet  the  necessities 
of  the  rapidly  increasing,  or  remote  centers  of  popula- 
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tion.  It  is  true  that  at  the  beginning  many  of  these 
schools  were  wanting  in  necessary  equipment  owing  to 
their  isolation  and  poverty,  but  the  proinotors,  like 
Dr.  Nathan  Smith  in  establishing  the  Dartmoutli 
Medical  College,  were  so  profoundly  impressed  with 
the  ab.sence  of  even  the  elements  of  a  medical  educa- 
tion of  the  ordinary  practitioners  for  want  of  oppor- 
tunity that  they  were  impelled  to  this  missionary 
work.  It  is  gratifying  to  be  able  in  these  latter  days 
to  record  the  fact  that  these  pioneer  schools — Penn- 
sylvania, Columbia,  Harvard — have  recently  received 
endowments  which  will  enable  each  to  place  it?  teach- 
ing service  in  every  department  on  the  broadest  and 
most  efficient  basis.  More  recently  the  Medical 
Department  of  the  Chicago  University  (formerly 
Rush  Medical  College)  has  received  an  endowment  of 
several  millions  of  dollars  which  allies  it  with  the 
pioneer  colleges  as  a  future  great  center  of  medical 
education  of  the  highest  order. 

Prior  to  the  year  1800,  the  four  pioneer  medical 
colleges  had  graduated  too  few  students  to  exert  any 
marked  influence  upon  the  profession  at  large,  espe- 
cially in  regard  to  the  practice  of  surgery.  But  during 
the  first  quarter  of  the  nineteenth  century  the  number 
of  medical  colleges  rapidly  increased  and  the  grade  of 
teaching  improved.  The  result  appears  in  the 
increased  activity  of  surgeons  in  performing  formid- 
able operations  and  the  independence  which  charac- 
terized their  departure  from  rules  established  by  the 
foreign  schools.  It  is  during  this  period  that  we  begin 
to  trace  the  line  of  cleavage  between  .American  and 
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European  surgery,  and  from  this  time  we  more  and 
more  frequently  meet  the  word  "American"  in  sur- 
gical literature,  in  connection  with  new  inventions  and 
methods  of  operation.  It  was,  therefore,  during  the 
early  years  of  the  nineteenth  century  that  the  evolu- 
tion of  what  may  be  termed  "the  American  practice 
of  surgery"  began  to  appear,  and  it  is  from  that  period 
that  we  shall  begin  to  trace  its  development  and  illus- 
trate its  distinctive  features.  We  can  select  only 
some  of  the  more  important  c|uestions  then  under  dis- 
cussion by  British  surgeons  and  consider  their  treat- 
ment by  American  surgeons.  This  examination  will 
not  only  illustrate  the  special  features  of  the  American 
practice  of  surgery  but  will  exhibit  the  achievements  of 
individual  surgeons. 

The.  Irenlmcnt  of  aneurysm  was  a  subject  of  absorbing 
interest  to  British  surgeons  at  the  close  of  the  eight- 
eenth century.  Hunter  had  perfected  .Vnel's  method 
of  ligating  the  artery  on  the  proximal  side  of  the 
tumor,  and  had  established  the  following  principles: 
(1)  The  ligature  should  be  applied  at  a  sufficient  dis- 
tance from  the  tumor  to  insure  a  healthy  condition  of 
the  artery.  (2)  The  artery  should  not  be  disturbed 
more  than  is  necessarj'  to  secure  the  passage  of  the 
ligature.  (3)  One  ligature  is  sufficient.  (4)  The 
wound  should  be  healed  by  first  intention. 

Hunter's  operation  was  performed  with  indifferent 
success  by  British  surgeons,  according  to  Home,  owing 
to  modifications  which  they  made  of  the  procedure  of 
the  original  operator.  The  surgeons  of  the  continent 
ignored  this  method  of  treating  aneurysm,  chiefly 
because  it  had  a  British  origin.  But  there  was  present 
at  Hunter's  first  operation  a  young  ,\merican  surgeon 
from  the  city  of  New  York,  who  thoroughly  compre- 
hended the  opinions  of  the  operator,  and  appreciated 
at  its  full  value  the  immense  importance  of  the  opera- 
tion. Dr.  Wright  Post  was  a  pupil  of  a  member  of  the 
staff  of  St.  George's  Hospital  at  the  date  of  Hunter's 
first  operation,  which  was  performed  in  that  hospital 
in  December,  1785.  Post  returned  to  New  York  in 
1786,  and  soon  took  a  high  rank  as  a  teacher  of  anat- 
omy and  surgery.  The  treatment  of  aneurj'sm  by 
the  new  operation  was  evidently  the  theme  of  some  of 
his  lectures,  for  Mott,  his  most  eminent  student,  says 
Post  expressed  the  opinion  that  not  only  one  carotid 
artery  might  be  ligated  for  aneurysm  safely,  but  that 
both  might  be  interrupted  b_v  ligature  on  the  same  per- 
son without  harm,  long  before  Astley  Cooper  operated 
on  that  artery. 

Post's  first  operation  was  the  ligation  of  the 
femoral  artery  for  aneurysm,  in  1796.  The  aneurj'sm 
was  caused  by  a  wound  of  the  artery  fifteen  years 
previously.  The  precise  location  of  the  aneurysm 
is  not  given,  nor  the  point  at  which  the  ligature 
was  applied.  The  patient  recovered  in  the  usual 
time  and  the  tumor  gradually  diminished  until  it  was 
reduced  to  a  size  not  exceeding  one  inch  in  diameter. 
An  interesting  feature  of  the  case  was  a  continuance  of 
the  pulsation  of  the  tumor,  which  Post  attributed  to 
the  increased  size  of  the  anastomosing  vessels  due  to 
the  long  continuance  of  the  aneurysm.  The  limb 
became  as  useful  as  it  was  before  the  accident.  This 
was  the  first  operation  for  the  cure  of  aneurj-sm  on  the 
Hunterian  principle  in  this  countrj',  and  the  beginning 
of  the  operator's  career  as  the  practical  exponent  of 
the  Hunterian  method  of  treating  aneurysm. 

The  first  operation  of  ligating  the  common  carotid 
for  aneurj-sm  in  this  country  was  performed  by  Post, 
January  9,  1813.  The  tumor  was  situated  below 
the  angle  of  the  jaw  on  the  right  side,  and  measured  six 
inches  in  length,  four  inches  in  breadth,  and  two  inches 
in  height.  Two  ligatures  were  applied  and  the  artery 
was  divided  between  them.  The  case  did  well  and 
was  discharged  at  the  end  of  four  months.  The  pa- 
tient returned  in  two  months,  the  tumor  being  large 
and  fluctuating.  It  soon  after  opened  and  there  was  a 
hemorrhage  of  thirty  ounces.  It  opened  in  another 
place  and  discharged  pus  and  blood;  severe  hemor- 


rhage occurred  several  times  and  once  the  patient  is 
thought  to  have  lost  two  quarts.  Extensive  sup- 
|)uration  de\eloped  at  the  seat  of  the  aneurysm  but 
the  patient  finally  recovered. 

The  peculiarities  of  this  operation  were:  (1)  The 
passage  of  two  ligatures  around  the  artery  about  three- 
quarters  of  an  inch  apart;  (2)  the  passage  of  the  liga- 
ture through  the  artery  to  prevent  its  slipping  from 
the  cut  end  of  the  artery,  a-s  recommended  by  Dionis 
and  Cline;  and  (3)  the  di\»ision  of  the  artery  between 
the  ligatures.  The  danger  of  hemorrhage  from  the 
slipping  of  the  ligature  from  the  cut  end  of  an  artery 
was  at  that  time  regarded  as  very  great,  anrl  to  prevent 
it  the  needle  was  placed  on  the  ligature  after  it  was 
tied,  and  the  threafl  was  pa.ssed  through  the  artery 
close  to  the  ligature  and  tied  with  the  knot  already 
made. 

One  year  later,  January  4,  1814,  Po.st  applied  a 
ligature  to  the  external  iliac  for  inguinal  aneurysm. 
It  was  the  second  operation  on  the  artery  in  this  coim- 
try,  Dorsey,  of  Philadelphia,  having  operated  in  1811 
successfully.  The  important  feature  in  Post's  case 
was  the  necessity  of  opening  the  peritoneal  ca\nty  to 
reach  the  artery,  and  the  recovery  of  the  patient. 

On  November  28,  1816,  Post  again  ligated  the  com- 
mon carotid  artery  for  a  pulsating  tumor  of  the  neck. 
The  patient  recovered  from  the  operation,  but  died  two 
years  later,  and  the  autop.sy  disclosed  a  tumor  with  no 
indications  of  a  previous  aneurysm.  It  was  to  this  c.ise 
that  Mott  often  alluded  in  his  lectures,  illu.strating 
the  difficulties  of  correctly  diagnosing  an  aneury.sm 
from  an  abscess  or  solid  tumor  overlying  an  artery. 
At  the  consultation  Post  diagnosed  the  tvimor  as  an 
aneurysm,  Stevens  as  an  abscess,  and  Mott  as  a  solid 
tumor;  Stevens  suggested  to  Post  the  propriety  of 
exploring  it  by  puncture,  whereupon  Post  responded 
by  handing  Stevens  a  lanc(-t.  Stevens  declined  by 
passing  the  lancet  to  Mott.  who  refused  to  receive  it, 
and  Post  was  allowed  to  exercise  his  discretion. 

Post's  last  and  most  notable  pioneer  work  wa.s  the 
ligation  of  the  left  subclavian,  in  its  third  part,  for 
aneurysm  of  the  brachial  artery.  This  was  the 
eighth  recorded  ligation  of  the  subclavian  arter>-,  the 
third  which  recovered,  and  the  first  in  this  coimtry  by 
the  new  method.  The  most  interesting  feature  of  the 
case  was  the  rupture  of  the  aneurysm  and  the  dis- 
charge of  its  contents  during  convalescence,  with  the 
final  complete  recoverj"-  of  the  p.atient. 

It  apjiears  that  Dr.  Post,  previous  to  the  year  1816, 
had  applied  the  ligature  successfully  to  five  different 
arteries,  and  twice  to  the  carotid.  His  success  has  not 
been  excelled,  if  we  consider  the  complications  he  en- 
countered, in  any  period  anterior  to  antisep.sis.  The 
secret  of  his  success,  .aside  from  his  great  skill  as  an 
operator,  is  found  in  the  extreme  cleanliness,  not  only 
of  his  person,  but  of  his  instruments  and  the  wound 
and  dressings,  thus  securing  a.sepsis.  In  a  case  of 
opening  the  peritoneum,  he  followed  the  operation 
with  "an  active  cathartic,  composed  of  an  infusion  of 
senna,  manna,  and  cream  of  tartar,  which  caused  fre- 
quent and  copious  discharges" — a  form  of  treatment 
which  some  distinguished  oper.ators  have  latterly 
ado[)ted  as  .a  preventive  of  peritonitis. 

Brilliant  as  h.ad  been  the  career  of  Post  in  his  pioneer 
work  of  introducing  the  new  method  of  treating  aneu- 
rj-sm  into  American  practice,  Mott,  his  pupil,  was 
destined  to  excel  him  in  the  number,  variety,  and 
severitv  of  operations,  and  in  the  perfection  and  pre- 
cision of  details.  He  had  a  genius  for  scientific  opera- 
tive surgery.  Nothing  was  done  hajihazard.  Every 
detail,  however,  minute  and  apparently  unimportant, 
was  carefullv  studied,  and  provision  w.as  made  to  meet 
everj-  possible  accident.  He  was  by  habit  and  train- 
ing an  aseptic  surgeon. 

Mott's  pioneer  work  began  with  the  ligature  of  the 
arteria  innominata.  This  wtis  not  only  his  greatest 
achievement  in  operative  surgery,  but  it  was  the  most 
brilliant  operation  ever  undertaken  by  any  surgeon  in 
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the  history  of  operative  surgery  to  that  date.  Nor  has 
it  ever  been  excelled  in  tliis  department  of  surgery,  if 
we  give  due  weight  to  all  of  the  eircunistanees  attend- 
ing the  operation.  It  was  by  no  means  suddenly  eon- 
ceived  and  executed  as  an  emergency  operation,  but 
was  the  ripe  fruit  of  years  of  study  and  preiiaralion. 
He  states  that  "since  the  publication  of  Allan  Burns' 
invaluable  work  on  the  surgical  anatomy  of  the  head 
and  neck,  I  have  been  in  the  habit  of  showing,  in  my 
surgical  lectures,  the  practicablity  of  securing,  in  a 
ligature,  the  arteria  innominata;  and  I  have  had  no 
hesitation  in  remarking  that  it  was  my  opinion  tliat 
this  artery  might  be  taken  up  for  .some  condition  of 
aneurysms,  and  that  a  surgeon  with  a  steady  hand  and 
a  correct  knowledge  of  the  parts  would  be  justified  in 
doing  it."  The  proper  case  ])resonted  itself  .March  1, 
1818,  and  he  says:  "  I  could  not  for  a  moment  hesitate 
in  recommending  and  performing  the  oiioration." 
Though  the  operation  failed  after  giving  the  most 
encouraging  prospect  of  success,  Mott  was  not  dis- 
heartened, but  regarded  its  practicability  and  pro- 
priety as  satisfactorily  established  by  this  case,  and 
predicted  that  it  would  prove  to  be  "the  bearer  of  a 
message  to  surgery,  containing  new  and  important 
results." 

The  arteria  innominata  was  repeatedly  ligatured 
subsequently,  and  it  was  reserved  for  an  .Vnierican 
surgeon  to  .secure  the  first  successful  result.  The  opera- 
tor was  Dr.  A.  W.  Smj^th,  of  New  Orleans.  The 
operation  was  performed  in  1864.  In  this  case  the 
carotid  was  ligated  at  the  same  time,  and  on  the  fifty- 
fourth  day  the  vertebral  was  also  ligated. 

Scarcely  less  memorable  than  Mott's  operation  on 
the  arteria  innomin.ata,  and  creditable  as  a  great  sur- 
gical achievement,  was  Dr.  J.  Kearney  Rodgers'  liga- 
tion of  the  left  subclavian,  within  the  scaleni  muscles. 
The  oper.ation  w.as  performed  on  October  14,  1845. 
It  is  an  interesting  fact  that  Mott  was  one  of  the  con- 
sultants and  opposed  the  operation,  though  he  ad- 
mitted that  it  might  possibly  "be  tied  by  a  careful  and 
well-informed  surgeon,"  yet  he  "considered  that  it  w.as 
improper  to  do  so."  CoUes,  of  Dublin,  who  was  the 
first  to  lig.ate  the  right  subclavian  in  its  first  part,  con- 
demned a  similar  operation  on  the  left,  .stating  that 
there  was  "such  a  combination  of  difficulties  as  must 
deter  the  most  enterprising  surgeon  from  vmdertaking 
this  operation  on  the  left  side."  The  operation  proved 
to  be,  in  every  respect,  as  difficult  as  had  been  alleged, 
but  he  was  fully  prepared  for  every  emergency.  The 
ligature  was  successfully  applied,  and  for  several  days 
everything  promised  success;  but  the  thirteenth  day 
a  hemorrhage  occurred,  which  was  repeated,  and  the 
patient  died  on  the  fifteenth  day. 

Mott  was  the  first  surgeon  who  ligated  the  primitive 
iliac  for  aneurysm.  The  operation  was  performed  on 
March  15,  1827,  and  was  executed  with  his  u.sual  care 
and  attention  to  all  of  the  details.  The  size  of  the 
tumor  and  the  adhesions  of  the  peritoneum  rendered 
the  procedure  very  difficult,  but  the  operator  was  re- 
warded with  the  recovery  of  his  patient,  who  was  liv- 
ing thirty  years  after. 

The  experience  of  Mott  in  the  ligation  of  arteries  was 
very  great  and  his  success  far  exceeded  that  of  any 
contemporary  surgeon.  According  to  his  own  state- 
ment, he  ligated  the  arteria  innominata  once,  unsuc- 
cessfully; the  common  iliac  once,  successfully;  the  sub- 
clavian artery  in  its  third  part  six  times,  all  the  cases 
were  successful;  the  common  carotid  thirty-two  times, 
■with  but  five  failures;  the  external  iliac  six  times,  with 
two  failures  (one  patient  died  of  drunkenness);  the 
femoral  fifty-three  times,  the  failures  being  unknown. 
He  had  but  one  case  of  mortification  of  the  extremity 
after  ligature  of  an  artery. 

Absorbable  animal  ligatures  were  introduced  into 
practice  by  American  surgeons,  viz.,  Physick,  Dorsey, 
and  Jameson. 

Gratifying  as  was  the  .success  of  .Vmerican  surgeons 
in  their  pioneer  work  in  the  ligature  of  arteries,  and 
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accurate  as  was  the  technique  of  the  operation  which 
they  had  devised,  there  was  .still  a  fatal  defect  which 
was  to  be  remedied,  viz.,  hemorrhage  on  the  sejiaration 
of  the  ligature.  The  practice  of  applying  a  silk  liga- 
ture so  tightly  as  to  divide  the  inner  coat  of  the  artery, 
for  the  purpose  of  securing  the  union  of  the  ruptured 
surfaces,  was  the  rule  with  surgeons.  The  result  was 
the  gradual  division  of  theartcry  by  aprocessof  ulcera- 
tion due  to  the  irritation  of  the  unabsorbable  ligature, 
and  if  union  had  not  taken  place,  as  too  often  hap- 
pened, hemorrh.age  w.as  the  result.  Physick,  trained 
in  the  school  of  Hunter,  suggested  the  remedy  for  this 
evil,  viz.,  the  use  of  "dissoluble"  ligatures,  the  pres- 
sure of  t  he  internal  surfaces  of  the  artery  together  with- 
out injuring  its  coats,  and  healing  the  wound  by  first 
intention.  .\t  his  suggestion,  and  under  his  direc- 
tions, a  series  of  experiments  were  performed  with 
animal  material,  and  French  kid,  which  was  absorbed 
after  several  days  without  injury  to  the  artery,  was 
selected,  as  described  by  Dorsey,  his  assistant. 

A  very  important  contribution  to  the  subject  of 
animal  ligatures  was  made  in  1827  by  Dr.  Horatio 
Gates  Jameson  (1778-1855)  of  Baltimore,  Md.,  in  a 
prize  essay,  entitled,  "Observations  upon  Traumatic 
Hemorrhage,  Illustrated  by  Experiments  upon  Living 
.Animals."  Jameson's  conclusions  were  as  follows: 
(1)  If  an  artery  is  sufficiently  healthy  to  admit  of  its 
obliteration  by  adhesion  of  its  sides,  it  is  best  done  by 
a  ligature  which  will  neither  cut  its  coats  nor  strangu- 
late, except  in  parts,  the  true  vasa  vasorum,  so  that 
the  continuity  of  the  vessel  shall  not  be  destroyed, 
although  we  obliterate  its  caliber.  (2)  If  an  animal 
ligature  of  the  proper  kind  be  properly  applied,  the 
vessel  will  be  obliterated,  the  wound  may  be  healed  by 
the  first  intention,  and  the  ligature  will  not  cause 
suppurative  inflammation,  but  in  due  time,  being 
dissoluble,  the  whole  will  be  removed  by  the  absor- 
bents; there  will  be  no  breach  of  continuity  in  the 
artery.  .  .  .  The  vessel,  which  during  the  state  of  in- 
flammation and  effusion  of  lymph  was  converted  into 
a  cord,  will  pretty  soon  afterward  be  resolved  into  a 
flat  string  of  white  cellular  structure.  The  experi- 
ments of  Dorsey  and  Jameson  brought  the  operation 
of  ligating  arteries  to  scientific  perfection  by  prevent- 
ing secondary  hemorrhage  and  securing  healing  of  the 
wound  by  first  intention. 

.\n  important  feature  of  Jameson's  experiments,  to 
which  he  seems  to  have  attached  little  value,  was  the 
discovery  that,  as  the  animal  ligature  underwent  ab- 
sorption, it  became  "completely  enveloped  in  a  .strong 
membranous  capsule.  .  .  .  This  arrangement  of 
the  capsule  seemed  to  have  the  effect  of  drawing  the 
button-like  knobs  (ends  of  the  ligature,  in  the  state  of 
yellow  pulp)  together,  and  was  thus  closing  the  vessel. 
.  .  .  The  capsule  covering  the  knobs  or  ends  of  the 
string  was  fully  equal  in  strength  to  the  outer  coat  of 
the  artery,  and  therefore  there  was  no  tendency  to 
hemorrhage."  In  the  demonstration  of  this  encircling 
ring  or  capsule  which  forms  when  animal  ligature  is 
employed  for  ligature,  Jameson  anticipated  Lister, 
who  describes  it  in  his  experiment  as  a  ring  of  new 
tissue  enveloping  the  dissolving  animal  ligature.  He 
regarded  it  as  of  great  import.ance  in  the  prevention 
of  hemorrhage.  It  certainly  strengthens  the  artery  at 
the  point  of  ligature,  where  the  artery  has  been  ren- 
dered very  weak  by  the  strangulation  of  nutrient 
ves.sels.  It  is  in  effect  like  the  provisional  callus 
which  forms  at  the  seat  of  fracture  of  a  bone — 
a  temporary  means  of  protecting  a  weak  point  in  the 
vessel  until  repair  takes  place.  Jameson  anticipated 
Lister's  experiment  by  more  than  half  a  century.  He 
not  only  demonstrated  at  that  early  period  the  true 
method  of  procedure  to  secure  success  in  the  ligature 
of  arteries  by  experiments  on  animals,  but  by  a  large 
series  of  operations  in  practice,  as  in  ligating  the 
carotid,  the  iliac,  the  femoral,  the  radial,  and  other 
arteries. 

It  has  not  been  our  purpose  to  notice  the  achieve- 
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ments  of  individual  surgeons  except  as  they  have 
resulted  in  important  reforms  in  practice.  Biit  there 
have  been  instances  wliere  surgeons  have  performed 
acts  or  adopted  methods  to  meet  conditions  hitherto 
unknown  to  them,  whicli  illustrate  American  ingenuity 
and  enterprise.  Several  of  these  examples  deserve 
notice. 

Ampulalion  at  the  shouldeT-joint  was  introduced  into 
practice  during  the  eighteenth  century  by  French 
surgeons.  The  first  0|)erati(in  in  this  country  was  per- 
formed by  Dr.  John  Warren,  of  Boston,  as  early  as 
1781.  Dr.  Warren  had  had  a  large  experience  in 
operative  surgery  during  the  Revolutionary  War. 
The  operation  was  performed  in  the  Military  Hospital 
at  Boston  and  was  successful. 

Previous  to  the  year  1806,  amputation  at  the  hip- 
joint  had  been  performed  but  once  by  British  surgeons, 
and  in  that  case  the  operation  resulted  fatally.  In 
that  year  Dr.  Walter  Brashear  (1776-1809),  of  Ken- 
tucky, performed  this  amputation  successfully.  The 
operation  consisted  of  two  procedures:  First,  the 
surgeon  amputated  at  the  middle  third  of  the  thigh 
in  the  usual  way  and  ligated  the  vessels;  second,  he 
made  an  incision  on  the  outside  of  the  limb  from  the 
point  of  previous  operation  to  the  hip-joint.  Then 
he  detached  the  soft  parts  from  the  bone  and  disar- 
ticulated it.     The  patient  made  a  good  recovery. 

The  first  case  of  ovariotomy,  by  Dr.  Ephraim"  Mc- 
Dowell, of  Kentucky  (1771-18.30),  was  deliberately 
planned  and  executed  by  a  surgeon  who  had  never 


Fia.  4710.— Ephraim  .McDowell  (1771-1830). 

"seen  so  large  a  substance  extracted,  nor  heard  of  an 
attempt  or  success  attending  any  operation,  as  this 
required."  The  woman  rode  sixty  miles  on  horse- 
back to  the  place  of  operation.  The  operation  was 
performed  in  December,  1809.  He  states  that  an 
"incision  about  three  inches  from  the  musculus  rectus 
abdominis,  on  the  left  side,  continuing  the  same  nine 
inches  in  length,  parallel  with  the  fibers  of  the  above- 
named  muscle,  extending  into  the  cavity  of  the  abdo- 
men, the  parictes  of  which  were  a  good  deal  contused, 
which  we  ascribed  to  the  resting  of  the  tumor  on  the 
horn  of  the  saddle,  during  her  journey.  The  tumor 
then  appeared  full  in  view,  but  was  so  large  that  we 
could  not  take  it  away  entire.  We  put  a  strong  liga- 
•ture  around  the  Fallopian  tube  near  the  uterus;  we 
then  cut  open  the  tumor,  which  was  the  ovarium  and 
fimbrious  part  of  the  Fallopian  tube,  very  much  en- 
larged. We  took  out  fifteen  pounds  of  a  dirty,  gelati- 
nou.s-looking  substance,  after  which  we  cut  through 
the  Fallopian  tube  and  extracted  the  sac,  which  weighed 
seven  and  a  half  pounds."  The  wound  was  closed 
with  interrupted  sutures  and  adhesive  strips  between 
them,  and  the  ligature  on  the  Fallopian  tube  was 
brought  out  of  the  lower  angle  of  the  wound.  The 
report  adds:  "In  five  days  I  visited  her,  and,  much  to 
my  astonishment,  found  her  engaged  in  making  up  her 


bed.  The  patient  returned  home  in  twentv-five 
days  in  good  health.  It  is  reported  that  the  operation 
created  such  pubhc  opposition  that  a  mob  coUecte<l 
around  the  house  in  which  it  was  performed,  prepared 
to  attack  the  surgeon  if  he  failed. 

Twelve  years  later,  in  1821,  Dr.  Nathan  Smith,  of 
New  Haven,  Conn.,  performed  the  operation  of 
ovariotomy,  having  no  knowledge  of  anv  previou.s 
similar  operation.  Ho  was  led  to  make  the  operation 
from  his  observations  in  dissecting  the  body  of  a 
patient  who  had  died  of  ovarian  dropsy  after  being 
tapped  seven  times.  The  .sac  was  found  to  be  the 
right  ovarium,  which  filled  the  whole  abdomen.  The 
incision  was  closed  with  adhesive  pla.ster  and  a  band- 
age applied  over  the  abdomen.  No  unfavorable 
symptoms  occurred,  and  in  three  weeks  the  patient 
was  able  to  walk  about. 
^  The  great  operations  of  ovariotomy  by  Dudlev  and 
Nathan  Smith,  unrecognized  for  half  a.  century,  in- 
dicated the  direction  of  the  explorer  for  new  "fields 
of  conquest,  before  the  pioneer  appeared  who  dared 
to  penetrate  the  peritoneum  and  effectively  treat  the 
viscera  which  it  invested.  Dr.  J.  Marion  Sims,  guided 
by  the  same  inductive  method  of  reasoning  and  in- 
sjjired  by  the  scientific  spirit  which  characterized  his 
introduction  of  new  methods  of  practice,  not  only  ad- 
vocated the  free  exposure  of  the  peritoneal  cavity  for 
the  purposes  of  surgical  operations,  but  he  boldlv  led 
the  way  in  his  operation  for  gall-stones.  The  result  of 
his  pioneer  work  has  been  the  almost  limitless  expan- 
sion of  the  field  of  operative  surgery. 

"Silver  as  a  suture  is  the  great  surgical  achievement 
of  the  nineteenth  century,"  said  Dr.  J.  Marion  Sims 
(1813-1883)  in  his  anniversary  discourse  before  the 
New  York  Academy  of  Medicine  in  1857.  In  this 
discourse  Sims  describes  at  length  and  eloquently  two 
of  the  most  important  events  in  the  history  of  the 
American  practice  of  surgery,  viz.,  the  introduction  of 
a  silver  wire  as  a  suture,  and  the  method  of  curing 
vesicovaginal  fistula.  The  two  discoveries  were  the 
result  of  a  single  course  of  experimental  studies, 
"conducted,"  as  the  author  states,  "on  the  principles 
of  a  rational,  inductive  philo.sophy."  The  original 
purpose  and  object  of  Sims  was  the  cure  of  vesico- 
vaginal fistula,  .\fter  repeated  failures  and  a  careful 
study  of  ever\-thing  connected  with  the  operation  that 
might  contribute  to  his  want  of  success,  he  was  finally, 
after  four  years  of  patient  effort,  led  to  the  conclusion 
that  the  silk  suture  was  the  cause  of  failure.  He  had 
read  the  experimenis  of  Levcrt,  of  Mobile,  Ala.,  made 
in  1829,  at  the  suggestion  of  Physick,  which  proved 
that  wire  or  lead  caused  no  irritation,  and  also  the 
statement  of  Mettauer,  of  \'irginia,  that  he  had  used 
lead  wire  in  operations  with  success.  Sims  had,  in 
fact,  used  lead  wire  in  his  experiments,  but  without 
success,  and  therefore  he  turned  to  silver  as  offering 
more  advant.ages  than  other  metals.  He  operated 
with  silver  wire  on  June  21,  1810,  upward  of  three  years 
after  his  first  experimental  operation,  and  with  entire 
success. 

The  first  operation  of  Cholcctjstotomxj  is  attributed 
to  Dr.  John  Stough  Bobbs,  a  native  of  Green  Village, 
Pa.  He  graduated  from  the  Jefferson  Medical 
College,  Philadelphia,  in  1S36.  Our  authority  says, 
"Although  attempts  have  been  made  to  claim  the 
honor  of  this  operation  for  others  the  right  of  Dr. 
Bobbs  to  be  considered  the  pathfinder  in  operations 
of  this  character  has  been  generally  acknowledged. 
Dr.  Bobbs'  patient,  Mrs.  E.  Burnsworth,  survived  the 
operation  for  over  forty  years.  The  operation  was 
performed  June  15,  lSt)7.  \n  incision  was  made  be- 
tween the  umbilicus  and  pubis,  adhesions  broken  up, 
the  gall-bladder  located,  incised  and  a  number  of 
gall-stones  evacuated.  The  incision  was  sewed  up, 
abdominal  wound  closed  by  sutures  and  adhesive 
plasters,  and  patient  sat  up  in  two  weeks  and  rode  out 
in  four. 
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The  rediiclion  of  ili.tlocalwris  wjus  a  subject  of  Rroat 
interest  to  Britisli  surgeons.  Accordinfi  to  Mr.  Pott, 
the  Icmling  authoritv  in  British  surgery  during  the 
hitter  lialf  of  the  eighteenth  eentur>-,  dislocations  were 
reduced  bv  powerful  ai)paratus.  Of  the  machines  for 
that  iMirpose,  he  savs:  "Many  or  most  of  them  are 
much  more  calculated  to  pull  a  man  s  joints  asunder 
than  to  set  them  to  rights.''  With  true  scientific  in- 
tuition he  declares  that  "replacing  a  di.slocatu)u 
would  require  very  little  trouble  or  force,  were  it  not 
for  the  resistance  of  the  muscles  and  tendons  attacliei 
to  and  connected  with  them."  Little  if  any  useful 
i)rogre.ss  was  made  in  the  direction  pointed  out  by 
Pott,  to  determine  the  principles  governing  the  re- 
duction of  dislocations,  until  the  attention  of  American 
surgeons  was  directed  to  the  subject.  Now,  tlie  most 
formidable  of  these  dislocations,  those  of  tlie  femur 
at  the  hip-joint,  are  reduced  in  .\mericari  (jractice 
without  violence  or  pain,  by  siinple  manipulation  of 
the  limb  with  the  hands.  The  several  steps  m  tlie 
l)rocess  of  investigation,  by  which  the  principles 
governing  the  natural  and  rational  method  of  reducing 
all  dislocations  was  discovered,  illustrate  the  scientific 
spirit  of  .\merican  practitioners  as  well  as  teachers 
of  surgery.  Phvsick  reduced  a  dislocation  of  the 
femur  by  manipulation  in  1812,  after  the  pulleys  had 
failed.  He  believed  that  the  cause  of  previous  failure 
was  due  to  the  escape  of  the  head  of  the  bone  through 
a  rent  in  the  capsule,  and  that  the  head  had  become 
fixed  as  in  a  button-hole,  from  which  he  dislodged  it. 
Dr.  Nathan  Smith,  jjrofessor  of  surgery  in  Yale 
College,  as  early  as  ISll  reduced  a  dislocation  of  the 
femur  at  the  hip-joint  by  manipulations  of  the  limb 
with  the  hands,  without  the  aid  of  mechanical  appli- 
ances. His  method  of  procedure  was  based  on  a  care- 
ful study  of  the  action  of  the  muscles  attached  to  the 
upper  extremity  of  the  femur. 

In  1S,51  Dr.  William  W.  Ueid,  of  Rochester,  N.  Y., 
published  a  jjaper  on  "  Dislocation  of  the  Femur  on  t  he 
Dorsum  Ilii.  Reduction  without  Pulleys  or  Any 
Other  Mechanical  Power."  He  states  that  for  ten 
years  he  studied  the  mechanism  of  these  dislocations, 
and  came  to  the  conclusion  that  "the  difliculty  lay  in 
the  extension  of  the  .  .  .  adductors  and  rotators  and 
that  all  traction  ...  on  the  di-slocated  bone  only 
increased  this  tension,  and  could  do  nothing  toward 
bringing  it  into  place,  exce|)t  at  the  hazard  of  almost 
certain  rupture  of  some  of  these  muscles  or  of  fracture 
of  the  neck." 

Guided  by  the  experience  gained  in  his  experiments, 
Reid  practised  manipulations  and  evolutions  on  the 
skeleton  until  he  had  determined  that  "dislocation  of 
the  femur  on  the  dorsum  illi  .  .  .  is  reduced  with  the 
greatest  ease  in  a  few  seconds  or  minutes,  without 
much  pain,  without  an  assistant,  without  pulleys 
...  or  any  other  mechanical  means,  simply  by 
flexing  the  leg  on  the  thigh,  carrying  the  thigh  over  the 
sound  one  upward  over  the  pelvis,  as  high  as  the  um- 
bilicus, and  then  by  abducting  and  rotating  it." 

Prof.  Bigelow  later  reviewed  the  whole  .subject  of 
dislocations  at  the  hip-joint  and  determined  the  peculi- 
arities of  each  and  the  special  methods  of  reduction 
applicable  to  the  different  forms.  The  course  of 
study  which  he  pursued  in  demonstrating  the  Y'-liga- 
ment  and  its  relations  to  the  position  of  the  head  of  the 
femur  in  the  several  dislocations,  and  the  exact  direc- 
tion in  which  the  forces  employed  in  reduction  should 
be  employed,  forms  one  of  the  brightest  chapters  in 
scientific  surgery. 

Fracture  of  the  femur  was  the  theme  of  constant  dis- 
cu.ssion  by  French  and  British  surgeons  at  the  close  of 
the  eighteenth  and  the  beginning  of  the  nineteenth 
centuries.  The  controversy  had  become  a  national 
issue.  Pott,  on  the  part  of  the  British  surgeons, 
advised  that  the  limb,  flexed  at  the  hip  and  knee, 
be  laid  on  its  side,  suported  only  by  lateral  splints 
loosely  applied,  the  body  being  inclined  to  that  side. 
Desault,  on  the  part  of  the  F>ench,  placed  the  limb  in 
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an  extended  position  and  applied  an  external  splint 
from  the  crest  of  the  ilium  to  a  point  below  the  foot 
and  attempted  extension  and  countcrcxtension  as  the 
governing  principle  in  the  treatment  of  these  fractures. 

It  was  in  this  particular  feature  of  extension  and 
countcrcxtension  that  an  American  surgeon  perfected 
the  method  of  treatment  of  fractures  of  the  femur  in 
the  straight  position.  In  18(il  Dr.  Gurdon  Buck 
(1807-1877),  of  New  York,  published  an  account  of 
the  method  of  treating  fractures  of  the  thigh  in  the 
New  York  Ho.spital,  with  illustrations.  "Buck's  ex- 
tension" is  too  well  known  to  the  students  of  surgery 
to  require  explanation.  It  is  sufficient  to  state  that  its 
publication  was  the  culmination  of  a  century  of  per- 
sistent effort  on  the  part  of  the  most  reputable  sur- 
geons of  Europe. 

Lithotomy  was  an  operation  of  the  first  importance 
during  the  eighteenth  century,  and  the  various  meth- 
ods of  procedure  w-ere  subjects  of  endless  discussion. 
In  the  progress  of  American  practice  both  lithotomy 
and  Civiale's  operation  of  lithotrip.sy  were  destined  to 
be  supi^lanted.  Bigelow,  impressed  with  the  great 
distensibilitv  of  the  urethra  as  shown  by  Otis's  experi- 
ments, began  to  use  much  larger  evacuating  tubes  In 
the  operation  of  lithotrity,  with  the  result  of  being  able 
to  remove  much  larger  fragments  of  the  stone  than 
formerly,  and  of  thus  reducing  both  the  number  of 


Fig.  4711.— Gurdon  Buck  (1807-1877). 

operations  and  the  length  of  time  of  each  trial.  The 
new  operation  was  gradually  perfected  under  the  title 
of  "litholapaxy"  (evacuation),  and  it  has  largely 
superseded  all  other  methods  of  removing  calculi  from 
the  urinary  bladder. 

Hip-j<rint  Disease  was  a  fatal  or  a  crippling  affection 
of  childhood  which  surgeons  prior  to  the  year  1800 
regarded  as  helpless  and  hopeless  by  any  method  of 
treatment.  But  American  surgeons  have  stricken 
hip-joint  affections  from  the  catagory  of  incurable 
diseases  and  placed  it  among  the  more  simple  and  cur- 
able forms  of  sickness  peculiar  to  childhood. 

The  history  of  the  discovery  of  the  proper  treatment 
is  as  follows:  Dr.  Physick  was  taught  by  his  preceptor, 
Hunter,  that  rest  is  the  first  and  essential  factor  in  the 
correct  treatment  of  inflammation.  He  applied  that 
principle  to  the  treatment  of  hip-joint  disease,  about' 
the  year  ISOO.  The  final  question  in  the  problem  was: 
How  can  fixation  of  the  joint  and  traction  of  the  leg  be 
effected  while  the  patient  is  allowed  to  walk?  The 
clue  to  the  answer  was  given  by  Dr.  Henry  G.  Davis, 
of  W'orcester,  Mass.,  in  1860  who  devised  a  .splint 
which  imperfectly  effected  the  object  but  which  sug- 
gested to  Dr.  Lewis  .\.  Sayre,  of  New  Y'ork,  not  only  the 
essential  features  of  a  rightly  constructed  hip  splint, 
but  enabled  him  to  detect  the  causes  of  previous  fail- 
ures to  meet  conditions  necessary  to  success.  The 
result  of  this  half  century  of  studies  was  in  the  highest 
degree  creditable  to  American  surgeons.     The  class  of 
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children  that  at  the  beginning  of  this  period  died  after 
years  of  intense  suffering,  confined  to  their  beds,  arc 
to-day  met  upon  the  streets,  at  school,  and  on  the 
playgrounds,  in  the  enjoyment  of  healthful  activity, 
while  wearing  the  splint  that  effects  the  cure. 

The  scientific  treatment  of  diseases  of  the  appendix 
vermiformis  is  largely  due  to  the  American  practice  of 
surgery.  The  operation  of  Hancock,  of  London,  who 
in  1848  deliberately  opened  an  abscess  formed  in  the 
region  of  the  appendix  and  cured  his  patient,  was 
brought  to  the  attention  of  American  surgeons  in  IfHHT 
by  a  paper  of  Dr.  George  Lewis  entitled  "A  Statistical 
Contribution  to  Our  Knowledge  of  Abscess  and  Other 
Diseases  Consequent  Upon  the  Lodgment  of  J'oreign 
Bodies  in  the  Vermiform  Ajjpendix."  Dr.  Willard 
Parker,  of  New  York,  rejjeated  the  operation  of  Han- 
cock, and  in  1867  published  the  histories  of  four  cases 
on  which  he  had  operated.  In  all  his  cases  but  one  he 
did  not  operate  until  fluctuation  was  distinct,  indicat- 
ing the  existence  of  an  abscess.  In  the  one  case  he  was 
uncertain  as  to  the  existence  of  an  abscess,  but  he  ven- 
tured to  operate  and  saved  his  patient.  He  did  not 
advocate  an  early  operation,  but  advised  a  delay  as  a 
rule  until  it  was  determined  that  suppuration  had 
occurred,  believing  that  an  operation  was  required 
only  when  it  was  certain  that  pus  had  formed. 

Parker's  operation  only  sought  an  evacuation  of  pus 
as  in  opening  an  ordinary  abscess,  the  offending  appen- 


FiG.  4712.— Crawford  W.  Long  (1816-1878). 

dU  being  left  in  the  wound.  The  next  step  was  the 
removal  of  the  appendix,  which  was  done  in  this  coun- 
try in  May,  1886,  at  Roosevelt  Hospital,  New  York, 
by  Dr.  R.  J.  Hall.  The  operation  was  finally  per- 
fected by  the  removal  of  the  appendix,  as  its  essential 
feature,  regardless  of  the  existence  of  suppuration. 

We  have  not  space  to  illustrate  American  surgery 
farther  and  will  close  with  an  account  of  the  two  most 
important  epochal  events  in  the  development  of  sur- 
gery, anesthesia  and  asepsis,  which  stand  like  great 
beacon  lights  brilliantly  illuminating  the  patliway 
of  progress  of  the  nineteenth  century,  and  indeed  of  all 
future  time. 

The  introduction  of  anesthesia  and  asepsis  into  the 
practice  of  surgery  were  the  epochal  events  of  the  nine- 
teenth century.  As  they  represent  the  scientific  spirit 
of  British  and  .American  surgery  and  the  crowning 
events  of  the  history  of  surgery,  we  place  them  together 
in  this  concluding  section  in  chronological  order. 

Anesthesia  and  Anesthetics  (Massachusetts  Gen- 
eral Hospital,  October,  1846). — The  discovery  of  a 
method  of  safely  rendering  a  patient  insensible  during 
an  operation  was  the  most  important  epoch  in  the  his- 
tory of  surgery  prior  to  1846.  There  are  several 
allusions  to  efforts  to  obtain  such  a  result  in  the  writ- 
ings of  early  medical  authorities.     In  1800  Sir  Hum- 


phrey Davy  (1728-1829)  of  Penzance,  England,  experi- 
mented upon  himself  with  nitrous  oxide,  and  stated 
that  "it  may  probably  be  used  with  advantage  in 
surgical  operations  in  which  no  great  effusion  of  blood 
takes  place"  (Garrison).  The  clue  to  the  great  dis- 
cover3-  which  Davy's  experiment  revealed  was  inde- 
pendently discovered  and  utilized  by  an  American 
country  physician  nearly  half  a  century  later.  The 
incident  was  so  removed  from  observation  that  it  was 
unknown  to  the  profession  for  several  years.  "The 
interesting  facts  of  that  discovery  are  as  "follows: 

Dr.  Crawford  Williamson  Long  (181.5-1878)  of 
Danielsville,  Ga.,  a  graduate  of  the  Medical  Depart- 
ment of  the  University  of  Pennsylvania,  was  im- 
pressed with  the  effects  of  nitrous  oxide  gas — "laugh- 
ing gas  "^-as  administered  in  schools  for  amusement. 
and  personally  submitted  to  a  test  of  its  effects  oil 
himself.  While  under  its  influence  he  received  a 
severe  blow  upon  his  leg  of  which  lie  was  not  conscious 
until  he  recovered  from  the  effects  of  the  gas.  It 
occurred  to  Dr.  Long  that  surgical  operations  might 
be  performed  while  the  patient  was  in  this  insensible 
state  without  conscious  pain.  Accordingly,  in  1842. 
he  removed  a  small  tumor  from  the  neck  of  a  young 
lady  successfidly  as  regards  freedom  from  pain.  He 
repeated  the  use  of  gas  in  operations  several  times,  but 
did  not  publish  any  account  of  his  work  until  stimu- 
lated to  do  so    by  the   reported  cases  of   successful 


Fig.  4713.— William  G.  Morton.  (1819-1S68). 

operations  under  an  anesthetic,  in  Boston.  The  peri- 
odical in  which  he  published  his  cases  had  but  a 
limited  local  circulation  and  hence  his  work  gained 
no  immediate  notorietv  in  the  profession. 

In  1844,  Horace  Wells  (1815-1848),  a  dentist  of 
Hartford,  Conn.,  was  led  by  his  observations  of  the 
anesthetic  effect  of  nitrous  oxide  to  have  a  tooth 
extracted  while  under  the  full  influence  of  that  gas  and 
on  recovering  cried  out,   "A  new  era  in  dentistrv!" 

William  Thomas  Green  Morton  (1810-1868),"  of 
Charlton,  and  Boston,  Mass.,  was  a  former  partner  of 
Wells  and  to  him  Wells  related  his  discovery  and  new 
method  of  practice.  Morton  adopted  the  practice 
with  equal  success.  On  relating  his  experience  to 
his  former  preceptor.  Dr.  Charles  T.  Jackson,  a 
chemist,  the  latter  advised  him  that  chloric  ether  was 
an  anesthetic,  which  Morton  used  succe.ssfully. 
Subsequently,  Jackson  recommended  sulphuric  ether 
as  more  easily  managed.  The  utiliz.ation  of  anesthe- 
sia in  operative  dentistry  had  proceeded  thus  far  when 
Morton  determined  to  have  it  tested  in  the  practice  of 
operative  surgery.  He  thereupon  applied  to  Dr. 
John  Collins  Warren,  one  of  the  most  eminent  sur- 
geons of  that  period,  who  consented  to  give  the  ether  a 
trial  in  the  Massachusetts  General  Hospital.  The 
case  was  selected,  the  day  appointed — October  16, 
1846 — a  large  number  of  surgeons  and  iihysicians  were 
in  attendance  in  a  state  of  intense  expectancy.     The 
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patient  was  on  the  operating  table,  the  surgeon  and 
his  assistants  were  in  position  to  proceed,  but  Dr. 
Morton  with  his  anesthetic  had  not  arrived.  The 
suspense  and  di.sappointment  led  Dr.  Warren  to  inti- 
mate that  he  had  little  faith  in  the  propo.sed  anes- 
thetic, when  Morton  came  in  evidently  much  excited, 
and  explained  that  he  required  a  special  instrument 
with  which  to  admiTiister  the  ether  and  the  manufac- 
turer had  delayed  him. 

The  operation  consisted  in  the  removal  of  a  vas- 
cular tumor  on  the  left  side  of  the  neck.  The  patient 
came  under  the  effects  of  the  anesthetic  readdy  and 
manifested  no  sign  of  ))ain  during  the  operation,  w;hich 
lasted  five  minutes,  and  quickly  recovered  consciou.s- 
ness.  A  most  profound  impression  was  made  on  the 
surgeons  present  and  Dr.  Warren  remarked,  "Gen- 
tlemen, this  is  no  humbug."  But  neither  Dr.  Warren, 
nor  his  audience  could  at  the  moment  have  had  any 
adequate  conception  of  the  immense  stride  which 
surgery  made  during  that  five  minutes.  Practically, 
it  took  its  position  in  the  front  rank  of  the  great  hu- 
mane sciences  of  modern  civilization — a  position  which 
it  will  henceforth  maintain. 

On  the  following  day  Dr.  Hayward,  of  the  same 
hosj)ital,  removed  a  large  tumor  from  the  shoulder  of  a 
patient  whom  Morton  etherized  and  with  the  same 
success.  Other  operations  followed,  and  on  Novem- 
ber 18,  1846,  Dr.  Henry  J.  Bigelow,  published  the 
facts  of  the  discovery  to  "the  world  in  the  Boston  Med- 


Flii.   4711       All  liarly  ( )|)i-niti.)n  uniler  Etlu-r  Aii.slhcsia  at  the 
Ma&sacliUiiett!)  General  Hospital. 

ical  and  Surgical  Journal.  Dr.  Oliver  Wendell 
Holmes  suggested  the  term  "anesthesia." 

A  most  unhappy  controversy  subsequently  arose 
between  Morton,  Wells,  Jackson,  and  Long  as  to 
priority  in  the  discovery  of  etherization.  Morton 
patented  the  article  under  the  title  of  "lethcon,"  in 
lS4t),  without  revealing  its  true  name  and  then  sought 
to  obtain  from  Congress  the  sum  of  S200.000  as  a 
gratuitv  for  the  discovery.  This  latter  act  brought 
the  claims  of  The  four  contestants  before  an  investi- 
gating committee  which,  owing  to  the  conflicting 
testimony,  failed  to  recognize  either  as  entitled  to 
compensation. 

In  November,  1847,  chloroform  was  announced  i^s 
an  anesthetic  by  Sir  .James  Young  Simpson  (1811- 
1870)  of  Edinburgh.  He  had  u.scd  sulphuric  ether  in 
obstetrics  on  January  19,  1S47,  the  first  case  in  Great 
Britain,  and  was  led  to  substitute  chloroform  which 
he  had  personally  tested  with  his  friends,  Duncan  and 
Keith.  This  new  anesthetic  became  immediately 
popular  owing  to  its  agreeable  odor,  its  unirritating 
qualities  and  its  prompt  action.  But  its  popularity 
was  soon  imperilled  by  reported  deaths  from  its  use. 
Experience  has  demimst rated  that  ether  is  the  safer 
anesthetic  for  genera!  employment.  The  possibilities 
of  anesthesia  having  been  established  by  these  pioneer 
discoveries  a  variety  of  agents  having  this  effect 
have  since  been  announced  and  subjected  to  trial. 

The  result  of  the  discovery  of  practical  anesthesia 
was  an  enormous  widening  of  the  field  of  operative 
surgery,  scientilic  precision  in  its  practice  and,  as  a 
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corollary,  a  far  higher  ratio  of  success.  The  first 
proposition  was  demonstrated  at  Massachusetts 
General  Hospital  where  the  discovery  of  anesthesia 
was  first  made  public  as  follows :  During  the  ten  years 
prior  to  the  use  of  anesthetics  385  operations  were 
performed,  or  thirty-eight  annually,  but  during  the 
ten  years  after  the  use  of  anesthetics  1893  were  re- 
corded, or  189  annually. 

The  announcement  of  the  discovery  was  received 
by  the  surgeons  of  Europe  with  doubts  and  mis- 
givings, but  it  soon  gained  universal  credence  under 
the  leadership  of  three  eminent  surgeons  of  the  period, 
viz.,  Robert  Liston  (1794-1847),  of  London,  who  am- 
putated a  leg  under  ether  in  December  1840;  James 
Svme  (1799-1870),  of  Edinburgh,  adopted  anesthesia 
iii  1847;  and  Pirogoff  (1810-1881)  of  St.  Petersburgh, 
wrote  a  manual  on  anesthesia  in  1847. 

The  chief  value  of  anesthesia  in  operative  surgery  is, 
that  complete  relief  of  the  surgeon  from  the  neces.sity 
of  haste  which  insures  precision  in  all  of  the  details  of 
the  operative  procedure,  even  to  the  closing  of  the 
wound  and  the  adjustment  of  the  dressings.  _ 

There  is  a  monument  standing  in  the  Public  Garden 
of  Bo.ston  on  which  is  inscribed  the  verdict  of  history 
as  to  the  honor  and  glory  of  introducing  anesthesia 
into  the  practice  of  surgery: 

To  covimemorale  the  discovery  that  the  inhnhng 
of  ether  causes  insensibiliti/  to  pain,  firxl  proven 
to  the  irorldat  the  Massachiifelt.td  mral  Ilnxpi- 
tal  in  Boston,  October,  A.D.  MDCCCXLVI. 

A.sEPSis  AND  Antisepsis  (Joseph  Lister  (1827- 
1912). — The  healing  of  wounds  by  suppuration,  or 
by  "second  intention,"  had  hitherto  been  the  chief 
obstacle  to  success.  The  operation  in  all  of  its  details 
may  have  been  performed  with  the  greatest  precision 
an(i  yet  final  success  was  not  assured  owing  to  the 
formation  of  pus  in  the  cavity  of  the  wound  which  not 
only  prevented  healing  but  too  often  proved  a  source 
of  f.ital  septicemia  or  an  exhaustive  drain  upon  the 
vital  resources  of  the  patient.  It  has  been  noticeable 
in  the  past  history  that  some  of  the  more  prominent 
surgical  writers  mention  favorably  the  healing  of 
wounds  without  suppuration,  or  by  "first  intention." 
Hippocr.ates  makes  special  allusion  to  the  importance 
of  the  immediate  healing  of  wounds.  Undoubtedly 
some  of  the  applications  which  were  formerly  made  to 
arrest  hemorrhage  acted  as  preventives  of  suppura- 
tion, but  no  definite  knowledge  of  the  actual  nature  or 
cause  of  pus  existed.  Indeed,  pus  was  so  constantly 
present  in  wounds  that  it  was  regarded  as  a  necessary 
part  of  the  healing  process  and  surgeons  estimated  the 
condition  of  the  wound  by  the  apparent  quality  of 
the  pus.  If  it  was  thick  like  cream  it  was  called 
"laudable  pus,"  indicating  a  healthy  state  of  the 
wound. 

In  the  year  1867  the  second  greatest,  if  not  the  great- 
est, epoch  in  the  history  of  surgery  was  announced  in 
terms  implying  the  immediate  healing  of  wounds  with- 
out suppuration.  So  contrary  was  this  announce- 
ment to  the  universal  experience  of  surgeons  that  it 
met  with  general  derision.  The  very  few  surgeons 
who  attemjjted  to  test  the  method  prescribed  were 
unmercifully  ridiculed,  especially  by  their  seniors. 
Hut  as  the  new  procedure  was  based  on  the  immutable 
deductions  of  science  it  was  destined  to  survive  all 
opposition  and  become  the  most  important  feature  of 
the  surgery  of  the  future. 

Joseph  Lister,  the  founder  of  aseptic  surgery,  was 
a  native  of  Upton,  Essex,  England.  He  graduated  in 
medicine  at  the  University  of  London,  in  18.52,  and 
went  to  Edinburgh  where,  in  1854,  he  became  house 
surgeon  under  Syme  whose  daughter  he  subsequently 
married.  Syme  was  at  that  time  the  leading  British 
surgeon,  both  as  an  operator  and  teacher,  and  Lister 
was  well  placed  preparatory  for  his  future  work. 
From  an  early  period  in  his  professional  career  Lister 
had  manifested  a  genius  for  original  research.     Soon 
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after  graduation  he  studied  tlie  histology  of  muscles 
and  in  the  publication  were  his  own  drawings  in 
illustration. 

In  1800  he  was  appointed  professor  of  surgerj-  in  the 
University  of  Glasgow  and  from  this  time  he  began  to 
take  rank  among  the  junior  surgeons  of  the  period. 
A  notable  paper  on  excision  of  the  wrist  for  caries 
appeared  in  18G5  {Lancet).  His  studies  which  led 
to  the  employment  of  antiseptics  in  the  treatment 
of  wounds  began  while  engaged  in  hospital  work  under 
Svrae.  Though  Syme  was  very  careful  to  protect 
wounds  from  irritation  by  foreign  substances,  as 
sutures,  dirt,  soiled  dressings,  there  was  still  suppura- 
tion due  to  conditions  as  yet  unknown.  Lister  found 
in  the  statistics  of  his  amputations  (1864-1866)  a  mor- 
tality of  forty-five  per  cent,  though  he  exercised 
the  greatest  care  in  protecting  the  wounds. 

Pasteur's  theory  that  microorganisms  are  the  cause 
of  putrefaction  came  to  Lister's  attention  and  his 
observation  that  putrefaction  was  present  only  when 
there  was  suppuration,  suggested  to  his  mind  the  ex- 
planation of  the  cause  of  serious  complications  of 
wounds,  as  septicemia,  erysipelas,  gangrene,  and  heal- 
ing by  "second  intention."  He  at  once  began  experi- 
ments both  in  the  laboratory  and  in  the  wards  to 
determine  the  truth  of  the  suggestion,  employing  such 


Fig.  4715. — Joseph  Baron  Lister  (1827-1912 1. 

agents  as  he  believed  would  destroy  the  microorganisms 
with  the  least  injurj'  to  the  patient.  After  several 
experiments  he  was  led  to  use  carbolic  acid  which  was 
being  employed  as  a  disinfectant  of  sewage  in  a 
neighboring  town.  The  first  trial  was  on  August  12, 
1805,  and  the  case  was  a  compound  fracture;  the  re- 
sult was  altogether  satisfactory.  Lister  continued 
his  experimental  work  until  1807  when  he  published 
a  paper  entitled,  "On  the  Antiseptic  Principle  in  the 
Practice  of  Surgery"  {Lancet). 

.\  tempest  of  criticism  and  ridicule  greeted  the 
author  of  the  paper.  He  was  accused  of  not  being 
original  in  his  work;  of  not  obtaining  better  results 
than  by  the  old  method  of  practice;  of  rendering  opera- 
tions tedious  and  tiresome  beyond  endurance;  of 
using  childish  and  ridiculous  apparatus  and  dressings. 
Meantime,  Lister  continued  his  experiments  which  led 
him  to  modify  the  methods  employed  both  as  to  the 
antiseptic  agents  used  and  to  the  material  dressings 
and  tiieir  application,  but  he  never  wavered  in  his 
belief  of  the  fundamental  principles  on  which  the 
practice  of  aseptic  surgery  rests,  viz.,  the  absolute 
necessity  of  destroying  all  microorganisms  in  wounds 
to  secure  freedom  from  supi)uration.  The  answer 
which  Lister  made  to  his  critics  was  the  performance 
of  operations  of  the  most  serious  character  followed 
by  healing  of  wounds  without  pus  or  temperature. 
His  reports  of  excision  of  the  knee-joint  (1S7S), 
of  wiring  a  fractured  patella  (1883),  and  other  capital 
operations,  without  pus  or  fever,  the  wounds  healing 


by  "first  intention,"  were  simply  incredible.  Like  all 
great  discoveries  anesthesia  and  asepsis  had  to  pass 
through  a  campaign  of  denunciation  and  ridicule  but 
being  securely  founded  on  science  they  won  every  test 
of  their  intrinsic  value  and  are  now  in  universal  use. 

With  the  discovery  of  anesthesia  and  asepsis  and 
their  universal  introduction  into  practice,  during  the 
last  half  of  the  nineteenth  century,  we  bring  to  a  close 
the  history  of  the  epochal  events  which  marked  the 
progress  of  surgery  from  its  obscure  origin  among 
primitive  peoples  of  prehistoric  times  to  its  perfection 
as  an  art  and  science  at  the  beginning  of  the  Twen- 
tieth Century.  Necessarily  it  is  but  an  outline,  a 
superficial  sketch,  and  cannot  have  the  hLstorical 
value  of  a  formal,  detailed  review  of  the  many  collat- 
eral subjects  and  important  questions  with  which  a 
profession  like  surgery  must  be  concerned  in  its  de- 
velopment. But  this  form  of  a  historical  sketch  is 
believed  to  have  the  advantage  of  more  thoroughly 
familiarizing  the  student  with  those  higher  elements 
in  promoting  progress  which  illustrate  the  genius  of 
surgery.  Baas,  the  eminent  historian  of  medicine, 
remarks:  "An  acquaintance  with  the  views  and  the 
knowledge  of  epochs  already  submerged  in  the  shore- 
less ocean  of  time,  frees  the  mind  from  the  fetters  and 
currents  of  the  day,  with  its  often  oppressive  restraint, 
widens  the  horizon  for  a  glance  into  the  past,  and  an 
insight  into  the  present  of  human  activity  deepens  the 
view  for  a  comprehension  of  the  ideas  which  guided 
the  earlier  and  the  more  recent  physicians,  and  gives 
on  the  other  hand  to  our  daily  professional  labor  a  liigh 
consecration."  Stephen  Smith. 


Suspensory  bandages  are  employed  for  prophy- 
lactic purposes  when  the  scrotum  and  its  contents  are 
normal,  but  exposed  to  injury  or  disease.  Thus  they 
are  recommended  to  men  whose  occupation  compels 
them  to  stand  for  hours  in  the  upright  position,  to  lift 
heavy  weights,  to  take  severe  physical  exercise,  or  to 
ride  a  horse  or  a  bicycle  for  hours  at  a  time.  Athletes 
usually  wear  bandages  technically  called  "jock- 
straps" in  place  of  suspensories.  These  "jock- 
straps," however,  while  immobilizing  the  external 
genitals,  drag  them  upward,  and,  in  fixing  them  upon 
the  pubes,  may  produce  abnormal  pressure  of  the 
scrotal  contents,  and  expo.se  them  to  the  injuries 
which  they  are  intended  to  prevent,  .\mong  the 
prophylactic  uses  of  suspensory  bandages,  they  are 
recommended  in  gonorrhea  to  prevent  epididymitis 
and  orchitis.  Experience,  however,  has  proven 
that  they  are  not  always  effective  in  this  regard.  The 
therapeutic  uses  of  suspensory  bandages  are  as  varied 
as  are  the  diseases  which  affect  the  scrotum  and  its 
contents.  In  general  depressed  states,  where  re- 
laxation of  the  scrotum  causes  it  to  hang  down  below 
its  normal  level,  a  well-fitting  and  properly  adjusted 
suspensory  bandage  gives  the  organs  within  it  the 
needed  support.  In  local  conditions,  such  as  scrotal 
dermatoses,  it  .ser\-es  to  immobilize  the  sac  and  thus 
compels  any  medicaments  which  may  be  applied  to 
the  skin  to  remain  in  direct  contact  therewith.  In 
varicocele  of  a  minor  degree  it  oftentimes  renders 
operation  unnecessary.  In  funiculitis,  epididymitis, 
orchitis,  and  orcho-cpididymitis,  when  the  swelling 
is  not  too  great  to  be  controlled  by  a  suspensorj' 
bandage,  it  serves  its  purpo.se  admirably.  When  the 
swellings  in  these  diseases  are  very  great,  they  require 
modifications  of  suspensory  bandages,  called  com- 
pressors. These  modifications  not  only  support  the 
scrotum  firmly  against  the  ascending  rami  of  the 
pubis,  but,  having  a  firm,  strong  bag  with  lace-strings, 
they  render  it  possible  to  subject  the  scrotum  and 
its  "contents  to  uniform  compression.  It  is  essential 
to  suspensories  and  compres.sors  that  traction  should 
be  exerted  in  a  posterior  direction  upon  the  lower 
(posterior)  apex  of  the  bag.  This  traction  is  made  by 
means  of  counter-straps.     If  these  straps  are  omitted, 
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as  tlii-v  soniotiines  are,  cspi'C'ially  in  the  cheaper  forms 
of  suspensories,  these  contrivances  then  become  useless 
anti  even  at  times  injurious.  Firm  support  and  com- 
pression are  not  possible  without  these  counter-straps 
When  they  are  absent  the  scrotum  is  dragged  upward 
and  forward  bv  the  waist-band,  and  the  posterior 
margin  of  the  bag  is  likely  to  cut  into  the  posterior 
surface  of  the  scrotum.  Many  forms  of  excellent 
suspensorv  bandages  are  made,  but  no  one  form  can 
be  recommended  for  all  prophylactic  or  therapeutic 
uses  The  individual  conformation  of  the  external 
genitals  varies  as  much  as  does  that  of  the  hand  or 
foot.  Suspensorv  bandages  must  therefore  be 
"fitted"  to  the  genitals,  with  consideration  for  the 
individual  peculiarities  as  well  as  for  the  object  to  be 
attained.  The  indexible  rules  regarding  the  efTcctive 
use  of  suspensorv  bandages  are,  first,  that  they  mu.st 
not  i.roduce  the  slightest  discomfyrt  and  next,  tha,t 
thev  mu.st  instantaneouslv  give  at  least  marked,  it 
not"  entire,  relief  from  pain.  If  these  ends  are  not 
attained,  the  bandage  employed  is  not  applicab  e  to 
the  ca.se  or  has  been  defectively  applied.  In  epididy- 
mitis when  the  cord  is  not  much  involved,  strapping 
the  testicle  by  Fricke's  method  often  enhances  to  a 
marked  degree  the  value  of  a  suspensory  band.ige. 
It  must  be  remembered,  however,  that  the  application 
of  strips  of  adhesive  plaster  for  the  accomplishment 
of  the  desired  end  is  painful,  unless  it  be  done  by  an 
operator  of  great  experience  in  the  use  of  this  form  of 
dressing.  When  it  is  properly  applied  this  dressing 
promptlv  reduces  swelling  and  pain,  and  renders  the 
patient  4ntirelv  willing  to  have  the  operation  repeated 
as  often  as  may  seem  desirable.  Gerson  of  Herlm 
devised  "scrotal"  elevating  strips"  as  a  substitute  for 
suspensory  bandages.  These  strips  {SuKpensionshin- 
deii)  are  elastic  adhesive  bandages,  with  the  upper 
margin  softly  fringed.  Before  applying  them  it  is 
desirable  to  emptv  the  lower  part  of  the  scrotum  as 
much  as  possible  bv  crowding  the  testicle  firmly  up 
against  the  external  ring.  In  a  certain  number  of 
cases  these  strips  prove  successful,  and  as  it  is  an  easy 
matter  to  apply  them  thev  may  well  be  recommended 
for  trial  Ferd.  C.  Valentine. 


Sweet  Chalybeate  Springs. — AUeghany  County, 
Virginia. 

Post-office. — Sweet  Chalybeate  Springs.  Hotel 
and  cottages. 

Access. — Via  Chesapeake  and  Ohio  Railroad  to 
.\Ueghany  Station,  the  highest  point  on  the  Chesa- 
peake and  Ohio,  thence  a  drive  of  nine  miles  to  the 
springs.  .  ,11 

These  well-known  springs  are  ensconced  in  a  lovely 
valley  on  the  backbone  of  the  Alleghany  Mountains, 
at  an  elevation  of  2. 1500  feet  above  the  sea.  The 
location  is  in  the  midst  of  the  "Springs  Region," 
and  whatever  mav  be  said  regarding  the  salubrity  of 
climate,  the  charm  of  scenery,  and  the  general  at- 
tractiveness of  the  Old  Dominion  mountain  resorts, 
may  be  fittingly  applied  to  these  springs  and  their 
environments.  "Among  the  more  immediate  desir- 
able features  may  be  mentioned  a  comfortable,  modern 
hotel  with  acconiinodations  for  300  people,  a  commodi- 
ous bathing  establishment  with  facilities  for  hot  and 
cold  mineral-water  bat  lis,  and  inclosed  pools  for  plunge- 
bathing  in  flowing  water.  The  section  round  about 
abounds  in  deer  and  other  mountain  game,  while  the 
streams  afford  excellent  fishing.  The  springs,  fonnerly 
known  as  the  Red  Sweet  Springs,  are  situated  in  one 
of  the  most  beautiful  valleys  of  Virginia.  So  far  as 
chemical  composition  is  concerned,  their  waters  do  not 
show  any  verv  marked  differences.  The  combined 
flow  of  tlie  thre"e  is  about  4S,000gallons  per  hour.  The 
following  analysis  was  made  by  Prof.  W.  B.  Rodgers. 

This  is  a  very  good  calcic-chalybeate  water.  Its 
taste  is  somewhat  sweet,  but  ferruginous.     Its  tem- 


perature at  the  fountain  is  about  79°  F.  The  water 
is  beneficially  emploved  in  anemia,  chlorosis,  leucor- 
rhea,  and  other  conditions  indicating  an  impover- 
ished state  of  the  blood.  It  has  also  proved  effica- 
cious in  neuralgia  and  ga.stralgia  and  other  disorders. 
Various  amusements  are  provided  for  the  guests. 

Dne  United  States  Gallon  Contains- 

Solids.  Grains. 

Iron  carbonate 32.0 

Iron  oombined 16  0 

Calcium  carbonate 64 . 0 

Magnesium  carbonate 48.0 

Magnesium  sulphate 16.0 

Silica 16.0 

Sodium  hydrochlorate 8  0 

Nitrogen 1"  -'S 

Ojygen ^O.O 

Carbonic  acid  gas 103  27  cubic  inches 

Emma  E.  Walker. 


Sweet  Springs. — Saline  County,  Missouri. 

Post-office. — Sweet  Springs.     Hotels. 

Access. — Via  the  Lexington  branch  of  the  Missouri 
Pacific  Railroad. 

The  location  is  fifteen  miles  from  the  Missouri  Blue 
Lick  Springs. 

These  springs  are  five  in  number  and  have  a  flow  of 
224  000  gallons  hourly.  The  temperature  of  the  water 
is  .54°  F.  Analyses  "of  two  of  the  springs  have  been 
made  by  Prof.  Charles  P.  Williams: 

One  United  States  Gallon  Contains: 


Akesion 
Spring. 
Grains. 


Calcium  carbonate  . . 

Iron  carbonate 

Manganese  carbonate 
Sodium  sulphate  .... 

Calcium  sulphate 

Barium  sulphate  .. .  . 
Calcium  phosphate  . 
Magnesium  nitrate  .. 
Ammonium  nitrate    . 

Sodium  chloride 

Calcium  chloride  . .  . 
Potassium  chloride  . . 
Magnesium  chloride  . 
Lithium  chloride  . .  .  . 
Magnesium  bromide. 

Aluminum  oxide 

Silica 

Organic  matter 

Total   


40.25 
0.27 
0,20 
2,61 

57.93 
8.15 
0.24 
0.18 
1.17 
756 . 11 

74.79 

28.56 


Sweet 
Springs. 


9.56 
0.57 
Trace 


89.62 
14.72 
3.40 
22.29 
0.05 
0.12 
0.09 
1.08 
4.05 


It  will  be  observed  that  there  is  a  great  difference  in 
the  strength  of  these  waters,  the  Akesion  Spring  being 
much  more  potent.  The  spring  also  contains  a  con- 
siderable amount  of  sulphureted  hydrogen.  It  is 
especially  recommended  for  diseases  of  the  liver.  The 
water  of  the  Sweet  Springs  is  recommended  for  dis- 
eases of  the  kidneys  and  bladder,  various  forms  of 
dyspepsia,  and  in  many  diseases  of  women  and  chil- 
dren. An  excellent  bathing  establishment  is  main- 
tained at  the  springs,  baths  being  supplied  by  water 
from  the  salt-sulphur  spring,  five  miles  distant. 
There  are  also  white  and  black  sulphur  springs  in 
the  neighborhood.  Emma  E.  Walker. 

Sycosis. — {Syno7)yms:  Folliculitis  et  perifolliiu- 
litis  barbfe;  sycosis  non -parasitica.)  Sycosis  is  a  dis- 
ease of  the  skin  that  primarily  affects  the  hair  follicles. 
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In  most  cases  it  occurs  on  the  bearded  portion  of  the 
face,  but  it  may  occur  anywhere  wliere  there  are  coarse 
hairs,  as  on  the  scalp,  eyebrows,  axillae,  pubes,  and 
even  on  the  limbs  of  coarse-haired  individuals.  It 
has  been  called  barber's  itch,  which  is  wront;.  as  that 
is  ringworm  of  the  beard.  The  term  "non-parasitic 
sycosis"  is  also  erroneous,  as  we  know  that  the  dis- 
ease is  parasitic,  though  not  due  to  the  trichophyton 
fimgiis. 

■SniPTOMS. — First,  as  it  occurs  on  the  face.  The 
disease  begins  by  the  eruption  of  a  number  of  red. 
inflammatory,  conical  papules  or  nodules  scattered 
over  the  whole  or  part  of  the  bearded  portion  of  the 
face.  The  lesions  are  discrete,  and  it  will  be  noticed 
that  each  one  is  pierced  in  its  center  by  a  hair.  The 
skin  between  the  lesions  is  unaffected.  If  the  onset  is 
very  violent,  so  that  a  large  number  of  hairs  are 
affected,  the  individual  zones  of  redness  will  meet  and 
then  the  whole  of  the  affected  area  will  be  reddened 
and  somewhat  swollen.  The  lesions  vary  in  size  from 
that  of  a  millet  seed  to  that  of  a  pea.  Unless  the 
disease  is  promptly  relieved  by  treatment  the  papules 
give  place  to  pustules,  which  likewise  are  pierced  by 
hairs.  The  pustules  show  no  tendency  to  run  to- 
gether and  form  patches  as  do  those  of  eczema. 
After  a  time  the  pustules  dr>-  up  and  small  crusts  form 
about  the  hairs.  If  the  disease  is  very  intense  in- 
filtrated patches  will  form,  and,  instead  of  pustules, 
there  may  be  small  abscesses.  New  papules  continue 
to  form  and  undergo  their  evolution  into  pustules, 
so  that  we  find  both  forms  of  lesions  present  at  the 
same  time.  The  hairs  in  the  pustules  early  lose  their 
luster.  While  at  first  firmly  seated  in  their  follicles 
so  that  attempts  at  depilation  are  painful,  when  the 
pustules  are  fully  formed  the  hairs  come  out  easily 
and  without  much  if  any  pain.  When  the  hairs  are 
extracted  early  their  root  sheaths  appear  as  glassy 
cylinders,  .-^fter  the  pustules  form  the  root  sheaths 
will  bo  yellowish  and  swollen  with  pus.  While 
u-sually  the  hair  is  not  permanently  damaged,  in 
chronic  cases  the  hair  papillae  are  destroyed,  the  beard 
is  thinned,  and  small  cicatrices  are  seen. 

The  course  of  the  disease  is  chronic,  marked  by 
relapses,  the  disease  being  at  one  time  apparently 
cured,  and  then  breaking  out  again  with  renewed 
•violence. 

Any  part  of  the  bearded  portion  of  the  face  may  be 
attacked.  The  disease  is  specially  common  on  the 
upper  lip.  Usually  there  will  be  found  at  the  same 
time  a  catarrhal  or  purulent  discharge  from  the  nose. 
The  cheeks  are  the  parts  next  most  frequently  af- 
fected, either  one  or  both.  The  disease  may  occur 
symmetrically.  It  may  be  limited  to  a  single  area. 
As  a  rule  it  does  not  occur  below  the  angle  of  the  jaw. 
If  it  does  occur  there  it  is  usually  by  extension  from 
the  cheeks.  With  it  there  is  no  eruption  upon  the 
non-hairy  parts  of  the  face.  Not  uncommonly  the 
eyebrows  and  the  eye-lashes  are  affected  at  the  same 
time  as  the  cheeks. 

There  is  little  if  any  itching,  the  patient  complaining 
rather  of  a  feeling  of  soreness,  distention,  or  burning. 

Secoiidhi,  as  it  occurs  on  other  parts.  On  the  eye- 
brows and  pubes  and  in  the  axilla^  the  appearances 
are  similar  to  what  obtains  on  the  face,  and  the  course 
of  the  disease  is  the  same.  On  the  scalp  we  meet  with 
the  characteristic  papules  and  pustules  pierced  by 
hairs.  When  the  disease  occurs  on  the  limbs  (and 
it  is  mostly  on  the  legs  that  it  occurs),  we  find  the 
same  lesions;  but,  as  the  hair  is  more  sparse,  there  is 
not  the  .same  tendency  to  form  diffuse  patches,  the 
lesions  remaining  discrete  throughout. 

Lupoid  sycosis  is  a  very  severe  form  of  the  disease 
that  occurs  in  patches  with  vesicopustules  of  the 
mouths  of  the  hair  follicles,  crusts,  and  redness  of  the 
skin.  When  the  crusts  fall  the  skin  is  found  to  be 
cicatricial.  It  is  very  chronic  in  its  course  and  may 
involve  a  large  part  of  the  beard. 


Etioloov. — There  is  no  doubt  that  the  disea.se  is 
parasitic.  The  majority  of  investigators  a-scribe  its 
origin  to  the  invasion  of  the  hair  follicles  by  the 
Staphylococcus  aureus  et  alhus.  Sabouraud  states 
that  it  is  due  to  the  Staphylococcus  aureus  alone. 
Unna  teaches  that  there  are  two  varieties  of  the  dis- 
ea.se,  one  of  which  he  names  the  coccogenie,  being 
due  to  the  Staphylococcus  aureus  et  alhus;  and  the 
other  bacilligenic,  being  due  to  an  organism  which  he 
calls  Bacillus  sycosiferus  fatidui. 

The  disea,se  is  contagious,  and  barber  shops  are, 
without  doubt,  a  frequent  source  of  contagion.  Like 
many  other  diseases  due  to  microorgani.sms,  there 
are  two  factors  at  work — one  the  predisposing  cause, 
the  character  of  the  soil;  and  the  other  the  exciting 
cause,  the  microorganism.  Eczema  is  sometimes 
the  forerunner  of  sycosis.  Otherpredisposing  agencies 
are  irritant  applications  to  the  .skin,  such  as  mustard 
or  other  poultices,  inton.se  heat,  cosmetics,  and  the 
like.  A  nasal  discharge  is  the  predisposing  cause  of 
sycosis  of  the  upper  lip.  Shaving  with  a  dull  razor 
is  supposed  to  be  the  cause  in  .some  cases,  but  tho.«e 
who  do  not  shave  are  by  no  means  exempt  from  the 
disease.  Most  patients  with  sycosis  are  in  poor 
general  condition.  Men  naturally  are  the  most 
frequent  sufferers  from  the  disease. 

Pathology. — Sycosis  is  primarily  a  perifolliculitis, 
the  hair  follicle  and  the  sebaceous  glands  being  affected 

secondarily. 

DiAGXOSis. — The  two  diseases  from  which  sycosis 
must  especially  be  differentiated  are  eczema  and 
ringworm  of  the  beard. 

Eczema  may  be  limited  to  the  bearded  portion  of  the 
face,  but  it  is  prone  to  pass  over  to  the  non-hairy 
parts;  sycosis  is  confined  to  the  hairy  parts.  Eczema 
is  very  pruritic  and  the  skin  is  scratched;  sycosis  is 
not  pruritic  and  the  .skin  is  not  scratched.  The 
lesions  of  eczema  bear  no  special  relation  to  the  hairs; 
it  is  a  catarrhal  disease  of  the  skin,  and  the  hairs  are 
affected  as  it  were  accidentally  and  superficially. 
No  matter  how  bad  an  eczema  may  be,  it  never 
destroys  the  hair.  Sycosis  is  primarily  a  disea.se  of 
the  hair,  the  skin  between  the  individual  hairs  is 
unaffected  except  in  very  bad  cases,  and  the  hair  may 
be  destroyed.  In  eczema  cru.sting  is  a  feature  of  the 
disease,  and  when  the  crusts  are  removed  a  raw  and 
oozing  surface  is  exposed.  In  sycosis  the  crusts  are 
usually  confined  to  the  hair  follicles.  If  diffused 
crusts  are  formed,  when  they  are  removed  it  will  be 
found  that  the  hairs  stand  in  little  inflammatory 
areas  while  the  inter\'ening  skin  does  not  present  a 
moist  surface  as  is  the  case  in  eczema.  In  some  cases 
it  is  impossible  to  make  a  diagnosis  at  first,  but  it  is 
arrived  at  by  studying  the  effect  of  treatment,  sycosis 
being  more  intractable  than  eczema,  and  the  follicular 
character  becoming  more  pronounced  as  the  disease 
approaches  recovery. 

Ringii'orm  of  the  beard  usually  occurs  on  the  chin 
and  neck  below  the  angle  of  the  jaw;  sycosis  occurs 
wnst  often  on  the  upper  lip  and  cheeks.  Ringworm 
occurs  either  as  a  superficial  scaly  ring  or  as  large- 
sized  nodules  arranged  in  circles  and  segments  of 
circles;  sycosis  occurs  as  an  eruption  of  papules  and 
pustules  pierced  by  hairs  and  without  any  grouping. 
In  ringworm  the  hairs  are  broken  and  split  and  can 
be  pulled  out  readily  though  the  root  is  often  left 
behind;  in  sycosis  the  hairs  lose  their  luster,  but  other- 
wise are  unaffected,  and  in  the  early  stages  attempts 
at  removing  them  are  very  painful.  Ringworm  once 
cured  does  not  tend  to  relapse;  sycosis  does.  Under 
the  microscope  the  hairs  from  a  case  of  ring\vorm 
will  be  found  loaded  with  spores  and  mycelia;  in 
sycosis  microorganisms  are  found  not  in  the  hair  but 
in  cultivations  from  the  follicle  contents. 

Aoie  should  offer  no  difficulty  in  diagnosis,  as  it 
occurs  all  over  the  face  and  comedones  are  alwaj-s 
present. 
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Phoonoris.— While  the  disease  is  essentially  chronic, 
it  is  curable.     Permanent  loss  of  hair  is  exceptional. 

Treatment. — When  the  upper  lip  is  affected  it  i.s 
necessary  first  to  seek  out  and  cure  any  disease  of  the 
mucous  membrane  of  the  nose  that  may  be  present. 
In  all  ca.ses  attention  to  the  general  health  should  be 
given,  so  as  to  improve  the  character  of  the  soil  and  en- 
able it  to  resist  the  invasion  of  the  microorganism.  1  he 
skin  must  be  proteited  from  irritation.  The  conges- 
tion of  the  skin  tliat  is  often  present  in  acute  cases 
should  be  relieved  bv  the  administration  of  laxatives. 
Tliere  is  no  specific  for  the  disease.  Locally,  the  treat- 
ment will  varv  with  the  stage  of  the  disease.  At  the 
beginning  the'inflamniation  may  be  treated  by  bathing 
the  affected  parts  with  hot  water  and  following  this 
with  an  alkaline  lotion,  such  as  black  wash,  lead  and 
opium  wash,  or  a  zinc  lotion  containing  two  per  cent, 
of  salicylic  acid.  In  some  cases  the  application  of  six 
drams  of  the  ointment  of  the  ammoniate  of  mercury 
and  two  drams  of  cold  cream  will  abort  the  disease. 
When  i)ustules  have  formed  the  hairs  should  be 
plucked  from  the  di.seased  follicles — a  conservative 
process,  as  it  tends  to  prevent  the  destruction  of  the 
liair  papillae  If  there  are  a  huge  number  of  pustules 
a  rapidfv  favorable  effect  may  be  produced  by  going 
over  the  face  with  a  dermal  curette,  after  which  the 
parts  should  be  bathed  with  a  1  to  1,000  solution  of 
bichloride  of  mercury.  If  crusts  are  present  they 
should  be  removed  by  .soaking  them  at  night  with  a 
two-per  cent,  solution  of  salicylic  acid  in  sweet  oil,  and 
washing  them  off  on  the  next  day  with  soap  and  water. 
The  applications  advised  above  may  be  used.  Di- 
achylon ointment,  made  according  to  Hebra's  formula 
and  spread  on  cloths  and  bound  down  on  the  face,  is 
an  excellent  remedy. 

In  more  chronic  conditions  sulphur  ointment  is 
often  a  sovereign  remedy.  An  ointment  of  salicylic 
acid  15  grains,  precipitated  sulphur  1  dram,  lanolin 
.=)  drams,  goose  grease  1  ounce,  applied  twice  daily 
will  be  found  useful.  The  employment  of  tumenol 
is  at  times  followed  by  brilliant  results.  It  may  be 
used  diluted  1  part  in  10  parts  of  vaseline  or  other  oily 
base.  Tar  ointment  may  be  used  as  well  as  ichthyol 
or  resorcin  in  five  to  twenty  per  cent,  strength.  Auto- 
genous or  stock  vaccines  of  mixed  staphylococci  often 
prove  curative.  Their  action  is  increased  by  the 
daily  application  of  hot  water  to  the  affected  areas. 
The  dose  is  from  50,000,000  to  100,000,000,  repeated 
and  increased  every  sixth  day  up  to  300  or  400  million. 
If  the  clinical  appearances  become  decidedly  wor.se, 
a  pause  should  be  made  and  the  treatment  resumed 
at  a  smaller  do.sage.  In  very  obstinate  cases  we  may 
have  to  resort  to  stimulation  by  means  of  scrubbing 
with  green  soap  and  then  binding  on  zinc-oxide  oint- 
ment. It  is  best  to  keep  the  beard  clipped  short  dur- 
ing treatment.  Epilation  is  advised  by  many  authori- 
ties. Many  cases  have  been  cured  by  both  radio-  and 
phototherapy.  As  the  disease  is  a  most  obstinate 
one,  we  shall  have  to  make  many  changes  in  our  treat- 
ment before  we  succeed  in  curing  it.  It  is  well  to 
continue  .some  protective  applications  for  several 
weeks  after  the  disease  seems  to  have  been  cured. 
George  Thomas  .Iacksox. 


Sydenham,  Thomas. — Born  at  Wynford  Eagle, 
Dorsetshire,  Knglaiifl,  in  1624.  At  the  age  of  eight- 
een he  entered  Magdalen  College,  Oxford,  and 
remained  there  until  1644,  when  he  enlisted  in  the 
Parliamentary  Army.  After  a  brief  military  service 
he  resumed  (1645)  his  studies  at  Oxford  and  received 
his  Bachelor's  degree  in  1648.  It  was  only  at  a  much 
later  date  (1676),  however,  that  he  was  given  the 
degree  of  Doctor  of  Medicine,  and  then  not  by  Ox- 
ford, but  by  Cambridge,  .\fter  leaving  Oxford  he 
first  spent  a  few  months  at  the  Medical  School  of 
MontpcUier,  France,  and  then  settled  (1666)  in  the 
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metroi)olitan  district  of  Westminster  as  a  medical 
practitioner,  the  necessary  license  having  been 
granted  him  by  the  College  of  Physicians  of  London. 
His  first  medical  treatise,  which  bore  the  title  "  Meth- 
odus  curandi  febres,"  was  published  in  1666.  The 
third  edition  of  this  work  was  issued  ten  years  later, 
but  with  the  title  changed  to  "  Obscrvationes  medicse 
circa  morborura  acutorum,  etc."  Between  1666  and 
1683  he  published  several  other  treatises,  the  more 
important  of  which  deal  with  epidemic  diseases,  with 
lues  venerea,  with  smallpox,  with  gout,  with  dropsy, 
and  with  hysteria. 

During  the  later  period  of  his  career  Sydenham 
attained  great  celebrity  as  a  physician,  but  this  celeb- 
rity would  have  been  short-lived  if  it  had  rested  on 
nothing  more  substantial  than  mere  cleverness  and 
professional  success.  As  a  matter  of  fact  he  had 
effected,  by  his  teaching  and  also  by  his  example,  a 
most  important  revolution  in  medicine,  and  it  was 
the  appreciation  of  this  fact  which  led  the  physicians 


Fig.  4716— Thomas  Sydenham  (,1624-1689). 

of  England  to  bestow  upon  him  the  appellation'  of 
"The  English  Hippocrates,"  and  which  ultimately 
gave  him  so  highly  honorable  a  position  in  the  his- 
tory of  our  profession  in  general.  A  brief  considera- 
tion of  the  state  of  medicine  in  England  during  the 
seventeenth  century  will  enable  the  reader  to  under- 
.stand  the  full  importance  of  the  change  which  Syden- 
ham was  instrumental  in  bringing  about. 

The  physicians  of  that  period  were  split  up  into 
three  great  sects — the  followers  of  Galen,  with  whom 
should  be  classed  the  Graeco-Arabists;  the  iatro- 
chemists;  and  the  iatrophysicists. 

The  first  of  these  groups,  the  Galenists  and  the 
Graeco-Arabists,  were  largely  intent  upon  interpreting 
in  the  strictest  manner  possible  the  writings  of  Hippo- 
crates, Galen,  and  some  of  the  Arabian  authors.  It 
was  their  rule  to  follow  the  teachings  of  these  ancient 
writers  slavishly.  Instead  of  studying  the  different 
diseases  "from  nature,"  if  we  may  use  that  expres- 
sion, they  devoted  their  time  and  thoughts  largely 
to  the  task  of  interpreting  correctly  the  words  used . 
by  these  fathers  in  medicine.  Their  work,  in  other 
words,  partook  of  the  nature  of  philology.  Real 
progress  in  the  science  of  medicine  was  of  course  not 
attainable  along  this  route.  The  men  composing 
this  sect,  accepting  without  dispute  the  dogma  of  the 
four  humoral  qualities,  together  with  the  different 
temperaments  which  result  from  the  predominance  of 
any  one  of  them,  combated  these  different  tempera- 
ments or  constitutions  by  prescribing  drugs  in  a  very 
great  variety  of  combinations  (polypharmacy). 

The  members  of  the  second  group  or  sect,  the  iatro- 
chemists,  attaching  small  importance  to  simple 
dietetic  measures,  prescribed  without  stint  all  the 
most  active  substances  belonging  to  the  mineral 
kingdom  and  all  the  new  remedies  which  the  chemists 
had  evolved  from  their  furnaces. 

Finally,  the  iatrophysicists  directed  their  efforts  to 
the  removal  or  diminution  of  all  bodily  conditions  that 
appeared  to  act  as  mechanical  hindrances  to  health. 
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Sydenham,  who  was  quick  at  perceiving  the  truth, 
and  who  possessed  a  rare  degree  of  common  sense, 
cast  aside  all  these  hypotheses  as  valueless,  disre- 
garded the  prevailing  routine  methods  of  treatment, 
and  refused  to  accept  the  therapeutic  novelties  of  the 
day.  Nature  is  to  be  my  guide,  he  declared,  and 
from  that  time  forward  he  studied  disease  at  the 
bedside,  and  watched  carefully,  and  with  a  mind  free 
from  prejudice,  the  effects  of  the  remedies  which  he 
employed.  Thus,  pursuing  the  methods  advocated 
by  the  great  master  Hippocrates,  Sydenham  was 
afjle  to  place  his  medical  brethren  once  more  on  the 
pathway  which  leads  to  an  increase  in  knowledge  of 
the  healing  art.  Practical  medicine,  which  had  pre- 
viously been  falling  into  an  almost  moribund  condi- 
tion, was  by  his  efforts  made  again  a  living  and  grow- 
ing science. 

Sydenham's  death  from  renal  calculus,  a  gouty  prod- 
uct which  had  tormented  him  through  a  period  of 
over  thirty  years,  occurred  on  Dec.  29,  1689. 

A.  H.   B. 


Sylvius,  Franciscus. — (Latinized  form  of  Frangois 
de  le  Boe).  Born  at  Hanau,  Prussia,  of  French  parents 
in  l(il4.  He  studied  at  various  universities  in  France, 
Holland,  and  Germany,  and  finally  obtained  his 
medical  degree  at  Basle  in  16.37.  He  practised  first 
at  Leyden,  delivering  there  lectures  on  anatomy, 
then  in  .\msterdam,  returning  finally  to  Leyden  where 
he  became  professor  of  medicine  at  the  University  in 
1658.  He  was  a  practitioner  and  teacher  more  than  he 
was  an  anatomist,  yet  it  is  as  an  anatomist  that  his 
fame  persists,  his  name  being  given  to  various  cerebral 
structures — aqueduct,  artery,  fossa,  fissure,  and  ven- 
tricle. Sylvius  was  a  follower  in  medicine,  though 
not  in  anatomy,  of  the  teachings  of  Paracelsus  and 
belonged  to  the  chemical  school  of  medicine.  He 
was  a  firm  believer  in  the  value  of  clinical  instruction 
and  gave  daily  lectures  at  the  little  hospital  of  twelve 
beds  in  Leyden.  He  was  one  of  the  first  to  insist  upon 
the  chemical  nature  of  digestion  and  to  recognize  the 
action  therein  of  the  saliva.  He  was  also  one  of  the 
first  to  accept  Harvey's  newly  promulgated  doctrine  of 
the  circulation  of  the  blood.  He  died  in  1672  of  a  fever 
then  epidemic  in  Holland.  T.  L.  S. 


Sylvius,  Jacobus. — (Latinized  form  of  Jacques 
Dubois.)  Born  at  .\miens,  France,  in  1478.  He 
took  up  the  study  of  medicine  when  near  middle  age, 
having  been  at  first  drawn  to  mathematics,  and  ob- 
tained his  degree  at  the  University  of  Montpellier 
in  1.528.  He  went  to  Paris  in  1531  and  taught  anat- 
omy for  many  years  at  the  College  of  Trinquet. 
later  succeeding  Vidus  Vidius  at  the  newly  established 
College  of  France.  Many  of  the  anatomists  of  the 
following  generation,  including  Vesalius,  were  his 
pupils.  He  did  much  to  advance  the  knowledge  of 
anatom}',  especially  describing  and  naming  many  of 
the  muscles  and  blood-vessels  of  the  bod.v,  and  is 
said  to  have  been  the  discoverer  of  the  valves  of  the 
veins;  yet  his  contributions  to  science  were  small  in 
comparison  with  what  they  might  have  been,  taking 
into  consideration  his  talent  and  his  opportunities  for 
study.  The  fault  lay  with  himself,  for  he  was  of  a 
narrow  and  prejudiced  disposition,  a  fanatical  follower 
of  the  teachings  of  Galen,  and  nurturing  an  invincible 
repugnance  to  dissection  of  the  human  body.  He 
was  coarse  in  speech,  avaricious,  and  envious  of  all 
who  had  attained  any  eminence  as  anatomists  or 
teachers.  He  died  in  1555.  The  Sylvian  ossicle 
(processus  lenticularis).  Sylvian  valve  (valvula  vena> 
cava'  inferioris),  and  caro  quadrata  Sylvii  (musculus 
quadratus  plants-)  bear  the  name  of  Jacobus  Sylvius, 
but  the  cerebral  structures  having  this  eponymic 
were  named  after  Franciscus  Sylvius  of  the  century 
succeeding  that  of  Jacobus.  T.  L.  S. 


Syme,  James. — Born  at  Edinburgh,  Scotland 
Nov.  7,  1799.  In  1821  he  was  chosen  House  Surgeon 
of  the  Royal  Infirmarj-  at  Edinburgh.  In  1823  he 
performed,  for  the  first  time  in  Scotland,  an  exartieu- 
lation  of  the  hip-joint.  (The  case  is  recorded  in  the 
Edinburgh  Medical  and  Surgical  Journal,  1824.) 
.\bout  this  time  he  organized,  in  association  with  Dr. 
Mackintosh,  a  sort  of  private  medical  school,  and 
here  he  began  (1825)  to  give  lectures  on  anatomy  and 
surgery.  Already  in  1829  the  number  of  those  who 
attended  his  courses  had  reached  a  total  of  two 
hundred  and  fifty.  In  1S33  he  was  chosen  Professor 
of  Clinical  Surgery  in  the  University,  and  in  1834  an 
.Attending  Surgeon  at  the  Royal  Infirmary.  In  1842 
he  performed  two  operations  to  which."  at  a  later 
period,  his  name  was  attached — viz.,  Syme's  amputa- 
tion of  the  foot,  and  Syme's  external  urethrotomy. 
(The  former  is  described  in  the  London  and  Edin- 
burgh Monthly  Journal  of  Medical  Sciences,  1843. 
and  the  latter  in  the  same  journal  for  1844.)  In  1847 
he  performed  an  exarticulation  of  the  shoulder-joint, 
and  at  the  same  time  ligated  the  subclavian  arterj-, 
in  a  patient  who  was  affected  with  an  axillary  aneu- 
rysm; and  he  obtained  a  successful  result.  He  also, 
at  this  period  of  his  career,  extirpated  the  clavicle; 
this  being  the  first  time  that  the  operation  was  per- 
formed in  Great  Britain.  In  1848  he  accepted  an 
invitation  to  fill  the  Chair  of  Clinical  Surgery  at  the 
University  College  Hospital.  London,  as  the  successor 
to  Robert  Liston,  recently  deceased.  At  the  end  of 
a  few  months,  finding  that  the  climate  of  London  did 
not  agree  with  him,  he  resigned  his  chair  and  returned 
to  Edinburgh,  where  he  was  promptly  restored  to  his 
former  position  of  Professor  of  Clinic.Tl  Surgery.  In 
1861  ho  was  made  Surgeon-in-Ordinary  to  the  Queen 
whenever  she  might  visit  Scotland.  In  1869  Oxford 
University  conferred  upon  him  the  honorarj'  title  of 
Doctor  of  Laws.     He  died  June  26,  1870. 

Of  Syme's  published  writings  the  following  deserve 
to  receive  special  mention:  "Treatise  on  Excision  of 
Diseased  Joints,"  1831;  "The  Principles  of  Surgerv," 
1831  (third  edition,  1842);  "Case  of  Spontaneous 
Varicose  .Aneurysm,"  1831;  "Fibrocartilaginous 
Tumor  of  the  Humerus;  Removal  together  with  the 
.Arm  and  Part  of  the  Scapula  and  Clavicle;  Recoverv," 
1836;  "On  Diseases  of  the  Rectum,"  1838;  "Contri- 
butions to  the  Pathology  and  Practice  of  iSurgery," 
1848;  "On  Stricture  of  the  Urethra  and  Fistula  in 
Perineo,"  1849;  and  "Traumatic  Aneury.sm  of  the 
Common  Carotid,  successfully  treated  by  Incision 
and  Ligature  above  and  below  the  .Aneurvsm,"  1857. 

"A.  H.  B. 

Sympathetic  Nervous  System. — Definition. — The 
autonomic  or  sympathetic  nerve-system  is  that  por- 
tion of  the  general  ncrvc-sy.stem,  which,  in  especial, 
governs  and  regulates  the  vegetative  life.  It  consists 
of:  (1)  ganglia  widely  distributed  centrally  and  per- 
ipherally, (2)  connecting  and  communicating  fibers 
which  bring  its  several  members  into  relation  with 
one  another,  and  with  the  centers,  trunks,  and  periph- 
eral distributions  of  the  cerebrospinal  system,  and 
(3)  distributory  fibers  which  innervate  the  autonomic 
tissues  (glands,  contractile  cells,  unstriated  muscle 
fiber,  wherever  found,  cardiovascular,  respiratory, 
alimentary  systems,  etc.).  It  forms  certain  important 
chains  and  plexuses,  and  includes  a  number  of  mono- 
cellular ganglia  chiefly  peripheral. 

By  some  authors  it  is  divided  into  two  portions  of 
supposedly  antagonistic  function,  termed  respectively 
sympathetic  system  proper  and  autonomic  system  proper, 
or  sympathetic  and  parasympathetic.  "The  former 
term  is  applied  to  the  flioracic  and  abdominal  ganglia, 
together  with  their  fibers  of  communication  and 
distribution  (thoracolumbar  system).  The  latter  term  is 
applied  to  the  craniobulbar  (midbrain  and  hindbrain) 
and  sacral  ganglia,  together  with  their  fibers  of  com- 
munication and  distribution   (craniosacral  system). 
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The  essential  iinil  of  slructure  consists  of  a  ganglion 
(svnapse  or  relay  station),  a  preganglionic  fiber  with 
its  nucleus  of  origin,  and  a  postganglionic  fiber  with 
its  end-organ.  .  . 

The  prego  iiglionic  fiber  originates  from  a  sjinpathet  ic 
nucleus  in  the  lateral  gray  matter  of  the  spinal  cord 
or  in  the  gray  of  the  cerebral  cortex  and  terminates 
(commonlv  by  arborization)  in  a  sjonpathctic  gang- 
lion. Preganglit)nic  fibers  may  pass  through  one  or 
more  ganglia  without  terminal  arborization,  before 
reaching  tlieir  end-ganglion. 

The  iioxlganglioiiic  fiber  continues  from  tlie  ganglion 
to  the  yiscus  or  tissue  innervated. 

The  enliric  .sysUm  of  Liingleij,  is  sometimes  included 
with  the  thoracolumbar  system,  and  the  whole 
entitled  lliornconiilrid  ai/mpathetic,  but  more  commonly 
it  is  described  separately.  It  consists  of  cells  and 
fibers  which  are  grouped  together  to  form  the  plexuses 
of  .Vuerhach  and  Meisner.  The  former  is  found  be- 
neath the  longitudinal  layer  of  muscle  from  the  unstri- 
ated  portion  of  the  esopiiagustothercctum.  Within 
the  submucous  coat  is  the  similar  plexus  of  Meisner. 
They  contain  fibers  from  the  solar  plexus  and  both 
meduUated  and  non-mcduUated  fibers  from  the  sym- 
pathetic and  spinal  systems.  The  glandular  peri- 
glandular and  subepithelial  ti-ssues,  the  blood-vessels 
and  villi  receive  their  innervation  through  distributory 
fibers  of  this  system.  Langlcy  writes  that  the  his- 
tological characteristics  of  the  cells  of  this  system 
(lillcr  in  some  respects  from  the  nerve  cells  of  the 
vertebral  and  prevertebral  ganglia;  and  that  further- 
more it  is  doubtful  whether  connection  with  the 
cerebrospinal  system  is  established  by  sympathetic 
or  by  parasympathetic  (cranial  and  sacral)  fibers. 
Hence  he  prefers  to  consider  it  as  a  different  system. 

Anatomy. 

S«iPATHETic  Ganglia. — The  ganglia  of  the  sym- 
pathetic nerve  system  are  classified  according  to  their 
anatomical  situation  as  (1)  vertebral  (or  chain) 
ganglia;  (2)  prevertebral  (or  plexus)  ganglia;  and 
(3)  peripheral  ganglia. 

The  vertebral  ganglia  (ganglia  trunci  sympatheci) 
form  the  nodes  in  a  symmetrically  placed  pair  of  chains 
or  cords  (trunci  sympatheci)  situated  on  each  side  of 
the  middle  line  in  front  of  or  to  the  side  of  the  bodies 
of  the  vertebra;  (ventrolaterad),  and  extending  from 
the  base  of  the  skull  to  the  coccjtc,  where  they  unite 
by  finely  twisted  cords  and  merge  in  the  single  coccy- 
geal ganglion  (ganglion  impar). 

Each  chain  extends  upward  into  the  cranial  cavity 
by  means  of  a  branch  (internal  carotid  nerve)  whicli 
forms  a  fine  plexus  along  the  internal  carotid  artery 
and  the  cavernous  sinus,  giving  off  filaments  to  com- 
municate with  certain  cranial  nerves. 

The  fibers  making  up  the  great  cords  connecting 
the  ganglia  in  each  chain  are  termed  rami  internodiales. 

Communication  is  established  between  the  two 
chains  by  fibers  termed  rami  interfuniculares;  these 
are  developed  most  abundantly  in  the  lumbar  and 
sacral  regions.  With  the  cerebrospinal  nerve  system, 
communication  is  brought  about  by  fibers  termed 
rami  cornmunicarttas. 

There  are  two  types  of  rami  communicantes, 
termed  respectively  white  and  gray,  accordingly  as 
they  contain  meduUated  (myelinated)  or  pale  ("non- 
myelenie)  fibers.  In  some  instances  the  two  are 
blended  into  one  cord,  composed  of  a  white  and  a 
gray  portion. 

A  (/rag  ramus  communicans  conveys  sympathetic 
fibers  to  each  spinal  nerve  (anterior  division)  and  some 
of  these  fibers  pass  on  in  the  trunk  of  the  nerve  and  its 
various  subdivisions,  toward  the  periphery. 

The  white  rami  (which  transmit  to  the  sympathetic 
both  afferent  and  efferent  fibers)  issue  from  the  spinal 
cord  with  the  anterior  divisions  (primary)  of  the  spinal 
nerves   from   the  first  thoracic  to  the  first  lumbar 
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nerve  inclusive,  and  of  the  second  third  and  fourth 
sacral  nerves,  the  latter  being  in  communication  with 
the  pelvic  plexuses  (prevertebral)  of  the  sympathetic. 

Each  gangliated  chain  is  divided  into  four  portions: 
(1)  cervical  or  cervicocephalic,  (2)  thoracic,  (3) 
lumbar,  (4)  sacral. 

The  cervicocephalic  portion  of  the  sympathetic 
cord  commonly  contains  three  ganglia,  a  superior, 
an  inferior,  and  a  middle  cervical  ganglion.  The 
absence  of  the  latter  is  often  noted,  while  some  au- 
thorities classify  the  inferior  cervical  ganglion  with 
the  prevertebral  chain.  This  portion  of  the  cord 
receives  no  white  rami  communicantes  but  through 
the  association  cord  receives  its  white  spinal  fibers 
from  the  upper  thoracic  nerves  through  their  re- 
spective ganglia. 

The  superior  cervical  ganglion,  fusiform,  of  a  reddish- 
gray  hue,  situated  opposite  the  .second  and  third 
cervical  vertebrx,  and  resting  upon  the  rectus  capitua 
anticus  muscle,  is  the  largest  of  the  three.  The  in- 
ternal carotid  artery  lies  anterior  to  it  and  the  vagus 
nerve  behind.  Its  communicating  branches  are  di- 
vided into  four  groups  (1)  somatic,  (2)  visceral,  (3) 
vertebral,  (4)  vascular. 

The  somatic  branches  consist  of  four  gray  rami  join- 
ing the  anterior  primary  divisions  of  the  first  four 
cervical  nerves.  Communicating  branches  to  the 
cranial  nerves  are  given  off  as  follows:  (a)  to  the  pet- 
rous ganglion  of  the  glossopharyngeal,  ib)  to  the  vagus, 
(c)  to  the  hypoglossal  nerve,  {d)  to  the  external  laryn- 
geal nerve. 

The  visceral  branches  are,  (a)  the  pharyngeal  nerve 
to  the  pharyngeal  plexus,  (6)  the  superior  cervical 
cardiac  nerve  to  the  cardiac  plexus,  (c)  communicating 
fibers  to  the  external  laryngeal,  middle  cardiac  and 
superior  cervical  cardiac  branches  of  the  vagus  nerve; 
to  the  inferior  laryngeal;  and  also  fibers  which  enter 
into  the  substance  of  the  thyroid  gland. 

The  vascular  branches  are  (a)  external  carotid,  and 
(b)  internal  carotid. 

The  external  carotid  division  furnishes  filaments 
which  accompany  the  artery  of  that  name  and  its 
branches;  also  by  way  of  the  facial  plexus  a  branch 
known  as  the  sympathetic  root  of  the  submaxillary 
ganglion;  and  the  smallest  deep  petrosal  nerve,  which, 
running  from  the  middle  meningeal  plexus,  is  known 
as  the  sympathetic  root  of  the  otic  ganglion. 

The  internal  carotid  division,  extending  upward  into 
the  cranium  beneath  the  artery  of  similar  name,  divides 
to  form  the  carotid  and  cavernous  plexuses. 

The  carotid  plexus  is  situated  at  the  outer  surface 
of  the  internal  carotid  canal  at  its  second  bend.  It 
gives  off  filaments  which  accompany  the  terminal 
branches  of  the  artery;  also  communicating  fibers  to 
the  abducent  nerve,  the  Gasserian  ganglion  and  the 
great  and  small  deep  petrosal  nerves. 

The  cavernous  plexus  lies  in  relation  to  the  caver- 
nous sinus,  inferior  and  internal  to  the  internal  carotid 
artery.  It  gives  off  filaments  to  the  oculomotor  nerve, 
to  the  trochlear  nerve,  to  the  ophthalmic  division  of 
tlic  trigeminal  nerve,  to  the  ciliary  ganglion,  and  to  the 
pituitary  body. 

The  vertebral  branches  are  but  two  or  three  fila- 
ments whose  ultimate  distribution  is  to  the  vertebral 
bodies  and  ligaments  of  the  upper  thoracic  spine. 

The  middle  cervical  ganglion,  when  present,  lies  pos- 
terior to  the  carotid  sheath  in  the  neighborhood  of  the 
inferior  thyroid  artery. 

The  somatic  branches  comprise  gray  rami,  arising 
either  from  this  ganglion  or  from  its  associated  cord, 
joining  the  anterior  primary  divisions  of  the  fifth  and 
sixth  spinal  nerves.  The  subclavian  loop  {ansa  suh- 
clavia,  vel  Vieussenii),  is  often  a  double  nerve  looping 
over  the  subclavian  artery  to  join  the  inferior  cervical 
ganglion.  It  gives  branching  fibers  to  the  subclavian 
and  phrenic  arteries. 

The  visceral  branches,  which  arise  from  the  associ- 
ated cord  in  the  absence  of  the  ganglion,  go  to  the 
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thyroid  plexus  and  accomijauy  the  inferior  thyroid 
artery  to  the  thyroid  gland.  Fibers  are  also  sent  to 
the  middle  cervical  cardiac  and  deep  cardiac  plexuses. 

The  inferior  cerncal  ganglion  lies  to  the  inner  side 
of  the  superior  intercostal  artery  opposite  the  base  of 
the  transverse  process  of  the  last  cervical  vertebra  and 
the  neck  of  the  fir.st  rib.  It  is  probably  formed  from 
the  coalescence  of  two  ganglia  corresponding  to  the 
last  two  cervical  nerves. 

The  somatic  branches  comprise  the  gray  rami  com- 
municantes,  which  are  two  non-meduUated  fibers  join- 
ing the  anterior  primary  divisions  of  the  seventh  and 
eighth  spinal  nerves;  tlie  subclavian  loop  already  de- 
scribed; and  communicating  fibers  to  the  inferior 
laryngeal  nerve. 

The  visceral  branches  comprise  the  vertebral  plexus 
situated  upon  the  vertebral  arteries,  and  the  inferior 
cervical  cardiac  nerve  to  the  cardiac  plexus. 

Thoracic  Cord.- — The  thoracic  portion  of  the  sympa- 
thetic cord  consists  of  ten  to  twelve  small,  grayish, 
irregularly  triangular  or  fusiform  ov.al  ganglia,  covered 
by  the  parietal  pleura  and  situated  lateral  to  the  spinal 
vertebra?,  resting  upon  the  heads  of  the  ribs.  They 
are  joined  by  an  interassoeiation  cord.  A  white  and 
a  gray  ramus  communicans  connect  each  ganglion 
with  its  corresponding  spinal  nerve. 

The  rami  communicantes  are  arranged  in  two  series. 
The  upper  five,  coursing  cephalad,  are  distributed  by 
means  of  the  cervicocephalic  association  pathways  to 
the  thoracic  aorta,  to  the  vertebral  ligaments,  and  to 
the  posterior  pulmonary  plexus.  From  the  lower 
seven  are  derived  the  greater,  lesser,  and  least  splanch- 
nic nerves.  Filaments  are  also  distributed  to  the  ab- 
dominal aorta. 

Somatic  Branches. — By  means  of  gray  rami  com- 
municantes which  pass  backward  (one  or  more  from 
each  ganglion)  communication  is  made  with  the  an- 
terior primary  divisions  of  the  thoracic  spinal  nerves. 

The  visceral  branches  are  the  gray  splanchnic  effer- 
ent and  the  white  .splanchnic  efferent  and  afferent 
fibers.  The  splanchnic  afferent  fibers  have  no  sym- 
pathetic connections  and  consist  merely  of  tracts 
which  carry  impulses  from  the  splanchnic  through  the 
thoracic  and  spinal  ganglia  to  the  posterior  roots  of 
the  spinal  nerves. 

The  splanchnic  efferent  fibers  form  two  series. 
Those  of  the  upper  series  are  distributed  mainly  as 
branches  of  the  cervical  ganglia;  those  of  the  lower 
series  within  the  thorax  (6  to  12  thoracic  nerve  inclu- 
sive) supplying  tlie  aorta  and  lungs  with  vasomotor 
fibers.  Below  the  thorax  they  supply  in  conjunction 
with  the  vagus,  visceroinhibitory  fibers  for  the  gastro- 
enteric tract,  motor  fibers  for  the  rectum,  vasomotor 
fibers  for  the  abdominal  aorta  and  its  branches,  and 
secretory  and  sensory  fibers  for  the  abdominal  viscera. 
The  thoracic  gangliated  cord  contains  also  many  effer- 
ents  of  spinal-cord  origin  which  join  the  nerves  to  the 
upper  and  lower  extremities  from  the  cervical  and 
lumbosacral  segments  of  the  spinal  cord.  Thus  the 
thoracic  spinal  nerves  supply  vasomotor,  pilomotor, 
and  secretory  filaments  not  only  for  the  upper  ex- 
tremities but  also  for  the  greater  part  of  the  lower 
half  of  the  body. 

Visceral  Branches. — These  comprise  the  pulmonary, 
aortic,  and  splanchnic  nerves.  The  pulmonary 
branches  are  derived  from  the  second,  third,  and  fourth 
ganglia  and  join  the  posterior  pulmonary  plexus.  The 
aortic  branches  are  derived  from  the  upper  four  or  five 
ganglia  and  are  distributed  to  the  vertebrae  and  their 
ligaments  and  to  tlic  thoracic  aortic  plexus. 

The  great  splanchnic  nerve  arises  by  a  series  of 
roots  from  the  gangliated  cord  from  the  fifth  to  the 
ninth  ganglia  inclusive,  and  descending  along  the 
anterior  lateral  aspect  of  the  vertebral  column,  pierces 
the  crus  of  the  diaphragm  and  enters  the  semilunar 
ganglion.  Some  fibers  are  distributed  to  the  supar- 
renal  bodies  and  the  renal  ganglion  (plexus).  In  its 
thoracic    course   is   developed   the    great   splanchnic 


ganglion,  from  which  as  well  as  from  the  nerve,  fila- 
ments are  distributed  to  the  esophagus,  thoracic 
aorta,  and  the  vertebr.al  bodies. 

The  small  splanchnic  nerve  is  formed  from  fibers  of 
the  tenth  or  tenth  and  eleventh  ganglia,  or  from  the 
adjacent  portion  of  the  interassoeiation  cord.  It 
pierces  the  crus  of  the  diaphragm  and  ends  in  that 
portion  of  the  semilunar  ganglion  known  as  the  aortico- 
renal  ganglion. 

The  least  splanchnic  nerve  ari-ses  from  the  last 
thoracic  ganglion,  pierces  the  diaphragm,  and  ends  in 
the  renal  plexus.  Sometimes  a  fourth  splanchnic 
nerve  is  present. 

Lumbar  Cord. — The  lumbar  sympathetic  cord  con- 
sists of  four  ganglia  situated  in  front  of  the  vertebral 
column  along  the  inner  margin  of  the  psoas  magnus 
muscle. 

The  somatic  branches  comprise  the  gray  and  white 
rami  communicantes.  The  white  rami  "are  derived 
from  the  first,  second,  and  third  spinal  nerves  and  join 
the  upper  portion  of  the  ganglionic  cord.  They  con- 
tain splanchnic,  efferent,  and  afferent  fibers  which  are 
distributed  to  the  lower  extremities,  rectum,  and  gen- 
ito-urinary  tract.  The  gray  rami  communicantes  are 
inconstant  in  number  and  irregular  in  their  method  of 
passing  to  a  spinal  nerve. 

The  visceral  branches  comprise  filaments  which 
pass  to  the  aortic,  hypogastric,  and  vertebral  plexuses. 

Sacral  or  Peine  Cord. — The  sacral  portion  of  the 
sympathetic  cord  usually  consists  of  four  small  ganglia 
and  their  associated  cord.  There  may  be  considerable 
variation  in  number  and  size.  The  ganglia  are  situ- 
ated anterior  to  the  sacrum  along  the  inner  side  of  the 
anterior  sacral  foramina  and  are  connected  above  with 
the  lumbar  chain,  while  they  unite  below  in  the  gang- 
lion impar.  While  there  are  no  white  rami,  the  vis- 
ceral branches  of  the  pudendal  plexus,  passing  without 
a  relay  through  a  ganglion,  directly  to  the  plexus  are 
considered  homologous  with  white  rami  communi- 
cantes. White  fibers  reach  the  sacral  portion  of  the 
sympathetic  cord  from  the  lumbar  cord. 

The  somatic  branches  comprise  the  gray  rami  com- 
municantes. They  pass  from  the  sacral  ganglia  to 
the  anterior  primary  divisions  of  the  sacral  and  coccy- 
geal spinal  nerves. 

The  visceral  branches  pass  through  the  pelvic  plexus 
to  the  rectum  and  genito-urinary  tract.  Parietal 
branches  ramify  in  front  of  the  sacrum,  furnishing 
fibers  to  the  sacrum,  coccyx,  and  their  ligaments  as  well 
as  the  coccygeal  body. 

The  Sympathetic  Pre^-ertebral  Plexuses. — These 
are  the  great  way  stations  of  the  sympathetic  system. 
They  consist  of  groups  of  nerve  cells  forming  minute 
ganglia,  aggregations  of  smaller  ganglia  forming  larger 
ones,  and  all  of  their  intertwined  filaments.  The  prm- 
cipal  ones  are  situated  in  the  thoracic,  abdominal,  and 
pelvic  cavities.  They  are  termed  the  cardiac,  pulmon- 
ary, esophageal,  solar^  and  pelvic  plexuses. 

The  cardiac  plexus  is  found  at  the  base  of  the  heart 
and  is  divisible  into  a  deep  and  superficial  plexus. 
The  stiperficial  cardiac  pltxu.<<  is  the  smaller  and  lies 
beneath  the  aortic  arch  in  front  of  the  pulmonary- 
artery.  (The  ganglion  of  Wrisberg  lies  in  it-s  mesh.) 
It  is  formed  by  the  left  superior  cardiac  nerve  and  the 
left  inferior  cervical  cardiac  nerve  of  the  vagus  and 
deep  cardiac  nerve.  Joining  the  plexus  is  the  supe- 
rior cervical  cardiac  branch  of  the  left  gangliated  cord 
and  the  inferior  cervical  cardiac  branch  of  the  left 
vagus.  Fibers  are  distributed  to  the  right  coronary 
plexus,  the  left  half  of  tlie  deep  cardiac  plexus,  the  left 
anterior  pulmonary  plexus. 

The  deep  cardiac  plexus  lies  above  the  bifurcation  of 
the  pulmonary  artery,  posterior  to  the  aortic  arch  and 
anterior  to  the  lower  end  of  the  trachea.  It  is  divis- 
ible into  a  right  and  left  portion,  united  by  inter- 
twining filaments  around  the  lower  part  of  the  trachea. 
The  right  portion  receives  all  of  the  cardiac  branches 
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of  the  sympathetic,  vagus,  and  inferior  laryngeal 
nerves  on" the  right  side.  The  left  portion  receives  all 
of  the  cardiac  branches  of  the  left  sympathetic,  vagus 
and  inferior  laryngeal  nerve  and  filaments  from  the 
superficial  cardiac  plexus.  (The  two  branches  which 
enter  the  superficial  plexus  are  excepted.) 

The  right  or  anterior  coronary  plexus  is  derived 
from  the  right  portion  of  the  deep  cardiac  plexus,  and 
follows  the  course  of  the  right  coronary  artery,  supply- 
ing fibers  to  the  artery,  to  adjacent  portions  of  the 
heart  and  contributingfilaments  to  the  superficial  car- 
diac plexus  and  the  right  anterior  pulmonary  plexus. 

The  left  coronary  plexus  is  derived  from  the  left 
portion  and  has  a  similar  course  and  distribution  upon 
the  left  side. 

The  solar  plexus  is  the  largest  of  the  sympathetic 
plexu.ses.  It  is  situated  in  the  upper  abdomen,  pos- 
terior to  the  .stomach,  anterior  to  the  aorta  and  dia- 
phragm. Below  is  the  pancreas,  upon  either  side  are 
the  adrenals.  Its  meshes  are  situated  around  the  celiac 
and  superior  mesenteric  arteries.  It  is  connected  with 
all  of  the  abdominal  plexuses,  and  by  means  of  the 
aortic  and  hypogastric  plexuses  is  in  communication 
with  both  pelvic  plexuses.  The  right  vagus  and  the 
great  and  small  splanchnic  nerves  contribute  to  its 
formation.  It  is  divisible  into  the  semilunar  ganglia 
and  celiac  plexuses. 

The  .iriiiihinar  ganglia  lie  upon  the  crura  of  the 
diaphragm  .separated  from  each  other  by  the  celiac 
and  superior  mesenteric  artery,  close  to  the  adrenals. 
They  are  the  largest  of  the  ganglionic  components  of 
the  solar  plexus.  The  two  are  connected  by  filaments 
which  pass  above  and  below  the  root  of  the  celiac 
axis.  The  upper  expanded  end  receives  the  great 
splanchnic  nerve.  The  lower  or  the  aorticorenal 
ganglion  receives  the  small  splanchnic  nerve.  A  third 
portion  is  called  the  superior  mesenteric  ganglion  and 
lies  to  the  right  of  the  origin  of  the  superior  mesenteric 
artery.  Filaments  emerge  from  the  semilunar  gang- 
lia connecting  them  with  all  of  the  derivative  ganglia 
of  the  solar  plexus. 

The  cclinc  plexus  twines  round  the  celiac  axis  and 
receives  filaments  from  the  right  vagus  and  semilunar 
ganglia.  It  joins  inferiorly  with  the  superior  mes- 
enteric and  aortic  plexuses.  From  it  are  derived  the 
coronary,  hepatic  and  splenic  plexuses. 

The  gastric  plexus,  accompanies  the  artery  of  that 
name  along  the  lesser  curvature  of  the  stomach,  in- 
osculates with  both  vagus  nerves  and  distributes  fila- 
ments to  the  deeper  coats  of  the  stomach. 

The  hepatic  plexus  inosculates  with  the  left  vagal 
filaments  and  after  coursing  along  with  the  bile  duct, 
hepatic  artery,  and  portal  vein  enters  and  ramifies  in 
the  liver.  It  sends  filaments  to  the  right  suprarenal 
plexus  and  to  the  area  of  distribution  of  the  hepatic 
artery. 

Other  subsidiary  plexuses  of  the  solar  plexus  fol- 
low along  the  courses  of  the  arteries  so  that  the 
diaphragmatic,  suprarenal,  renal,  superior  and  inferior 
mesenteric,  spermatic  and  ovarian,  splenic  and  aortic 
plexuses  are  named  and  recognized. 

The  hypogastric  plexuses  are  the  continuation  of  the 
aortic  plexuses  and  lie  in  the  angle  between  the  com- 
mon iliac  arteries,  on  the  posterior  wall  of  the  pelvis. 

The  pelvic  plexuses  which  are  the  terminal  derivatives 
of  the  hypogastric  plexu.ses  and  are  situated  lateral  to 
the  rectum  and  the  vagina  in  the  female,  comprise  fibers 
from  the  sacral  cord  and  from  the  visceral  branches 
of  the  pudendal  plexuses.  They  distribute  fibers  to 
supply  the  pelvic  organs,  coursing  along  the  internal 
iliac  arteries  and  their  derivations.  Subsidiary  plex- 
uses are  the  hemorrhoidal,  vesical,  prostatic,  ■uterine, 
vaginal,  and  cavenunts  plexuses. 

Cranial  and  other  Peripheral  Ganglia. — The 
peripheral  ganglia  lie  in  close  relation  with  the  organs 
and  ti.ssues.  They  include  the  parasympathetic  ganglia 
of  the  head  described  as  component  parts  of  the  cranial 
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autonomic  system,  the  intravisceral  gangUa  of  the 
heart,  the  lungs,  the  stomach  and  intestinal  walls,  and 
the  pelvic  ganglia  at  the  base  of  the  bladder. 

The  ganglia  of  the  head,  are  in  structure  essentially 
the  same  as  other  autonomic  gangUa  and  include  the 
otic,  the  sphenopalatine,  the  ciliary  and  submaxillary 
ganglia.  They  bear  to  the  cranial  nerves,  a  like  rela- 
tion to  that  of  the  vertebral  and  prevertebral  ganglia 
with  the  spinal  nerves.  They  are  described  as  having 
three  roots — sensory,  motor,  and  sympathetic. 

The  ciliary  ganglion  (ophthalmic)  reddish  and  quad- 
rilateral, is  situated  in  or  near  the  apex  of  the  orbit 
jjostcrior  to  the  eyeball,  and  to  the  outer  side  of  the 
optic  nerve. 

The  motor  root  is  a  branch  of  the  oculomotor  nerve, 
the  sensory  root  is  a  branch  of  the  nasal  nerve  and  the 
sympathetic  root  is  derived  from  the  cavernous  plexus. 
The  short  ciliary  nerves  are  branches  of  this  ganglion. 

The  sphenopalatine  (Meckel's)  ganglion  is  small,  red- 
dish gray,  and  lies  in  the  upper  portion  of  the  spheno- 
maxillary fossa. 

The  sensory  root  is  formed  by  the  sphenopalatine 
nerves,  branches  of  the  maxillary  nerve.  The  motor 
root  is  the  great  superficial  petrosal  nerve,  a  derivate 
of  the  facial  nerve,  and  the  sympathetic  root  is  the 
great  deep  petrosal  nerve  which  in  the  middle  lacer.ated 
foramen  joins  with  the  motor  root  to  form  the  Vidian 
nerve.  The  sphenopalatine  ganglion  gives  rise  to  four 
sets  of  branches, — ascending,  descending,  internal,  and 
posterior. 

The  otic  ganglion  (Arnold's)  is  small,  irregularly 
oval,  and  lies  to  the  mesial  side  of  the  mandibular 
nerve  below  the  foramen  ovale.  The  sensory  root  is 
derived  from  the  small  superficial  petrosal  nerves; 
the  motor  root  is  a  branch  from  the  internal  ptyergoid 
nerve;  the  sympathetic  root  is  derived  from  the  middle 
meningeal  plexus.  It  gives  off  branches  to  adjacent 
nerves,  among  them  fibers  which  join  the  auriculotem- 
poral nerve  to  the  parotid  gland. 

The  suhmaTillanj  ganglion  is  a  small  reddish  tri- 
angular ganglion  situated  above  the  deep  portion  of 
the  gland.  The  sensory  root  is  derived  from  the 
lingual  nerve;  the  motor  root  from  the  facial  nerve  by 
way  of  the  chorda  tympani;  the  sympathetic  root 
from  the  facial  plexus. 

Other  peripheral  ganglia  derive  their  names  from 
their  anatomical  situations. 

Relations  op  the  Autonomic  Nerve  System  with 
THE  Central  Nerve  System. — The  cranial  (cranio- 
bulbar)  autonomic  or  parasympathetic  system  is  sub- 
divided into  a  midbrain  and  a  hindbrain  system. 

The  preganglionic  fibers  of  the  midbrain  system 
arise  from  groups  of  nerve  cells  situated  in  the  gray 
matter  beneath  the  aqueduct  of  Sylvius  prior  to 
where  it  forms  the  third  ventricle.  They  enter  the 
orbital  cavity  by  way  of  the  inferior  branch  of  the 
oculomotor  nerve  and  here  arborize  around  cells  of 
the  ciliary  ganglion.  From  the  cells  of  this  ganglion 
gray  posterior  ganglionic  fibers  are  distributed  to  the 
choroid,  the  ciliary  muscle  and  the  sphincter  muscle 
of  the  iris,  and  some  authorities  state  to  the  cornea  as 
well. 

The  preganglionic  fibers  of  the  hindbrain  system 
arise  from  groups  of  nerve  cells  situated  in  the  region 
of  the  calamus  scriptorius  beneath  the  floor  of  the 
fourth  ventricle  and  pass  out  of  the  brain  in  company 
with  the  nerve  of  Wrisberg,  the  glossopharyngeal  and 
the  vagus  nerves  to  terminate  around  cells  of  various 
ganglia. 

Those  fibers  which  accompany  the  nerve  of  Wrisberg  ' 
arc  conveyed  first  through  the  facial  nerve  to  the  great 
superficial  petrosal  nerve  through  which  they  pass  to 
the  sphenopalatine  ganglion,  while  some  "of  them 
enter  the  chorda  tympani  and  pass  to  the  submaxillary 
ganglion,  in  each  instance  arborizing  around  cells  of 
the  respective  ganglia.  From  the  cells  of  these  gang- 
lia gray  postganglionic  fibers  arise  and  are  distributed 
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to  the  blood-vessels  and  glanfls  of  the  nose  and  mouth, 
and  the  blood-vessels  and  epithelium  of  the  submaxil- 
lary and  sublingual  glands.  Included  in  their  distri- 
bution are  the  regions  of  the  soft  palate,  uvula,  tonsils, 
upper  lip,  upper  gums,  and  upper  portion  of  the 
pharynx. 

Those  fibers  which  accompany  the  glossopharyngeal 
nerve  are  conveyed  by  the  nerve  of  Jacobson  to  the 
otic-ganglion.     From  the  cell  of  this   ganglion   gray 
postganglionic  fibers  arise  and  are  distribued  through 
the  auriculotemporal  branch  of  the 
trigeminal  nerve  to  the  mucous  mem- 
brane and  blood-vessels  of  the  lower 
lip,  lower  gums,  tlie  cheek,  and  the 
lepithelium  of  the  parotid  gland. 

The  preganglionic  fibers  which  in  - 
company  the  vagus  nerve  terminate 
around  cells  of  the  ganglia  of  the 
heart,  .stomach,  and  small  intestine. 
From  the  cells  of  these  ganglia  gray 
postganglionic  fibers  arise  and  arc 
distributed  to  the  blood-vessels,  the 
non-striated  muscle  fibers  and  the 
epithelium  of  the  glands  of  the 
esophagus,  stomach,  intestine,  tra- 
chea, bronchi,  liver  and  biliary  pas- 
sages, the  pancreas  and  its  ducts,  and  the  kidney 
tubules. 

The  preganglionic  fibers  of  the  snernl  autonomic 
{parnsymiiiilhitir)  system  arise  from  cells  of  the 
nucleus  sympathicus  inferior  and  after  entering  the 
ventral  roots  of  the  second,  third,  and  fourth  sacral 
nerves  accompany  them  into  the  pelvis.  In  the  pelvis 
they  accompany  the  pudendal  nerve  (nervus  erigens) 
to  arborize  around  cells  of  the  pelvic  ganglia.  From 
the  cells  of  these  various  ganglia,  gray  postganglionic 
fibers  arise  and  are  distributed  eventually  to  the  blood- 
vessels of  the  external  generative  organs  and  the  non- 
striated  muscle  fibers  of  the  pelvic  viscera. 

THORACOLUirBAR     SYSTEM    OR     SYMPATHETIC     SySTEM 

Proper. — Sympathetic  Nuclear  Tracts. — In  the  spinal 
gray  matter  Jacobson  distinguishes  and  names :  (1)  A 
nucleus  sympathicus  superior  extending  from  the  eighth 
cervical  to  the  second  lumbar  segment  and  from 
whose  cells  arise  all  rami  communicantes  of  the 
gangliated  cord.  (2)  A  nucleus  sympathicus  lateralis 
inferior  extending  from  the  level  of  the  second  lumbar 
segment  to  the  end  of  the  cord  and  from  whose  cells 
the  pelvic  nerve  arises. 

These  tracts  together  with  the  fine  medullated 
nerve  fibers  which  have  their  origin  as  described  in  the 
craniobulbar  parasympathetic  nerve  system  serve  to 
bring  the  two  systems  into  a  close  physiological  and 
anatomical  relationship. 

Thoracic  Chain. — The  preganglionic  fibers  have  their 
origin  in  cells  of  the  nucleus  sympathicus  superior  and 
emerge  in  the  ventral  roots  of  the  thoracic  and  upper 
lumbar  spinal  nerves.  They  pass  to  the  vertebral 
chain  ganglia  through  the  white  rami  communicantes, 
leaving  the  ventral  roots  of  the  spinal  nerv^es  where  it 
splits  into  an  anterior  and  posterior  division.  By 
some  authorities  the  preganglionic  fibers  of  this  system 
are  classified  according  to  their  distribution  into 
thoracic  and  lumbar  groups. 

The  thoracic  group,  comprises  five  sets  of  fibers: 

1.  Fibers  leaving  the  spinal  cord  with  each  thoracic 
nerve  and  which  end  around  ganglion  cells  of  the  same 
level. 

2.  Fibers  leaving  the  spinal  cord  with  the  fourth  to 
the  tenth  thoracic  nerve  and  turning  upward  in  the 
vertebral  chain  to  end  around  ganglion  cells  of  the 
stellate  or  first  thoracic  ganglion. 

3.  Fibers  leaving  the  spinal  cord  with  the  second 
and  third  thoracic  nerve  and  which  also  turn  upward 
in  the  vertebral  chain  to  end  around  cells  of  the  inferior 
cervical  ganglion. 

4.  Fibers  which  leave  the  spinal  cord  with  the  sec- 
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ond,  third,  and  often  the  fourth  .spinal  nerve  and  which 
pass  upward  in  the  vertebral  chain  without  termlnat- 
mg,  through  all  ganglia  until  reaching  the  superior 
cervical  ganglion  around  the  cells  of  which  they 
arborize. 


Fig.  4717. — Diagram  of  the  Structural  luterrelatioa  bctw 
Cerebrospinal  and  Sympathetio  Systems. 


Cerebrospinal  neurones  of  centrifugal  f unctiona. 

Cerebrospinal  neurones  of  centripetal  function*. 

-■  Jpt    =  .Sympathetic  neurones  of  centrifuKal  functions. 

'J'    =  Sympathetic  neurones  of  centripetal  functions. 

A      =  .Spinal  ganglion  cell  of  the  second  type  of  Dogiel. 


5.  Fibers  which  leave  the  spinal  cord  with  the  fifth 
to  the  tenth  thoracic  nerve  and  pass  into  the  gangli- 
ated chain,  running  downward  and  forward  to  the 
levels  at  which  thev  merge  to  form  the  greater  and  least 
splanchnic  nerves!  The  cells  of  the  semilunar  renal 
and  superior  mesenteric  ganglia  receive  the  terminal 
filaments  of  this  division. 
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Tlip  Itunlmr  (jrnup  of  preganglionic  fibers  comprise 
thret'  (lifTorent  sets: 

1.  Fibers  which  follow  a  pathway  like  the  preced- 
ing set  and  which  end  around  ganglion  cells  of  the 
same  level.  ...  , 

2.  Fibers  which  pass  into,  and  cross  the  chain  and 
run  forward  to  merge  into  the  inferior  splanchnic 
nerves.  The  cells  of  the  superior  inferior  mesenteric 
ganglia  receive  their  end  arborizations. 

3.  Fibers  which  pass  into  and  downward  in  the 
chain  to  end  around  cells  of  the  chain  nunglia  at  the 
level  of  the  third  sacral  ganglion.  Fillers  from  the 
lower  thoracic  nerves  may  at  times  puss  downward  in 
the  lumbar  chain. 

Postganglionic  Fibers  of  the  Thoracolumbar  {Sympa- 
thetic) System. — From  the  cells  of  the  various  verte- 
bral and  prevertebral  ganglia  with  which  the  [iregang- 
lionic  fibers  come  into  relation,  postganglionic  fibers 
arise  which  are  distributed  to  non-striated  vascular 
and  visceral  muscle  fiber  and  to  the  epithelium  of 
glands  in  all  portions  of  the  body,  principally  as 
follows: 
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Fio.  4718.— Diagram  Showing  Va 
between  Spinal  Cord,  Ganglia, 


ious  Methods  of  Connecti( 
nd  Periphery.  (Langley.) 


The  postganglionic  fibers  of  the  thoracic  grnu-p,  aris- 
ing from  ganglion  cells  of  the  same  level  supply  the 
blood-vessels  and  glandular  epithelium  of  the  sweat- 
glands  of  the  skin  of  the  ann,  trunk,  and  body. 

The  postganglionic  fibers  from  the  stellate  ganglion 
supply  the  blood-vessels  and  sweat  glands  of  the  skin 
of  the  arm  (in  conjunction  with  the  inferior  cervical 
postganglionic  fibers),  and  al.so  sends  fibers  to  merge 
with  the  sympathetic  cardiac  ner\'es  from  the  inferior 
cervical  ganglia. 

The  postganglionic  fibers  from  the  inferior  cervical 
ganglion  help  to  supply  the  blood-vessels  and  sweat- 
glands  of  the  skin  of  the  arm;  fibers  which  are  often 
termed  the  sympathetic  cardiac  fibers  and  which  in- 
nervate the  heart  muscle.  Fibers  from  the  first  thor- 
acic ganglia  sometimes  merge  with  them. 

The  postganglionic  fibers  from  the  superior  cervical 
ganglia  supply  the  blood-vessels  and  glandular  epi- 
thelium of  certain  regions  of  the  head  and  face  in 
association  with  branches  of  the  facial  nerve.  Other 
filaments  link  with  fibers  from  the  middle  and  inferior 
cervical  ganglia  helping  to  form  the  cardiac  plexuses. 
The  postganglionic  fibers  from  the  semilunar,  renal, 
and  supi'rior  mesenteric  ganglia  interlace  with  one 
another  to  form  the  solar  plexus  which  in  turn 
is  divided  into  numerous  subsiduary  plexuses  as 
mentioned  previously.  The  end  fibers  innervate 
non-striated  muscle  fiber  of  the  blood-vessels  of  the 
stomach,  liver,  adrenal,  and  small  intestine,  the 
muscle  walls  of  the  stomach,  small  intestine,  gall- 
bladder, and  the  fibers  of  the  sphincter,  pylorus,  and 
ileocolic  junction. 
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The  postganglionic  fibers  of  the  lumbar  group, 
which  arise  from  ganglia  situated  at  the  same  level, 
supply  fibers  to  the  skin  of  the  blood-vessels  of  the 
hip  and  leg  as  well  as  sweat-glands,  in  conjunction 
with  fibers  from  the  upper  sacral  region. 

The  postganglionic  fibers  from  the  inferior  mesen- 
teric ganglia  in  association  with  fibers  from  the  superior 
mesenteric  ganglia  as  well,  innervate  the  muscle 
walls  of  the  bladder,  uterus,  vagina,  and  colour  and 
the  muscle  fibers  of  the  blood-vessels  of  the  pelvic 
viscera. 

The  postganglionic  fibers  from  the  upper  sacral 
ganglia  innervate  the  blood-vessels  of  the  skin  of 
the  hip  and  leg  and  the  epithelium  of  the  sweat-glands 
in  this  region. 

Physiology. 

Functions  of  the  Midbrain  Autonomic  (Para- 
sympathetic) Syste.m. — The  preganglionic  fibers  of 
this  system  arborize  around  cells  of  the  ciliary  gang- 
lion. The  postganglionic  fibers  innervate  the  ciliary 
and  sphincter  pupillai  muscles.  Stimulation  of 
either  preganglionic  or  postganglionic  fibers  causes 
an  augmentation  of  tonus  or  an  increase  in  the 
degree  of  contraction  of  the  sphincter  pupilla  and  of 
the  ciliary  muscle. 

Functions  op  the  Bulbar  Autonomic  (Para- 
sympathetic) System. — The  preganglionic  fibers  asso- 
ciated with  the  nerve  of  Wrisberg  and  the  facial  nerve 
communicate  by  pathways  already  described  with  the 
sphenopalatine,  submaxillary,  and  sublingual  ganglia. 
Another  group  associated  with  the  glossopharyngeal 
nerve  arborize  around  cells  of  the  otic  ganglion; 
while  a  third  group  associated  with  the  vagus  nerve 
terminate  around  cells  of  the  various  peripheral 
ganglia  mentioned  in  the  anatomical  description. 

Stimulation  of  the  group  of  fibers  associated  with 
the  sphenopalatine  ganglion  and  its  branches  causes: 
(1)  An  inhibition  of  the  contractile  power  of  the 
blood-vessels  of  the  mucous  membrane  of  the  nose, 
soft  palate,  upper  lip,  upper  portion  of  the  pharynx 
and  the  roof  of  the  mouth.  (2)  An  increase  of  the 
activities  of  the  secreting  epithelium  of  the  mucous 
glands  located  in  that  region. 

Stimulation  of  the  fibers  associated  with  the 
submaxillary  and  sublingual  ganglia  causes:  (1)  An 
inhibition  of  the  contractile  power  of  the  blood-vessels 
of  the  submaxillary  and  sublingual  glands.  (2)  An 
increase  of  the  secretory  action  of  the  epithelium  of 
these  glands. 

Stimulation  of  the  preganglionic  and  postganglionic 
fibers  associated  with  the  otic  ganglion  causes:  (1) 
An  inhibition  of  the  contractile  power  of  the  blood- 
vessels of  the  parotid  gland.  (2)  An  increase  of  the 
secretory  action  of  the  epithelium  of  the  parotid 
gland. 

Stimulation  of  the  preganglionic  and  postganglionic 
fibers  associated  with  the  vagus  nerve  gives  rise  to 
various  phenomena  determined  by  the  terminal 
ganglia:  (1)  An  inhibition  of  tonus  and  contractile 
power  of  the  heart  muscle.  (2)  An  inhibition  (but 
sometimes  augmentation)  of  the  contractile  power 
of  the  muscle  fiber  of  the  esophagus  and  of  the 
sphincter  cardiae.  (3)  An  inhibition  of  tonus  of  the 
cardiac  end  of  the  stomach.  (4)  An  inhibition  of  the 
sphincter  muscle  of  the  common  bile  duct.  (.5)  An 
augmentation  of  the  contractile  power  and  tonus  of 
the  muscle  fiber  of  the  stomach,  of  the  sphincter  of 
the  pylorus,  of  the  visceral  muscle  in  the  walls  of  the 
gall-bladder,  of  the  visceral  muscles  in  the  walls  of 
the  small  intestines,  and  of  the  muscle  fiber  in  the 
walls  of  the  bronchi.  (Occasionally  an  inhibition  of 
the  latter  fibers  is  brought  about.)  (6)  An  augmenta- 
tion (occasionally  an  inhibition),  of  the  secretory 
action  of  the  epithelium  of  the  glands  of  the  stomach 
and  pancreas. 
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Functions  of  the  Sacral  Autonomic  (Parasym- 
pathetic) Nerve  System. — The  preganglionic  fibers 
of  this  system  are  associated  with  the  peine  ganglia. 
Stimulation  of  the  postganKlionie  fibers  causes:  (1) 
An  inhibition  of  tonus  of  the  blood-vessels  of  the 
generative  organs,  causing  vascular  dilatation.  (2) 
An  inhibition  of  tonus  of  the  sphincter  of  the 
bladder.  (3)  An  augmentation,  during  micturition, 
of  the  contractile  power  of  the  detrusor  muscle.  (4) 
An  augmentation  of  the  contractile  power  of  the 
muscle  wall  of  the  colon  and  rectum  and  of  the  rectal 
sphincters. 

Functions  op  the  TnoRAcoLUiraAR  Autonomic 
(Sympathetic)_  System. — The  specific  functions  of 
the  fibers  of  this  system  are  determined  by  the  tissues 
of  the  body  to  which  they  are  distributed  and  the 
ganglia  from  which  the  postganglionic  fibers  arise. 
Stimulation  of  the  thoracic  fibers  which  terminate 
in  chain  ganglia  at  the  same  level  causes,  in  correspond- 
ing regions:  (1)  An  augmentation  of  tonus  and  de- 
gree of  contraction  of  "the  blood-vessels  of  the  skin 
of  the  arm,  trunk,  and  body,  and  (2)  an  increase  in 
the  activities  of  the  epithelium  of  the  sweat  glands. 

Stimulation  of  the  fibers  which  terminate  in  the 
stellate  and  inferior  cerincal  ganglia,  causes:  (1)  An 
acceleration  of  the  rate  and  force  and  contraction  of 
the  heart  muscle.  (2)  An  increase  in  the  activities 
of   the   secreting   epithelium   of   the   thyroid   gland. 

Stimulation  of  fibers  which  terminate  around  cells 
of  the  superior  ceri'ical  ganglion  causes:  (1)  An  aug- 
mentation of  tonus  and  degree  of  contraction  of  the 
blood-vessels  of  the  skin  and  of  the  mucous  membranes 
in  the  head,  face,  and  neck,  and  of  the  blond-vessels 
of  the  submaxillary,  sublingual,  and  parotid  glands. 
(2)  An  increase  in  the  activities  of  the  epithelium  of 
the  sweat  glands  of  the  head,  face,  and  neck,  and  per- 
haps of  the  salivary  glands.  (3)  An  augmentation 
of  the  tonus  and  contractile  power  of  the  dilator 
pupilla;  muscle. 

Stimulation  of  the  fibers  associated  with  the  splanch- 
nic nerve  and  the  semilunar  and  solar  plexus  ganglia 
causes :  (1)  An  augmentation  of  the  tonus  and  contrac- 
tile power  of  the  walls  of  the  blood-vessels  of  the 
stomach,  and  intestines  as  far  as  the  descending  colon, 
of  the  blood-vessels  of  the  kidney  and  spleen,  of  the 
muscle  walls  of  the  gall-bladder,  of  the  sphincter  at  the 
ileocolic  Junction.  (2)  An  inhibition  of  the  tonus  and 
a  diminution  of  the  contractile  power  of  the  muscle 
fibers  in  the  wall  of  the  stomach  and  intestine,  and  of 
the  sphincter  muscle  of  the  common  bile  duct,  during 
digestion.  (3)  An  increase  in  the  activity  of  the 
secreting  epithelium  of  the  adrenal  glands. 

Stimulation  of  the  lumbar  fibers,  which  terminate 
in  chain  ganglia  of  the  same  level,  causes:  (1)  An 
augmentation  of  the  degree  of  contraction  of  the 
blood-vessels  of  the  skin  of  the  trunk  to  which  they 
are  distributed.  (2)  An  increase  of  the  activities  of 
the  secreting  epithelium  of  the  sweat-glands  in  the 
corresponding  regions. 

Stimulation  of  the  fibers  associated  with  the  inferior 
splanchnic  nerves  and  the  inferior  mesenteric  and 
hypogastric  ganglia,  causes:  (1)  An  inhibition  of  the 
tonus  and  contractile  power  of  the  muscle  wall  of  the 
large  intestine,  and  of  the  muscle  walls  of  the  bladder 
during  micturition.  (2)  An  augmentation  of  the  tonus 
and  contractile  power  of  the  blood-vessels  of  the 
pelvic  viscera  (of  the  uterus  in  particular),  and  of  the 
sphincter  rnuscle  of  the  bladder. 

Stimulation  of  the  fibers  associated  with  the  lower 
lumbar  and  tlie  sacral  (sympathetic)  ganglia,  causes: 

(1)  An  augmentation  of  the  degree  of  contraction 
of  the  blood-vessels  of  the  skin  of  the  hip  and  leg  and 
in  the  region  of  the  external  genitalia.  (2)  An  increase 
in  the  activities  of  the  secreting  epithelia  of  the 
sweat-glands  in  the  corresponding  regions. 

Effect  op  the  Emotions  upon  the  Autonomic 
Nerve  System. — As  a  result  of  his  painstaking  re-  I 


searches  upon  the  effect  of  emotion  in  man  and  animals 
Cannon  has  advanced  interesting  views  concerning  the 
relations  between  the  endocrine  glands  and  the  vege- 
tative nerve  system,  and  their  mutual  reaction  under 
emotional  excitement. 

He  emphasizes  the  facts  that  the  parasympathetic 
system  has  a  restricted  distribution  while  the  sympa- 
thetic system  is  di-stributcd  widely,  and  that  the 
extremities  of  the  autonomic  system  (cranial  and 
sacral)  are  antagonistic  in  action  to  the  midautonomic 
(thoracolumbar)  in  whatever  viscus  they  happen  to 
meet.  Emotions  gain  expression  through  discharges 
along  the  neurons  of  the  autonomic  system  and  give 
rise  to  secretory — especially  endocrine— vascular  and 
muscular  responses.  Those  emotions  which  manifest 
themselves  in  the  momentarily  dominant  division  of 
the  autonomic  system,  also  for  the  moment  hold  the 
field  in  consciousness.  Any  function  may  be  dis- 
turbed, i.e.  reinforced  or  abolished  by  either  pleasure- 
able  or  painful  emotions,  according  to  the  needs  and 
life  history,  phylogenic  and  ontogenic,  of  the  animal 
affected.  Excess,  deficiency,  or  inappropriate  reaction 
results  in  accident,  death,  or  disease. 

Cannon  considers  the  cranial  parasvmp.ithetic 
system  as  a  builder  up  and  fortifier  of  the  bodily  re- 
serves and  cites  as  examples  (1)  that  it  shields  the 
retina  from  light,  (2)  that  it  .slows  the  heart  muscle, 
permitting  rest  and  reinvigoration,  (3)  that  it  regulates 
the  normal  processes  of  digestion,  enabling  the  body 
tissues  to  fortify  themselves. 

The  sacral  parasympathetic  system  he  considers  as 
a  group  of  mechanisms  for  emptying  (i.e.  defecation, 
urination)  and  a  servant  of  racial"  continuitv,  because 
the  end  of  the  sexual  act  is  due  to  discharges  along 
sympathetic  neurons. 

The  sympathetic  system  is  considered  as  the  pre- 
server of  the  individual.  Normally  it  dominates  the 
bodily  economy  and  holds  therefore  the  field  in  con- 
sciousness. Only  when  emotions  give  rise  to  over- 
whelming parasympathetic  excitation  does  it  yield  the 
field  to  its  opponent. 

Regeneration  op  the  Fibers  of  the  Autonomic 
System  after  Section. — Langley  found  that  after 
section  of  the  preganglionic  fibers,  connection  was 
reestablished  with  their  ganglion  cells.  Each  individ- 
ual fiber  of  the  common  trunk  refound  its  cut-off  por- 
tion, and  after  regeneration  of  the  common  trunk, 
stimulation  of  the  trunk,  or  of  the  individual  pre- 
ganglionic fibers  excited  the  same  physiologic  response, 
as  stimulation  before  section.  This  power  of  reforming 
connection,  Langley,  assumed  to  be  of  chemiotactic 
nature. 

An  attempt  was  made  by  Langley  to  determine  the 
possibility  of  having  preganglionic  fibers  of  one  type, 
(parasympathetic)  form  connection  with  ganglia  of 
the  other  typo  (symp.ithetic).  He  divided  the  vagus 
and  the  cervical  sympathetic  at  the  same  level  in  the 
neck.  The  periplieral  end  of  the  sympathetic  was 
joined  with  the  central  end  of  the  v.igus.  A  month 
later  the  connection  with  the  superior  cer\'ical  gang- 
lion was  established.  He  also  joined  the  central  end 
of  the  lingual  with  the  peripheral  end  of  the  cervical 
sjrmpathetic.  Stimulation  of  either  hybrid  nerve 
caused  all  the  effects  produced  by  stimulation  of  the 
sympathetic  prior  to  the  experiment.  He  concludes 
that  "the  fibers  of  the  vagus  and  of  the  lingual  nerve 
must  in  their  respective  cases,  change  their  functions." 
With  this  view  Timmc  disagrees.  He  believes,  as 
does  the  majority,  tliat  the  function  of  any  nerve 
fiber  is  simply  conduction,  and  that  the  character  of 
the  end  organ  of  the  nerve  determines  the  nature  of  its 
response  to  stimulation. 

The  VEOETATn-E  System  and  the  Internal  Secre- 
tions.— .\11  observers  recognize  that  one  of  the  most 
important  functions  of  the  autonomic  nerve  system 
is  to  preside  over  the  activities  of  the  endocrine  glands, 
retarding  or  accelerating,  increasing  or  diminishing 
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their  secretions  in  order  to  meet  the  demands  of  the 
body.  As  Sajous  has  so  thoroughly  shown,  the  bal- 
anced relations  of  the  internal  secretions  is  necessary 
to  normal  nutrition,  growth,  development,  and  vis- 
ceral function  as  well  as  to  the  maintenance  of  normal 
resistance  to  infection.  Certain  authors,  among 
whom  Eppinger,  Falta,  and  Rudinger  may  be  cited, 
believe  that  the  thyroid  and  chromatline  system,  to- 
gether with  the  infundibular  portion  of  the  hypophysis 
cerebri  (Berterelli),  constitute  a  group  of  vascular 
glands  which  augment  and  accelerate  the  processes  of 
destructive  metabolism.  The  pancreas  and  para- 
thyroids, the  anterior  portion  of  the  pituitary,  to- 
gether with  other  similar  vascular  glands  maintain 
the  balance,  promote  anabolism,  and  retard  catabol- 
ism.  Furthermore,  it  is  known  that  the  group  which 
promotes  destructive  metabolism  has  a  sympathetic 
innervation  and  stimulates  the  sympathetic  nerves, 
while  exercising  an  inhibitory  effect  upon  the  para- 
sympathetic nerves.  The  group  which  retards  c.itabol- 
ism  or  promotes  anabolism  possesses  parasymp.'i- 
thetio  innervation  and  stimul.ates  the  parasympathetic 
nerves,  while  exhibiting  an  inhibition  of  the  sympa- 
thetic nerves.  This  subject  is  considered  at  length 
elsewhere  in  this  HANnnooK  and  we  need  only  point 
out  the  fact  that  a  fault  in  the  proper  functioning  of 
either  group  of  glands,  or  any  gland  in  the  group,  or 
in  the  functioning  of  either  division  of  the  autonomic 
system,  will  give  rise  to  a  fault  in  the  proper  function- 
ing of  the  other  division  or  glands  or  groups  of  glands. 
Deficiency  may  lead  to  deficiency  from  want  of 
normal  excitation,  or  to  excess  from  want  of  normal 
inhibition  or  from  overcompensation.  Conversely, 
excess  may  result  in  antagonistic  or  supplementary 
excess  or  deficiency.  Each  case  and  instance  requires 
special  study. 

Thyroid  Gland. — The  thyroid  gland  possesses  both 
a  sympathetic  and  a  parasympathetic  innervation. 
Therefore  it  affects  both  systems.  Its  principal  effect 
is  a  stimulation  of  the  .sympathetic  system  and  it  seems 
to  sensitize  the  terminal  organs  to  adrenalin. 

Adrenal  Gland. — The  secretion  of  the  medullary 
portion  of  the  adrenal  is  known  as  epinephrin  or 
adrenalin.  It  is  a  sympathetic  stimulant  and  its  nor- 
mal activity  is  necessary  for  the  proper  functioning  of 
the  sympathetic  .system. 

The  secretion  from  the  cortex  is  supposed  to  have  an 

opposite  action  to  that  from  the  medullary  substance. 

Thymus  Gland. — Not   much   is   known   about   the 

action  of  the  secretion  from  the  thymus  gland.     It  is 

supposed  to  be  a  parasympathetic  depressant. 

Fancrcas. — The  production  of  the  secretion  of  the 
pancreas  .seems  to  be  dependent  upon  the  parasym- 
pathetic system.  It  not  only  influences  sugar  metabo- 
lism but  in  part  the  absorption  of  nutrient  material 
(Biedl).  It  stimulates  the  inhibitory  center  govern- 
ing sugar  production  and  has  an  inhibitory  effect 
upon  the  stimulatory  center. 

Pineal. — The  secretion  of  the  pineal  body  is  sup- 
posed to  have  an  antagonistic  effect  to  that  of  the 
mfundibular  portion  of  the  hypophysis.  Therefore, 
it  would  have  an  effect  opposed  to  that  of  adrenalin 
upon  the  sympathetic.  The  effect  is  a  mild  one,  and 
not  much  is  known  concerning  it. 

Hypophtjjds. — From  the  posterior  part  pituitrin 
(hjT)ophysin)  is  derived.  This  substance  has  an 
effect  upon  the  sympathetic  system  similar  to  that  of 
adrenahn  but  less  marked  and  more  persistent.  It 
increases  the  tonus  of  the  intestine  and  the  sensibility 
of  the  parasympathetic  nerves  to  the  bladder  and  the 
sympathetic  nerve  to  the  uterus. 

ParathijToids. — The  secretion  of  the  parathyroids  be- 
sides being  concerned  in  the  calcium  metabolism  is 
supposed  to  have  an  inhibitory  effect  upon  the  sym- 
pathetic. 

Ovaries  {corpus  luteum),  testicles,  and  other  genera- 
tive organs  are  all  supposed  to  be  secreting  organs. 
Little  is  known  concernmg  the  action  of  their  respect- 
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ive  secretions  upon  the  autonomic  system,  as  experi- 
mental data,  sufficient  for  definite  conclusions,  are  not 
at  hand.  Clinically  the  secretions  from  the  female 
generative  organs  {i.e.  corpus  luteum  extract,  ovarian 
extract,  etc.)  tend  to  relieve  the  autonomic  ataxia  of 
the  menopause;  hence  they  may  be  supposed  to  assist 
in  preserving  the  autonomic  balance  during  active 
sexual  life. 

It  is  tentatively  advanced  by  some  writers  that 
there  exists  in  the  body  an  exciting  agent  or  hormone 
which  presides  over  the  production  and  activity  of  all 
the  internal  secretions,  correlating  the  functions  of  the 
various  endocrine  glands  through  their  vegetative 
innervation.  For  this  hypothetical  substance  the 
name  of  "auionomin"  has  been  suggested. 

Pharmacology  of  the  S^-mpathetic  akd  Paras^-mpa- 
THETic  NEmrE  Organs. — Recently  through  the  experi- 
mental researches  of  Meyer  and  Gottlieb  and  other 
observers  certain  drugs  have  gained  prominence  as 
excitors  and  depressants  of  the  parasympathetic  and 
sympathetic  nerve  systems  respectively.  These 
drugs  act  either  centrally  or  upon  the  peripheral 
end  organs  of  the  postganglionic  fibers.  With  the 
exception  of  nicotine  which  affects  both  systems  alike 
they  apparently  elicit  definite  and  antagonistic  re- 
sponses, i.e.  those  which  excite  the  parasympathetic 
inhibit  the  sympathetic  and  vice  versa.  This  is  espe- 
cially noted  in  organs  and  tissues  receiving  a  double 
innervation,  one  set  of  fibers  coming  through  parasym- 
pathetic (cranial  and  sacral),  pathways  and  one  set  of 
fibers  coming  through  sympathetic  (thoracolumbar) 
pathways.  For  example  (as  described  under  Physio- 
logy) the  efferent  fibers  of  the  vagus  {parasympathetic) 
augment  the  contraction  of  the  walls  of  the  intestine 
while  the  efferent  fibers  in  the  splanchnic  nerve 
{sympathetic),  are  inhibitory.  The  heart  is  acceler- 
ated by  the  sympathetic  (re.  accelerans)  and  inhibited 
by  the  vagus;  the  pupil  is  dilated  by  the  sympathetic 
and  contracted  by  the  {parasympathetic)  oculomotor 
nerve;  the  salivary  secretions  are  inhibited  by  the 
sympathetic  and  increased  by  the  parasympathetic. 

Because  of  these  reactions  the  conclusion  is  drawn 
that  the  parasympathetic  is  not  only  the  normal 
physiological  antagonist  of  the  sympathetic  system 
throughout,  but  also  that  it  invariably  responds  in  an 
inverse  manner  to  the  same  drugs.  Going  still  further, 
and  basing  themselves  upon  clinical  manifestations  as 
well  as  the  pharmacological  and  physiological  re- 
sponses of  both  systems,  Eppinger  and  Hess  describe 
individuals  of  "vagotonic"  and  "sympathicotonic" 
constitution,  in  which  one  or  the  other  system  is  of 
persi.stently  exaggerated  tonus. 

While  admitting  the  antagonistic  physiological 
response  to  stimuli,  Brubaker  caUs  attention  to  the 
fact  that  the  central  nerve  cells  from  which  the  pre- 
ganglionic fibers  of  the  sympathetic  system  arise,  m.iy 
lie  in  regions  distant  from  their  thoracic  emergence, 
and  often  in  the  same  regions  as  the  central  cells  of  tlie 
preganglionic  fibers  of  the  parasympathetic  system 
running  to  the  same  viscus  or  organ.  Thus,  for  exam- 
ple, the  vasodilator  and  the  vasoconstrictor  centers 
for  the  salivary  glands  and  the  accelerator  and  vagus 
centers  for  the  heart  lie  close  together  in  the  bulbar 
region.  Therefore  he  writes  that  "the  difference  in 
the  effects  observed  following  stimulation  of  the  two 
classes  of  nerves  depends  upon  the  character  of  tlicir 
peripheral  terminations  rather  than  in  the  difference  of 
the  character  of  their  central  cells,"  and  that  "there 
is  no  need  for  the  employment  of  new  terms." 

Huber,  after  a  minute  study  of  autonomic  ganglia 
together  with  their  constituent  neurons,  the  termina- 
tions of  the  neuraxes  in  the  various  tissues,  and  their 
connections  with  the  neurons  of  the  cerebrospinal 
axis  by  means  of  the  preganglionic  fibers,  states  tliat 
"minor  structural  differences,  do  not  warrant  a  regional 
subdivision  of  the  autonomic  system,  when  considered 
from  the  viewpoint  of  structure." 
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Griinwald,  in  discussing  the  pharmacological  and 
chemical  reactions  of  the  parasympathetic  and  sym- 
pathetic systems  as  well  as  their  end  organs,  assumes 
that  similar  pharmacological,  which  is  to  say  similar 
chemical,  reactions  of  organs  indicate  a  similar  chem- 
ical structure,  and  such  may  be  assumed  for  all  the 
sympathetic  and  parasympathetic  terminal  nervous 
organs,  and  that  the  centers  of  these  two  classes  of 
nerves  are  characterized  by  certain  chemical  and  phar- 
macological reactions  which  are  characteristic  of  each. 
Jonescu,  however,  states  that  while  parasympathetic 
centers  exhibit  the  same  chemical  reactioiis  this  may 
not  be  said  of  the  sympathetic  central  organs  with  the 
same  general  application,  until  there  are  more  facts 
at  hand  to  support  that  assumption. 

Langley  has  shown  that  both  systems  react  in  a 
constant  manner  to  nicotine,  which  after  a  brief  pre- 
liminary stimulation,  interrupts  the  conduction  path- 
way at  the  synapse  or  relay  station. 

There  is  no  exception  to  this  rule,  no  matter  what 
the  character  of  the  postganglionic  fiber  or  the  type  of 
impulse  that  it  conveys.  By  exposing  the  ganglion 
and  painting  it  with  a  6.. 5  per  cent,  solution  of  nicotine 
and  then  stimulating  centrally  to  the  ganglion  he  was 
enabled  to  determine  whicji  fibers  simply  passed 
through  the  ganglion  in  question,  and  which  fibers 
arborized  around  its  cells.  The  systemic  action  of 
nicotine  likewise  inhibits  the  effects  of  stimulation  of 
the  preganglionic  fibers  but  does  not  prevent  the  usual 
response  to  postganglionic  stimulation.  It  poisons, 
therefore,  the  relay  station  only. 

Pilcher  and  Sollmann  are  of  the  opinion  that  nicotine 
causes  an  intense  stimulation  of  the  vasomotor  center. 
Discussing  the  view  that  the  pressor  effect  of  nicotine 
is  due  to  central  stimulation,  R.  G.  Hoskins  and  S.  W. 
Ransom  believe  from  their  experiments  that  it  is  due 


about  half  to  a  stimulation  of  the  va.soconstrictor 
center  proper  and  half  to  a  stimulation  of  the  gang- 
lion nerves. 

The    following    table    arranged     by     Timme     is 

mstructive. 


Autonomic  Central  Excitant Picrotoiin 

Autonomic  Central  Depre-isant . ,  .  .    Botulismua  Toxin 
Sympathetic  Central  Excitants 
Sympathetic  Central  Depressant 
Autonomic  Ends  react  to 


Cocaine,    Atropine,    Caffeiii 
Tetrahydronaphthalin. 


Choline     Croup,     PhysostiK- 
mine.  Muscarine,  Pilocarpine. 


Autonomic  Ends  Paralyzed  by 

Sympathetic  Ends  React  to Ad 

Sympathetic  Ends  Paralyzed  by.  ,  .    Unknown. 

The  following  table  compiled  by  Eppinger  and  Hes.s 
illustrates  the  correspondence  between  the  action  of 
adrenalin,  atropine,  and  pilocarpine  respectively  upon 
the  sympathetic  and  parasympathetic  system.s,  with 
the  effects  of  electrical  .stimulation  of  those  sy.stems. 

It  will  be  noticed  that  adrenalin  acts  in  nearly  equal 
degree  upon  all  organs  having  a  sympathetic  innerva- 
tion and  produces  effects  similar  to  those  of  electric 
excitation  of  the  sympathetic. 

Pilocarpine  has  a  more  powerful  excitant  action 
upon  certain  portions  of  the  parasympathetic  sy.stem 
than  upon  others  and  produces  effects  similar  to'those 
produced  by  electric  excitation  of  the  craniosacral 
system. 

Alro-pine  modifies  or  abolishes  the  efiFects  of  cranio- 
sacral stimulation  but  exercises  most  of  its  paralysant 
action  upon  the  cranial-parasympathetic  system,  and 
least  of  all,  if  any,  upon  the  pelvic  nerve. 

Muscarine  has  an  action  similar  to  that  of  pilo- 
carpine, but  exhibits  a  somewhat  different  selectivity, 


EfTect  of  stimula- 
tion of  the  sympathetii 


Pilocarpine.    ErgotoxiD 


Action  of  stimula- 
tion of  the  auto- 
nomic system. 


Stim.  Th.  I-II 

Stim.  Th.  I-III 

Stini.  Th.  II-IV 

Constrict.  Th.  II-IV 

Constriction  (?) 

Constrict.  Th.  H-L.  IV.  .  . 

Constrict.  L.  I-IV 

Stim.  Th.  II-L.  IV 

Stim.  Th.  IV-VII 

Inhibition 

Stim.  Th.  I-V 

Relax.  Th.  II-V 

Para.  Th.  II-L.  IV 

Diminished  Th.  II-L.   IV. 

Para.  Th.  II-L.  IV 

Diminished? 

Inhibition  Th.  II-L.  IV... 

Relas.  L.  I-IV 

Relax.  L.  I-IV 

Relax.  Th.  II-L.  IV 

Inhib.? 


Stimulation 
Relaxation 
Paralysis 
Diminished 


Contract.  L.  I-IV. 
Relax.  L.  I-IV.... 


Diminished 

Paralysis 

Relaxation 

Relaxation 

Relaxation 

Inhibition 

Inhibition 


Contract.  L.  I-IV 

Increases     (Piqiire   of   CI 

Bernard) 

Increases  (Piqftre  Vermis), 
Contract 


Stimulation 
Stimulation  (?) 

Constriction 

Dilatation 

Constriction 

Dilatation 

Constriction 

Constriction 

Inhibition 

Stimulation 

Stimulation 
Relaxation 
Paralysis 


Paralysis 

Diminished  (?) 

Paralysis 

Relaxation 

Relaxation 

Relaxation 

Inhibition 

Inhibition 

Contraction 

Relaxation 

Contraction 

Relaxation 

Contraction 

Raised 
Raised 
Contraction 


Sphincter  iridis 
Dilator  iridis 
Ciliary  muscle 
Orbital  muscle 
Salivary  glands 

Cortical  blood-vessels 
Buccal  blood-vessels 
Skin  blood-vessels,  head 

region 
Coronary  blood-vessels 
Intestinal  blood-vessels 
Genital  blood-vessels 
Sweat  glands 
Pilomotor  muscles  of  the 

face  I 

Heart  muscle 
Esophagus  I 

Cardia 

Gastric  tone  I 

Gastric  peristalsis  I 

Gastric  secretion  j 

Small  intestine  peristalsis' 
Colon 

Sphincter  ani  (muscle) 
Gall-bladder 
Pancreatic  secretion 
Bronchial  muscle 
Sphincter  vesicie 
Detrusor  vesicEB 
Uterus 
Uterus 
M.  retractor  penis 

Carbohydrate  t. 
Heat  balance 
Pigment  cells 


Stimulation 

Paralysis 

Stimulation 


Inhibition 

Stimulation 

Stimulation 

Increase 

Increase 

Increase 

Stimulation 

Stimulation 

Spasm 

Contraction 

Stimulation 

Stimulation 


Relaxation 
Contraction 


Diminished 
Dilatation 


Stim.  N.  Ill 


Ch.    tympani.    se 

cretion 
Dilatat.  N.  X. 
Constrict.  N.  IX. 


Dilatat.  N.  pelv 


Inhib.  N.  X. 
Stim.  N.  X. 
Stim.  N.  X. 


N.  X. 


Increases  N.  X. 
Increases  N.  X. 
Stim.  N.  X. 
Stim.  X.  pelvicus 
Spasm  N.  pelvicus 
Contract.  N.  X. 
Stim.  N.  X. 
Stim.  N.  X. 
Relax.  N.  pelvicus 
Contract.  N.  pelv. 


Relax.  N.  pelv. 
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acting  more  powerfully  upon  those  parasympathetic 
nerves  which  innervate  the  heart. 

Picroldxin  stiiniihites  all  the  cranial  and  sacral 
autonomic  (parasympatlietic)  nerves  but  its  action  is 
central  and  not  peripheral. 

Physosligmine  increases  the  irritability  of  the  auto- 
nomic end-organs,  sensitizing  them  to  other  stimuli, 
and  thus  augmenting  the  response;  in  other  words,  it 
lowers  the  threshold. 

A  drug  which  entirely  paralyzes  the  sympathetic 
end-organs  is  at  present  unknown,  though  according 
to  Dale,  ergotoxin,  "exhibits  a  slight  selectivity  for 
certain  sympathetic  nerve  endings,  the  stimulation 
of  which  "causes  motor  activity,  wiiile  it  produces  no 
effect  upon  those  causing  inhibition."  Pilcher  and 
SoUmann  write  that  ergotoxin  has  no  effect  on  the 
vasomotor  center. 

It  must  be  remembered,  liowever,  and  especially  in 
connection  with  the  circulatory,  and  in  particular  the 
vasomotor  ajjparatus,  that  the  apparent  clinical  re- 
sults following  the  administration  of  any  one  drug, 
are  not  the  same  throughout  the  whole  body;  the  dif- 
ference depending  largely  upon  the  nature  of  the 
vasomotor  supply  of  the  particular  tissue  concerned. 
Thus,  the  nitrites,  which  dilate  most  of  the  arteries, 
constrict  the  pulmonary  artery,  and  on  the  other 
hand,  epinephrin,  a  general  constrictor,  dilates  the 
coronaries. 

Certain  drugs,  moreover,  show  a  tendencj[  to  act 
specifically  on  one,  rather  than  another,  division  of 
tlie  vasomotor  arterial  supply;  as,  for  example, 
yohimbine,  which  produces  an  active  and  specific 
vasomotor  dilatation  in  the  pelvic  viscera .  Other 
drugs  act  chiefly  upon  the  vasomotor  center  or  the 
vagus  center.  Thus  it  is  now  known  that  the  effects 
of  digitalis  in  slowing  the  heart  and  interrupting  con- 
ductivity, arc  due  chiefly  to  stimulation  of  the  vagus 
center,  and  I'ilchcr  and  Sollmann  have  recently  made 
a  study  of  drugs  acting  upon  the  vasomotor  center 
which  makes  it  necessary  to  revise  some  previously 
held  opinions.  This  is  not  the  place  to  discu.ss  the 
matter  fully,  but  it  is  necessary  to  warn  our  readers 
against  premature  conclusions  on  a  subject  so  com- 
plex and  subject  to  so  many  disturbing  factors. 

Disorders  of  the  Autonomic  System. 

Those  pathological  conditions  of  the  autonomic- 
sympatlu'tic  nerve  system  which  take  the  form  of  or- 
ganizc<t  syndromes,  or  are  related  to  definite  lesions 
of  glandular  or  other  structures,  as  Raynaud's  disea.se, 
Graves's  syndrome,  urticaria,  hay  fever,  etc.,  are  dis- 
cussed in  this  H.wnnooK  under  their  respective  syn- 
drome or  pathological  titles  and  need  only  mention 
here. 

The  functional  disorders  of  the  autonomic  sy.stem 
are  chiefly  paroxysmal  in  their  manifestations  and  are 
commonly  accompanied  with  pain,  often  with  swelling 
and  discoloration  or  pallor.  They  divide  themselves 
into  two  great  groups;  in  one  the  disturbances  are 
varied  and  multiform;  in  the  other  there  is  a  tendency 
to  a  distinct  association  of  symptoms,  fin,ally  crystal- 
lizing into  recurrent  and  eventually  persistent  syn- 
dromes, which  may  later  become  associated  with 
definite  lesions,  not  only  in  autonomic  nerve  structure, 
but  in  vessels,  endocrme  glands,  viscera,  joints  and 
other  tissues,  and  even  the  cerebrospinal  nerve  system. 

There  is  a  recent  tendency  following  Eppinger  and 
Hess  to  refer  them  to  increased  tonus  (not  irritability) 
of  either  the  parasympathetic  or  the  sympathetic  sys- 
tem, as  vagotonic  or  sympathicotonic  conditions. 
Nevertheless,  Barker  andSlayden  in  studying  the  re- 
actions in  a  series  of  nineteen  cases  found  that  the 
clinical  manifestations  were  consistent  with  the  phar- 
macodynamic responses  in  but  seven.  "In  two  ca.ses 
with  increa.sed  pilocarpine  sensitiveness  the  clinical 
sympathicotonic  and  vagotonic  signs  were  approxi- 
mately  equal.     The   same   was   true   for  three  epi- 
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nephrin  sensitive  cases.  Clinically  vagotonic  signs 
predominated  in  five  epinephrin  sensitive  cases." 

The  term  vagotonia  is  used  by  Eppinger  and  Hess 
to  denote  a  "symptom-complex  separated  from  a  mass 
of  nervous  diseases  hitherto  grouped  under  the  names 
of  neurasthenia,  hysteria,  etc.,"  all  of  whose  phe- 
nomena "may  be  identified  with  those  of  a  state  of 
stimulation  of  tlie  extended  vagus  (autonomic  nerve 
system)." 

It  occurs,  they  say,  in  those  of  a  "vagotonic  dis- 
position," thus  described:  "Often  familial  in  type, 
this  condition  is  seen  more  often  in  young  people  of 
nervous  tendency  who  are  subject  to  cold  hands  and 
feet,  which  are  frequently  bluish  and  mottled.  They 
have  a  tendency  to  swallow  when  talking,  to  flush 
readily,  to  sweat  easily,  the  skin  is  moist,  there  is 
.slight  internal  strabismus,  increased  power  of  accom- 
modation, loss  of  sensation  of  touch  in  throat  and 
larynx.  The  pulse  is  normally  slow.  Marked  respira- 
tory fluctuations  are  present,  due  to  irregularity  in 
contraction  of  the  diaphragm.  Reflexes  are  increased, 
dermographism  marked.  The  first  complaint  may 
be  of  gastric  or  intestinal  disturbance." 

Vagotonics  exhibit  an  increased  sensitiveness  to 
pilocarpine  and  other  autonomic  stimuli,  and  a 
relatively  diminished  sensitiveness  to  adrenalin  and 
other  sympathetic  stimuli. 

Sympathicotonia  is  the  opposite  condition;  sympa- 
thetic tone  is  heightened  and  there  is  a  marked  tend- 
ency to  vascular  spasm  with  a  diminished  sensitive- 
ness to  pilocarpine  and  other  autonomic  stimuli, 
and  an  increased  sensitiveness  to  the  adrenalin  group. 

The  principal  signs  of  heightened  tonus  in  each  sys- 
tem are  exhibited  in  the  following  table.  (Von 
Noorden,  the  younger.) 

Among  the  symptoms  which  may  call  attention  to 
a  heightened  tonus  in  the  cranial-sacral  autonomic 
system  may  be  mentioned  the  following: 

A.  Symptoms  in  the  domain  of  the  mid-brain  auto- 
iiomic:  (1)  Miosis,  (2)  accommodation  spasm,  (3) 
widened  lid-slits,  (4)  von  Graefe's  sign. 

B.  Symptoms  in  the  domain  of  the  hind-brain  auto- 
nomic: (a)  In  the  head:  (1)  salivation,  (2)  epiphora, 
(3)  hot  flushes  with  vasodilatation.  (6)  In  the  cardio- 
vascular system:  (1)  bradycardia,  (2)  slowed  conduc- 
tion time,  (3)  pulsus  irregularis  respiratorius,  (4)  some 
forms  of  extrasystolic  irregularity,  (5)  low  blood  pres- 
sure, (6)  angina  pectoris  vasomotoria,  (c)  In  the 
respiratory  system:  (1)  bronchial  asthma,  (2)  irregular 
tj-pes  of  respiration,  (3)  laryngeal  crises,  (rf)  In  the 
ciigestive  tract:  (1)  inactive  gag-reflex,  (2)  gastric 
hyperacidity,  (3)  gastric  hypermotility  and  "gastric 
crises,"  (4)  increased  gastric  tonus,  (5)  cardiospasm 
and pylorospasm,  (6)  "nervous"  diarrhea,  (7)  "spastic" 
constipation,  (8)  mucous  colitis. 

C.  Symptoms  in  the  domain  of  the  sacral  autonomic: 
(1)  Spasm  of  anal  sphincter,  (2)  spasm  of  M.  detrusor 
of  bladder  with  poUakiuria,  (3)  priapism. 

D.  Certain  other  symptoms:  (1)  Eosinophilia,  (2) 
tendency  to  sweating  and  especially  to  cold,  clammy 
hands  and  feet,  (3)  lessened  susceptibility  to  adrenalin- 
glycosuria,  (4)  oversensitiveness  to  pilocarpine,  (5) 
certain  forms  of  pigmentation,  (6)  reflex  overexcita- 
bility  of  N.  vagus  (slowing  of  heart  on  nasal  stimula- 
tion or  on  compressing  the  eyeballs) . 

In  estimating  the  clinical  value  of  Eppinger  and 
Hess's  classification  one  must  recognize  the  distinction 
they  make  between  tonus  and  excitability  (irritability), 
the  former  indicating  a  constant  state  of  tonic  activity, 
the  latter  an  increased  readiness  to  respond  under 
excitation.  For  instance,  physostigmine  increases 
vagus  excitability  (irritability)  but  does  not  itself  excite 
the  nerve,  as  does,  for  example,  muscarine.  Hence  in 
the  absence  of  other  factors,  physostigmine  may  not 
affect  the  cardiac  action  at  all,  but  muscarine  will 
arrest  the  heart  unaided.  These  distinctions,  however, 
will  rarely  apply  in  practice. 

S.  Sohs  Cohen  has  shown  (1887)  that  it  is  not  easy 
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to  discriminate  between  heightened  tone  or  irritability 
(erethism)  of  one  system  and  lowered  tonus  or  irri- 
tabiUty  (apathism)  of  the  other,  since  for  example, 
paralysis  of  vasoconstrictors  and  excitation  of  vaso- 
dilators will  produce  the  same  phj'siologieal  or  clinical 
result.  Moreover  while  certain  individuals,  having 
usually  a  family  trait  of  undue  mobility  of  the  auto- 
nomic-sympathetic  system,  may  exhibit  chiefly  vaso- 
constrictor (i.e.  sympathicotonic)  and  others  chiefly 
vasodilator  {i.e.  vagotonic)  phenomena,  yet,  as  a  rule, 
the  phenomena  of  autonomic-synipathetic  disorder 
are  mixed.  Hence  he  proposed  the  name  of  i<aso- 
motor  or  autonomic  ataxia,  to  indicate  a  want  of 
taxis  or  coordination  (imbalance),  rather  than  an 
exclusive  fault  of  either  set  of  functions.  He  esti- 
mates that  about  one  in  twenty  of  the  human  race  ex- 
hibit this  imbalance,  upon  which  basis  such  syndromes 
as  hay  fever,  angioneurotic  edema,  urticaria,  certain 
forms  of  asthma,  vascular  crises  (pseudo-appendicitis, 
pseudo-hepatitis,  pseudo-angina,  pseudo-renal  colic, 
etc.),  various  purpuras  and  hemorrhages,  migraine, 
intermittent  joint  swellings,  Graves'  and  Raynaud's 
syndromes,  erv'thromelalgia,  certain  gastroenteric  dis- 
orders, etc.,  as  well  as  less  well-defined  symptom  groups 
frequently  mistaken  for  hysteria  or  neurasthenia,  are 
built  up  under  the  incidence  of  various  exciting 
causes  and  local  determinants. 

The  most  frequent  exciting  causes  are  emotion, 
shock,  fatigue,  weather — especially  temperature — 
changes,  and  toxic  agents  of  internal  or  external  origin. 
Trauma,  eyestrain,  and  similar  factors  are  the  chief 
local  determinants,  direct  and  reflex.  The  endocrine 
system  is  usually  involved  in  the  complexus  of  phenom- 
ena, whether  causatively  or  sequentially.  Since 
the  special  symptoms  may  diff'er  in  various  attacks 
— as  asthma  or  croupous  enteritis  at  one  time,  giant 
hives  or  epileptiform  seizures  at  another — "the  diag- 
nosis of  the  patient,"  i.e.  his  fundamental,  and  usually 
hereditary  liability — the  autonomic  imbalance  upon 
which  the  phenomena  are  superimposed — becomes 
all  important.  This  diagnosis  is  made  by  both  phys- 
ical and  pharmacological  tests. 

As  a  rule,  the  paroxysmal  (critical)  character  of  the 
vasomotor  or  autonomic  disorders  and  the  absence 
of  distinctive  signs  of  infectious  malady  or  organic 
affection,  will  establish  the  probability  of  the  diagnosis, 
either  positively  or  by  exclusion.  It  becomes  more 
certain  if  the  patient's  family  history  and  previous 
personal  history  show  the  occurrence  of  similar  or 
related  "spells,"  and  certain  physical  characteristics 
and  significant  reactions  to  environment  are  present. 
They  may  not  all  be  present  at  the  same  time,  nor  will 
any  one  patient  show  all  of  them  at  any  one  time; 
and  but  few  of  them  are  present  continuouslv. 
Nevertheless,  every  case  will  show  at  some  time  a  suffi- 
cient number  of  them  to  be  significant.  "They  indi- 
cate persistent  disturbance  not  only  in  the  vasomotor 
nerves  and  centers,  but  in  the  autonomic  system  as 
a  whole.  Some  of  them  arc  the  exact  opposites  of 
others."     They  may  be  summarized: 

Physical  Characteristics. — Skin. — Marbling  or 
mottling;  dilatation  of  superficial  vessels;  petechise 
(purpuric  spots) ;  angiomata,  telangiectases;  pigmented 
spots;  papillary  excrescences;  tattooed  appearances, 
coming  on  especially  on  the  naked  body  after  exposure 
to  cold;  massive  congestion  of  dependant  parts,  es- 
pecially hands,  which  may  be  pink,  red,  leaden  blue, 
purple,  or  variously  mottled.  Fingertips  often  en- 
larged. Nails  often  curved,  usually  bicolored  or  tri- 
colored,  dark  at  base,  and  exhibiting  a  dark  red  line 
at  the  tip;  skin  at  base  often  thickened  and  brick 
red.  Moist  hot,  or  moist  cold,  hands.  Excessive 
sweating,  or  less  commonly  scantiness  of  perspiration, 
even  in  svmimer;  bromidrosis. 

Eyes. — Staring;  widened  commissure;  retraction  of 
upper  or  lower  lid,  constant  or  intermittent ;  termulous- 
ness    of    lids    on    light    closure;    interrupted    (jerky) 


descent  of  upper  lid  (hitch);  v.  Graafe's  and  v.  Stell- 
wag's  signs;  paroxysmal  winking;  pigmentation  in 
and  around  the  lids.  Rarely,  droopiiig  lids  or  squint- 
ing, narrowed  commissure.  Dilatation  of  pupil; 
inequality  of  pupils;  intermittent  dilatation;  hippus; 
nystagmus.  Distention  and  tortuosity  of  retinal 
vessels;  spastic  contraction  of  retinal  vessels,  rarely. 
Exophthalmos  in  pronounced  disturbances. 

Thyroid  Gland. — Moderately  or  slightly  enlarged; 
soft.     Enlargement    intermittent.     Rarelv    atrophic. 

Heart  and  Vessels. — Easily  disturbed.  Palpitation. 
Blood  pressure  often  very  low  (circa  90  to  100  systolic; 
60  to  .50  diastolic).  May  be  high  in  spastic  paroxysms. 
Functional  murmurs  frequent;  organic  affections  may 
be  present  incidentally  or  essentially.  Vertigo  is  not 
uncommon.  Tendency  to  various  forms  of  hemor- 
rhage, usually  slight. 

Nerves  and  Muscles. — Tremors  and  involuntary 
movements  not  uncommon;  leg  cramp  occasional; 
niuscular  throbbings  common.  Sudden  jerkings  of 
limb  on  awakening;  sometimes  epileptiform  .seizures, 
principally   nocturnal.     Nightmare   rather   frequent. 

Blood. — Moderate  anemia  not  uncommon.  A 
marked  tendency  at  times  to  autohemolysis.  Hemo- 
globin and  red  cells  not  infrequently  found  in  the 
urine  when  blood  or  blood  pigment  is  not  obvi- 
ous to  the  naked  eye.  Remarkable  or  persistent 
eosinophilia  not  uncommon. 

Chief  Tests  of  Autonomic  Ataxia. — Dermograph- 
ism either  ischemic,  hyperemic,  or  mixed.  Factitious 
urticaria.  Prompt  local  or  general  jnlomotor  reflex. 
Blushing  easily  excited.  Silver  or  silver-nickel  leaves 
a  bluish-black  or  brown  mark  when  drawn  over  the 
face  or  the  skin  of  the  breast.  (Exclude  face  powder.) 
Hot  water  intensifies  redness  of  the  exiremilies.  Ice- 
cold  water  may  change  blueness  to  redness  (cyanosis 
to  hyperemia)  in  immersed  member,  the  parallel  non- 
immersed  member  being  deeply  cyanotic.  Sometimes 
ice-cold  water  produces  blackness  of  the  nails.  In 
dilative  cases  a  cyanotic  member  (e.g.  hand)  if  stroked 
or  elevated,  becomes  pallid  and  when  the  stroking  is 
stopped  or  it  is  again  depressed,  changes  from  white 
to  pink,  to  red,  to  purple,  to  blue,  as  blood  returns 
first  to  the  capillaries,  then  to  venules,  and  then  to 
veins.  In  spastic  cases  the  stroking  or  gravity  has 
little  effect.  Humping  of  muscles  is  in  many  case^ 
easily  produced.  Fixation  of  eijes  with  command  to 
open  discloses  latent  retraction  of  upper  lid. 


After  this  brief  presentation  of  the  principal  facts 
concerning  the  disorders  of  the  entire  autonomic  sys- 
tem, it  but  remains  to  say  that  the  balance  of  the  para- 
sympathetic and  sympathetic  systems  is  maintained 
by  the  coordinative  tonic  activity  of  all  the  nerve 
centers,  proximal,  peripheral,  or  central,  regulating 
their  normal  action  upon  the  autonomic  tissues,  and 
that  failure  at  any  point  produces  disorder,  directly 
or  by  reflex.  Failures  may  be  constantly  and  con- 
sistently determined,  or  may  be  incon.stant  and  varied ; 
in  the  one  case  giving  rise  to  more  or  less  persistent 
and  definite  symptoms,  in  the  other  and  more  common 
event  to  a  great  variety  of  puzzling  plienomena. 

Anaphylaxis. — The  symptom-com))lox  known  as 
anaphylactic  shock  re-semblos  closely  the  picture  of  a 
sudden  and  powerful  excitation  of  the  parasympa- 
thetic system.  It  is  characterized  by  cardiac  mhibi- 
tion,  paresis  of  the  abdominal  vessels,  lowered  body 
temperature,  spasm  of  the  bronchial  and  visceral 
musculature,  etc.  Atropine,  a  vagoparalyzant  and 
sympathetic  stimulant,  abolishes  or  antagonizes  all  of 
the  phenomena. 

Ptomaine  poisoning  is  in  large  part,  depression  or 
paralysis  of  the  parasympathetic.  Sympathetic  and 
parasympathetic  poisons  are  likewise  produced  by 
intestinal  putrefaction,  resulting  from  chronic  obsti- 
pation.    Enterotoxication  (so-called  autointoxication) 
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can,  in  view  erf  these  facts,  be  the  more  easily  under- 
stood. Leon  Solis-Cohen. 
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Symphorol. — l^ymplionil-sodium.  Symphorol-lith- 
ium,  aiul  .Synipliorol-stroiitiuiii  are  the  respective  caf- 
feine siilplioiiate.s  of  these  nietal.s.  They  are  wliite, 
odorles.s.  and  bitter,  are  readily  soluble  in  water,  ex- 
cept the  sodium  salt,  and  are  insoluble  in  ether, 
benzol,  or  chloroform.  These  salts  are  strongly  diu- 
retic in  dosage  of  gr.  xv.-oi-  (1.0-4.0)  a  day,  and 
are  claimed  to  retain  the  diuretic  effect  of  the  caffeine 
without  its  stimulating  action  on  the  heart  and 
nervous  system.  The  sodium  salt  is  in  common 
use  under  the  simple  term  "symphorol." 

W.    A.    B.\STEDO. 

R.  J.  E.  Scott. 


Symphyseotomy. — Definition.  —  .Symphyseotomy 
is  an  obstetrical  operation  devised  to  enlarge  the  bony 
pelvic  ring  by  a  division  of  the  structures  uniting  the 
pubic  bones  in  the  symphyseal  joint. 

Indications. — Its  field  of  application  is  in  cases  of 
dystocia  where  the  true  conjugate  is  approximately 


between  6.5  and  S.5  centimeters.  The  procedure  may 
be  done  as  an  independent  operation  or  as  an  accessory 
to  high  forceps,  version,  and  breech  extraction. 
.Mthough  simple  enough  in  itself  the  operation  is 
rarely  employed  at  the  present  time,  because  of  the 
li;djili(y  to  injury  of  the  maternal  soft  parts,  and  has 
been  largely  superseded  by  the  advanced  technique 
and  the  good  results  of  abdomin.al  cesarean  section. 
Pubidtomy  has  also  entered  the  field  as  a  competitive 
procedure  and  is  claimed  to  be  attended  with  better 
general  results.  The  shape  of  the  pelvis  is  an  impor- 
tant factor  in  deciding  the  field  for  application  of 
symphyseotomy,  including  the  male-  or  funnel-type 
pelves  with  ankylosis  at  the  sacrococcygeal  joint, 
justo-minor  pelves  with  large  fetal  heads,  or  the  pres- 
ence of  other  deformities.  At  the  present  time  the 
operation  may  be  regarded  as  of  interest  chiefly  from 
the  historical  standpoint,  although  occasionally  used 
by  certain  operators. 

The  morbidity  is  necessarily  high  because  of  the 
postoperative  complications,  including  hemorrhage 
with  hematoma,  abscess,  fistula,  lack  of  union  between 
the  pubic  bones,  cystitis,  bladder  injuries,  bedsores, 
and  general  septicemia.  A  disturbance  of  the  gait 
is  not  uncommon  and  the  prolonged  convalescence  is 
a  great  disadvantage.  In  1.36  cases  of  symphyse- 
otomy collected  by  Rubinrot  the  maternal  mortality 
was  about  eleven  per  cent.  Morisani  collected  241 
cases  done  previous  to  1894  and  Xeugebauer  collected 
278  cases  with  practically  the  same  mortality  rate. 
The  infantile  mortality  varies  from  twelve  to  fourteen 
per  cent.,  including  all  causes. 

Notwithstanding  the  condemnation  of  the  opera- 
tion by  most  American  authors,  including  Edgar, 
Williams,  DeLee,  and  others,  we  find  that  a  certain 
amount  of  favorable  comment  is  occasionally  pub- 
lished even  at  the  present  time.  Thus  Kehrer  in  an 
extended  study  of  his  cases  from  the  Dresden  "  Frauen- 
klinik"  compares  a  maternal  mortality  in  118  cases 
of  symphyseotomy  of  0.8  per  cent,  with  4.1  per  cent, 
in  217  cases  of  pvibiotomy,  the  subcutaneous  proced- 
ure of  Frank  being  employed.  Kehrer  claims  that 
if  the  technique  proposed  bj;  Frank  {Monalschr.  f. 
Gehurlsh.  u.  Gyndk.,  vol.  xxxiii.  No.  6)  is  carefully 
followed  the  operation  is  simple  and  lacerations  of  the 
neighboring  soft  parts  are  avoided.  Kehrer  found  it 
difficult,  however,  to  avoid  an  injury  to  the  corpus 
cavernosum  of  the  clitoris,  which  resulted  in  hema- 
toma in  sixty  per  cent,  of  his  cases  and  in  about  thirty 
per  cent,  of  these,  thrombophlebitis  of  the  lower  ex- 
tremities followed.  Subcutaneous  symph_yseotomy  is 
only  recommended  by  him,  however,  for  multipara;, 
the  danger  from  lacerations  in  primiparae  contrain- 
dicating  the  operation  except  where  the  soft  parts 
are  easily  stretched.  Version  with  breech  extraction 
is  the  preferable  method  of  delivery  where  the  dis- 
proportion between  head  and  pelvis  is  not  great  and 
efficient  pains  are  present.  In  the  presence  of  sepsis 
the  operation  should  not  be  used,  the  extraperitoneal 
cesarean  section  or  craniotomy  in  exceptional  cases 
being  indicated.  Kehrer  claims  that  the  operative 
wound  in  symphyseotomy  heals  more  readily  than 
in  pubiotomy. 

Technique. — Three  types  of  symphyseotomy  have 
been  employed.  The  open  or  French  method  was 
developed  by  Pinard,  in  which  the  skin  is  incised  over 
the  entire  symphyseal  joint  after  which  the  recti  are 
divided  and  the  finger  inserted  into  the  prevesical 
space  in  order  to  protect  the  bladder.  The  symphysis 
is  then  opened  from  above  downward  and  from  before 
backward,  followed  by  the  division  of  the  neighbor- 
ing ligaments.  After"  the  expulsion  of  the  child  the 
bones  are  brought  together  with  periosteal  sutures 
and  a  special  mechanical  device  is  used  to  keep  them 
in    apposition. 

In  the  Italian  method  the  upper  margin  of  the  pubic 
bone  is  exposed  by  a  small  transverse  incision  and  a 
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special  form  of  knife  passed  behind  the  symphysis 
to  the  lower  border.  After  the  division  of  the  joint 
spontaneous  dehvery  is  awaited  or  forceps  applied. 
The  incision  is  then  closed  and  a  plaster-of-Paris 
dressing  applied. 

In  the  subcutaneous  method  according  to  Ayres 
(Amer.  Jour.  Ohsl.,  July,  1897),  the  incision  is  made 
in  the  region  of  the  subpubic  arch  and  under  the 
clitoris.  With  the  finger  in  the  vagina  against  the 
jiiisterior  aspect  of  the  joint  a  narrow  knife  is  passed 
licliind  the  symphysis  to  the  top  of  the  joint  and  then 
carried  downward  until  the  latter  is  divided.  In 
I'rank's  similar  procedure  the  joint  is  cut  through  a 
small  incision  over  the  middle  of  the  same. 

George    W.   Kosmak. 


Syncope. — Syncope  (Gr.  a  "cutting  off")  is  usu- 
ally defined  as  a  transitory  condition,  resulting  from 
sudden  lowering  of  blood  pressure  which  in  turn 
causes  cerebral  anemia  and  loss  of  consciousness. 
The  patient  seldom  falls  heavily,  as  sufficient  warning 
is  usually  received.  Those  who  are  unfamiliar  with 
the  preliminary  sensations  often  topple  over,  as  in  the 
case  of  robust  medical  students  upon  witnessing  their 
first  oper.ition. 

The  English  word  "faint"  of  French  origin  has  a 
much  broader  significance  than  syncope,  because 
it  indicates  the  weakened  state  which  precedes  the 
act,  as  well  as  the  act  itself.  Etymologically,  how- 
ever, the  word  does  not  mean  weak,  but  is  closely 
connected  with  "feign"  and  "feint,"  convejMng  the 
idea  of  an  imitation  of  death,  a  "sham  death;"  as 
Cowers  says  punningly,  "a  faint  when  feigned  is  a 
feint." 

The  original  Anglo  Saxon  word  "swoon"  is  equi- 
valent to  syncope,  in  that  it  denotes  an  act  rather 
than  a  state.  Its  primary  significance  is  obscure,  for 
it  also  indicates  deep  sighing,  referring,  it  is  believed, 
to  the  sighing  inspirations  of  one  just  before  and 
during  a  swoon. 

However,  the  word  syncope  denotes  something 
much  more  serious  than  a  transitory  loss  of  power 
and  consciousness.  The  Greeks  had  a  special  word 
lipothymia,  a  "faint  condition  of  the  soul"  to  indicate 
the  harmless  swoon.  Syncope,  on  the  contrary, 
conveys  in  addition  the  idea  of  death  occurring  in  a 
faint.  Hence  a  distinction  is  made  between  "syn- 
cope" and  "fatal  syncope."  By  fatal  syncope  is  not 
meant  the  old  "death  by  the  heart"  or  acute  heart 
failure,  which  is  one  of  the  most  common  termina- 
tions of  mortal  illness,  but  a  fatal  swoon,  occurring  in 
a  subject  who  may  have  been  in  apparent  health  at 
the  time.  Any  condition  which  causes  a  harmless 
swoon  seems  able  to  cause  sudden  death  in  certain 
subjects;  for  example,  puncture  of  the  pleura  or  of  an 
hydatid  cyst  of  the  liver. 

Modern  literature  is  rather  barren  as  to  the  subject 
of  non-fatal  syncope.  Gowers  {Lancet,  1907,  vol.  i., 
p.  565)  discusses  it  quite  fully,  using  the  epileptic 
seizure  as  a  comparison.  The  latter  is  attended  by 
pallor,  loss  of  consciousness,  and  a  fall,  symptoms 
which  make  up  a  simple  swoon,  yet  in  the  epileptic 
seizure  there  is  no  lowering  of  blood  pressure.  The 
epileptic,  however,  is  often  subject  to  simple  swooms, 
and  these  are  regarded  as  epileptic  equivalents. 
There  appears  to  be  no  direct  connection  between 
cerebral  anemia  and  loss  of  consciousness.  Aside 
from  the  latter,  however,  the  sudden  lowering  of  blood 
pressure  explains  the  phenomena  of  syncope  satis- 
factorily. Nor  is  loss  of  consciousness  present  in- 
variably in  fainting,  and  in  abortive  cases  it  is  retained. 
Dimness  of  vision,  showing  the  marked  degree  of 
cerebral  anemia,  may  be  present  with  retained  con- 
sciousness; and  subjects  after  a  "near  faint "  may  have 
dim  vision  for  some  moments. 

In  general  the  more  sudden  the  lowering  of  blood 
pressure,    the    more    abrupt    the    swoon.     However, 


a  severe  fall,  which  results  in  injury,  is  sufficiently 
rare.  As  a  rule  prodromes  occur.  The  subject  feels 
weak,  sighs  deeply,  may  experience  nausea  and  dim- 
ness of  vision.  He  had  sufficient  warning  to  lie  down, 
whereupon  the  blood  pressure  begins  slowly  to  rise, 
and  the  breathing  to  become  deep  and  regiilar. 
The  sensorium  is  quite  clear,  there  is  no  difficulty  in 
orientation  and  no  retrograde  amnesia. 

The  mechanism  of  fainting  is  in  part  as  follows: 
venesection  up  to  a  certain  limit  or  severe  hemorrhage 
of  any  origin  may  be  regarded  as  the  most  tj-pical 
or  demonstrable  cause,  since  it  affects  all  alike.  In 
the  days  of  universal  phlebotomy  the  most  robust 
patients  were  bled  until  they  fainted  from  the  effects 
of  the  falling  bloodprossure  on  the  cerebral  circulation. 
The  violent  purgation  resorted  to  in  the  days  of  heroic 
treatrnent  produced  the  same  result.  Sudden  tapping 
or  aspiration  of  ascites  and  hydrothorax  is  a  common 
cause  of  fainting.  Aside  from  these  typical  cases, 
syncope  is  prone  to  affect  the  weakly  and  delicate, 
the  convalescent,  the  fasting,  and  those  actually  ill, 
in  whom  it  may  be  equivalent  to  a  fatal  termination, 
this  being  especially  true  of  cardiac  patients.  The 
most  acute  tjT^e  of  syncope  known  is  that  which 
terminates  the  life  in  aortic  regurgitation.  Here  the 
patient  drops  dead  as  if  shot.  It  is  so  common  in 
young  women  as  to  be  almost  physiological,  and  the 
most  trivial  causes  of  a  p,sychic  character  are  able  to 
lower  the  blood  pressure  through  the  vasomotor 
center,  as  the  sight  of  blood,  certain  odors,  even 
certain  sounds.  Since  crowded  and  overheated  rooms 
are  a  most  prolific  cause  of  fainting,  it  is  assumed 
that  withdrawal  of  blood  to  the  surface  is  the  de- 
termining factor. 

The  subject  of  syncope,  both  harmless  and  severe 
or  fatal  is  thoroughly  covered  by  Paulesco  (Jour,  de 
med.  intern.,  Paris,  1900,  iv.,  810,  831).  A  harmless 
faint  is  characterized  bj'  the  following  symptoms:  1. 
Notable  paUor  of  face.  2.  Loss  of  consciousness.  3. 
Acceleration  of  pulse  and  slowing  of  respiration.  4. 
Disappearance  of  preceding  symptoms  when  patient 
is  placed  on  his  back. 

If,  however,  a  subject  already  ill,  like  a  man  with 
walking  typhoid  should  swoon,  the  symptoms  are 
more  severe,  approximating  a  state  of  collapse.  They 
comprise:  (1)  Extreme  pallor  of  face.  (2)  Skin  covered 
with  cold  sweat.  (3)  Pulse  hardly  perceptible,  120- 
140.  (4)  Prolonged  inspiration,  involving  all  the 
inspiratory  muscles.  (5)  Nausea.  These  patients 
when  placed  on  the  back  with  limbs  elevated,  recover 
very  slowly,  usually  with  the  aid  of  caffein  or  cam- 
phor hypodermics.  The  pulse  may  remain  weak  and 
rapid  for  hours.  Other  symptoms  seen  at  times  are 
convulsive  twitchings  in  tlie  arms,  a  contracted  state 
of  the  stomach  and  intestines,  etc.  .\  very  sick  man, 
upon  rising  from  his  bed  may  fall  back  in  a  syncope. 
Placed  again  in  bed  with  head  low,  he  is  .seen  to  be 
deadly  pale,  with  sighing  respiration  and  frequent, 
almost  imperceptible  pulse.  Colic  and  nau.sea  may 
be  present.  These  symptoms  slowly  disappear  with 
recumbency. 

Cases  like  the  following  are  occasionally  seen — fatal 
syncope  without  sufficient  apparent  cause.  A  young 
girl  with  beginning  typhoid  went  into  a  faint.  She 
was  merely  slapped  with  a  wet  cloth.  There  was 
sudden  stoppage  of  the  heart  and  respiration.  The 
tongue  was  drawn  forward  and  artificial  respiration 
practised  without  response.  .\  needle  in  the  heart 
provoked  only  a  few  contractions.  The  case  after 
autopsy  was  "summed  up  as  follows:  initial  pallor; 
pulse  rapid,  weak;  respiration  slow,  deep  and  sighing; 
cold  sweats,  salivation,  nausea,  cramps  in  stomach, 
sense  of  hunger,  vomiting,  contraction  of  digestive 
tube;  clonic  convulsions;  respiration  arrested  before 
cessation  of  heart  beat;  tonic  convulsions;  agonal 
respiration;  cessation  of  heart -beat;  evacuation  of 
bladder  and  rectum. 

From  animal  experiments  made  in  his  laboratory 
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Paulcsco  concludes  that  fatal  syncope  must  begin 
with  pallor  of  tlie  skin  and  visible  mucosie;  there  are 
sensations  of  dizziness  and  ringing  in  the  ears;  the 
vision  is  obscured;  the  limbs  flox  and  the  whole  body 
sinks.  Consciousness  niiiy  or  may  not  be  lost,  or  the 
patient  may  fall  asleep."  -Vt  the  onset  the  pulse 
quickens,  while  respiration  is  slowed,  becomes  deeper, 
and  interrupted  with  deep  sighs.  The  face  is  covered 
with  a  cold  sweat,  the  mouth  fills  with  frothy  .saliva. 
Nausea  is  present,  with  or  without  cramps  in  the 
stomach.  There  may  be  vomiting,  colic,  with  bor- 
borygmi  and  desire  f'or  stool.  The  muscles  of  both 
trunk  and  extremities  are  the  seat  of  involuntary  con- 
tractions. As  a  rule  tonic  rigidity  is  present,  while 
more  rarelv  doni  are  seen.  Consciousness  has  become 
abolished, "respiration  is  now  arrested,  the  heart  beats 
two  or  three  minutes  longer,  then  ceases  for  tw-cnty  to 
thirty  seconds,  and  next  continues  to  contract  at  long 
intervals,  .\gonal  respiration  now  appears,  and  there 
may  be  from  three  to  twenty  deep  inspirations  in  which 
all  the  involuntary  accessory  muscles  contract  convul- 
sively. The  patient  yawns  deeply,  his  face  is  con- 
torted, the  terminal  agonal  inspirations  show  a  falling 
off  in  violence,  and  respiration  ce.ases  altogether.  The 
pulse  now  becomes  rapid  and  feeble,  soon  ceasing  alto- 
gether. Feces  are  frequently  expelled,  the  urine  less 
frequently. 

Section"  shows  the  encephalon  anemic,  while  the 
lungs,  liver,  and  other  viscera  are  congested.  The 
state  of  the  heart  is  characteristic.  It  is  firm  and 
contracted,  the  left  ventricle  empty  'with  its  cavity 
almost  obliterated.  The  state  of  the  right  ventricle  is 
similar,  but  less  marked  and  it  alwaj-s  contains  some 
blood.  The  auricles  are  distended  and  the  heart  has 
evidentl}'  been  arrested  in  sj-stolc. 

The  jieculiar  state  of  the  heart  appears  to  represent 
cadaveric  rigidity  of  the  myocardium,  a  viewb.ased  on 
animal  experiment.  The  stomach  and  intestines  are 
in  a  state  of  spastic  contraction.  Their  walls  are 
firm,  caliber  considerably  diminished. 

The  rationale  of  syncope  appears  to  be  as  follows: 
the  facial  pallor  is  due  to  contraction  of  the  arterioles, 
which  also  extends  to  the  brain  causing  the  vertigo, 
dimness  of  vision,  and  loss  of  consciousness.  In 
severe  or  prolonged  cases  the  constriction  reaches  the 
vessels  of  the  medulla,  in  which  excitation  of  the  vaso- 
motor centers  may  cause  sweats,  salivation,  and  con- 
traction of  the  digestive  tube.  The  rationale  of  the 
terminal  phenomena  in  fatal  cases  is  not  clear.  Toxic 
affections  predispose  to  fatal  syncope  because  of  the 
weakening  of  the  vascular  tonicity.  When  a  subject 
has  been  in  bed  for  a  long  period,  the  decubitus  also 
causes  loss  of  contractility,  so  that  sudden  sitting 
up  causes  faintness  and  fainting.  This  is  very 
common  in  the  first  day  of  convalescence.  Even  in 
the  normal  subject  protracted  stanrling,  even  pro- 
tracted sitting,  may  cause  the  same  symptoms. 

The  heart  failure  in  chloroform  anesthesia  is  known 
as  chloroform  syncope. 

Paulcsco  regards  severe  syncope  from  acute  indi- 
gestion as  a  pure  reflex,  prolsably  because  it  yields  to 
morphine  hypodermics. 

The  treatment  has  already  been  indicated.     The 

Eostural  management  aims  lirst  of  all  to  cau.se  the 
lood  to  return  to  the  medulla,  or  to  forestall  anemia  of 
the  latter.  If  the  patient  can  swallow,  brandy  will 
hasten  recovery;  if  he  cannot,  ether  and  caffeine  should 
be  given  by  hypodermic.  In  suspended  animation 
all  the  resources  for  that  condition  are  invoked  includ- 
ing heart  massage.  Edward  Preble. 


Syndromes,  Endocrinous. — The  early  mech- 
anistic conceptions  concerning  the  push  that  lies  be- 
hind the  metabolism  of  the  human  body  have  slowly 
and  gradually  undergone  modification  untU  the  im- 
portance of  a  number  of  overlooked  structures  have 
forced    themselves    almost    with    a    whirl    upon    the 


medical  horizon.  These  structures  are  the  endo- 
crinous glands.  Their  study  now  constitutes  an 
enormous  specialty. 

As  early  as  1828  Parry  called  attention  to  the 
relationship  between  enlarged  thyroid  and  tachy- 
cardia, since  which  time  the  works  of  Johannes  Miiller, 
Addison,  GuU,  Brown-Sequard,  Marie,  and  many 
others  have  served  as  starting  points  for  the  building, 
up  of  a  rich  structure  which  is  amply  recorded  in  a 
score  of  monographs.  The  chief  of  these  are  Biedl, 
Internal  Secretions  (bibliography  of  4,000  titles), 
1913;  Falta,  Ductless  Cilands,  191.5;  Parhon  et 
Golstein,  Les  S(icr<itions  Internes,  1909;  Levy  and 
Rothschild,  Endocrinologie,  1913;  Gley,  les  Sdcrd'tions 
Internes,  1914;  Sajous,  Internal  Secretions,  and  the 
special  articles  in  Lewandowsky's  Handbuch  der 
Neurologic,  1913. 

Out  of  this  prodigious  development,  much  of  which 
is  evanescent  and  hastily  constructed,  a  large  amount 
of  solid  substance  remains  and  a  number  of  permanent 
acquisitions  have  been  made.  The  net  result  has 
been  to  show  much  more  essentially  than  ever 
before  the  fundamental  physicochemical  foundations 
of  biological  metabolic  processes  as  they  are  utilized 
in  the  upkeep  of  the  anim.al  machine.  The  view- 
point has  been  attained  that  a  marked  degree  of 
chemical  interrelationship  takes  place  between  the 
different  organs  of  the  body.  That  this  is  auto- 
matically regulated  through  the  vegetative  nervous 
system  "(the  old  sympathetic)  chiefly,  apparently  in 
some  cases,  though  this  is  by  no  means  clear,  solely 
through  chemical  regulation.  The  disorders  of  this 
adjustment  now  constitute  a  special  department  of 
vegetative  neurology,  and  are  .nost  conveniently 
grouped  under  the  terms  endocrinology,  or  the  endo- 
crinopathies.' 

In  the  earlier  period  of  the  study  of  these  cndo- 
crinopathies  individual  disease  groups,  uniglandular 
syndromes,  were  isolated.  Among  the  most  accentu- 
ated of  these  were  Addison's  disease,  diabetes 
mellitus,  mj-xedema,  c'ertinism,  and  acromegaly, 
but  of  recent  years  it  has  been  increasingly  emphasized 
that  whereas  a  certain  group  of  symptoms,  which  may 
be  linked  to  plus  or  minus  activities  of  one  or  .another 
gland  may  be  most  prominent,  nevertheless  other 
glandular  modifications  are  bound  up  in  them  and 
are  not  to  be  neglected.  Hence  has  arisen  the  view- 
point that  most  of  the  endocrinopathies  are,  strictly 
speaking,  poly-  or  pluriglandular  syndromes. 

For  many  years,  even  back  to  the  earliest  days  of 
primitive  animistic  magic,  it  has  been  held  that  every 
living  tissue  yields  a  cliemical  product  which  will  act 
upon  other  tissues.  The  early  alchcmistic  studies, 
those  of  Paracelsus,  to  the  later  work  of  Hahnemann, 
and  the  isotherapists,  are  all  attempts  to  coordinate 
a  host  of  empirically  observed  facts.  They  are  all 
worth  rereading  if  the  reader  wUl  put  himself  in 
sympathy  with  them  through  a  comprehension  of 
the  now  strange  symbols  then  used. 

Endocrinous  glands  for  the  present  purposes  are 
those  structures  which  yield  products  termed  hor- 
mones and  chalones  having  some  definite  or  specitie 
action  related  to,  yet  different  from,  enzyme  activities. 
These  structures  are  developed  from  different  em- 
bryological  formations.  The  hj-pophysis  (posterior  ■ 
lobe)  and  chromaffin  tissues  (suprarenal  chiefly) 
are  nervous;  the  thyroid  and  pituitary  (anterior  lobe) 
come  from  the  buccal  cavity;  the  pancreas  and 
mucosa  of  the  small  intestine  from  the  intestine, 
the  parathyroids  and  thymus  from  the  branchial 
arches  (old  gUl  slits  of  fishes),  the  gonads  (testes  and 
ovary)  and  the  interrenal  bodies  from  the  genital 
ridges.  Some  of  these,  in  humans,  merge  into 
one  structure,  as  thyroid  and  parathyroid,  as  chrom- 
affin and  interrenal  cells  in  the  suprarenals,  as 
hypophysis  (posterior  lobe)  and  pituitary  (anterior 
lobe).  The  individual  functions  of  each  are  ex- 
haustively treated  in  other  sections  of  this  Handbook. 
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The  present  article  will  attempt  to  sketch  only  the 
general  outlines  of  the  various  uniglandular  and 
pluriglandular  syndromes.  The  more  radical  French 
scliool  is  followed,  but  at  the  same  time  attention 
should  be  called  to  the  fact  that  the  French  school 
presentations  contain  gross  fallacies,  and  should  be 
niid  cum  grano  salts.  Still  the  clinical  suggestions 
of  these  writers  are  so  rich  it  is  felt  to  be  a  better 
riiurse  to  call  the  attention  of  the  physician  to 
possible  relationships  rather  than  to  take  the  more 
conservative  attitude  of  directing  attention  only  to 
that  which  can  be  indubitably  proved.  This  whole 
-iibject  is  still  so  largely  empirical  that  the  principle 
'.f  jnitting  the  h_\-potheses  to  a  test  will  be  found  to  be 
nil  ire  advantageous  than  that  of  believing  only  the 
nljvious.  The  former  attitude  may  result  in  gaining 
ii^'ful  therapeutic  truths,  the  latter  becomes  monoto- 
nous and  frequently  encourages  stupidity. 

Tlie  more  recent  suggestive  and  extreme  summaries 
(if  Hiodl,  Falta,  Laignel  Lavastine,  Levi  and  Roths- 
rhild  are  therefore  here  summarized. 

UxiGLANDULAR  Syndromes. — Thyroid. — Mjrxe- 

flema. — The  chief  symptoms  are  arrest  of  develop- 
ment, dwarfism,  infantilism,  infiltration  of  skin  and 
imieous  membranes,  mental  torpor,  slow  ideation, 
liifectivo  memory,  apathy,  laziness,  slowness,  sleepi- 
n'  <s,  taciturn,  awkwardness.  The  pulse  is  usually 
Muull,  rapid  and  irregular,  at  times  increased  tension. 
There  are  constipation,  diminished  urination,  hj^po- 
thermia  and  chilliness  of  the  skin.  Reflexes  dimin- 
i>hed.  The  voice  is  frequently  nasal,  slow,  monoto- 
nous and  raucous.  Headache  is  frequent  and  at 
times  epileptic  attacks  occur.  These  are  all  symptoms 
ef  diminished  secretion. 

Exophthalmic  Goiter. — A  more  or  less  complete 
eatalogue  of  findings  for  a  lot  of  cases  will  include 
taehycardia,  arrhythmia,  anxiety,  pulsations  in  the 
n  ■ek,  exophthalmos,  epiphora,  v.  Graef's,  Stellwag's, 
-Mr.bius'  symptoms,  facial  paresis,  cramps,  tremors, 
n  iiralgias,  chiefly  frontal  and  ocular,  colic,  hot 
flashes,  profuse  sweats,  thermophobia,  engorgement  of 
the  skin,  dermographism,  transitory  edemas,  pigmen- 
tation, urticaria,  alopecia,  diminution  of  electrical 
resistance,  albuminuria,  polyuria  or  glycosuria, 
anorexia,  bulimia,  vomiting,  ptyalism,  hyperchlor- 
hydria,  diarrhea,  dyspnea,  amenorrhea,  atrophy  of 
mamma>,  loss  of  flesh,  agitation,  emotional  insta- 
bility, volubility,  insomnia,  anxiety,  excessive  anger 
or  reverse,  maniacal  excitement,  marked  depression, 
cyclothymic  variations,  confusion,  epileptic  attacks. 
Eppinger  and  Hess-  have  endeavored  to  separate  a 
vagotonic  and  sympathicotonic  type. 

In  the  vagotonic  type  the  more  prominent  signs  are 
decreased  lacrymation,  less  exophthalmos,  with  en- 
largement of  the  palpebral  fissures,  v.  Graef's  sign, 
abundant  sweating,  diarrhea,  mild  tachycardia,  no 
alimentary  glycosuria,  pilocarpine  and  oculocardiac 
reflexes  positive.  In  the  sympathicotonic  t_vpcs 
there  are  exophthalmos,  dryness  of  eyes,  violent  tachy- 
cardia, glycosuria,  oculocardiac  reflex  reversed  or 
absent,  increased  reaction  to  adrenalin.  Most  cases 
are  mixed  in  type.  In  all  save  infectious  forms 
psychical  influences  are  striking  and  ps3'chotherapy 
is  extremely  valuable  in  the  early  stages,  less  so  in 
chnmic  cases.  Money  worries  bulk  large  in  the 
etiology  of  the  psychogenic  cases. 

Thyroid  insufficiencies,  other  than  those  of  mjTce- 
dema  are  infantilism,  obesity,  Dercum's  syndromes, 
psoudolipomata,  alopecia,  precocious  loss  of  hair, 
scleroderma,  urticaria,  pruritus,  recurring  herpes, 
transitory  edemas,  migraine,  asthma,  constipation, 
raucous  enterocolitis,  acrocyanosis,  Raynaud's  syn- 
drome, localized  erj-themas,  rhinorrhea,  glucose 
tolerance,  genital  instability,  chilliness,  mammary 
hypertrophy. 

Thyroid  Instability  (Levi  and  Rothschild). — From 
dyshypothyroidism:    chilliness,    baldness,   headaches, 


depression,  crj-ing,  giddiness,  pa.ssing  edemas,  neu- 
ralgic pains,  suffocations,  shivering,  hot  flushes,  at 
menstrual  period.  With  predominant  dyshyperthy- 
roidism:  thinness,  increase  of  eyebrow  development, 
hot  flashes,  palpitation,  intestinal  spasms,  irritability, 
emotionalism,  phobias,  inquietudes,  migraine,  asthma, 
hyperidrosis.  dysidrosis,  tremors.  Mixed  cases: 
chilliness,  shivering,  migraine,  frequent  urination, 
neuralgic  pains,  distractable  reddening  of  eyebrows, 
catamenia;  neuralgias,  anxiety,  dilatation  of  palpebral 
fissures,  swelling  of  feet,  variations  in  volume  of  the 
feet,  tremors,  ner\-ous  crises,  hysterical  attacks. 

Parathyroids. — Tetany. — This  syndrome  is  unques- 
tionably related  to  parathvroid  loss  or  deficient 
Parkinson's  syndrome(?).  The  viewpoint  of  Lund- 
borg  and  of  Gauthier  is  that  this  syndrome  belongs 
here,  and  is  a  hyperfunction  disorder,  but  it  rests  on 
very  unstable  foundations. 

Thyjnus. — Vagotonic  Sjonptoms  of  Basedow  Syn- 
drome(?):  Profuse  sweating,  palpitation,  lympho- 
cj-tosis,  eosinophilia,  sensation  of  weakness. 

Myasthenia  of  Erb-Goldflam(?):  Headache,  ptosis, 
external  ophthalmoplegia,  fixed  or  transitory  palsies 
principally  of  the  face,  the  neck,  myasthenic  electrical 
reaction. 

Thymus  Loss :  Idiocy  of  Klose  and  Vogt. 

TetanyC?):  Basch. 

Suprarenals. — Addison's  Syndrome  and  Suprarenal 
Insufficiency:  Asthenia,  arterial  hypotension,  morn- 
ing nausea  and  vomiting,  lumbar  pains,  melano- 
derma, white  lines  on  the  skin,  amyotrophy,  aboulia, 
depression.  At  times  myoclonus, "epileptic  attacks, 
tetany,  periodic  palsies,  delirium,  mental  confusion 
sudden  death. 

Suprarenal-genital  Syndrome:  External  feminine 
pseudo-hermaphroditism  with  virile  .secondary  sexual 
characters;  suprarenal  virilism;  amenorrhea,  gyneco- 
mastv,  adiposis  with  easy  bruising,  all  signs  of 
feniinine  maturity;  hypertrophy  of  the  clitoris,  hyper- 
trichosis of  masculine  tj-]ie,  masculine  voice,  muscular 
and  nervous  h3'i)erasthenia,  active  and  violent 
sexual  inversion;  arterial  hypertension,  arterio- 
sclerosis; glycosuria. 

Sympathetic  Paraganglia. — Chromaffine  cells  of  the 
solar  plexus,  aortic  paraganglion  of  Zuckerkandl, 
cardiac  paraganglion  of  Wiesel  and  Wiesner,  Luschka's 
carotid  and  coccygeal  glands,  tympanic  paraganglia. 
The  sj-ndromy  of  the  affections  of  these  glands  is 
entirely  obscure. 

Pancreas. — Diabetes  Mellitus:  Glycosuria,  polyuria, 
polyphagia,  polydipsia;  neuralgias,  pruritus,  impo- 
tency,  constipation,  dry  mouth,  dry  skin,  diminished 
perspiration,  atrophy  of  the  testicles,  abolition  of  the 
tendon  reflexes,  arterial  hypertension,  asthenia,  head- 
ache, susceptibility  to  cold,  perforating  ulcer  of  the 
foot,  syncopies,  comatose  or  apoplectiform  attacks, 
paralyses,  vertigos,  asthmatic  dj'spneas,  pseudo- 
angina,  narcolepsy,  depression,  apathy,  hypochondria 
and  coma. 

Hypophysis. — Froehlich's  Genital  Adiposity  Syn- 
drome: Adiposity,  arrest  of  development  or  regression 
of  the  genital  glands,  of  the  genital  organs  and  f  hocorre- 
.sponding  secondary  sexual  characters;  somnolence. 

Syndrome  of  Hypophyseal  Insufficiency  of  R<?non 
and  Delille:  Tachycardia,  instability  of  the  pulse, 
arterial  hypotension,  insomnia,  anorexia,  distressing 
sensation  of  heat,  exaggeration  of  sweat  secretion. 

-Vcromegaly :  "A  simple  h\-pertrophy,  not  con- 
genital, of  the  upper  and  lower  extremities  and  also 
cephalic,"  headache,  amenorrhea,  tendon  reflexes 
increased,  arrhj^hmia,  syncope,  perspiration,  polyuria, 
glycosuria,  sensitiveness  to  cold,  neuralgias,  acro- 
paresthesia, cramps,  lancinating  pains,  lassitude, 
irritability,  depression. 

Gigantism:  ".Vcromegaly  of  the  subjects  in  the 
epiphyseal  cartilages  wliich  have  not  yet  ossified," 
ini potency,  amenorrhea,  indolence,  infantilism,  aboulia, 
asthenia, "glycosuria,  polyuria. 
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Diabetes  liisipiclus(?) :  Polyuria,  polydipsia. 

Pineiit. — (ieuital    Macrosomia:  Abnormal   increase 

in  heiKlit,  premature  genital  and  sexual  development 

with    seiondarv    sexual    characters,    hypertrichosis, 

exaggerated  mental  precocity.     (SeePhieal Syidlrome.) 

Pineal  Adiposity:  DilTuse"  obesity. 

Choroid  Phxti.i. — Hydrocephalus:  Hyperten.sion  of 
the  cerebrospinal  fluid,  rapid  development,  nervous 
and  mental  syndrome  of  ventricular  hjijertension, 
obnubilation,  idiocy. 

Omrivs. — Infantilism:  Amenorrhea,  absence  of  sec- 
ondary feminine  characters,  obesity,  deficiency  of 
hair,  childishness.  t>    •   i 

Acquired  ovarian  insufficiency:  (a)  Peripheral 
vasodilatation,  subjective  crises  of  heat,  sweating, 
continuous  or  paroxysmal  tachycardia,  palpitations, 
arterial  h>-pertension,  insomnia,  severe  headache, 
facial  neuralgia,  lumbago,  neuromuscular  asthenia, 
memory  instabilitv,  irritability,  enervation,  hysterical 
crises;  exaggeration  of  the  sexual  instinct(?),  more 
often  ab.scnt  or  inverted;  obesity,  restlessne.s.s,  anxiety, 
phobias,  impulsions,  gastrospasm,  constipation,  vom- 
iting, vertigo,  svncope. 

(6)  "Vagotonic  crises"  before  the  menses  and  at 
the  beginning  of  pregnancy,  pallor,  tendency  to 
syncope,  nausea,  vomiting,  constipation,  diminished 
arterial  tension,  pulse  rather  slow,  oculocardiac 
reflex  positive,  Samogyus's  sign,  psychic  depression 
particularly  connected  with  the  development  of  the 
corpus  luteum.  These  crises  occurring  before  men- 
struation or  at  the  beginning  of  pregnancy  must  not 
be  confu-sed  with  the  reactionary  dyshyperthyroidism 
of  the  menopause  marked  by  flashes  of  heat,  sweat- 
ing, hypertension,  paroxysmal  tachycardia,  pal- 
pitations, anxiety. 

"Hyperovaria"  (Dalch(5):  Precocious  puberty, 
copious  menstruation,  pain  before  and  during  the 
first  days  of  the  period,  intermenstrual  leucorrhea, 
developed  sexual  instinct,  well-marked  eyebrows, 
thinness,  pallor,  small  breasts,  large  pelvis,  rounded 
lower  limbs  contrasted  in  size  with  the  upper  ones, 
arterial  hypotension,  craving  for  movement  and 
action,  enervation,  tendency  to  loquacity,  erotic 
crises. 

Testicles. — Infantilism:  Defective  development  of 
the  male  genital  organs,  absence  of  secondary  sexual 
characters,  obesity,  deficiency  of  hair,  length  of  the 
lower  limbs,  small  cranium,  childishness. 

Acquired  Testicular  Insufficiency:  Increase  in 
height,  diminution  of  the  pilous  system,  glabrous  state 
of  the  body,  tendency  to  obesity,  gynecomasty, 
frigidity,  impotency,  senility,  arterial  hypertension  ( ?") , 
asthenia. 

The  types  of  testicular  insufficiency  according  to 
Rebattus  and  Gravier  are:  (a)  The  -sterile,  (h) 
Eunuchoid  gigantism,  because  the  internal  secretion 
of  the  testicle  is  established  late.  In  this  case  there 
is  a  prolonged  infantilism,  (c)  Eunuchism  by  cas- 
tration characterized  by  gigantism  and  infantile  ap- 
pearance. The  secondary  sexual  characters  do  not 
appear.  (d)  The  reversive  infantilism  of  Gandy. 
where  simply  a  sort  of  asexual  condition  is  noticed, 
with  attenuation  of  secondary  sexual  characters  and 
a  certain  degree  of  obesity,  with  late  testicular  diffi- 
culty in  the  adult. 

Dysh.vperdiastematia:  Lower  limbs  short  and  cra- 
nium very  large,  pilous  system  well  developed,especiaIly 
the  mustache,  thinness,  persistence  of  youth,  a  degree 
of  arterial  hypertension,  virile  character,  activity,  moral 
and  physical  energy. 

Prostate. — Prostatic  Insufficiency:  Asthenia,  diminu- 
tion of  potency,  neurasthenia,  at  times  suicide. 

Hypertrophy  of  Prostate:  Arterial  hypertension,  re- 
tardation of  the  heart,  cerebral  hemorrhages,  genital 
excitation. 

PLtTRiGLANDDLAR  Sn<DROMES. — Basedow's  disease 
with  thymic  hypertrophy  and  vagotonic  symptoms; 
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.sclerodermia     and     tetany,     amenorrhea;     Addison's 
syndrome;  acromegaly,  etc. 

Myxedematous  with  Thymic  Hypertrophy: 
Tetany,  acromegaly,  Addison's  syndrome,  amenor- 
rhea, infantilism,  mammary  hypertrophy,  etc. 

Acromegalic  or  ovarian  insufficiencies  with  various 
disturbances,  psychic,  nervous,  vasomotor,  trophic, 
etc.,  connected  at  one  time  with  the  myxedematous, 
at  another  with  the  Basedowian  series. 

Ovarian  Predominance. — Thyroid  Reaction  to  Ova- 
rian Insufficiency:  Tachycardia, palpitations,  perspira-  ] 
tion,   nervous  irritability,  vertigo,  scanty  urination, 
trembling,  anxiety,  etc. 

The  difTcronces  between  these  nervous  manifesta- 
tions and  the  picture  of  the  attenuated  forms  of  exoph- 
thalmic goiter  are  very  slight  says  Laignel-Lavastine. 
This  i)athogenic  conception  permits  of  important 
therapeutic  results  one  may  ask,  for  example,  whether 
the  antibasedowian  therapy  with  hcniatcithyroidin 
would  not  be  of  advantage  in  the  nervous  and  jxsychic 
disturbances  of  the  normal  menopause  which  repeat 
one  feature  after  another  of  the  basedowian  series. 

Dyshyperovaria  of  the  Hypothyroid:  Anticipation, 
prolongation  and  copiousness  of  the  menses,  menor- 
rhagia,  metrorrhagia. 

"rhyro-ovarian  Disturbances  of  the  Same  Signifi- 
cance.— Either  ovarian  insufficiency  in  the  myxedema- 
tous series,  or  the  dyshyperovarian  in  the  basedowian 
series;  in  either  case  the  nervous  disturbances  of  the 
dysthyroid  are  modified  by  all  the  factors  of  the 
ovarian  rhj-thm,  whatever  they  may  be. 

Hyiioplnjseal  Predominance.- — Infantile  giants,  with 
their  clinical  varieties:  feminism,  eunuchism,  cryptor- 
chidism, feminine  pseudo-hermaphroditism,  mental 
infantilism. 

Acromegalics  with  deficiency  syndromes,  myxe- 
dema, infantilism,  amenorrhea,   obesity,  asthenia. 

Acromegalics  with  syndromes  of  hyperactivity, 
more  or  less  vicious,  synergetic  or  substitutive:  simple 
or  exophthalmic  goiter,  arterial  hypertension  and 
atheroma,  lacteal  secretion. 

Suprarenal  Predominance. — Addisonian  with  amen- 
orrhea, impotence^  chilliness,  tetany  or,  on  the  other 
hand,  exophthalmic  goiter. 

Very  often  basedowians,  acromegalics,  giants,  with 
spontaneous  glycosuria,  alimentary  or  mereh'  adrenal, 
the  latter  making  it  possible  in  certain  cases  to  suppose 
a  certain  degree  of  suprarenal  hyperactivity. 

Without  Marked  Predominance. — The  case  of 
Claude  and  Gougerot  is  an  example:  Loss  of  sexual 
characters,  countenance  old-looking,  skin  thickened, 
wrinkled,  pigmented;  chilliness,  absence  of  per.spira- 
tion,  asthenia,  arterial  hypotension,  tetany;  testicular, 
prostatic,  suprarenal,  thyroidal  and  perhaps  para- 
thyroidal  atrophy.  "       Smith  Ely  Jelliffe. 
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.System,    Chap, 
and  Mental  Disease 


Synovitis. — This  is  defined  as  an  inflammation  of 
the  synovial  membrane.  Two  tissues  bound  a  joint, 
namely,  synovial  membrane  and  cartUage.  Opinions 
differ  as  to  the  possibility  of  an  inflammatory  process 
of  the  cartilage.  The  cartilage  cells  may  proliferate, 
but  otherwise  the  participation  of  the  cartilage  in  any 
inflammatory  process  is  largely  a  passive  one.  Hence 
the  only  tissue  of  a  joint,  strictly  speaking,  capable 
of  inflammation  is  the  synovial  membrane.  There- 
fore an  arthritis  is  a  synovitis  and  a  synovitis  is  an 
arthritis.  As  a  rule  a  myelitis  in  the  region  of  a  joint 
spreads  to  the  synovial  membrane,  and  becomes  an 
arthritis  as  weU,  and  a  synovitis  (or  arthritis)  fre- 
quentl}'  wUl  involve  the  marrow  of  the  bone  end,  but 
marrow  involvement  is  not  a  necessary  accompani- 
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ment  of  an  arthritis;  nor  is  an  arthritis  a  necessary 
accoinpanimont  of  marrow  involvement. 

For  tiie  etiology  the  reader  is  referred  to  the  article 
on  arthritis.  The  causation  probably  is  always 
traumatic  or  infectious.  The  synovitis  of  gout  is  to 
be  viewed  as  a  traumatic  arthritis  caused  by  the  de- 
position of  uratic  material  in  and  about  the  joint. 
A  sprain  or  "strain"  of  a  joint  causes  a  general  syno- 
vitis which  is  most  likely  due  to  the  irritating  effect 
of  the  fluid  poured  out  from  the  capsular  rent.  Loose 
bodies  in  the  joint  cavity  may  or  may  not  cause  a 
synovitis.  They  are  as  a  rule  well  tolerated,  unless, 
becoming  pinched  between  the  bone  ends,  they  cause 
a  sprain.  Small  sterUe  foreign  bodies  inserted  into 
rabbits'  joints  show  a  tendency  to  encapsulation,  and 
cause  little  if  any  inflammatory  reaction  in  the  syno- 
\  lal  membrane.  Fluid  in  the  joint  is  said  to  cause  a 
.v\  iiovitis,  by  its  mere  presence.  The  synovitis, 
siiinetimes  recurrent,  accompanying  a  chronic  (pus) 
myelitis  at  a  distance  from  the  joint  is  perhaps  due 
to  the  "sympathetic"  joint  effusion. 

Pathology. — The  normal  synovial  membrane  is 
not  a  serous  membrane  like  tlio  pleura  or  the  peri- 
toneum, with  a  mosaic  of  endothelial  ceUs  on  its 
surface,  but  a  connective-tissue  membrane  whose 
structure  is  peculiar,  though  differing  somewhat  in 
the  various  regions  of  a  joint.  Under  an  ordinary 
high  power  it  is  seen  to  consist  of  fibrous  tissue  with 
round  or  polyhedral  cells  at  its  surface,  looking  as  if 
they  had  been  dusted  on  with  a  pepper  caster.  These 
cells  communicate  by  delicate  processes  with  cells 
deeper  in  the  membrane,  but  they  have  no  stomata 
among  them.  Deep  in  the  membrane  are  lymph 
spaces,  but  these  lymph  spaces  do  not  communicate 
directly  with  the  joint  cavity.  Attempts  to  inject 
them  from  the  joint  have  been  unsuccessful. 

In  acute  inflammations  the  changes  produced  in  the 
synovial  membrane  are  largely  those  produced  in 
other  soft  tissues  of  the  body,  and  the  one  circum- 
stance which  distinguishes  an  inflammation  in  the 
synovia  is  that  the  exudate  which  results  in  poured 
out  not  only  into  the  membrane,  but  also  into  the 
cavity  which  it  lines,  and  the  joint  fills  with  the 
exudate,  serous,  fibrinous,  or  purulent,  as  the  case 
may  be. 

In  chronic  inflammations  the  synovial  membrane 
becomes  thickened  and  villous,  and  as  a  rule  presents 
changes  that  enable  us  to  classify  its  inflammations 
into  two  general  types.  In  the  first  type  the  mem- 
brane is  extremely  cellular,  and  has  much  the  appear- 
ance of  lymphoid  tissue.  The  thickened  membrane 
consists  largely  of  den.sely  packed  cells,  though  in  the 
slow,  dry  forms  the  production  of  fibrous  tissues  may 
be  abundant.  In  the  second  t,\-pe,  while  here  and 
there  collections  of  round  cells  may  be  seen,  and  while 
the  superficial  cellular  layer  may  be  slightly  thickened, 
the  membrane  will  consist  mostly  of  loose-meshed 
fibrous  tissue  or  of  fat,  or  of  both.'  In  these  tissues 
dilated  blood-vessels  are  quite  abundant. 

The  first  type  of  synovitis  is  found  generally  with 
those  diseases,  such  as  tuberculosis,  characterized 
by  thinning  and  erosion  of  the  cartilage,  and  by  bone 
rarefaction;  the  second  type,  with  the  peculiar  form 
of  arthritis  (known  in  this  country  as  the  hypertrophic 
form,  in  England  as  osteoarthritis,  in  Germany  as 
arthritis  deformans),  characterized  by  bone  and 
cartilage  production.  It  is  seen  that  the  changes  in 
Type  I  are  practically  the  same  as  those  in  acute 
synovitis,  ditTering  simply  in  severity,  destructiveness, 
and  intensity. 

Results. — Acute  sjmovitis  and  Type  I  of  the 
chronic  form  may  subside  and  leave  the  joint  normal, 
or  maj-  end  in  fibrous  ankylosis,  depending  on  the 
cause  and  on  the  severity  of  the  inflammation. 
Ordinary  traumatic  synovitis  may  subside  entirely. 
In  the  case  of  sprains  caused  by  loose  bodies,  recovery 
is  the  rule  if  the    bodies  be    removed.     Infectious 


synovitis  may  be  followed  by  fibrous  ankylosis  or 
complete  recovery.  If  the  bone  marrow  be  badly 
involved,  the  fibrous  ankylosis  may  later  change  to 
bony,  especially  after  a  pus  infection.  Fibrous 
ankylosis  is  the  rule  after  tuberculosis,  complete 
recovery  or  fibrous  ankylosis  after  gonorrhea.  Type 
II  causes  distortions  of  the  joint,  but  never  adhesions 
between  the  bones. 

SiiiPTOMATOLOGv. — Pain,  swelling,  limitation  of  mo- 
tion are  prominent  in  the  first  type  (and  of  course 
in  acute  svnovitis).  Fluid  is  usually  present,  and 
constitutional  .symptoms  are  present  or  absent,  ac- 
cording to  the  cause.  A  peculiar  almost  painless 
synovitis  is  occasionally  seen  in  tertiary  syphilis.  As 
a  rule,  the  synovitis  of  Type  II  is  slower  and  not  very 
painful.     It  is  often  "dry." 

Diagnosis. — To  establish  that  a  synovitis  is  present 
is  usually  easy  from  the  disturbance  of  the  function 
of  the  joint,  from  the  pain,  etc.,  but  the  cause  of  the 
trouble  may  be  harder  to  elicit.  It  is  to  be  borne 
in  mind  that  the  detection  of  the  nature  of  a  joint 
inflammation  is  made  not  by  examination  of  the  joint, 
but  by  an  examination  of  the  patient  himself,  and  by 
a  careful  weighing  of  the  history.  For  particulars 
along  this  line,  as  well  as  for  the  treatment,  the  reader 
is  referred  to  the  article  on  arthritis. 

Synorilis  of  tendon  sheaths — tenosynovitis,  tendo- 
vaginitis, thecitis,  etc.,  presents  little  difference  to 
inflammation  of  the  joint  synovia,  except  that  it  is 
uncomplicated  by  the  presence  of  bone  and  cartilage. 

Tendovaginitis  crepitans,  so-called  dry  synovitis  of 
the  tendon  sheaths,  is  most  frequently  seen  over  the 
long  abductor  and  the  short  extensor  of  the  thumb, 
and  less  frequently  over  the  tendons  of  the  toe  ex- 
tensors. It  follows  as  a  rule  overuse  of  these  tendons, 
is  somewhat  painful,  and  is  diagnosed  by  the  peculiar 
rubbing  feeling  when  the  thumb  is  moved.  Frisch 
(Archil'  fiir  klinische  Chirurffir,  1909,  Ixxxix.,  S23), 
maintains  that  the  process  is  not  a  vaginitis  but  a 
peritendinitis.  It  yields  readily  to  rest  and  pressure. 
Leonard  W.  Ely. 


Syntonin. — A  term  applied  to  the  product 
formed  when  acid  acts  upon  meat  converting  it  to 
the  stage  of  acid  albuminate.  F.  P.  U. 


Syphilis. — Synonyms:  Pox;  Lues;  Lues  venerea; 
Fr.  V(^role;  Ger.  Lustseuche. 

Syphilis  is  a  chronic  contagious  di.sease  caused  by 
the  inoculation  of  the  body  by  the  Spirorhoeta  pallida. 
It  is  met  with  throughout  the  world.  There  are  two 
theories  as  to  its  origin:  one'  maintains  that  it  was 
unknown  in  Europe  previous  to  1493.  the  other,  which 
is  generally  accepted,  is  that  it  was  brought  to  Si)ain 
by  Columbus's  sailors,  as  no  description  of  syphilis 
can  be  found  in  European  literature  previous  to  1495, 
and  no  bones  have  been  found  in  Europe  indicating 
syphilitic  disease.  In  .America  it  was  said  to  be  very 
prevalent  and  among  the  Indians  in  Haiti  it  was  re- 
garded as  an  ancient  disease.  It  was  also  known  to 
the  .\ztecs,  and  skeletons  with  bone  lesions  have  been 
discovered  emphasizing  its  antiquity  in  tlie  New;  World. 

After  the  arrival  of  Columbus  in  Barcelona,  in  1493, 
syphilis  spread  rapidly  among  the  inhabitants  of 
Spain.  Its  appearance  in  Europe  attracted  great  at- 
tention and  led  to  the  first  sy.<tenu\tic  study  of  vene- 
real diseases  and  to  tlie  first  attempt  to  differentiate 
between  them.  The  years  149.3-1.")00  marked  the 
introduction  of  syi>!ii!is"throughout  Europe,  Asia,  .and 
the  far  east,  following  the  voyages  of  discovery.  In 
1495,  Cliarles  VII  of  France  "began  preiiarations  for 
his  campaign  against  Naples  and  gathered  together 
an  armv  wliich  included  many  mercenaries  from  sur- 
roundiiig  countries,  including'Spaniards  afflicted  with 
syphilis.     Thus  the  progress  of  his  army  left  a  trail  of 
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sypliilis  ill  its  wake.  Starting  among  the  French 
soltliors,  it  rapidly  spread  and  was  known  as  the 
morbus  gallicus  because  of  its  supposed  French  origin. 

Against  the  theory  of  the  American  origin  of  syphilis 
is  the  undoubted  fact  that  it  existed  in  China  and 
Japan  in  ancient  times.  It  was  known  in  China  in 
the  Chu  dynasty  in  1122  b.  c.  to  314  b.  c.  It  spread 
from  China  to  Japan.  From  Japan  it  spread  to 
America,  either  by  migration  or  by  the  drifting  of 
junks  on  the  ocean — more  probably  by  migration 
from  Uehring  Strait  and  thence  through  the  Great 
Salt  Lake  region  into  Mexico  and  South  America. 

That  sporadic  syphilis  existed  in  Europe  in  an- 
tiquity and  even  in  modern  times  is  probable,  but 
never  before  had  it  assumed  the  character  of  a  plague 
until  the  Siege  of  Naples.  Its  malignancy  was  no 
doubt  the  usual  result  of  transplantation  on  a  new  soil, 
as  is  seen  in  other  contagious  and  infectious  diseases. 

John  Hunter  in  1707,  in  his  endeavor  to  prove  that 
gonorrhea  and  syphilis  were  identical,  inoculated  him- 
self with  gonorrheal  pus  and  produced  syphilis,  thus 
proving  to  his  satisfaction  the  identity  of  the  two  dis- 
eases, and  by  the  false  conclusion  drawn  from  one 
experiment,  overturning  the  theories  of  the  past  300 
years. 

Phillipe  Ricord  by  hundreds  of  inoculations  made 
in  the  years  1831  to  1837  finally  proved  that  gonorrhea 
and  syphilis  were  separate  diseases.  It  was  he  also 
who  distinguished  between  the  hard  and  soft  sore. 

Syphilis  involves  all  classes  and  ranks  of  .society;  no 
one  is  immune.  Our  knowledge  of  syphilis  has  in- 
creased wonderfully  in  the  past  ten  years.  Old  theo- 
ries have  been  overturned  and  the  treatment  revolu- 
tionized. Three  factors  have  cau.scd  this:  (1)  The 
discovery  of  the  Spirochwta  pallida  as  the  cause  of 
syphilis.  (2)  The  Wassermann  reaction.  (3)  Ehr- 
lich's  salvarsan. 

Diagnosis. — The  Spirochirla  pallida  (Treponema  pal- 
lidum) was  discovered  in  May,  1905,  by  Schaudinn  and 
Hoffman  while  working  together  in  an  effort  to  prove 
that  the  Ci/loryclcs  litis  of  Siegal  was  the  cause  of  syph- 
ilis. While  examining  specimens  they  noticed  the 
frequent  occurrence  of  a  spirochete  not  heretofore 
described  and  which  they  could  not  find  in  uninfected 
people.  The  publication  of  their  discovery  soon  was 
followed  by  confirmation  by  other  observers. 

The  Spirochnia  pallidn  is  an  extremely  slender  cylin- 
drical organism,  from  four  to  fourteen  micra  in  length, 
having  from  three  to  twelve  or  more  spirals  or  curves, 
which  are  very  steep,  forming  acute  angles.  These 
curves  are  very  regular  and  remain  so  whether  the  or- 
ganism is  at  rest  or  in  motion.  It  takes  a  stain  very 
poorly  and  is  but  .slightly  refractive.  The  Spiroclia-taTe- 
fringcus  with  which  Sp.  pallida  is  most  likely  to  be  con- 
fused is  much  larger,  the  spirals  are  fewer  and  flatter, 
and  it  stains  more  deeply  and  is  more  refractive. 
The  quickest  and  most  satisfactory  method  of  demon- 
strating the  Spiroclia^la  pallida  in  smears  is  by  the 
use  of  India  ink  (Chin-chin  Gunther;  Wagner  liquid 
pearl  ink). 

The  lesion  to  be  examined  is  first  thoroughly 
cleansed,  preferably  with  green  soap,  and  then  well 
rinsed  with  water.  Curettage  is  now  made  to  draw 
serum,  but  not  sufficient  to  produce  blood.  A  drop 
of  this  serum  is  placed  on  a  slide  and  mixed  with  a 
drop  of  the  India  ink  mentioned  above.  The  edge  of 
a  second  slide  is  carefully  drawn  lengthwise  over  the 
smear  so  as  to  make  a  thin  specimen.  This  dries  in 
a  minute  or  two  when  it  may  be  immediately  examined 
under  a  microscope  using  a  condenser  for  dark  field 
illumination.  In  this  specimen  the  spirochetes  and  cell 
bodies  appear  unstained,  while  the  rest  of  the  field  is 
black.  Hiss  and  Zinsser  in  their  Text-book  of  Bac- 
teriologj'  describe  a  method  of  demonstrating  the  Sp. 
pallidn  as  follows:  In  the  living  state  the  organisms 
may  be  observed  in  the  hanging  drop  or  under  a  cover- 
slip  rimmed  with  vaseline.     It  is  extremely  important, 
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in  preparing  such  specimens  from  primary  lesions  or 
from  lymph  glands,  to  obtain  the  material  from  the 
deeper  tissues,  and  thus  as  uncontaminated  as  possible 
by  the  secondary  infecting  agents  present  upon  the 
surface  of  an  ulcer,  and  also  as  free  from  blood  as 
possible.  The  preparation  is  made  upon  a  slide  laid 
upon  it  .so  that  an  even  layer  of  oil,  without  air  bub- 
bles, intervenes  between  the  top  of  the  dark  chamber 
and  the  bottom  of  the  slide.  The  preparation  is  then 
best  examined  with  a  high  power  dry  lens.  An  arc 
light  furnishes  the  most  favorable  illumination.  In 
such  preparations  the  iiighly  refractive  cell  bodies 
stand  out  against  the  black  background,  and  the 
motility  of  the  organisms  may  be  observed.  The 
SpirocfuTla  pallida  is  commonly  stained  by  Giemsa's 
azur-eosin  stain.  This  was  the  solution  used  by 
Schaudinn  and  Hoffman.  The  smears  are  fixed  in 
methyl  alcohol  for  ten  to  twenty  minutes  and  dried. 
They  are  then  covered  with  azur  1.  solution.  The 
eo.sin  solution  is  then  dropped  on  until  an  iridescent 
pellicle  begins  to  form.  Satisfactory  specimens  are 
obtained  after  ten  to  fifteen  minutes  of  staining. 
Goldhorn's  stain  is  more  rapid  and  is  applied  to  the 
smear  for  five  minutes,  first  fixing  in  alcohol. 

Wassermann  Reaction. — In  1901  Bordet  and  Gengou 
discovered    the    principle    of    complement    fixation. 
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Fig.  4719. — The  Wassermann  Reaction.  ,4.  The  elements  con- 
cerned in  complement  fixation;  B,  Wassermann  positive:  the  com- 
plement is  fixed  in  the  first  hemolytic  system,  and  there  is  no 
laking  of  red  blood  cells;  C,  Wassermann  negative;  complement  is 
free  and  joins  the  second  hemolytic  system  causing  laking  of  the 
red  blood  cells. 

Wassermann  applied  this  to  the  determination  in  blood 
scrurn  of  the  specific  antibodies  of  syphilis  and  thus 
contributed  one  of  the  most  valuable  "aids  to  diagnosis. 
The  reaction  depends  upon  the  fact  that  when  an 
antigen,  i.e.  a  substance  capable  of  stimulating  the 
formation  of  antibodies  in  man  or  animals,  is  mixed 
with  its  inactivated  antiserum,  in  the  presence  of 
complement,  the  complement  becomes  fixed  by  the 
combined  immune  body  and  antigen  so  that  it  can 
no  longer  be  found  free  in  the  mixture.  Thus  when 
red  blood  cells  with  inactivated  hemol^-tic  serum  are 
added  no  hemolysis  takes  place,  as  there  is  no  free 
complement.  But  if  the  mixture  contains  no  anti- 
body the  complement  is  left  free  and  hemolysis  occurs. 
The  reaction  may  be  gra|)hically  represented  as  shown 
in  Fig.  4719.     (See  the  article  on  W assermann  Reaction.) 

Noguchi  introduced  a  modification  of  this  technique 
that  has  been  preferred  by  some  workers.  Still  more 
recently  following  the  cultivation  of  the  spirochete, 
Noguchi  made  a  serum,  luetin,  which  he  used  for  diag- 
nosis. This  is  dependent  on  an  anaphylactic  skin 
reaction  as  in  the  case  of  the  von  Pirquet  reaction  with 
tuberculin. 

Finally  as  an  aid  to  diagnosis  of  bone  lesions  of 
syphiUs  the  i-ray  has  proved  of  incalculable  value. 

Etiology. — Inoculation  with  the  spirochete  may  be 
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Early  papulo-Pustular  and  papular  syphilitic  eruption. 
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direct  or  hereditary.  For  direct  transmission  an 
abrasion  of  the  skin  or  mucous  membrane,  although 
e\er  so  slight,  is  necessary.  The  period  of  contagion  is 
not  a  definite  one.  It  exists  through  the  active  stages 
of  the  disease  and  therefore  during  the  first  one  or 
two  years.  The  pathological  secretion  from  any 
lesion  during  the  time  of  this  activity  is  capable  of 
producing  syphilis.  The  patient's  blood  is  also 
mfectious.  A  syphilitic  child  will  transmit  the  dis- 
ease to  a  wet  nurse  but  its  mother  may  suckle  the  babe 
with  impunity  although  she  herself  may  show  no  signs 
of  the  disease.  This  is  known  as  CoUes'  law.  The 
r<  inverse  of  this.  Prof  eta's  law,  is  also  true,  that  a  non- 
syi)hilitic  child  born  of  syphilitic  parents  is  immune. 
This  immunity  is  only  apparent,  for  in  both  instances 
syphilis  is  already  present. 

Course. — Before  the  real  nature  of  the  disease  wa.s 
known,  it  was  customary  to  divide  syphilis  into  three 
stages:  primary,  secondary,  and  tertiary,  and  for 
(urivenience  of  description,  this  division  has  been 
retained. 

PrimaTtj  Stage. — This  extends  from  the  appearance 
of  the  chancre  to  the  appearance  of  the  cutaneous 
eruption.  By  many  writers  a  first  stage  of  incubation 
is  recognized,  extending  from  the  time  of  infection  to 
appearance  of  the  primary  sore,  usually  three  to  four 
weeks.  Taylor  says  that  the  extremes  are  ten  to 
seventy  days.  The  duration  of  the  primary  stage  is 
about  six  weeks.  Gilbert  reports  one  case  in  which  it 
was  twelve  days.  The  longest  period  observed  is 
ninety  days.  It  is  often  longer  in  poorly  nourished 
subjects.  There  are  no  constitutional  symptoms 
until  toward  the  end  of  this  stage  when  the  patient 
usually  feels  somewhat  indisposed. 

The  primary  sore  (initial  lesion,  hard  chancre,  initial 
sclerosis,  Hunterian  chancre)  of  syphilis  is  the  first 
evidence  of  syphilitic  infection  and  occurs  at  the  point 
of  inoculation.  Chancres  may  be  genital  or  extra- 
genital. In  the  male  the  commonest  location  is  on  the 
glans,  on  the  undersurface  of  the  prepuce,  or  just 
behind  the  corona.  Less  often  they  occur  on  the 
scrotum,  on  the  body  of  the  penis,  or  over  the  sym- 
physis pubis.  In  the  female  they  usually  appear  on 
the  labia  majora  or  minora,  on  the  clitoris,  or  in  the 
vagina.  Innocent  or  accidental  infections  help  to 
account  for  many  of  the  extragenital  chancres.  They 
have  been  found  on  the  lips,  cheeks,  chin,  tongue, 
tonsil,  fingers,  thighs,  abdomen,  eyelid,  breasts,  and 
arms. 

A  small  papule  or  flattened  plaque  which  shows  no 
tendency  to  heal  is  generally  the  first  sign  of  a  chancre. 
This  in  a  few  days  becomes  indurated.  In  the  major- 
ity of  cases  the  induration  is  slight  and  is  felt  rather 
than  seen.  It  is  due  to  a  dense  round-cell  infiltra- 
tion in  the  corium,  especially  about  the  blood-vessels. 
When  picked  up  between  the  thumb  and  finger,  the 
sore  gives  a  firm  rather  clastic  feeling  as  if  a  piece  of 
cardboard  were  imbedded  in  the  tissue.  Occasion- 
ally chancres  maj'  reach  a  diameter  of  an  inch  and  be 
definitely  elevated.  In  fact  a  chancre  is  distinctly  a 
new  growth,  differing  in  this  respect  from  a  chancroid 
which  is  primarily  an  ulcer.  In  about  two  weeks  the 
neighboring  chains  of  lymphatic  glands  become  en- 
larged. This  is  followed  by  general  glandular  enlarge- 
ment, usually  before  the  appearance  of  the  eruption, 
but  may  be  coincident  with  it.  The  glands  are  pain- 
less. The  small  papule  or  indurated  spot  mav  remain 
as  such  and  become  slightly  scaly,  forming  tlie  dry 
scaling  papule  or  patch.  Again  the  epidermis  over 
the  papule  may  become  eroded,  forming  the  super- 
ficial erosion.  The  base  of  this  erosion  is  dull  red  and 
is  either  nodular  or  spreads  out  into  a  thin  round 
parchment-like  induration  in  the  corium.  Only 
the  center  of  the  lesion  is  eroded  and  then  a  slight 
seropurulent  exudation  forms.  The  typical  Hun- 
terian chancre  differs  from  the  above  in  that  there  is  a 
distinct  crater-like  ulcer  instead  of  an  erosion.     The 


ulcer  is  clean  cut  with  sloping  sides,  its  surface  is 
smooth,  and  the  exudation  is  seropurulent  and  scanty. 
A  chancre  not  uncommonly  may  be  complicated  by  a 
mixed  infection  of  pus  organisms  or  bv  a  chancroid. 
In  this  ca.se  the  chancroid  develops  in  a'  few  days  and 
follows  its  usual  course.  The  chancre  occurring  in  the 
regular  tirne  may  be  entirely  masked  by  the  preceding 
inflammation  and  the  only  evidence  of  its  presence 
may  be  a  persisting  induration. 


JiFFERE.NTIAL      DiAGNOSIB     BF.TV, 

Chancre, 
."auso:  Spirorhata  paUidn. 
Indolent  indurated  neopla^'ni 

Xot  autoinoculablp. 

Scanty  seropurulent  discharge. 

fsually  single  and  does  not 

tend  to  spread. 
I.ympb    glands    painless    and 

discrete. 


EX   Cbancke   and   Chancroid. 

Chancroid, 
"'ause:  Bacillus  of  Durrpy. 
Rapid  incubation  (three  to  six 
days):  spreading  ulcer  with 
perpendicular  edges. 
Autoinoculable. 
Foul  discharge. 
May  have  inflammatory  are- 
ola about  it. 
Lymph     glands    painful     and 
mas.sed    together:    tend    to 
suppurate. 


Secondary  Stage. — The  secondary  stage  or  stage  of 
eruption  occurs  from  four  to  six  weeks  following  the 
primary  sore.  The  duration  of  this  stage  is  from  two 
to  several  months.  It  terminates  with  the  disap- 
pearance of  secondary  symptoms  and  is  not  sharply 
defined.  The  outbreak  is  generally  preceded  and 
accompanied  by  a  feeling  of  malaise,  slight  rise  in 
temperature — 99°  to  101°,  rather  marked  anemia, 
frontal  or  occipital  headache,  some  leucocytosis 
(10,000  to  15,000),  and  vague  pains  especially  in  the 
long  bones  and  worse  at  night.  The  pain  is  occa- 
sionally localized  to  one  part,  which  may  be  quite 
tender  on  palpation.  Enlargement  of  the  lymphatic 
glands  is  also  constant,  the  glands  nearest  the  point  of 
infection  being  the  first  to  enlarge.  They  are  always 
firm,  discrete,  hard,  painless,  freely  movable  under  the 
skin,  and  show  no  tendency  to  break  down.  The 
enlargement  of  the  glands  may  persi.st  for  a  long  time 
following  the  di,sappearance  of  the  secondary  symp- 
toms. The  inguinal,  postcervical,  and  epitrochlear 
glands  are  always  palpable  whether  other  glands  may 
be  made  out  or  not.  The  .skin  and  conjunctiva  often 
have  a  yellowish  tinge,  evidencing  liver  involvement. 

At  this  period  also  there  is  some  infection  of  the 
throat,  especially  of  the  fauces  where  it  is  sharply 
defined.  There  is  also  a  marked  redness  of  the  soft 
palate,  extending  up  and  onto  the  hard  palate,  form- 
ing an  arched  slightly  raised  border.  There  may  also 
bo  moist  papules  or  mucou.'s  patches  on  all  the  mucous 
membranes  and  wherever  there  are  folds  of  skin  pro- 
ducing heat  and  moisture.  These  mucous  patches  are 
really  papules  whose  tops  have  become  excoriated 
by  heat  and  moisture  so  that  there  is  a  slightly 
depressed  ulcer  covered  with  dirty,  grayish  membrane. 
They  are  usually  painless  and  give  slight  discomfort. 
By  this  means  they  may  often  be  differentiated  from 
aphthous  patches  in  the  mouth,  which  they  most 
closely  resemble. 

The  eruption  is  usually  first  noticed  on  the  back  and 
shoulders,  spreading  from  there  rapidly  over  the  entire 
body  including  the  face,  head,  and  palms.  It  tends  to 
follow  the  lines  of  cleavage.  It  is  markedly  polymor- 
pliic.  Macules,  papules,  tubercles,  and  pustules  may 
occur  at  the  same  time,  although  one  form  usually  pre- 
dominates and  gives  the  eruption  its  name.  This 
polymorphism  is  in  marked  contrast  with  many  other 
skin  diseases,  notably  psoriasis  and  the  lichens. 
Itching  is  not  a  common  symptom,  although  there  are 
exceptions  to  this  rule,  especially  in  the  papular 
syphilides.  It  maj'  or  may  not  be  followed  by  a  late 
secondary  erviption.  The  lesions  of  these  so-called 
late  secondary  eruptions  are  usually  few  in  number, 
located  on  one  part  of  the  body,  and  show  marked 
asymmetry.  They  may  take  the  form  of  tubercles, 
nodes,  or  "serpiginous  plaques.     The  early  secondary 
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symptoms  iiiav  also  be  accompanied  by  a  more  or  less 
marked  alopiria.  The  hair  is  distinctly  thinned  and 
falls  out  all  over  the  scalp.  Occasionally  the  t liininnK 
occurs  in  small  patches,  givinc  it  the  so-called  moth- 
eaten  appearance.  The  patches  are  seldom  entirely 
bald,  but  the  hair  that  remains  is  dry  and  lusterless. 
Syphilitic  alopecia  is  probably  toxic  and  usually  the 
hair  returns  promptly  under  syphilitic  treatment. 

The  noi7.s-  may  also  show  clKUiyes— they  lose  their 
shiny  or  plistening  appearance,  become  dull,  lusterless, 
corriigated  in  the  transverse  direction,  and  have  a 
tendency  to  break  at  the  free  edge.  Tlieir  appear- 
ance, however,  in  no  way  differs  from  their  ai)pcar- 
ance  as  seen  in  eczema  and  p.soriasis  of  the  nails. 
Onychia  and  paronychia  may  occur  during  the  course 
of  the  secondary  stage.  When  they  occur  it  is  usually 
in  cases  in  which  the  eruption  has  been  profuse. 
Several  fingers  or  toes  may  be  involved.  This  condi- 
tion persists  for  months,  yielding  very  slowly  to 
treatment. 

Terlitiry  Stage. — This  is  not  a  distinct  stage.  It 
does  not  refer  to  the  time  that  has  elapsed  since  infec- 
tion but  to  the  character  of  the  lesions.  It  is  the 
stage  of  destructive  lesions — of  gummata  and  ulcers, 
and  while  rarely  occurring  under  one  year,  its  lesions 
are  occasionally  seen  within  a  few  months  of  infection. 
Usually  these  lesions  occur  after  the  signs  of  secondary 
syphilis  have  disappeared,  but  may  occur  with  them. 

Syphilide.i. — The  secondary  eruptions  of  syphilis 
are  the  macular,  papular,  and  pustular. 

The  macular  sijphilide  (syphilitic  roseola,  erythem- 
atous syphilide)  is  usually  the  earliest  eruption,  occur- 
ring about  the  fifth  to  the  seventh  week,  and 
occasionally  even  longer,  after  the  occurrence  of  the 
primary  lesion.  It  often  passes  unnoticed  by  the 
patient.  The  lesions  are  very  abundant  a.nd  vary  in 
size  from  a  lentil  to  a  dime.  At  first  they  disappear  on 
pressure,  perhaps  leaving  a  yellow  stain  due  to  blood 
pigment.  They  are  scarcely  raised  above  the  surface 
and  the  eruption  suggests  a  mottling  of  the  skin,  and 
is  often  first  seen  on  the  back,  especially  if  the  skin  is 
put  on  the  stretch.  The  color  varies  from  a  pale  pink 
to  a  dusky  red,  or  perhaps  to  a  raw  ham  color.  It  may 
be  mistaken  for  medicinal  rashes  or  one  of  the  exan- 
themata, but  is  more  chronic,  and  other  symptoms 
of  syphilis  will  be  present  to  assist  in  its  differentiation. 
The  macular  eruption  may  remain  as  such  or  may 
change  into  the  papular  or  pustular  type.  This  erup- 
tion usually  appears  quite  suddenly,  within  a  day,  but 
does  not  attain  its  full  development  for  a  week  or 
more.  It  remains  for  six  or  eight  weeks  and  dis- 
appears gradually  without  scaling.  Occasionally  a 
temporary  pigmentation  may  persist,  and  in  untreated 
cases  a  limited  macular  eruption  may  recur  during  the 
first  year  but  rarely  after  that. 

The  papular  syphilide,  on  account  of  the  clinical 
differences  in  its  eruptions,  is  generally  described 
under  the  heads  of  miliary  j)apular  syphilide,  flat 
papular  syphilide,  and  tubercular  syphilide. 

(«)  The  miliary  papular  syi)hilide  (follicular  syphil- 
ide, lichen  syphiliticus)  is  not  as  common  as  the  flat 
papular  syphilide.  It  appears  about  the  fourth 
month  or  may  develop  without  a  previous  macular 
eruption.  It  is  distinctly  a  follicular  eruption  involv- 
ing the  hair  follicles.  The  eruption  comes  out  rapidly 
and  is  especially  abundant  on  the  face,  arms,  and 
trunk.  The  lesions  are  very  numerous  and  tend  to 
group  or  form  segments,  especially  when  the  eruption 
occurs  late.  They  vary  from  a  pinhead  in  the  small 
miliary  type  to  one  centimeter  in  diameter  in  the  large 
miliary  syphiloderm.  The  color  is  first  a  faint  red, 
changing  to  a  dull  red  or  raw  ham  color  and  having  a 
violaceous  tinge,  and  in  the  larger  lesions  there  is  a 
slight  tendency  to  umbilication.  The  surface  of  the 
skin  is  distinctly  rough  to  the  touch.  Usu.ally  the 
lesions  are  conical  and  are  rarely  capped  by  a  "small 
vesicle  or  vcsicopustule.     They  are  chronic,  lasting 
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weeks  and  gradually  fade  away  leaving  a  few  fine 
scales.  The  miliarjr  syphilide  does  not  usually  yield 
to  treatment  as  easily  as  other  forms.  Occasionally 
the  patient  complains  of  slight  itching.  It  must 
be  differentiated  from  lichen  planus  which  it  fre- 
quently resembles.  Lichen  planus  is  very  itchy,  is 
seldom"  general  but  often  limited  to  arrns  and  legs, 
is  slower  in  developing,  and  is  more  chronic.  Kerato- 
sis pilaris  is  rare  on  the  body  but  more  common  on  the 
arms  and  legs,  is  very  chronic,  and  other  symptoms 
of  syphilis  are  lacking. 

(6)  In  the  fiat  papular  syphilide  (discoid,  lenticular 
syphilide) ,  the  papules  are  flattened,  not  niuch  elevated, 
and  are  somewhat  oval.  They  vary  in  size  from  a  pin- 
head  (small  flat  papular  syphilide)  to  that  of  a  quarter 
(large  flat  papular  syphilide)  and  are  usually  discrete. 
They  are  scattered  over  the  entire  body  and  are  most 
abundant  about  the  mouth,  genitocrural  region,  and 
on  the  forehead  below  the  hair  line  (corona  veneris). 
This  form  of  eruption  is  the  mo.st  common  one.  It 
follows  the  macular  eruption  in  most  cases  but  may 
bo  the  only  one  to  appear.  It  comes  out  long  after 
the  appearance  of  the  primary  sore.  The  lesions 
develop  rapidly  and  continue  to  appear  for  several 
weeks.     Relapses  on  limited  areas  are  not  uncommon. 

Occasionally  an  annular  or  circinate  syphiloderm  is 
ob-served,  especially  in  the  negro,  and  usually  about 
the  face  and  neck.  It  seems  to  develop  from  the  per- 
ipheral extension  of  a  small  papule,  the  center  of  which 
sinks  or  is  absorbed,  or  from  a  larger  papule,  the 
center  of  which  is  imperfectly  formed  or  has  become 
sunken  or  flattened. 

The  tubercular  syphilide  (nodular  syphilide)  devel- 
opes  from  the  papule.  Definite  nodes  or  tubercles 
may  occur,  the  size  ranging  from  a  pea  to  a  walnut  or 
larger,  the  color  varying  from  a  bright  to  a  dusky  red. 
They  are  usually  late  lesions,  rarely  occurring  in  the 
first  year,  and  from  the  so-called  late  secondary 
lesions.  They  may  undergo  resolution  with  sear 
formation,  or  may  ulcerate.  These  lesions  are  very 
apt  to  be  located  on  the  face  or  to  be  grouped  in  certain 
regions  and  form  circles  or  segments  of  circles,  produc- 
ing the  reniform  or  horseshoe-shaped  lesions  (serpig- 
inous syphilide).  From  the  confluence  of  these 
tubercles  much  enlargement  and  deformity  result, 
especially  about  the  face  and  ears. 

The  ulcerative  tubercular  syphilide  is  usually  a, 
very  late  manifestation,  and  occurs  chiefly  in  neglected 
cases  or  in  cachectic  subjects.  It  is  a  tertiary  lesion. 
In  this  variety,  the  tubercular  patch,  instead  of  under- 
going absorption  or  scar  formation,  softens  in  spots 
and  ulcerates,  producing  a  purulent  discharge  which 
dries  up  forming  greenish-black  crusts.  The  ulcer  has 
the  typical  clean-cut  wall  and  serpiginous  outline  of 
syphilis.  In  most  cases  these  forms  are  mixed,  the 
central  portion  of  the  patch  being  atrophic,  and  the 
border  having  a  tendency  to  break  down  into  srnall 
ulcers.  This  type  simulates  lupus  vulgaris,  which, 
however,  is  of  very  slow  growth,  occurs  in  early  life, 
is  very  asymmetrical,  and  leaves  more  di.sfiguring 
scars.  Epithelioma  has  a  pearl}'  rolled-over  border 
and  scanty  secretion. 

Vesicular  Syphilide. — The  existence  of  this  form  is 
denied  by  many.  When  it  does  occur,  it  is  usually  the 
beginning  of  the  pustular  type  and  is  associated  with 
pustular  lesions. 

Bullous  Syphilide. — This  is  araretj-pe  in  acquired 
syphilis,  but  common  in  the  congenital  form.  When 
it  occurs,  it  is  also  associated  with  pustular  syphilide. 

The  gummatous  syphilide  (gumma)  is  a  late  lesion. 
When  it  occurs  early  a  malignant  type  of  syphilis  is 
usually  indicated.  A  gumma  usually  .starts  as  a  small 
firm  mass  subcutaneously,  and  may  project  slightly 
above  the  level  of  the  skin.  It  grows  slowly  or  rap- 
idly, taking  from  ten  days  to  several  months  to  reach 
a  size  varying  from  that  of  a  pigeon's  egg  to  that  of  8 
hen's  egg.  At  first  it  is  seldom  painful.  As  it  in- 
creases in  size  it  may  be  quite  painful  and  tender,  and 
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as  the  skin  over  it  becomes  stretched,  the  normal  color 
changes  to  a  pinkish  then  to  a  dusky  red,  and  the  lesion 
softens  and  tends  to  ulcerate,  although  it  may  undergo 
absorption  even  when  quite  large.  Usually  the  skin 
becomes  adherent  over  it  and  breaks  down  at  one  or 
more  points,  producing  a  small  or  large  ulcer  having  a 
punched-out  appearance  and  with  a  yellowish-green 
discharge  and  an  offensive  odor.  The  arms  and  legs  are 
the  most  frequent  sites  of  gummata.  Without  treat- 
ment, the  ulcers  usually  jjersist  and  increase  in  size, 
while  the  gumma  extends  into  the  surrounding  tissue. 
Occasionally  gumma  extends  to  the  deeper  parts  and, 
especially  about  the  face,  may  involve  the  bones. 
Gumma  must  be  differentiated  from  a  non-syphilitic 
abscess  or  tumor  and  this  may  be  very  difficult.  A 
history  of  the  case,  other  evidences  of  syphilis,  and 
several  Wasscrmann  blood  tests  may  be  necessary 
before  a  diagnosis  can  be  made.  A  sx-philitic  ulcer 
mu.st  be  differentiated  from  an  epithelioma,  a  varicose, 
or  a  tuberculous  ulcer.  An  epithelioma  has  a  pearly 
rolled-over,  waxy  or  indurated  edge.  The  ulcer  has  a 
tendency  to  bleed  easily  and  its  secretion  is  scanty. 
It  also  grows  slowly. 

Tuberculous  ulcer  develops  usually  before  the  age 
of  pubert}-,  runs  an  extremely  slow  course  and  often 
with  other  signs  of  tuberculosis.  The  ulcers  are 
comparatively  superficial,  with  irregular  undermined 
edges  and  .slight  discharge.  They  leave  yellowish, 
hard  soars  and  are  refractory  to  treatment. 

A  varicose  ulcer  is  complicated  by  enlarged  veins. 
It  is  usually  single  with  thick,  swollen,  edematous 
edges.  It  has  a  sloping  floor  with  profuse  granulations 
that  bleed  freely. 

Palmar  and  plantar  syphilides  show  certain  charac- 
teristics due  to  the  thickened  epidermis  and  to  the  irri- 
tation and  pressure  to  which  it  is  subjected  in  these 
regions.  They  may  appear  with  the  secondary  erup- 
tion. Patients  with  a  macular  eruption  usually  show 
some  mottling  of  the  palms,  the  erythematous  lesions 
being  covered  with  finescales.  In  the  papular  erup- 
tion, dusky  red,  slightly  elevated  papules,  pea  size  or 
smaller,  are  common.  Occasionally  they  appear  as 
hard,  grayish-white  masses  imbedded  in  the  skin,  and 
having  a  scaly  fringe  around  the  border  of  the  papule; 
the  edge  of  the  fringe  is  directed  centrally.  Untreated 
they  may  undergo  partial  absorption,  become  flat- 
tened and  coalesce  to  form  irregular  patches  with  a 
few  papules  around  them.  The  patches  are  slightly 
scaly  both  in  the  center  and  at  the  periphery,  and 
may  be  fissured.  This  partial  scaling  or  epidermal 
fringe  is  due  to  the  efforts  of  the  epithelium  to  cover 
the  patch.  Psoriasis  has  lesions  in  other  localities  or  at 
least  a  history  of  them  and  the  lesions  are  more  eleva- 
ted. Squamous  eczema  may  be  limited  to  the  palms, 
but  usually  extends  onto  the  fingers  and  is  often  itchy. 

The  pustular  tiiiphilidc  (miliary  pustular  syphilide, 
acneform  syphilide,  large  and  small  flat  pustular 
syphilide)  may  originate  as  such  or  may  develop  from 
the  macular  or  papular  forms.  In  size  and  character 
the  lesions  do  not  differ  from  the  previously  described 
papular  lesions.  This  eruption  is  usually  seen  in  per- 
sons of  low  vitality  or  in  tho.se  poorly  treated,  it 
usually  occurs  during  tlie  first  six  months  or  it  may 
occur  as  a  relapse  later  in  the  disease.  Erosion.s, 
ulcerations,  crust  formations,  and  cicatrices  arc 
common  complications. 

Heredit.\rt  or  Congenital  Syphilis. — This  may 
be  transmitted  from  either  father  or  mother  to  the 
offspring.  The  syphilitic  eruption  may  be  present  at 
birth  but,  if  the  child  lives,  more  commonly  develops 
during  the  first  few  weeks  after  birth.  There  are 
various  forms  of  this  eruption. 

_  The  macular  erupt  ion  c(msists  of  finger-nail  to  palm- 
sized,  indistinct,  yellowish,  brownish  red  or  copper- 
colored  patches,  covered  with  a  shining  and  wrinkled 
epidermis.  The  palms,  soles,  buttocks,  thighs,  and 
genitals  are  frequently  affected. 
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The  papular  eruption  often  develops  from  the  mac- 
ular and  with  it  forms  the  commonest  svphilidc  in  the 
hereditary  disease.  The  papules  resemble  the  mac- 
ules in  color  and  surface  luster.  They  are  prone 
to  form  condylomata  when  moist.  The  bullous 
form  is  comparatively  common.  The.se  flat  or  semi- 
globular  bulla'  most  frequently  occurring  on  the  soles. 
palms,  and  face  are  evidence  of  severe  infection, 
When  ruptured  an  ulcerated  base  is  exposed.  Vesicu- 
lar and  pustular  eruptions  are  rare.  The  tubercular 
and  gummatous  syphilides  are  not  common  and  when 
present  appear  some  years  after  birth. 

Coryza,  rhagadcs  or  fissures  about  the  mouth,  and 
bossy  swellings  of  the  frontal  bones  are  frequent 
lesions  of   congenital   syphilis. 

The  teeth  also  commonly  bear  evidence  of  the  dis- 
ease. The  upper  central  incisors  of  the  permanent 
.set  are  the  ones  affected.  They  are  peg-shaped,  the 
incisor  edge  being  notched  and  narrower,  and  are 
known  as  Hutchinson  teeth. 

General  Lesions. — S>-philis  is  a  disease  which 
affects  not  only  the  skin  but  the  whole  system  and  may 
cause  le.sions  in  all  the  organs  of  the"  body.  These 
lesions  will  be  but  briefly  mentioned  in  this  section 
because  they  are  treated  "more  fully  in  other  parts  of 
this  H.\XDBOoK.  Sj-philis  of  the  skin  is  the  most  fre- 
quent, syphilis  of  the  mucous  membranes  the  most 
infectious,  syphilis  of  the  nervous  system  the  most 
malignant  manifestation  of  the  disease  (Keyes). 

The  nervous  system  may  be  affected  in  many  ways 
giving  rise  to  varied  symptoms.  The  early  signs  are 
pains,  intellectual  and  moral  upset,  impairment  of 
general  health  and  of  the  sexual  power.  Later  more 
advanced  lesions  may  cause  paralyses,  ocular  or  facial 
paralyses,  hemiplegias,  deafness;  or  epilepsy,  insanity, 
tabes  dorsalis,  general  paresis,  etc. 

Lesions  of  the  eije  due  to  syphilis  are  iritis,  chorio- 
retinitis, optic  atrophy,  and  interstitial  keratitis. 

The  skeletal  system  has  certain  lesions  due  to 
syphilis.  They  are  periostitis,  osteomyelitis  and 
gumma  formation.  The  commonest  site  for  the  latter 
is  the  tibia.  Gumma  may  also  localize  in  the  joints 
forming  an  osteoarthritis  which  often  results  in 
marked  deformity.  The  disease  may  cause  arthralgia 
or  hydrarthrosis  and  may  involve  the  bursa;. 

The  teeth  are  affected  as  described  under  Hereditary 
ByphiVis. 

The  hair,  as  already  mentioned,  tends  to  fall  out  in 
the  secondary  stage. 

The  muscles  are  rarely  and  the  tendons  hardly  ever 
affected.  The  lesions  that  may  occur  are  contracture, 
myositis,  and  gumma. 

Involvement  of  the  lungs  has  been  recognized  clin- 
ically, more  often  in  recent  years  because  of  the  x-ray. 
Interstitial  pneumonia  occurs  almost  exclusively  in 
hereditary  syphilis.  Sclerosis,  bronchiectasis,  and 
gumma  are  the  forms  assumed  by  acquired  lesions. 

The  liver  may  be  affected  in  both  hereditary  and 
acquired  disease.  In  the  former  there  is  a  diffuse 
hepatitis.  In  the  secondary  stage  of  the  acquired 
type  there  may  be  a  jaundice  but  the  liver  shows  no 
lesion.  Gummata  with  resulting  scars  are  common  in 
the  tertiary  phase. 

The  Digestive  Tract. — The  esophagus,  stomach,  and 
intestines  are  rarely  involved,  though  they  may  occa- 
sionally be  the  site  of  gummata,  ulcerations,  or  stric- 
tures. The  rectum  is  the  part  of  this  tract  most  com- 
monly affected. 

The  Circulatory  System. — Endocarditis  has  been 
reported  in  association  with  gummata.  Fibroid 
induration  and  amyloid  degeneration  are  probably 
results  of  the  obliterating  endarteritis  of  the  coronary 
vessels.  Syphilis  plays  a  very  important  rcMe  in 
arteriosclerosis  and  aneurysm.  Xodular  gummata 
developing  in  the  adventitia  of  arteries,  with  or 
without  involvement  of  the  intinia,  are  distinctive  of 
syphilis. 
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Kidneys. — Acute  syphilitic  nephritis  may  prove 
fatal  in  the  secondary  stage.  The  kidney  shows  no 
distinctive  lesion  but  resembles  that  in  any  acute 
infectious  disease.  Occasionally  gummata  are  found 
in  the  kidneys. 

Syphilis  occurs  in  the  testes  in  two  forms — gummat- 
(lusgrowths  and  interstitial  orchitis. 

Prognosis. — .\  child  born  with  active  manifesta- 
tions will  die  in  a  few  days  to  a  few  weeks.  In  cases 
where  the  signs  appear  in  the  first  six  months  the 
mortality  is  very  high. 

With  "regard"  to  the  benign  course  of  acquired 
syphilis,  the  prognosis  is  good  in  most  well-treated 
cases.  In  a  certain  percentage  of  cases  serious  after- 
consequences  residt.  No  assurance  can  be  given  in 
any  one  case  that  these  will  not  occur.  In  the  so- 
called  parasyphilitic  stages,  tabes  and  general  paresis, 
the  prognosis  is  poor.  These  generally  become  pro- 
gre.ssively  worse.  The  prognosis  of  syphilis  of  the 
blood-vessels  is  also  poor.  Gummata,  on  the  otlier 
hand,  are  very  amendable  to  treatment  provided  this 
is  begun  before  destruction  of  the  organ  occurs. 

Syphilis  does  not  necessarily  always  shorten  life. 
The  duration  of  life  naturally  depends  on  the  location 
of  the  lesions.  Frequently,  however,  in  the  malignant 
form,  four  to  ten  years  arc  the  toll. 

Treatment. — This  should  be  begun  the  in.stant  the 
diagnosis  is  made  and  should  be  pushed  to  the  limit 
of  tolerance.  The  diagnosis  in  the  primary  stage  is 
made  by  means  of  the  dark  field  illuminator,  provided 
no  mercury  has  been  used  on  the  lesion  as  mercury  will 
generally  cau.se  the  disappearance  of  the  Spirochcela 
■pallida.  After  the  .second  week  of  the  primary,  a 
VVassermann  blood  test  is  positive  in  fifty  per  cent,  of 
the  cases  and  the  percentage  increases  rapidly  to 
nearly  100  per  cent,  at  the  beginning  of  the  secondary 
stage.  If  neither  of  these  methods  is  available 
and  a  diagnosis  cannot  otherwise  be  made,  the 
appearance  of  the  .secondary  eruption  should  be 
awaited.  No  constitutional  treatment  should  be 
given  until  the  diagnosis  is  definitely  made,  as  other- 
wise the  secondaries  may  never  develop,  and  the  blond 
tests  may  be  negative  for  some  time  and  an  element 
of  grave  doubt  will  occur  to  both  the  patient  and  the 
physician  whether  a  mistake  was  made.  The  patient 
also  will  be  less  inclined  to  continue  treatment. 
Microscopical  examinations  of  doubtful  lesions  ought 
never  to  be  neglected  as  the  finding  of  the  treponema 
(spirochete)  will  enable  treatment  to  be  started  im- 
mediately, which  will  no  doubt  cut  short  the  disease 
as  shown  by  the  absence  of  clinical  signs  and  negative 
laboratory  tests.  \  j)atient  should  never  be  pro- 
nounced cured  until  rei)eated  blood  tests  in  the  ab- 
sence of  clinical  signs,  a  provocative  salvarsan  injection, 
and  a  lumbar  puncture  have  all  given  negative  results. 

A  thirty-three  per  cent,  calomel  ointment  thor- 
oughly rubbed  into  the  skin  immediately  after  an 
exposure  is  generally  prophylactic.  Metchnikoff  and 
Roux  claim  that  it  is  preventive  if  used  within  eight- 
een hours  after  infection.  It  is  quite  certain,  how- 
ever, that  if  carefully  used  within  four  hours  after 
exposure  the  development  of  a  primary  sore  is  rare. 
Wide  excision  and  cauterization  about  the  point  of 
infection  may  po.ssibly  prevent  the  development  of 
the  disease.  Excision  or  cauterization  of  the  begin- 
ning chancre  is  useless  as  the  disease  has  by  that  time 
already  become  sj'stcmic. 

The  treatment  of  syphilis  has  been  revolutionized 
in  the  past  ten  years,  and  especially  so  since  the  dis- 
covery of  the  Wassermann  reaction  and  Ehrlich's 
salvarsan.  Mercury  and  salvarsan  or  ncosalvarsan 
are  the  constant  drugs  u.sed  in  the  treatment  of 
syphilis.  Iodides  have  no  curative  action  and  their 
use  is  usually  limited  to  old  ca.ses  where  ulcerations  and 
gurnmata  are  present.  They  are  occasionally  used  in 
the  intervals  between  mercurial  treatments.  Mercury 
is  given  by  the  mouth,  by  intramuscular  injection  or 
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inunctions.  Fumigation  is  rarely  used,  thougli  it  is 
said  to  be  serviceable  in  ulcerative  lesions.  One-half 
dram  of  calomel  is  vaporized  in  a  receptacle  and  the 
patient's  body  is  placed  in  a  cabinet  in  which  the 
mercury  is  vaporized.  Mouth  treatment  formerly 
extensively  used,  is  being  rapidly  displaced  by  intra- 
muscular treatment.  When  t;iblets  are  given  it  is 
usually  in  the  form  of  the  protoiodide  of  mercury  or 
the  bichloride  of  mercury,  from  0.0032  to  0.005.5  gram 
(sV  to  T>j  grain)  three  or  four  times  a  day.  Either  of 
these  may  cause  some  irritation  of  the  stomach  and 
perhaps  slight  cramps  or  diarrhea.  Gray  powder 
(hydrargyrum  cum  creta)  is  also  used  internally 
especially  in  infants  and  children,  as  it  is  less  likely 
to  cause  gastrointestinal  irritation.  The  dose  is 
from  0.020  gram  (§  grain)  three  times  a  day.  Calomel 
(0.30  to  0.12  gramor^  to  2  grains  three  times  a  day)  is 
rarely  used  at  the  present  time.  Blue  mass  0.20  to 
0.40  gram  (3  to  6  grains)  a  day,  is  another  form  of  mer- 
cury now  seldom  used.  It  is  very  apt  to  cause  stomati- 
tis without  warning.  Mouth  treatment  should  not  be 
continued  indefinitely  even  when  not  contraimlicated 
by  some  intestinal  symptoms  or  soreness  of  the  gums 
and  teeth,  because  a  tolerance  is  in  time  established 
and  the  treatment  becomes  inefi'ectual. 

The  intramuscular  method  is  the  most  satisfactory 
way  of  giving  mercury,  as  it  insures  accuracy  of  dosage 
and  does  not  interfere  with  digestion.  The  disad- 
vantages are  the  occasional  pain  and  induration  which 
may  occur.  Of  the  soluble  salts  of  mercury,  the 
bichloride  and  biniodide  are  most  commonly  used. 
These  are  given  daily  or  every  other  day  for  about 
two  months,  depending  upon  the  tolerance  of  the 
patient,  or  until  slight  salivation  ensues.  The  bi- 
chloride of  mercury  is  more  irritating  than  the  bin- 
iodide,  but  either  salt  may  cause  some  pain.  The 
former  is  usually  mixed  in  water  so  that  60  c.c.  (ten 
minims)  equals 0.003  gram  (5';f  grain).  Thedosebeing 
60  c.c.  to  120  c.c.  (ten  to  twenty  minims).  The  pro- 
toiodide is  also  mixed  in  water.  Sterile  albolene  may 
be  used  as  a  vehicle  but  it  is  harder  to  prepare  and 
has  no  advantage  over  water.  Other  soluble  salts 
of  mercury  may  be  used,  as  the  benzoate,  cacody- 
late,  or  peptonate. 

During  the  mercurial  treatment  the  patient  is 
instructed  to  use  a  soft  tooth  brush  and  powder  fre- 
quently to  keep  the  teeth  as  clean  as  possible.  He  is 
also  given  an  alkaline  antiseptic  mouth  wash,  one  of 
the  cheapest  and  best  being  a  saturated  solution  of  the 
chlorate  of  potassium  in  water,  about  3.25  grams  (fifty 
grains)  to  30  c.c.  (one  ounce);  one  per  cent,  phenol  may 
be  added  to  this  if  the  patient  complains  of  much 
sorene.ss  in  the  mouth.  The  use  of  tobacco  is  pro- 
hibited. Any  mucous  patches  should  be  touched  with 
ten  per  cent,  solution  of  nitrate  of  silver. 

Treatment  by  rubbing  into  the  skin  the  unguentum 
hydrargyri  (fifty  per  cent.)  is  a  well-recognized  form. 
The  usual  method  is  to  rub  in  vigorously  2  grams 
( J  dram)  of  the  ointment  for  six  successive  nights, 
using  a  separate  surface  of  the  body  each  night.  On 
the  seventh  night  a  warm  bath  is  to  be  taken  and  the 
next  night  the  patient  begins  again  with  the  inunc- 
tions on  the  surface  first  selected.  The  patient  is 
told  to  rub  the  ointment  in  till  the  hand  remains  free 
from  grease. 

Salvarsan  and  Neosalvarsan. — Various  compounds 
of  arsenic  have  been  advocated  from  time  to  time  in 
the  treatment  of  syphilis  but  after  a  trial  they  gener- 
ally have  been  discarded  in  favor  of  mercury.  Mer- 
cury has  been  the  only  stand-by  in  the  treatment  of 
syphilis  for  centuries  and  still  is  quite  generally  used 
in  conjunction  with  salvarsan  in  successful  treatment. 

The  organic  preparation  of  ar.senic  known  as  atoxyl 
(the  sodium  salt  of  para-amidophenylarsenic  acid) 
w.as  introduced  by  Thomas,  of  tlie  Liverpool  School 
of  Tropical  Medicine  for  the  treatment  of  trypano- 
somiasis, but  did  not  produce  the  results  expected; 
however,  it  led  to  a  further  study  of  allied  combina^ 
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tions  of  arsenic  and  finally  to  the  discovery  of  salvar- 
san  by  Ehrlich,  aided  by  Berthein  and  Hata,  in  1910. 

In  1905  Schaudinn  discovered  the  cause  of  syphilis 
to  be  a  spirochete  and  he  stated  that  this  organism  is 
closely  related  to  the  trypanosomes.  On  this  account 
Uhlenhuth  emplo}'ed  atoxyl  with  success  in  the  treat- 
ment of  experimental  spirillosis  in  fowls.  Later 
Uhlenhuth,  Neisser,  and  Metchnikoff  successfully 
employed  it  in  sj-philitic  infection  in  animals.  It  was 
later  used  in  the  human  subject  with  some  success 
but  its  employment  in  man  soon  showed  it  to  be 
extremely  dangerous,  nephritis,  optic  atrophy,  and 
severe  gastric  disturbances  resulting,  so  that  it  has 
fallen  into  disuse. 

Ehrlich  by  producing  substances  closely  allied  to 
atoxyl  and  testing  their  effects  as  to  toxicity  on  animals 
found  that  salvarsan,  popularly  known  as  606  (the 
diary  number  of  Ehrlich's  series  of  arsenic  compounds) 
was  the  least  toxic  to  the  organs  of  the  body  and  most 
toxic  to  the  parasites.  Salvarsan  is  the  dihydrochlor- 
ide  of  dioxydiaminoarsenobenzol  (Ci2Hi202X2.'Vs2- 
HCI2) ;  it  contains  thirty-four  per  cent,  of  arsenic.  The 
peculiar  molecular  formation  of  606  is  .said  to  prevent 
the  arsenic  from  combining  with  the  tissues  and  thus 
prevents  arsenical  poisoning.  606  is  a  specific  for 
spirilla.  It  is  a  yellow  powder,  readily  oxidized  into 
poisonous  substances  and  must  be  kept  in  vacuum 
tubes.  It  is  soluble  in  water  and  physiological  saline 
solution  and  it  is  strongly  acid  in  reaction.  The 
acidity  is  neutralized  by  caustic  soda  solution. 

Neosalvarsan,  introduced  later,  is  the  dioxydi- 
aminoarsenobenzenemonomethane  sulphonate  of  sod- 
ium (Cr.HiiOjAsjNjCHjO).  It  has  the  advantage  of 
ready  solubility;  the  after-effects  are  less  severe  and 
for  intramuscular  use  it  is  less  irritating.  It  does  not 
seem,  however,  to  produce  such  permanent  results. 

The  successful  treatment  must  overcome  the  anat- 
omical location  of  the  spirochetes  and  depends  in  large 
part  on  the  time  since  infection  took  place.  In  some 
cases  it  seems  that  the  spirochete  and  the  tissues  of 
the  body  become  tolerant  of  each  other  and  salvarsan 
has  little  effect  compared  to  its  action  in  the  earlier 
stages.  The  parasites  of  syjjhilis  are  found  chiefly  in 
the  connective  tissues  and  are  seldom  found  in  the 
blood.  In  the  chancre  they  are  extremely  numerous 
in  the  dense  base  and  in  the  connective  tissue  of  the 
blood-vessels.  The  infection  spreads  along  the  lymph 
spaces  and  the  parasites  locate  in  the  vessel  and  nerve 
walls  and  in  isolated  groups.  The  secondary  symptoms 
are  due  to  the  previous  spread  of  the  parasite  through- 
out the  body. 

Salvarsan  is  far  superior  to  mercury  in  causing  the 
rapid  disappearance  of  sj-philitic  symptoms.  One 
dose  of  this  drug  being  equivalent  to  prolonged  mer- 
curial treatment.  Salvarsan  also  acts  promptly  in 
those  resistant  cases  in  which  mercury  has  been  used 
for  some  time  with  little  effect.  In  other  words,  the 
spirochetes  become  resistant  to  the  prolonged  use  of 
either  mercury  or  arsenic  and  a  change  from  one  to 
the  other  is  often  followed  by  marked  benefit.  For 
this  reason  it  seems  advisable  to  change  from  time  to 
time  the  medicament  employed. 

During  the  European  war,  which  is  stiU  in  progress, 
it  has  been  impossible  to  obtain  a  supply  of  salvarsan ; 
to  meet  the  need  thus  created  various  substitutes  have 
been  devised.  The  most  closely  allied  in  its  thera- 
peutic effects  is  that  produced  imder  the  direction  of 
Dr.  J.  F.  Schamberg  of  the  Dermatologieal  Research 
Laboratories  of  the  Philadelphia  Polyclinic,  known  as 
arsenobenzol.  It  is  claimed  to  be  identical  in  all  its 
essential  properties  with  salvarsan,  and  clinical 
experience  tends  to  corroborate  this  statement. 

Diarsonol  is  a  Canadian  substitute  for  salvarsan 
and  was  tested  in  the  laboratories  of  the  University 
of  Toronto  before  being  placed  on  the  market. 

Both  the  above  preparations  are  less  easily  dissolved 
than  the  German  product,  although  it  is  claimed  they 
are  identical  with  it  and  are  equally  effective.     Occa- 


sionally rather  severe  reactions  follow  the  use  of 
diarsenol.  Such  reactions  seem  to  be  lacking  in 
arsenobenzol. 

The  contraindications  to  the  use  of  salvarsan  are 
niyocarditis,  extensive  nephritis  (not  syphilitic), 
diabetes,  and  ulcer  of  the  stomach  are  usual  contra- 
indications. Organic  heart  disease  and  aneury.sni 
are  not  contraindications  but  it  is  inadvisable  to  give 
larger  doses  than  0.:J  or  0.4  gram  especially  for  the 
first  dose.  Diseases  of  the  central  nervous  system, 
optio- atrophy  and  iritis  are  not  contraindications. 

Salvarsan  is  now  given  without  untowarri  effects 
in  man)-  diseases  in  which  it  was  formerly  consifiered 
dangerous.  The  complications  and  fatalities  formerly 
attending  the  administration  of  the  drug  are  now  geri- 
erally  believed  to  have  been  due  to  faulty  technique 
or  to  the  weakened  condition  of  the  patient. 

After-effects. — The  occasional  after-effects  of  sal- 
varsan and  neosalvarsan  are  severe  headaches,  nausea. 
vomiting,  chills,  and  fever.  The  temperature  may  nm 
up  to  103  to  lO-t".  The  untoward  .symptoms  usually 
last  but  a  short  time.  Arsenic  completely  disappears 
from  the  body  in  three  or  four  daj's,  when  salvarsan 
is  administered  intravenously  and  in  about  ten  days 
when  it  is  given  intramuscularly. 

Preparation  of  Patient. — The  evening  previous  to 
an  intravenous  injection  of  salvarsan  the  patient 
should  be  given  a  cathartic.  A  light  breakfast  only 
should  be  eaten  on  the  day  of  the  injection.  After 
the  drug  has  been  given,  the  patient  should  remain 
quiet  for  the  rest  of  the  daj'.  No  food  should  be 
eaten  until  all  probability  of  nausea  has  pa.ssed.  It 
is  also  advisable  to  take  a  cathartic  that  same  evening. 
The  urine  should  be  examined  in  all  cases  previous  to 
the  administration  of  salvarsan.  Evidence  of  kidney 
irritations  should  lead  one  to  observe  extreme  caution 
and  to  use  a  small  dose. 

Methods  of  Administering  Salvarsan. — In  the 
early  days  of  salvarsan,  many  methods  were  proposed, 
at  present,  however,  practically  the  only  method  in 
general  use,  is  the  intravenous  injection.  Occasion- 
ally the  intramuscular  method  is  used.  Suspensions 
of  salvarsan  in  olive  oil  or  liquid  paraffin  have  been 
injected  both  intramuscularly  and  subcutaneously. 
This  method  seems  to  be  le.ss  irritating.  However,  a 
number  of  cases  of  necrosis  of  the  tissues  have  fol- 
lowed its  use  and  it  seems  to  possess  no  material 
advantage  over  the  ordinary  intravenous  injection 
with  saline  solution.  The  ordinary  dose  of  salvarsan 
is  0.4  gram;  larger  doses,  while  used,  seem-  to  possess 
no  advantage  over  a  moderate  dose.  The  first  dose 
given  is  usually  0..3  or  0.4  gram,  succeeding  doses  may 
be  larger,  never  exceeding  O.G  gram. 

For  intravenous  inject  ion  the  method  of  preparation 
is  as  follows:  The  salvarsan  is  poured  into  a  sterile 
graduate  of  1.50  c.c.  or  200  c.c.  capacity  and  sterile 
water  is  added  so  that  0.1  gram  of  salvarsan  is  repre- 
sented by  20  c.c.  of  fluid.  Larger  dilutions  seem 
unnecessary,  although  when  first  brought  into  use 
the  dilution  was  made  so  that  oO  c.c.  of  fluid  repre- 
sented 0.1  gram  of  salvarsan,  and  a  dose  of  O.G  salvar- 
san was  equivalent  to  300  c.c.  of  solution.  This 
increased  the  time  of  administration  without  possess- 
ing any  advantage.  Stronger  dilutions  than  0.1  pram 
to  20  c.c.  have  no  material  benefit  except  a  very  slight 
shortening  of  the  time  of  administration  and  they 
occasionallv  seem  to  produce  more  violent  reactions. 

The  solution  having  been  made  up  as  indicated,  the 
graduate  is  thoroughly  shaken  until  every  particle  of 
salvarsan  is  dissolved  and  the  solution  is  absolutely 
clear.  \  fifteen  per  cent,  solution  of  caustic  soda  is 
added  drop  bv  drop  when  a  precipitate  forms:  the 
graduate  is  frequently  shaken  and  when  the  solution  is 
neutralized  the  precipitate  is  again  dissolved.  An 
additional  drop  of  NaOH  is  usually  added  to  prevent 
the  precipitate  reforming  when  the  solution  cools. 

Neosalvarsan  has  the  advantage  of  being  easily 
prepared.     It  is  readily  soluble  in  sterile  water,  which 
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must  be  cool.  The  dose  is  fifty  per  cent,  larger  than 
that  of  salvarsan,  but  the  amount  of  solution  need  not 
be  increased.  Neosalvarsan  must  be  used  soon  after 
mixing  or  decomposition  may  occur  with  the  forma- 
tion of  poisonous  compounds. 

It  is  quite  essential  that  freshly  prepared  sterile 
water  be  used  in  making  this  solution;  freshly  pre- 
pared saline  .solution  is  first  injected  into  the  vein  and 
if  this  runs  frcclv  without  swelling  or  infiltration  of  the 
ti.ssues,  the  salvarsan  may  be  run  in.  The  patient 
should  experience  little  or  no  pain  at  this  time,  much 
pain  usuallv  indicates  infiltration  of  the  tissues  about 
the  vein  bv  salvarsan.  If  this  is  apparent  it  is  bettor 
to  shut  off  the  salvarsan  and  flush  the  vein  out 
thoroughly  with  .saline  solution,  then  withdraw  the 
needle  and  insert  at  another  point. 

After  having  injected  the  salvarsan  it  is  advi.sable 
to  allow  a  little  saline  solution  to  flow  in,  in  order  to 
flush  the  vein  thoroughly.  For  intramuscular  injec- 
tion neosalvarsan  is  preferable  to  salvarsan  as  it 
causes  less  pain.  The  preferable  site  for  injection  is 
the  buttocks.  The  powder  is  dissolved  in  from  12  to 
18  c.c.  of  sterile  water  or  salt  solution,  2  c.c.  of  a  one- 
half  per  cent,  .solution  of  novocainc  is  first  injected, 
using  a  needle  about  five  centimeters  in  length.  With- 
out removing  the  needle,  remove  the  syringe  and  fill 
it  with  the  neosalvarsan  solution  and  then  slowly 
inject,  then  remove  the  needle  quickly  and  mass.age 
the  part.  Hot  applications  are  usually  indicated, 
occasionally  an  opiate  is  necessary.  The  pain  or 
discomfort  may  last  for  one  or  two  weeks. 

General  constitutional  treatment  must  not  be  lost 
sight  of  during  the  active  stages  of  syphilis.  The 
anemia,  nervousness,  general  malaise,  cachexia,  and 
worry  should  be  noted  and  treated  as  usual.  A  patient 
is  apt  to  become  so  worried  by  the  length  of  treatment 
and  fear  of  complications  that  he  may  find  a  new  com- 
plaint daily.  Excessive  smoking  and  alcoholism 
should  be  prohibited. 

The  treatment  of  hcreditaTy  syphilis  is  essentially 
that  of  the  acquired  disease  in  .adults  with  the  neces- 
sary changes  in  dosage  and  method. 

frcnlmenl  nf  Primary  Stage. — .\ftcr  the  full  devel- 
opment of  the  lesion,  local  treatmoiil,  beyond  clean- 
line.ss  and  a  dusting  powder,  is  unnecessary,  for  it 
accomplishes  nothing.  Excision  or  cauterization, 
unless  done  at  the  very  onset  of  the  syphilitic  process, 
does  not  cut  short  the  disease  nor  lessen  its  severity. 
The  treatment  in  this  stage  consists  of  giving  maxi- 
mum doses  of  salvarsan  or  neosalvarsan  once  a  week 
for  from  three  to  six  or  more  doses,  followed  by  the 
intramuscular  injections  of  mercury  in  the  form  of 
either  the  soluble  or  the  insoluble  salts.  These 
mercurial  injections  arc  preferably  given  in  the  but- 
tock using  a  one  and  one-half  inch  needle.  If  a  solu- 
ble salt  is  used,  the  treatment  will  be  continued  daily 
or  every  other  day  for  about  two  months,  when  an 
intermission  of  four  to  six  weeks  should  be  given,  fol- 
lowed by  another  course  of  salvarsan  and  mercury. 
If  an  insoluble  salt  is  used,  an  injection  of  the  salicyl- 
ate or  gray  oil  should  be  given  weekly,  for  five  or  six 
doses  of  the  latter  or  ten  to  fifteen  of  the  former, 
each  dose  representing  0.005  to  0.120  gram  (one  to 
two  grains)  of  mercury.  .\t  the  end  of  each  course 
a  rest  is  taken  and  the  treatment  repeated  for  a  sec- 
ond course  of  a  like  nature.  .\t  the  end  of  six  months 
a  blood  test  may  be  made.  If  it  is  positive,  the  treat- 
ment should  be  repeated;  if  negative,  it  is  advisable 
to  continue  treatment  for  at  least  a  year,  but  many 
prefer  to  give  no  treatment  for  another  period  of  three 
months  when  a  second  Wassermann  test  should  be 
made.  If  it  is  still  negative,  a  provocative  injection 
of  salvarsan  is  advocated.  If,  after  this,  the  blood 
test  is  still  negative,  all  treatment  may  be  discon- 
tinued, though  a  test  made  every  six  months  for  a  year 
or  two  is  advisable. 

Secondary  Stage. — The  treatment  in  the  secondary 
stage  also  consists  of  the  use  of  salvarsan  and  mercury, 
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but  it  is  preferable  to  give  two  or  more  injections  of 
mercury  previous  to  giving  salvarsan,  as  untoward 
reactions  arc  less  likely  to  occur  and  the  therapeutic 
effect  is  greater.  Mercury  should  be  given  in  the 
same  manner  as  in  the  primary  stage,  but  it  is  advis- 
able to  start  salvarsan  injections  with  a  smaller  dose, 
say  0.3  or  0.4  gram.  Succeeding  doses  may  be  made 
larger  if  thought  advisable,  although  a  dose  of  0.4  or 
O..'?  gram  seems  to  accomplish  as  much  as  a  dose  of 
O.G  gram.  The  local  treatment  of  the  eruption  is 
not  very  important,  but  the  use  of  a  mercurial  oint- 
ment to  the  skin  will  tend  to  h!v.sten  its  absorption,  and 
is  therefore  desirable.  In  the  severe  papular  and  pus- 
tular forms  baths  of  bichloride  two  to  eight  grams 
(one-half  to  four  drams)  in  120  liters  (thirty  gallons) 
of  water  for  five  to  fifteen  minutes  may  be  used. 

Tertiary  Stage. — The  treatment  of  the  tertiary  stage 
of  sj-philis  dilTers  little  or  not  at  all  from  the  treatment 
of  the  other  two  stages  except  that  possibly  iodide  of 
pota.ssium  may  be  given  in  this  stage,  although  some 
occasionally  use  it  in  the  secondary  stage.  It  is 
seldom  necessary  to  give  the  iodide  in  doses  exceeding 
0.6.5  gram  (ten  grains)  three  times  a  day.  It  may  be 
given  until  the  tertiarj-  lesions  have  been  healed. 
However,  under  the  use  of  salvarsan  these  lesions  dis- 
appear much  sooner  than  under  the  iodides. 

A  fourth  state  or  parasvTDhilis  was  formerly  con- 
sidered. It  is  now  known,  however,  that  so-called 
parasyphilitic  affections  are  simply  active  syphilis 
occurring  in  the  nervous  system. 

William  Thomas  Corlett. 
WiLLiA-M  Craw  Gill. 


Syringomyelia. — It  is  impossible  to  give  a  satis- 
factory definition  of  a  disease  with  such  protean  symp- 
tomatology and  diversity  of  pathological  findings. 
In  general  the  name  is  given  to  a  process  of  new 
growth  in  the  gray  substance,  or  to  intramedullary 
cavities  of  varied  origin,  marked  clinically  by  disturb- 
ances of  motor,  sensory,  and  trophic  nature;  by 
frequent  bulbar  symptoms,  by  almost  constant  reflex 
changes;  usually  by  extreme  chronicity.  Reports  of 
cavity  formation  in  the  spinal  cord  date  back  to  a 
description  of  fitienne  in  1.564.  Morgagni  and  San- 
torini  recounted  a  case  in  1740.  Numbers  of  descrip- 
tions date  from  the  early  part  of  the  last  century. 
Calmcil  in  1828  pointed  out  the  influence  of  develop- 
mental anomalies.  OUivier  first  used  the  terra 
"syringomyelia,"  though  his  conception  of  the  cavity 
formation  needed  later  correction.  A  little  later  it 
was  recognized  that  the  pathological  condition  syringo- 
myelia not  infrec)uently  was  associated,  clinically, 
with  muscle  atrophies  (Landau,  Nonat,  LenhossSk 
Gull).  This  a.ssociafion  did  not  escape  the  acumen 
of  Duchenne  de  Boulogne:  "I  found  in  a  good  part 
of  my  cases  that  electrocutaneous  as  well  as  ordinary 
cutaneous  sensibility  was  affected.  This  anesthesia 
is  often  so  marked  that  the  patient  does  not  feel  the 
strongest  current  or  the  ferrum  candens." 

Up  to  the  publications  of  Kahler  and  Schultze  in 
1882  few  clinical  facts  had  been  collected,  but  anatom- 
ical views  had  become  sifted  and  well  formulated. 
Five  chief  views  maintained  that  the  cavities  resulted 
from:  (1)  a  dilated  central  canal  (Stilling,  Waldeyer); 
(2)  retrogressive  changes  in  foci  of  chronic  myelitis 
(Hallopeau,  Charcot,  Joffroy);  (.3)  molecular  degen- 
eration due  to  vascular  changes  (Lockhart  Clarke); 
(4)  destructive  metamorphosis  of  tumor  masses 
(Grimm,  Simon,  Schultze);  (5)  certain  developmental 
anomalies  (Virchow,  Leyden).  In  1882  simultaneous 
publications  of  Kahler  and  Schultze  quickened  clinical 
interest  and  formulated  rules  of  diagnosis.  Since 
then  the  literature  has  become  immense;  the  mag- 
nificent monograph  of  Schlesinger  in  1901  represents 
the  sum  of  our  knowledge  of  the  disease  and  has 
been  freely  drawn  upon  in  the  preparation  of  this 
article. 
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Pathological  .^-atomt. — The  cord  may  be  hard  to 
remove  on  account  of  marked  kyphoscohosis.  There 
may  be  pachymeningitis,  or  pia  or  nerve-root  thicken- 
ing. The  cord  may  seem  flat  and  thin,  the  medulla 
small;  or  it  may  appear  swollen  in  certain  regions, 
especially  in  the  neighborhood  of  the  cervical  enlarge- 
ment; on  section  there  may  be  cavities  varying  greatly 
in  shape,  vertical  extent,  and  diameter.  Frequently 
there  are  no  macroscopical  cavities,  but  irregular 
reddish-gray  tumors  in  the  gray  substance.  The 
medulla  oblongata  is  often  involved  in  the  tumor  or 
the  cavity-formation.  The  process  may  be  limited 
to  one  side  or  to  a  small  part  of  the  cord ;  or  it  may  ex- 
tend throughout  the  cord  and  medulla  oblongata. 
Usually  the  formation  of  tumors  or  of  cavities  involves 
the  gray  substance  about  the  central  canal.  The 
anterior  commissure  is  most  often  intact.  One  or 
both  posterior  horns  may  be  attacked,  or  the  ventral 
portion  of  the  posterior  columns;  if  the  destruction  ad- 
vances, a  large  part  of  the  gray  matter  disappears  and 
the  whole  of  the  posterior  and  a  large  portion  of  the 
lateral  columns  become  involved.  The  cavity  walls 
may  be  smooth  or  ragged,  may  be  lined  by  ependyma 
or  closed  by  a  proliferation  of  the  glia.  There  may  be 
evidence  of  old  hemorrhage.  As  a  rule,  all  changes 
are  most  marked  in  the  cervical  cord. 

Microscopically,  the  tumor  masses  consist  of  glia 
cells  and  fibrils.  The  cavities  are  lined  by  a  firm  mem- 
brane that  at  times  shows  an  epithelial  covering. 
The  tumors  spring  from  the  central  part  of  the  cord, 
the  posterior  horns,  the  posterior  commissure,  etc., 
and  spread  through  the  gray  substance  toward  the 
posterior  columns  along  the  posterior  median  septum. 
The  ultimate  cause  of  the  growth  is  to  be  sought  for  in 
certain  developmental  anomalies  of  the  central  can.il 
or  of  the  glia.  The  central  canal  may  be  undidy  large 
or  markedly  irregular  with  diverticula.  It  may  fail 
properly  to  develop  and  be  marked  by  persistence  of 
the  dorsal  process  which  is  a  characteristic  at  a  certain 
stage  of  fetal  growth;  or  this  diverticulum  may  be  cut 
off  and  may  persist  as  a  dorsal  canal  seemingly  inde- 
pendent of  the  central  canal  (Leyden).  At  other 
times  nests  of  embryonic  glia  cells  (ependj'ma)  lie 
scattered  in  the  neighborhood  of  the  central  canal  or 
along  the  dorsal  line  of  closure  about  the  posterior 
median  septum;  and  these  may  spontaneously,  or 
under  influence  of  some  irritation  (trauma),  begin  to 
proliferate  and  give  rise  to  the  glia  tumors  or  gliosis 
(Hoffman).  The  cavity  formation  may  depend  on 
many  different  processes — on  dilatation  or  diverticula 
of  the  central  canal,  softening  after  trauma,  hemor- 
rhage, or  inflammation,  destruction  of  tumor  masses, 
retrogressive  changes  in  glia  prolifer.ations  (the  com- 
mon syringomyelia).  But  cavities  and  cysts  after 
hemorrhage,  myelitis,  disintegration  due  to  trauma, 
are  rarely  to  be  reckoned  with  the  changes  known  as 
syringomyelia ;  they  are  stationarv  and  not  progressive. 
Another  element  is  necessary,  viz.,  some  congenital 
disposition  of  the  cord — an  inherent  tendency  of  the 
ependyma  or  glia  cells  to  proliferate.  Developmental 
anomalies  of  the  whole  central  nervous  system  or  only 
of  the  central  canal  and  its  neighborhood  are  found, 
therefore,  in  most  cases  of  syringomyelia;  anomalies  of 
vessels  and  of  the  vascular  connective  tissues  are  also 
common  and  contribute  to  further  proliferation  and 
later  cavity  formation. 

Next  to  the  posterior  horns  and  posterior  commis- 
sure the  anterior  horns  and  the  posterior  columns  are 
the  parts  of  the  cord  most  affected.  The  cells  of  the 
anterior  horns  are  either  directly  invaded  by  the 
gliosis,  or  are  destroyed  by  hemorrhage,  or  at  times  they 
undergo  atrophy  at  a  distance  from  the  process — per- 
haps as  a  result  of  inherent  weakness.  The  ventral 
portion  of  the  po.sterior  columns — the  ventral  field  of 
the  posterior  columns;  the  dorsomedial  sacral  bundle 
of  Obersteiner;  Schultze's  comma  tract — most  fre- 
quently suffers.  The  p^Tamidal  tracts  may  either  be 
directly  invaded  or  they  may  undergo  degeneration 


from  pressure  of  the  growth  at  a  higher  level  of  the 
cord. 

Bulbar  Lesions. — Pathological  changes  occur  in  the 
median  line  or  laterally,  especially  along  the  entering 
vagus  roots.  The  cavities  are  a.s  a  rule  small — mere 
slits  rather  than  holes.  Those  lying  near  the  median 
line  are  due  to  developmental  "anomalies,  while  the 
Lateral  rifts  and  cavities  have  their  origin  in  vascular 
changes,  in  inflammatory  processes.  The  cavities  are 
lined  with  glia,  but  usually  there  is  no  distinct  evidence 
of  proliferation.  The  vessels  are  enlarged  and  pres- 
ent in  unusual  number.  The  central  cavity  when 
present  is  lined  with  ependyma.  The  lateral  lesions 
may  involve  the  nerves  from  the  twelfth  to  the  fifth; 
the  twelfth,  tenth,  ninth,  and  descending  roots  of  the 
fifth  are  most  often  implicated.  The  process  ends 
at  the  pons.  The  fillet  is  frequently  destroyed.  The 
process  is  nearly  always  predominantly  imilateral. 

In  judging  of  pathological  findings  one  must  remem- 
ber the  possibility  of  various  artefacts.  Tears  may 
occur  along  the  po.sterior  horn  and  commi.ssuro  and  in 
the  gray  substance  from  pressure  and  crushing  during 
removal  of  the  cord  (Kolisko).  Cavities  may  result 
from  putrefactive  gas-form.ation,  and  changes  may  go 
on  in  the  specimen  while  it  remains  in  the  hardening 
fluid  if  this  is  not  frequently  changed  during  the  first 
days.  Van  Gieson  has  called  attention  to  the  various 
artefacts  in  an  exhaustive  article. 

Etiology. — Not  infrequently  the  disease  seems  to 
have  direct  relation  with  trauma  of  some  sort.  Ac- 
cording to  Minor  a  central  hematomyelia  due  to 
trauma  is  often  the  starting-point  of  the  abnormal 
process.  Perhaps  hemorrhages  due  to  trauma  during 
birth  act  in  the  same  way  (Schulfze).  It  is  plausible 
to  think  that,  in  the  case  of  the  developmental  anoma- 
lies described  above,  the  incitement  to  glia  prolifera- 
tion may  be  given  by  trauma;  experimental  evidence 
favors  such  a  view  (Schmaus).  The  theory  has  been 
advanced  that  even  peripheral  trauma  or  a  panaritium, 
etc.,  may,  with  the  predisposition  already  mentioned, 
and  through  the  agency  of  an  ascending  neuritis,  be 
able  to  .start  the  process  of  proliferation;  this  supposi- 
tion has  little  probability.  Different  infections,  es- 
pecially typhoid  and  influenza,  may  act  like  trauma  in 
certain  cases  and  supply  the  initial  irritation  leading  to 
later  tumor-growth.  Excessive  temperature  changes, 
particularly  exposure  to  cold,  .seem  occasionally  to  act 
in  the  same  way.  Syiihilis  may  lead  to  cavity-forma- 
tion through  vascular  and  meningeal  lesions,  but  has 
little  influence  in  the  production  of  the  progressive 
changes  which  characterize  syringomyelia.  I>>prosy 
plays  no  role  as  a  causal  factor.  The  relations  of 
trauma  to  the  disease  are  most  important  from  a. 
medicolegal  standpoint.  Most  often  the  trauma  is 
an  accident  in  the  already  developed  disease.  Rarely, 
in  congenitally  predisposed  subjects,  it  may  be  the 
primal  cause  of  the  process.  Not  infrequently  it  leads 
to  decided  exacerbation  of  the  quiescent  disea.se. 
Most  often  its  effects  are  disastrous,  due  to  peculiari- 
ties of  the  disease  and  not  to  severity  of  the  trauma 
(trophic  joints,  spontaneous  fractures,  etcl. 

Symptomatology. — From  the  character  of  the  patho- 
logical lesions  it  is  plain  that  symptoms  must  be  pro- 
tean and  capable  of  almo.st  endless  combination.  In 
the  most  usual  localization  of  the  process  in  the  cervi- 
cal enlargement  the  picture  is  fairly  typical.  Light- 
ning pains  in  one  or  both  arms,  or  paresthesia-,  espe- 
cially sensations  of  burning  or  coldness,  or  "burnmg 
cold,"  not  infrequently  precede  striking  changes. 
.\trophy  of  hand  or  arm  muscles  is  a  marked  feature; 
it  may"  be  unilateral.  The  small  hand  muscles  are 
mo.st  often  involved;  the  process  may  becin  in  the 
shoulder  group.  Usually  when  atrophy  is  well  marked, 
sensory  changes  can  be  demonstrated.  These  at  first 
are  found  over  small  areas  of  the  hands,  arms,  or 
shoulders,  and  there  may  be  only  a  moderate  di- 
minution of  temperature  perception,  not  a  complete 
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loss.  Viisoinotor  disturbances  and  trophic  chaiiKcs 
of  varied  kind  may  be  noted  in  the  skin,  subcutaneous 
tissues,  bones,  and  joints.  The  knee-jerks  are  in- 
creased; if  the  process  involves  one  arm  predominantly 
the  knee-jerk  on  the  same  side  will  be  the  livelier.  Later 
on.  contractures  may  occur;  the  atrophy  progresses; 
unilateral  bulbar  symptoms  may  develop;  spastic 
paraplegia  becomes  marked;  further  trophic  changes 
are  seen;  sensory  changes  cover  wide  areas  and  in- 
crease in  intensity;  the  sphincters  may  be  affected. 

If  the  cavity-formation  involves  the  dorsal  and 
lumbar  cord,  pain  and  paresthcsiie  will  be  felt  in 
corresponding  nerve  roots.  The  muscle-atrophy  will 
affect  the  adductors,  (luadriceps  extensor,  peroneus 
group,  the  back  extensors,  perhaps  the  glutei  and 
other  muscles  of  the  calves.  The  knee  and  Achilles 
reflexes  are  usually  increased.  Sensory  and  trophic 
disturbances  are  found  in  the  lower  extremities  or  in 
the  trunk.     The  sphincters  are  frequently  affected. 

When  the  lumbosacral  cord  is  involved  there  is 
atrojjhy  of  the  glutei,  knee  flexors,  or  foot  muscles^ 
often  unilateral.  Sensory  changes  are  demonstrated 
in  the  feet,  perineum,  bladder.  The  sphincters  are 
usually  affected  early,  but  they  may  escape.  Trophic 
changes  are  often  peculiar.  The  leg  and  foot  may  re- 
main small  or  may  be  unduly  large;  bone  and  joint 
changes,  panaritium,  malum  perforans.  are  frequent. 
The  patellar  as  well  as  the  Achilles  jerks  are  usually 
increased;  a  weighty  sign  is  loss  of  the  .Vchilles  reflexes 
with  normal  knee-jerk. 

Association  with  congenital  hydrocephalus  or  spinal 
deformities,  spina  bifida,  is  common. 

Scnsnry  Disturbances. — The  principal  sensory 
changes  were  well  described  in  the  first  publications  of 
Kahlern  and  Schultze.  Laehr,  Halin.  Dejerine,  Bris- 
saud,  Schlesinger,  and  von  Soelder  have  studied  in  de- 
tail the  peculiarities  of  distribution.  Most  character- 
istic is  the  so-called  "syringomyelia  dissociation" — the 
essential  preservation  of  touch  and  sense  of  pressure, 
position,  and  movement,  and  more  or  less  complete 
loss  of  the  sense  of  pain  and  the  temperature  sense. 
At  times  only  the  temperature  sense  is  involved  or  the 
perception  of  heat  may  be  lost  and  that  of  cold  pre- 
served, or  rice  versa.  Sometimes  only  extremes  of  tem- 
perature are  confused  and  moderate  degrees  are  well 
recognized  (Dejerine).  The  distribution  of  the  sen- 
sory loss  follows  the  rules  of  segmental  innervation 
(Laehr)  in  nearly  all  cases;  in  the  extremities  the  loss 
is  in  bands  following  the  axis  of  the  limb;  over  the 
trunk  the  changes  occur  in  zones  about  the  body. 
Even  in  the  trigeminus  the  segmental  type  prevails 
(von  Soelder).  In  certain  cases,  however,  the  so-called 
"geometrical"  distribution  of  Charcot  holds  good;  the 
analgesia  or  thermanesthesia  affects  an  entire  hand, 
or  the  entire  arm,  or  the  arm  and  part  of  the  trunk, 
etc. — "sleeve,"  "cuff,"  "waistcoat,"  forms  of  Char- 
cot. This  form  exists  without  complicating  hysteria 
(Brissaud,  Schlesinger).  Even  within  these  plaques 
Laehr  has  demonstrated  a  tendency  to  segmental  dis- 
tribution of  varying  degrees  of  analgesia  or  therman- 
esthesia. 

In  many  cases  tactile  sensibility  is  normal,  in  others 
there  are  losses  over  small  areas.  Deep  sensation  may 
at  times  be  involved,  owing  to  the  existence  of  pos- 
terior-column lesions.  Ataxia  is  not  infrequent. 
Stereognosis  is  often  affected.  Surface  sensation  and 
deep  sensation  are  not  necessarily  affected  to  an  equal 
degree;  there  may  be  loss  of  pain  in  deep  structures,  as 
bones  and  joints,  while  the  skin  sensations  over  these 
parts  may  be  normal;  usually,  however,  they  are  in- 
volved simultaneously.  Frequently  there  is  loss  of 
testicular  pain  on  pressure.  The  mucous  membranes 
are  commonly  involved. 

Pain  is  common  and  often  severe;  it  may  be  constant, 
boring,  not  infrequently  lancinating;  it  is  felt  oftenest 
in  the  arms  and  upper  tnink;  with  high  seat  of  the 
lesion  there  may  be  occipital  neuralgia  or  obstinate  pain 
in  the  distribution   of  the   triL'eniinus.     Paresthesia; 
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are  usually  present,  often  a  feeling  of  cold  or  heat,  or 
a  mixed  sensation  of  "burning  cold."  The  pains  and 
parcsthe.-iia'  may  persist  in  regions  in  which  there  is 
objective  loss  of  sensation.  The  subjective  sensations 
are  important  in  diagnosis  as  they  appear  early  and 
often  call  attention  to  atrophy  and  objective  sensory 
changes.  The  jiaresthesia'  of  the  temperature  sense 
may  be  extreme  and  may  lead  to  grave  injury  through 
the  patient's  ungoverned  use  of  counteracting  heat  or 
cold.  .Vnalgesia  and  thermancsth(>sia  (li'])ciid  on  le- 
sions of  the  central  gray  matter  and  adjacent  conduct- 
ing paths.  It  must  be  remembered  that  dissociation 
of  sensory  qualities  maj-  not  be  an  attribute  of  syringo- 
myelia alone;  it  is  freciuent  in  hysteria  and  may  occur 
in  brain  or  spinal-cord  lesions  or  in  affections  of  peri- 
pheral nerves. 

Motor  Phenomena. — Atrophy  is  the  symptom  of 
chief  import.  It  involves  the  arms  most  frequently, 
is  often  unilateral.  The  small  muscles  of  the  hands 
are  most  constantly  affected.  In  early  stages  there 
may  be  the  type  of  a  peripheral  median  or  ulnar  lesion, 
manifesting  itself  in  the  form  of  the  ape  hand  or  the 
claw  hand;  combinations  of  the  two  are  not  infrequent. 
More  frequent  is  the  simultaneous  atrophy  of  all  the 
small  hand  muscles,  the  Aran-Duchenne  type.  The 
process  may  skip  the  forearm  and  spring  to  the  shoul- 
der group.  At  times  all  muscles  undergo  extreme 
wasting.  The  shoulder  muscles  may  be  attacked  first ; 
frequently  individual  bundles  undergo  atrophy,  while 
others  remain  normal  or  become  hypertrophied.  The 
lower  third  of  the  trapezius  is  commonly  involved,  the 
upper  part  very  rarely.  The  process  is  seldom  sym- 
metrical. The  thorax  muscles  may  be  involved 
irreguliirly — primarily  or  after  the  arms.  The  inter- 
costal muscles  and  diaphragm  are  usually  spared. 
The  lower  extremities,  as  a  rule,  follow  the  arms  in 
point  of  time.  The  quadriceps,  muscles  of  the  calf, 
and  foot  extensors  are  the  common  seats  of  atrophy. 
Various  forms  of  club-foot  occur.  At  times  atrophy 
is  masked  by  fat  or  diffuse  edema. 

Fibrillary  twitching  is  frequent;  it  may  be  an  early 
symptom  and  is  often  felt  by  the  patient.  Tremor, 
choreiform  twitching,  and  other  spontaneous  move- 
ments occur;  they  may  or  may  not  be  limited  to 
atrophic  muscles,  and  are  often  associated  with  par- 
esthesia; or  pain.  Tonic  cramps  occur  most  often  in 
the  lower  extremities,  but  they  may  involve  many 
muscles  and  simulate  at  times  hysterical  seizures. 
Gradations  toward  myotonia  have  been  observed, 
muscles  becoming  rigid  on  exposure  to  cold.  The 
myotonic  reaction  has  been  observed.  Contractures 
are  frequent  in  later  stages  and  may  lead  to  great  dis- 
tortion. The  gait  shows  usually  a  spastic  paraplegia; 
ataxia  is  not  infreciuent;  cerebellar  gait  is  rare.  All 
forms  of  electric  reactions  may  be  demonstrated. 
Often  there  is  only  quantitative  loss;  at  times  the 
reaction  of  degeneration  may  be  found  in  separate 
muscle  bundles;  at  times  complete  reaction  of  degen- 
eration is  present. 

Trophic  Changes. — The  manifold  trophic  distur- 
bances of  syringomyelia  speak  rather  for  separate 
trophic  nerves  and  centers.  Trophic  changes  may 
exist  without  demonstrable  loss  of  sensation.  It  is 
difficult  to  classify  the  diverse  skin  lesions  that  may 
occur.  Peculiarities  of  sweat  secretion  are  common : 
hyperidrosis,  anidrosis,  unilateral  or  regional  sweating, 
sweating  in  response  to  cold  and  not  to  heat.  Hy- 
peridrosis may  be  an  early  symptom,  its  distribution 
may  correspond  to  the  sensory  changes. 

Scars  of  mjuriesand  bums,  panaritium  (often  pain- 
less), eczema,  and  deep  fissures,  blisters,  erythema, 
urticaria,  and  pemphigus  are  frequently  seen. 

Thickening  of  the  skin  of  the  palms  and  of  the 
fingers  may  be  extreme.  Firm  edema  of  the  hands  and 
the  peeidiar  thickening  of  the  hands — the  main  suc- 
culentr  of  Marinesco — are  not  uncommon. 

Scleroderma  has  been  noted  in  a  few  cases;  Ray- 
naud's symptom-complex   is  rare,   gangrene  not  un- 
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t'ommon.  Bedsores  may  develop  in  acute  cases. 
Keloid  is  common.  The  nails  are  often  thick,  brittle, 
;ind  deformed.  Aside  from  the  presence  of  a  tuft  of 
iKtir  over  a  spina  bifida  or  a  spina  bifida  occulta,  an 
uvergrowth  of  hair  rarely  occurs. 

Joint  tcnions  are  most  important.  They  may  be  the 
earliest  symptom;  eighty  per  cent,  affect  the  upper 
extremities.  Pain  may  be  a  prodrome,  but  usually  the 
developed  affection  is  painless — a  striking  feature. 
The  change  in  the  joint  may  come  on  suddenly,  with 
large  effusion  or  with  marked  deformity  and  grating. 
Tlie  changes  are  due  to  trophic  and  not  to  mere  ine- 
dianical  influences.  Atrophic  and  hypertrophic  forms 
(Hcur.  Extreme  deformity  may  result.  The  finger, 
elbow,  and  shoulder  joints  are  the  usual  seats  of  tro- 
jihic  change.  The  lower  extremities  are  more  rarely 
involved.  Exostoses  about  the  joints  and  ossification 
of  muscles  are  not  infrequent.  Suppuration  may 
nrcur.  The  lesions  develop  spontaneously  or  under 
the  influence  of  trauma,  which  may  be  slight. 

Fractures  of  bones  may  occur  spontaneously  or  with 
insufficient  cause.  There  is  a  great  preponderance  of 
forearm  fractures.  Healing  may  be  long  delayed  and 
incomplete.  Exostoses  may  form.  At  times  there  is 
overgrowth  of  the  bones  as  a  whole  or  enlargement  of 
an  entire  extremity,  or  of  the  hand  or  foot.  Usually 
the  enlargements  are  partial  and  irregular.  They 
may  develop  quickl.v  and  be  associated  with  inflamma- 
tion. Hitzig  described  a  case  with  unilateral  bulbar 
lesions  and  hypertrophy  of  the  face  on  the  same  side. 
I  have  seen  great  enlargement  of  an  arm  due  to 
recurrent  lymphangitis  from  panaritium  infection. 

Two  cases  of  spontaneous  tendon  rupture  have  come 
under  my  observation:  in  one  there  was  rupture  of  the 
long  head  of  the  biceps  of  the  right  (affected)  arm;  in 
the  other,  rupture  of  the  patellar  tendon  in  a  lumbo- 
sacral type  of  the  disease. 

Thorax  Deformities. — Bernhardt  was  the  first  to  call 
attention  to  the  frequency  of  scoliosis  and  kypho- 
scoliosis. Scoliosis  is  important  as  a  symptom;  it  may 
occur  early  and  independently  of  muscle  weakness. 
The  kyphoscoliosis  occasionally  leads  to  great  deform- 
ity. It  is  most  frequent  in  the  dorsal  region.  Some- 
times there  is  great  tenderness  of  the  spine,  which  may 
be  limited  to  the  extent  of  the  deformity  or  of  the  proc- 
ess within  the  cord.  Oppenheim  regards  the  scolio- 
sis as  a  congenital  anomaly  in  certain  cases. 

Spina  bifida  and  spina  bifida  occulta  are  not 
uncommon. 

The  lliorax  en  bateau  is  the  name  given  by  Marie  to  a 
peculiar  depression  of  the  upper  part  of  the  sternum ; 
it  is  often  associated  w-ith  subluxation  of  the  clavicles 
forward. 

Hemiatrophy  of  the  face  has  been  reported  and 
may  or  may  not  be  associated  with  lesions  of  the 
sympathetic. 

In  this  connection  may  be  mentioned  the  peculiar 
irregular  or  "crooked"  look  of  manj'  patients  afflicted 
with  syringomyelia.  This  seems  to  depend  on  irregu- 
larities of  head,  face  and  thorax,  on  irregular  thick- 
ening of  soft  parts,  and  on  irregular  innervation  of 
facial  muscles.  It  is  important  as  emphasizing  the 
influence  of  congenital  anomalies  in  the  pathogenesis 
of  the  disease. 

Reflexes. — The  arm  reflexes  are  often  absent,  and 
wlien  present  they  vary  with  the  atrophy  or  the 
affections  of  the  joints.  Increased  knee-jerks  form  a 
cardinal  symptom.  Clonus  is  frequent;  unilateral 
increase  is  common;  even  with  lumbosacral  localiza- 
tion the  knee-jerk  is  curiously  persistent  and  usually 
increased.  Absent  knee-jerk  is  found  in  association 
with  tabes  or  nerve-root  lesions  or  destruction  of 
lumbar  centers.  The  superficial  reflexes  arc  not  often 
absent;  abdominal  and  cremaster  reflexes  are  fre- 
quently increased.  The  Babinski  reflex  and  other 
abnormal  plantar  reflexes  are  not  constant;  their 
absence  is  not  against  syringomyelia,  even  when  there 
are  marked  spastic  symptoms. 
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Sphincter  Disturbances. — The  bladder  is  not  gener- 
ally affected  early  and  may  never  be  involved.  Sen- 
sibility of  the  mucous  membrane  mav  be  lost  and  yet 
the  function  be  perfect.  Difficulty  of  starting  the  urine 
is  the  usual  symptom  in  the  beginning;  later  there  may 
be  incontinence.  Diabetes  may  occur  in  bulbar  le- 
sions.    Pollakiuria  is  frequent  and  may  be  bothersome. 

Constipation  is  common,  but  incontinence  of  the 
bowels  is  rare.  Sexual  and  menstrual  troubles  are 
very  rare. 

Bulbar  and  Cranial  Symptoms. — As  was  stated  in 
the  previous  description,  the  anatomical  process 
may  involve  nerves  from  the  fifth  to  the  twelfth; 
other  cranial  nerves  may  be  influenced  indirectly  bv 
hydrocephalus,  tabes,  etc.  Symptoms  on  the  part  of 
the  olfactorius  and  auditory  nerves  are  very  rare. 

Taste  may  be  affected,  but  complicating  hysteria 
may  be  a  cause;  the  affection  is  usually  unilateral. 

Eye  symptoms  are  important.  Neuritis  and  atrophy 
of  the  nerve  are  rare  occurrences  and  probably  depend 
on  hydrocephalus  or  actual  gliomata.  The  pupils 
are  often  different  on  account  of  lesions  of  the  svmpa- 
thetic.  The  narrow  pupil  and  narrowed  opening 
between  the  eyelids  as  well  as  the  retrocession  of  the 
bulb,  are  found  on  the  side  chiefly  affected.  Kocher 
has  shown  that  lesions  of  the  medulla  and  upper 
cervical  segments  are  as  competent  to  produce  sym- 
pathetic disturbances  as  are  lesions  of  the  lower 
cervical  and  first  dorsal  segments. 

Argyll-Robertson  pupils  do  not  belong  to  syringo- 
myelia; if  present,  they  suggest   complicating  tabes. 

Nystagmus  occurs  more  frequently  than  in  any 
other  nerve  lesion  except  multiple  sclerosis. 

Eye-muscle  palsies  may  occur,  but,  on  the  whole. 
they  are  rare.  They  may  be  recurrent ;  the  abducens 
is  most  often  affected. 

Trigeminus  lesions  are  important.  Violent  neural- 
gias or  paresthesias  may  be  the  first  symptom.  Disso- 
ciation of  sensation  is  usual,  and  the  distribution  fol- 
lows segmental  types.  The  "parietal-ear-chin"  line 
of  Kocher  marks  the  upper  level  of  the  second  cervical 
segment  supply.  As  the  proximal  trigeminus  be- 
comes involved  the  first  sensory  loss  is  in  the  scalp  and 
then  in  areas  narrowing  concentrically  toward  the 
nose  (von  Soelder,  Schlesingef). 

The  motor  fifth  is  hardly  ever  affected.  The  cor- 
neal reflex  is  very  rarely  absent.  Occasional  trophic 
disturbances  occur,  such  as  less  of  hair  or  teeth ;  or  the 
tears  may  be  more  abundant  on  the  affected  side. 
Implication  of  the  facial  is  uncommon:  most  often 
the  lower  portion  is  alone  affected.  Often  there  is  no 
reaction  of  degeneration. 

Hemiatrophy  of  the  tongue  is  a  frequent  and  may 
be  an  initial  symptom.  Unilateral  affections  of  the 
soft  palate  and  larynx  are  extremely  important  in 
diagnosis.  In  the  larynx  the  usual  lesion  is  paralysis 
of  muscles  supplied  by  one  recurrent.  Sensory  and 
motor  larj-ngeal  changes  may  be  independent  of  one 
another.  It  is  important  to  remember  that  the  laryn- 
geal palsies  may  develop  in  an  apoplectiform  manner 
with  marked  vertigo  and  even  loss  of  consciousness. 
Vertigo,  however,  may  occur  independently  of  bulbar 
lesions. 

Vomiting  may  be  periodic,  occurring  in  attacks  like 
regular  tabetic  crises.     Heart  symptoms  are  rare. 

Headache  is  not  a  feature  of  the  disease.  Convul- 
sions may  rarely  occur.  Scanning  speech  has  been 
reported  in  several  cases. 

Atypical  Forms. — -There  may  be,  for  long  periods, 
the  picture  of  a  spastic  paraplegia  or  an  amyotrophic 
lateral  sclerosis.  Sensory  changes  may  be  absent  for 
years  (Bouchard).  Bulbar  symptoms  may  come  on  in 
an  apoplectiform  manner  and  for  a  long  time  they  may 
be  the  only  manifestations  of  the  disease.  In  very 
rare  cases  there  may  be  widespread  sensory  changes — 
anesthesia  as  well  "as  analgesia  and  thcrmanesthesia. 
In  the  celebrated  case  of  Spaeth  and  Schnepprl  there 
was  practically  total  loss  of  all  forms  of  sensation. 
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In  l,S,S;j  Morvan  published  desc-riptidiis  of  a  symp- 
toni-coniplox  that  lias  since  been  known  by  his  name. 
He  described  the  combination  of  painless  panaritium 
of  the  fingers  with  tirvtit  deformity  and  with  marked 
loss  of  pain-  and  temperature-perception  in  the  hands 
and  arms.  Autopsies  of  JofTroy-Achard,  ProulT. 
Marineseo,  Hoffman,  Redlich,  Schlesinger,  and  others 
have  demonstrated  the  direct  a.ssociation  of  Morvan's 
symptom-complex  with  .syringomyelia.  On  the  other 
hand,  the  same  picture  may  present  itself  in  leprosy, 
and  only  a  careful  examination  will  enable  one  to  make 
u  differential  diagnosis. 

The  early  appearance  of  changes  in  the  joints, 
spontaneous  fractures,  etc.,  can  lead  to  confusion  only 
on  superficial  examination. 

DiFt-EKKNTiAL  DIAGNOSIS. — There  is  no  doubt  that 
syringomyelia  represents  a  clinical  if  not  an  anatomi- 
cal entity.  Due  attention  to  the  combination  of  sen- 
sory, motor,  and  trophic  changes  will  usually  enable 
one  to  make  a  correct  diagnosis.  The  following  rep- 
resent the  chief  conditions  that  may  lead  to  confusion: 

1.  ProgrcxsUe  Muscular  Atrophy. — Kahler  and 
Sehultze  pointed  out  the  importance  of  sensory 
changes  in  distinguishing  syringomyelia  from  cases  of 
muscle  atrophy  of  the  Aran-Duehenne  type.  The 
doubtful  eases  are  those  in  which,  for  years,  there  are 
no  sensory  changes  (Croeg,  Dejerine).  It  is  necessary 
to  seek  for  isolated  loss  or  diminution  of  temperature- 
perception.  Increased  knee-jerks,  scoliosis,  lesions  of 
the  sympathetic,  trophic  changes,  paresthesia;,  ataxia, 
sphincter  disturbances,  speak  for  syringomyelia. 

2.  Amyotrophic  Lateral  Sclerosis. — Sensory  changes 
are  rare,  but  they  may  occur  (Oppenheira).  Bladder 
symptoms,  scoliosis,  paresthesiie,  unilateral  bulbar 
symptoms,  trigeminus  involvement,  nystagmus,  are 
decisive  for  syringomyelia. 

3.  Multiple  Sclerosis. — Tremor,  nystagmus,  scan- 
ning speech,  increased  knee-jerks,  spastic  paraplegia, 
ataxia,  spliiru-ter  disturbances — these  are  symptoms 
that  belong  to  both  diseases.  Some  sensory  change  is 
not  uncommon  in  multiple  sclerosis,  and  even  dissocia- 
tion may  occur  (Freuiid,  Reichel).  Optic  atrophy, 
cspcciall}'  atrophy  of  the  temporal  half,  decides  for 
multiple  sclerosis.  Marked  sensory  changes,  muscle 
atrophy,  trophic  disturbances,  scoliosis,  speak  for 
syringomyelia.  Remissions  may  occur  in  either 
affection,  but  are  more  usual  in  multiple  sclerosis. 

4.  Progressive  Muscular  Dysirnphij. — If  syringo- 
myelia begins  in  the  shoulder  group  of  muscles  atro- 
phy is  not  rarely  associated  witli  partial  hypertrophy, 
and,  if  cases  of  dystrophy  are  complicated  with  hys- 
terical sensory  changes,  the  two  conditions  will  appear 
very  much  alike.  Trophic  disturbances,  increased 
knee-jerks,  .segmental  sensory  distribution,  bulbar 
symptoms,  decide  for  syringomyelia. 

'  5.  Meningomyelitis  Luetica. — Spastic  paraplegia 
and  dissociation  of  sensation  may  occur  in  both  dis- 
eases. Brain  symptoms  and  a  Brown-S6c)uard  type  of 
motor  and  .sensory  lesions  favor  lues.  Scoliosis  and 
trophic  changes  are  absent.  Nystagmus  is  very  rare. 
Tlie  Was.sormann  reaction  in  the  serum  and  cerebro- 
spinal fluid,  with  increased  lymphocyte  count,  globu- 
lin and  gold  reactions  in  the  cerebrospinal  fluid  afford 
most  important  data  in  the  recognition  of  spyhilis. 

6.  Tabes. — There  may  be  many  symptoms  in  com- 
mon. Strongly  characteristic  symptoms  in  either 
direction  decide.  Thus,  for  example,  the  Argyll- 
Robertson  pupil,  loss  of  knee-jerk,  ataxia,  sphincter 
disturbances,  character  of  sensory  loss,  trophic 
changes  in  lower  extremities,  cri.ses,  belong  to  tabes; 
on  the  other  hand,  muscle  atrophy,  marked  dissocia- 
tion of  sensation  over  large  areas,  increased  knee- 
jerks,  scoliosis,  trophic  changes  in  the  arms,  speak  for 
syringomyelia. 

7.  Ilcmatomyelia. — In  this  disease  the  symptoms 
are  marked  at  first,  but  later  some  improvement  takes 
place.     Syringomyelia  is  usually  steadily  progressive. 


K.  Plexus  Affections. — Cases  have  been  reported  of) 
bilateral  plexus  palsies,  of  both  the  Krb  and  the  Klump- 
ke  types.  There  may  be  dissociation  of  sensation  as  I 
in  .syringomyelia,  and  the  distribution  may  be  of  the  I 
segmental  type.  In  some  cases  only  continuefl  obser- 
vation will  decide;  as  a  rule,  tenderness  of  the  nerve 
trunks  and  of  the  spine  is  more  marked  in  the  plexus 
affections,  there  is  no  increase  of  knee-jerks,  bulbar 
symptoms  do  not  occur,  and  the  losses  of  sensation  are 
limited  to  the  arms. 

9.  Hysteria. — Complications  with  hysteria  may  add 
to  the  (lifriculties  of  differential  diagnosis  in  muscular 
dystrophies,  atrophies,  etc.,  as  mentioned  above;  or 
hysteria  may  be  added  to  or  may  simulate  .some  of 
the  syinploMis  of  syringomyelia.  In  the  sensory  dis- 
turl):inccs  of  hysteria  dissociation  is  rarely  .segmental. 
Suggestion  may  lead  to  disappearance  or  transference 
<if  the  sensory  losses.  Deep  or  superficial  reflexes  are 
little  modified,  trophic  changes  and  atrophies  are  ex- 
tremely rare.     Bulbar  changes  do  not  occur. 

10.  Extramedullary  Tumors  ami  lyiiiiiliznt  Miiiiiujitis. 
— Extramedullary  tumors  or  Imalizc-il  t  liickining  of 
meninges  with  damming  of  fluid  alni\c,  cspcciallx-  in  the 
cervical  region  of  the  cord,  may  at  times  give  a  clinical 
jiicture  closely  resembling  syringomyelia.  We  know 
from  recent  reports  that  these  processes  may  advance 
to  high  degrees  of  root  and  cord  compression  without 
causing  pain.  Dissociation  of  sensation,  as  in  syringo- 
myelia, is  rare  but  it  may  occur.  Atrophy  of  hand 
or  arm  muscles,  scoliosis,  increased  reflexes  below,  ab- 
normal plantar  reflexes,  ataxia,  paraplegia,  sphincteric 
disturbances  are  frequent  phenomena.  Symptoms 
maj'  be  unilateral  for  long  periods  of  time  as  in 
syringomyelia.  It  is  well  to  remember  the  possibility 
of  tumor  or  other  causes  of  compression  in  all  cases 
of  atypical  cord  disease.  As  a  rule  the  advance  of 
symptoms  is  more  rapid  in  tumor  than  in  syringo- 
myelia. All  qualities  of  sensation  are  blocked  much 
more  frequently  and  the  typical  dissociation  of  syrin- 
gomyelia rarely  occurs.  Cranial  nerves  are  not  in- 
volved. Trophic  disturbances  are  rare.  Lumbar 
puncture  may  yield  the  yellowish  fluid  of  stasis  with 
high-globular  content. 

11.  Central    Tumors. — (Tubercle    gumma,    glioma, 
etc.)     Here  symptoms  are  severe  and  advance  quickly,     i' 
Pain  is  severe;  marked  paresthesiae,  especially  of  heat     I 
and  cold,  are  usual;  atrophies  and  paralyses,  particu-     " 
larly     paraplegia,     come    on     rapidly.     Ataxia    and     ' 
sphincter    disturbances  are  frequent;  there   is  often 
complete    or    partial    development    of    the    Brown- 
Sfojuard  complex;  if  bulbar  symptoms  occur  they  are 
severe  and  run  their  course  quickly. 

12.  Pemphigus,  scleroderma,  Raynaud's  disease,  de- 
formities due  to  arteriosclerosis,  pellagra,  and  lathy- 
rism,  can  rarely  give  rise  to  confusion. 

13.  In  coincidence  of  leprosy  and  syringomyelia  was 
pointed  out  by  Steudener  in  1867  and  by  Laiighans  in 
1875,  but  the  publication  of  Morvan's  work  in  1883 
first  awakened  general  interest  in  the  question.  As 
described  above,  the  Morvan  symptom-complex  was  ; 
shown,  by  care  fully  made  autopsies,  to  be  associated 
with  syringomj'clia  (Joffroy  and  Achard,  Prouff, 
Redlich,  Schlesinger,  and  others).  But,  subsequently, 
Zainbaco  published  reports  which  showed  that  in  Brit- 
tany, where  Morvan  had  carried  on  his  work  and  where 
leprosy  was  endemic,  there  occurred  cases  which 
merited  the  name  of  Morvan's  disease,  but  in  which 
the  existence  of  leprous  neuritis  was  absolutely  proved. 

It  is  particularly  these  trophic  forms  of  syringomyelia 
that  are  liable  to  be  taken  for  leprosy,  and  it  is  equally 
true  that  the  anesthetic  and  not  the  tuberculous  types 
of  leprosy  are  confused  with  syringomyelia.  Despite 
the  views  of  some  extremists,  the  two  diseases  are 
undoubtedly  distinct.  Leprosy  has  no  influence  in  the 
production  of  syringomyelia,  and  unequivocal  lesions 
of  leprosy  have  never  been  found  associated  with 
syringomyeUa;  accidental  combination  may  of  course 
be  possible.     The  leprous  analgesia  or  thermo-anes- 
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thesia  depends  on  involvement  of  peripheral  nerves 
and  is  usually  not  so  widespread  nor  so  segincntally 
distributed  as  in  syringomyelia.  Evidence  of  periph- 
eral nerve  disease  is  found  in  thickening  of  nerve 
trunks,  particularly  the  ulna  and  great  auricular. 
Bulbar  lesions,  increased  knee-jerks,  girdle  sensation, 
sphincter  disturbance,  and  scoliosis  do  not  belong  to 
tiie  symptomatology  of  leprosy.  On  the  other  hand, 
the  cutaneous  nodes,  widespread  pemphigus,  vitiligo, 
uliite  scars,  and,  above  all,  the  demonstration  of 
bacilli  in  the  blood,  nasal  secretion,  etc.,  decide  for 
leprosy.  The  Wassermann  reaction  occurs  in  leprosy, 
not  in  syringomyelia.  There  are  some  cases,  especially 
in  districts  where  leprosy  is  endemic,  in  which  a 
diagnosis  is  difficult;  as  autopsies  prove,  however,  con- 
founding of  the  two  diseases  can  even  then  be  avoided 
if  a  careful  examination  be  made. 

Course  and  Prognosis. — The  disease  is  eminently 
chronic;  cases  have  been  known  of  thirty,  forty,  and 
fifty  years'  duration.  The  type  of  disease  dependent  on 
quick  glia-prolifcration  (gliosis  without  cavity  forma- 
tion) runs  a  relatively  rapid  course  (from  three  to  six 
years),  but  the  cases  can  hardly  be  separated  clinically. 

Intercurrent  infections  and  trauma  often  influence 
tlie  process  unfavorably.  Apoplectiform  attacks  may 
occur  with  accentuation  of  bulbar  or  spinal  symptoms; 
marked  remissions  also  occasionally  occur.  The  bul- 
Ixir  lesions  are  on  the  whole  benignant  and  may  last 
for  years  unchanged. 

Death  may  occur  from  bladder  and  kidney  compli- 
cations, from  sepsis  following  the  various  trophic  dis- 
turbances, and  sometimes  from  bulbar  lesions,  but 
most  often  from  intercurrent  disease. 

Treatment. — From  the  nature  of  the  lesions  it  is 
impossible  to  expect  direct  results  from  treatment. 
In  a  few  cases,  due  seemingly  to  lues,  specific  treat- 
ment has  proved  advantageous.  Prophylactic  meas- 
ures playan  important  part.  Such  are:  avoidance  of 
trauma,  of  overuse  of  atrophic  muscles;  prevention 
(if  bedsores  and,  to  a  certain  extent,  of  atrophic  joints; 
avoidance  of  injury  to  analgesic  extremities,  and  of 
exposure  to  injurious  temperature  changes;  above  all, 
great  care  in  the  avoidance  of  bladder  complications. 

Mud  baths  and  gentle  massage  may  help  con- 
tractures. 

Electricity,  galvanic  and  static,  may  relieve  pain  or 
paresthesia?.  Treatment  with  x-ray,  in  the  writer's 
experience,  has  been  of  no  value. 

Panaritium  and  suppurating  joints  must  be  treated 
surgically;  as  a  rule,  wounds  from  surgical  operations 
heal  fairly.  Pain  may  require  phenacetin,  antipyrin, 
pyramidon,  salicylates,  or  morphine.  Potassiimi 
iodide,  mercury,  and  salvarsan  should  be  given  in  cases 
of  questionable  luetic  orgin,  or  iodide  may  be  tried  for 
a  time  in  all  cases.  General  tonics  can  be  of  only  in- 
direct service.  Herbert  C.   Moffitt. 


Syrupi. — The  title  syrupus  (a  cyrup)  is  given  to 
such  fluid  preparations  of  aqueous  basis  as  contain  in 
solution  notable  amounts  of  sugar,  the  purpose  of  the 
sugar  being  either  to  flavor  or  to  preserve  the  prepara- 
tion. The  official  "syrups"  of  the  United  States 
Pharmacopa'ia  are  quite  incongruous.  Syrups  pre- 
pared from  vegetable  drugs  are,  as  a  class,  of  com- 
paratively feeble  medicinal  power,  and  are  prone  to 
decomposition  by  fermentation,  but,  as  an  offset, 
are  comparatively  pleasant  of  taste.  Quite  a  number 
of  vegetable  "syrups,"  indeed,  have  no  other  purpose 
than  to  serve  as  flavoring  ingredients.  As  such  may 
be  enumerated  the  pharmacopocial  "syrup,"  simply 
so  called — an  aqueous  solution  of  cane-sugar  of 
specific  gravity  1.313,  and  the  "syrups,"  respectively, 
of  citric  acid,  almond,  orange,  orange  flowers,  wild 
cherry,  rose,  raspberry,  tolu,  and  ginger.  In  pre- 
scription a  flavoring  syrup  should,  as  a  nde,  not  exceed 
one-half    the    volume    of    the    prescribed    mixture. 


Fermented  syrups  are  useless  for  dispensing  purposes. 
There  are  twenty-nine  syrups  official  in  the  I  nited 
States  Pharmacopoeia,  and  thirtv-nine  in  the  National 
Formulary.  '     R.  j.  r.  Scott. 


Tabanidae. — A  family  of  biting  flies  which  includes 
the  horse-flies,  gad-flies,  breeze-flies,  etc.  About  1,800 
species  are  known.  The  blood  sucking  is  confined  to 
the  females,  the  males  living  on  plant  juices.  These 
pests  may  be  killed  when  they  come  tn  drink  by  put- 
ting kerosene  on  the  water.  A.  S!  P. 

Tabes  Dorsalis. — "Tabes"  is  the  term  which  has 
been  universally  adopted  to  describe  the  disease 
popularly  known  as  "locomotor  ataxia,"  a  name 
originally  given  to  this  affection  by  Duchenne  in  1858. 
The  latter  is  objectionable,  however,  because  it  is 
merely  descriptive  of  a  symptom,  which  at  times  may 
not  appear  until  late  in  the  course  of  the  disease,  or 
which  may  be  entirely  absent.  "Posterior  spinal 
sclerosis"  is  also  unsatisfactory,  as  it  refers  only  to 
the  most  easily  discoverable "  lesion.  "Tabes  "dor- 
salis," or  "wasting  of  the  back,"  was  applied  by 
Hippocrates  to  certain  symptoms  supposed  to  be  due 
to  venereal  excess,  but  was  restricted  to  this  disease  by 
Romberg. 

Tabes  is  the  most  common  form  of  chronic  organic 
disease  of  the  nervous  system.  The  pathological 
process  underlying  the  affection  is  a  parenchymatous 
degeneration  terminating  in  sclerosis,  which"  princi- 
pally involves  the  sensory  neurones.  The  i)eripheral 
motor  neurones  are  also  frequently  implicated.  In 
other  words,  it  may  be  looked  upon  as  a  degenerative 
disease  affecting  various  parts  of  the  entire  nervous 
system,  while  the  most  pronounced  and  extensive 
lesion  is  found  in  the  posterior  columns  of  the  spinal 
cord.  The  morbid  process  may  attack  the  cranial 
nerves  and  their  nuclei  as  well  as  the  peripheral 
nerves  in  the  extremities.  It  may  thus  produce 
blindness  from  gray  degeneration  of  the  optic  nerves, 
or  paralysis  of  ocular  muscles  from  degeneration  of  the 
nerve  nuclei.  The  brain  cortex  does  not  always 
escape.  The  parts  first  affected  in  tabes  are  usually 
the  fibers  which  originate  in  the  spinal  ganglia,  i.e. 
the  fibers  of  the  posterior  roots  which  traverse  the 
posterior  columns. 

Etiology. — Tabes  is  now  classified  among  the 
syphilitic  diseases  of  the  nervous  system,  for  it  has 
been  conclusively  shown  that  syphilis  is  the  essential 
cause.  This  has  been  determined  by  the  history  of 
luetic  infection,  and  the  results  of  examination  of  the 
blood  and  cerebrospinal  fluid.  Modern  serological 
methods  have  shown  a  positive  Wa.sscrmann  reaction 
either  in  the  blood  serum  or  in  the  cerebrospinal 
fluid;  more  frequently  in  the  latter,  which  also  often 
shows  an  excess  of  globulin,  and  an  abnormal  number 
of  lymphocj-tes  to  each  cubic  millimeter  of  cerebro- 
spinal fluid.  In  many  cases,  either  sexual  excesses, 
exposure  to  cold,  overfatigue  or  trauma  may  act  as 
an  exciting  or  precipitating  cause  of  the  manifestation 
of  the  disease,  which  hitherto  had  been  latent  or 
undiscovered. 

Symptoms. — Among  the  early  symptoms  of  the  dis- 
ease first  noticed  by  the  patient  are  pains  in  the  trunk 
and  extremities;  disturbance  of  the  bladder;  impo- 
tence; rectal  pain;  diplopia;  ocular  paralysis;  failing 
vision;  cutaneous  hyperesthesia  or  anesthesia;  inco- 
ordination in  walking;  visceral  symptoms  known  as 
"crises"  affecting  the  gastrointestinal  tract,  bladder, 
or  rectum,  and  occasionally  laryngeal  "crL-ses." 

Pain  is  often  one  of  the  earliest  symptoms  of  tabes, 
and  may  antedate  all  other  symptoms  for  many  years. 
The  character  of  the  tabetic  pains  is  as  a  rule  pathog- 
nomonic. They  are  irregular  in  their  distribution 
and  are  usually  described  by  the  patient  as  "shock- 
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like,"  "shiirp,"  "piprcinfs,"  "cutting,"  or  "stabbing," 
being  rapidly  repented  at  the  same  spot,  which  often 
becomes  extremely  sensitive  to  the  slightest  touch. 
They  may  also  resemble  the  painful  sensation  as  if 
the  muscles  and  bones  were  being  crushed,  or  as  if  a 
piece  of  nerve  was  pulled.  They  may  be  so  sudden  in 
their  onset  that  a  strong  man  is  surprised  into  a  loud 
exclamation  of  pain  while  feeling  otherwise  well. 
They  may  occur  every  few  moments  for  minutes, 
hours,  or  days.  Although  they  differ  essentisiUy 
from  true  neuralgic,  muscular,  or  periosteal  pains, 
they  are  often  erroneously  considered  as  being  of  such 
origin.  Hence  it  is  a  common  experience  for  the  iicu- 
roiogi.st  to  receive  such  patients  with  their  announce- 
ment that  they  had  previously  been  under  treatment 
for  rheumatisn'i  or  neuralgia.  In  order  fully  to  appre- 
ciate the  significance  of  these  pains,  it  is  necessary  to 
study  this  symptom  carefully  and  minutely,  for  it 
may  exist  for  several  years  before  other  symptoms  are 
at  all  prominent.  In  the  majority  of  instances,  the 
pains  most  frecjuently  affect  the  lower  extremities. 
They  may,  however,  be  limited  to  the  inframammary, 
intercostal,  dorsal,  or  lumbar  regions.  Indeed,  they 
are  known  to  attack  almost  any  part  of  the  body. 
They  may  thus  appear  iti  the  form  of  trigeminal  facial 
pain  or  be  located  in  the  scalp.  On  the  other  hand, 
in  some  patients,  pain  is  eit  her  entirely  absent  or  only 
a  slight,  dull,  circumscribed,  and  aching  pain  is 
occasionally  complained  of.  If  such  pains  do  not 
appear  in  the  early  period  of  the  disease,  they  are 
not  likely  to  ap|)ear  later. 

Crineri. — -At  almost  any  stage  of  the  disease  suddenly 
recurring  paroxysmal  attacks  of  severe  gastralgia  may 
take  place,  accompanied  by  exhaustive  vomiting, 
which  resists  all  ordinary  methods  of  treatment,  but 
seems  to  subside  spontaneously.  These  attacks  are 
known  as  "giistric  crises."  Sometimes  persistent 
gastralgia  may  be  the  only  symptom  complained  of. 
In  such  a  case  careful  examination  will  often  reveal 
an  area  of  cutaneous  anesthesia  in  the  epigastric 
region,  thus  leading  to  further  investigation  which 
discloses  the  underlying  cause  of  the  pain.  Instead 
of  these  "gastric  crises,"  there  may  be  severe  and 
unaccountable  diarrhea  associated  with  violent 
colicky  pain  that  may  sometimes  simulate  an  attack 
of  renal  colic.  In  some  instances  the  rectum  may  be 
the  seat  of  severe  pain  that  is  remittent  in  character. 
This  pain  not  being  relieved  by  ordinary  means,  its 
true  nature  being  overlooked,  surgeons  have  been  led 
to  the  fruitless  operation  of  forcibly  stretching  ancl 
paralyzing  the  anal  sphincter  and  removing  any 
licmorrhoids  that  perchance  are  present. 

"Laryngeal  crises"  occur  only  in  a  very  smaU  pre- 
centage  of  cases.  The  most  common  form  is  true 
laryngeal  spasm,  with  noisy  inspiration  and  expiration, 
cough,  ancl  often  considerable  dyspnea.  The  parox- 
ysms may  resemble  those  of  whooping-cough  or  of 
laryngismus  stridulus.  Death  during  these  attacks 
is  extremely  rare. 

Incontinence  or  retention  of  urine  is  frequently  an 
early  symptom.  Considerable  effort  is  required  in 
micturition,  the  urine  flowing  slowly.  Quite  often 
the  bladder  is  not  completely  emptied  and  the  residual 
urine  may  undergo  decomposition  and  thus  set  up  a 
cystitis. 

Impotence  may  .also  occur  as  an  early  manifestation, 
I)ut  it  usually  develops  as  the  disease  advances. 

Diplopia,  ocnlar  pardb/s-is,  or  failing  insion  may  be 
the  first  symptom  that  leads  the  patient  to  consult  a 
physician.  For  several  years  before  other  symptoms 
are  clearly  manifested,  or  at  any  time  in  the  early 
period  of  the  disease,  there  may  be  frequent  diplopia, 
or  transient  attacks  of  paraly.sis  affecting  the  ocular 
muscles;  the.se  attacks  are  of  nuclear  or  peripheral  ori- 
gin. The  paralyses  of  the  external  ocular  muscles  are 
often  bilateral,  but  not  symmetrical,  often  unilateral, 
and  frequently  affect  only  single  muscles.  Ptosis  and 
paralysis  of  one  or  more  muscles  supplied  by  the  ocu- 
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lomotor  nerve,  and  abducens  paralysis,  are  the  mo.st 
frequent.  As  a  rule  they  develop  suddenly  and  usu- 
ally disappear  after  a  longer  or  shorter  period,  with  or 
without  treatment.  Relapses  are  frequent.  Attention 
may  first  be  drawn  to  the  disease  through  a  sudden 
third-  or  sixth-nerve  paralysis,  either  partial  or  com- 
plete. The  duration  varies  from  a  few  hours  to  a  year 
or  more,  or  the  paralysis  may  become  permanent. 
Sometimes  both  eyes  are  affected,  and  a  progress- 
ive and  complete  ophthalmoplegia  may  ultimately 
develop. 

Atrophy  of  the  optic  nerve  is  the  most  serious  ocular  ■ 
complication  of  tabes.  It  occurs  in  about  ten  or 
fifteen  per  cent,  of  the  cases.  For  a  long  time  it  may 
be  the  only  symptom  of  the  disease,  thus  appearing 
several  years  before  other  characteristic  phcnomen.a 
are  manifested.  It  rarely  develops  in  the  later  period 
of  the  disease.  The  atrophic  process  is  the  result  of 
gray  degeneration  of  the  optic  nerves  similar  to  that 
which  attacks  the  posterior  column  of  the  spinal 
cord.  The  failure  of  sight  usually  commences  with  a 
peripheral  limitation  of  the  field  and  loss  of  color  vision 
(the  visual  field  for  green  contracting  early) ;  but 
sometimes  central  vision  is  defective  from  the  very 
beginning.  The  atrophy  is  almost  always  bilateral, 
being  more  advanced  in  one  eye  than  in  the  other,  and 
ultimately  progresses  to  complete  blindness.  It  is 
rare  for  tabetic  patients  who  become  blind  at  an 
early  stage  of  the  disease  to  become  ataxic  later;  but 
if  the  ataxia  has  become  well  pronounced,  it  does  not 
always  improve  with  the  subsequent  development 
of  optic  atrophy.  In  the  majority  of  instances,  the 
occurrence  of  optic  atrophy  seems  to  inhibit  the 
further  progress  of  the  disease.  This  is  a  peculiar 
clinical  fact  which  has  never  been  satisfactorily 
explained. 

Incoordination,  or  ataxia  as  it  is  familiarly  termed, 
is  a  common  symptom  in  many  cases  of  tabes  and  most 
frequently  affects  the  lower  extremities.  It  has  oc- 
casionally been  noted  by  the  patient  himself,  who  first 
discovers  difficulty  in  standing  or  walking  with 
closed  eyes. 

As  a  rule,  the  lower  extremities  are  affected  first. 
When  the  sclerosis  begins  in  the  cervical  portion  of  the 
cord,  the  ataxia,  as  well  as  other  symptoms,  may,  for  a 
longer  or  shorter  period,  be  confined  to  the  upper 
extremities.  It  is  a  curious  clinical  fact,  previously 
mentioned,  that,  in  cases  in  which  optic  atrophy 
appears,  the  ataxia  often  ceases  its  further  progress. 

Incoordination  is  a  disturbance  of  the  associated 
muscular  action  which  is  essential  in  the  maintenance 
of  equilibrium.  Coordinate  muscular  action  is  kept 
under  the  patient's  control  to  a  certain  extent  by  the 
attention  and  vision.  As  soon  as  the  patient  fails 
to  watch  his  movements,  or  the  eyes  are  closed,  the 
ataxia  is  materially  increased  and  may  become  un- 
controllable. Thus,  while  standing  with  closed  eyes 
and  the  feet  close  together,  he  may  gradually  or 
suddenly  fall  to  the  ground  (static  ataxia),  being 
deprived  of  the  sense  of  position  of  the  legs,  vuiless 
the  eyes  are  opened.  Incoordination  affecting  the 
lower  extremities  is  productive  of  the  characteristic 
tabetic  gait  ("locomotor  ataxia").  In  attempts 
at  walking,  w-hen  the  condition  is  well  pronounced, 
the  foot  is  lifted  from  the  ground  at  a  much  higher 
elevation  than  normal,  and,  being  poised  with  con- 
siderable uncertainty,  it  is  suddenly  brought  to  the 
ground,  striking  forcibly  on  the  heel. 

The  ataxia  is  due  to  an  obstruction  or  obliteration 
of  afferent  impulses  conducted  from  the  periphery 
through  the  various  sensory  tracts.  It  therefore 
follows  as  a  result  of  sclerosis  of  the  posterior  columns 
of  the  cord,  or  of  degeneration  of  the  peripheral 
sensory  fibers  in  the  muscles  and  joints,  being  directly 
conditioned  by  a  loss  of  muscle  and  joint  sensibility. 

While  in  some  cases  it  is  often  the  most  striking 
symptom,  occasionally  developing  during  the  first 
years  of  the  disease  in  conjunction  with  other  dis- 
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covemble  signs,  in  many  instances  the  ataxia  is 
scarcely  perceptible  or  demonstrable,  or  does  not  ap- 
pear at  all  at  any  time  during  the  course  of  the  malady. 
Hence  the  designation  of  the  affection  as  "locomotor 
ataxia"  is  a  misnomer. 

Sensory  Disturbances. — Various  paresthesise  are 
ifrrn  complained  of,  such  as  numbness  or  formication 
111  the  extremities — a  sensation  as  if  the  soles  of  the 
feet  were  resting  upon  rubber  or  fur;  a  band-like  feel- 
ing around  the  body,  usually  at  the  level  of  the  mid- 
thoracic  region,  as  if  a  tight  corset  or  belt  enveloped 
the  body.  This  sensation  is  known  as  "cincture 
feeling"  or  "girdle  sensation."  Or  the  patient 
discovers  that  sensibility  in  his  legs  is  absent  in  various 
.iioas.  In  the  upper  extremities  there  may  be  numb- 
iit'ss  in  the  course  of  the  ulnar  nerve  affecting  espe- 
nally  the  fourth  and  fifth  fingers.  In  addition  to  the 
pains  and  paresthesije  described  by  the  patient, 
disturbances  of  cutaneous  sensibility  are  often  found 
upon  examination,  in  association  with  the  loss  of 
muscle  and  joint  sensibility  just  mentioned.  Im- 
pairment of  sensation  may  be  entirely  absent,  but  in 
most  cases  of  tabes  some  objective  sensory  disturbance 
is  always  found.  It  may  vary  from  slight  diminution 
of  tactile  sensibility  to  the  most  pronounced  analgesia. 
The  different  cjualities  of  sensation  should  always  be 
tested  carefully.  In  a  large  percentage  of  tabetics 
(four-fifths)  there  is  an  area  of  diminished  sensibility 
to  touch  situated  like  a  band  about  the  chest  in  the 
midthoracic  region  and  varying  from  three  to  four 
inches  in  width.  This  tactile  loss  may  be  associated 
with  analgesia  in  the  same  area.  A  diminution  in 
the  sense  of  touch,  pressure  sense,  and  the  sense  of 
position  of  the  limbs,  usually  appears  in  the  early 
stage,  whUe  the  higher  degrees  of  anesthesia  are 
developed  later.  The  temperature  sense  may  remain 
unimpaired  until  the  last  stage  of  the  disease.  But 
analgesia  is  one  of  the  earliest  and  commonest  forms 
of  sensory  disturbance.  The  areas  of  analgesia  may 
be  distributed  over  the  trunk  and  extremities.  In 
the  lower  extremities  it  involves  the  sole  of  the  foot, 
the  heel,  the  toes,  the  anterior  or  lateral  portions  of 
the  legs,  or  the  inner  surface  of  the  thigh.  The 
transmission  of  painful  sensations  is  retarded  in  some 
cases,  the  prick  of  a  needle  being  interpreted  at  once 
as  a  touch,  and  recognized  as  a  painful  sensation  from 
three  to  ten  or  fifteen  seconds  later.  This  is  generally 
described  as  "delayed  conduction." 

The  loss  of  joint  sensibility  and  of  the  sensibility  of 
the  deeper  muscular  structure  occasions  interference 
with  the  normal  muscular  "tonus"  and  results  in 
deficienc}-  or  complete  relaxation  of  muscular  tension 
(hypotonus).  This  condition  will  explain  the  fact 
why  tabetic  patients  submit  to  extreme  passive  move- 
ments of  the  extremities  without  complaint  of  pain. 
It  may  also  account  for  the  occurrence  of  hyperexten- 
1  111  of  the  knee-joints  often  seen  in  tabetics  (genu 
'  f  urvatum). 

Although  patients  often  complain  of  weakness  in 
the  legs,  it  is  only  in  exceptional  instances  (in  which 
the  motor  neurone  system  becomes  implicated)  that 
such  condition  can  be  actually  demonstrated.  As  a 
rule,  the  muscular  power  and  resistance  to  passive 
movement  are  unimpaired.  When  muscular  atrophy 
or  actual  paralysis  exists,  they  must  be  considered  as 
complications  arising  in  the  course  of  the  disease. 

Loss  of  the  Knee-jcrh. — One  of  the  earliest  and 
most  constant  objective  signs  of  tabes  is  the  loss  of 
the  knee-jerk.  As  a  rule  it  does  not  disappear 
suddenly.  The  pains  may  exi.st  for  a  long  time  before 
the  knee-jerk  disappears".  In  the  study  of  a  large 
series  of  cases  the  knee-jerk  symptom  is  found  to  be 
variable  in  its  character.  In  quite  a  nuinl)er  of 
nstances  of  undoubted  tabes  both  knee-jerks  may  bo 
ictive,  but  they  usually  disappear  as  the  disease  ad- 
••ances.  This  occurs  when  the  upper  portion  of  the 
■ord  is  first  affected.  In  other  cases,  the  knee-jerks 
uay  be  well  marked  on  one  side  and  lost  on  the  other. 


.Vgain,  they  may  be  apparently  absent,  but  demon- 
straVjle  only  upon  so-called  reinforcement.  Both 
may  be  equally  feeble,  or  may  differ  in  degree  of 
weakness. 

It  has  been  claimed  that  in  about  one  per  cent,  of 
healthy  people  the  knee-jerk  is  absent.  The  correct- 
ness of  this  assertion  is  questionable.  Such  an 
anomaly  is  so  rare  that  its  possibilitv  need  only  be 
remembered.  The  writer  has  tested  over  1,000 
healthy  children  from  three  to  fourteen  years  of 
of  age,  and  the  knee-jerk  was  demonstrable  "in  every 
case.  Its  absence  is  due  to  an  interruption  in  the 
so-called  reflex  arc  in  relation  with  the  corresponding 
center  situated  in  the  lumbar  region  of  the  cord. 
Much  patience  is  often  required  in  satisfactorily 
determining  whether  the  knee-jerk  is  present  or 
absent.  The  ordinary  and  customarv  method  of 
testing  for  the  knee-jerk  while  the  person's  legs  are 
crossed,  or  the  feet  resting  on  the  floor,  will  isuffice 
when  the  knee-jerks  are  quite  active.  Under  such 
circumstances  the  position  of  the  limbs  is  immaterial. 
The  utmost  care,  however,  is  necessarj'  when  there  is 
any  doubt  as  to  the  presence  of  the  reaction.  It 
will  then  be  advisable  to  have  the  patient  sit  upon  a 
high  chair  or  upon  the  edge  of  a  table,  so  that  the  feet 
are  free  from  the  floor.  As  a  rule,  both  sides  should 
be  examined.  In  many  instances  the  anticipation  of 
the  tap  upon  the  tendon  occasions  involuntary  rigidity 
of  the  flexor  group  of  muscles,  thus  producmg  sufficient 
opposition  to  overcome  the  action  of  the  quadriceps. 
Hence,  before  and  during  the  examination,  the 
patient  should  close  his  eyes,  and  his  attention 
should  be  directed  from  the  purpose  of  the  examiner, 
either  by  conversation  or  by  rapid  interrogation.  Or 
he  may  be  directed  to  make  some  muscular  effort  with 
his  hands,  such  as  forcibly  interlocking  the  fingers, 
elevating  the  arms,  etc.  This  is  known  as  "re- 
enforcement."  With  this  object  in  view  any  other 
similar  expedient  may  be  resorted  to  that  suggests 
itself  to  the  examiner.  It  is  never  safe  to  state  that 
the  knee-jerk  is  absent,  unless  repeated  and  varied 
test  have  been  made  with  the  clothing  remt)vcd. 

Loss  of  the  Achilles  Keflex. — This  may  take 
place  prior  to  the  loss  of  the  knee-jerk,  but,  when  the 
latter  is  lost,  the  Achilles  reflex  is  also  unobtainable. 
The  ankle-jerk  or  Achilles  reflex  is  best  demonstrated 
by  placing  the  patient  in  a  kneeling  position  upon  a 
chair  or  table.  When  the  Achilles  tendon  is  struck 
with  a  percussion  hammer,  the  normal  reaction  is 
the  production  of  sudden  dorsal  flexion  of  the  corre- 
sponding foot. 

Keflex  Iridoplegia. — Another  early  and  most  im- 
portant evidence  of  tabes  is  the  loss  of  the  reflex 
action  of  the  iris  to  light.  This  is  familiarly  known  as 
the  "Argyll-Robertson  symptom,"  but  in  recent 
years  it  is  more  correctly  described  as  reflex  irido- 
plegia.* It  is  present  in  about  eighty  per  cent,  of 
all  cases.  Being  a  phenomenon  somewhat  analogous 
to  that  of  the  loss  of  the  knee-jerk,  it  is  found  to  be 
just  as  variable  in  the  extent  of  its  manifestations. 
Its  absence,  however,  does  not  exclude  the  diagnosis 
of  tabes.  The  longer  the  duration  of  the  disease,  the 
more  likely  are  we  to  find  this  sign.  When  present 
it  is  generally  bilateral.  In  rare  instances  it  is 
unilateral — i.e.  affecting  only  one  eye,  or  the  degree  of 
reaction  may  differ  in  the  two  eyes.  It  is  usually 
unaccompanied  by  any  disturbance  of  vision.  As  a 
rule,  the  pupils  react  in  convergence  of  the  optic  axes. 
In  some  cases  of  tabes  the  pupils  are  absolutely  rigid, 
and  do  not  react  to  light  or  in  convergence.  They 
may  also  be  unequal,  partly  dilated  or  contracted. 
The  inaction  of  the  pupil  when  expo.sed  to  light  is  not 
indicative  of  a  lesion  in  the  spinal  cord,  as  was  errone- 
ously supposed  bj'  many  before  tabe^  rested  upon  a 

•  Argyll-Kobertson  in  his  oriRinal  paper  described  the  condition 
at  a  loss  of  pupillary  reaction  to  light,  its  prejicr^Tition  on  convcnr- 
ence,  and  its  acconipaniment  by  myosis.  EJinbutvh  .l/rd.  Journal, 
vol.  I^•.,  lSti9,  p.  487. 
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firm  pathological  basis,  but  is  tlie  result  of  interference 
with  the  retk'X  conducting  jiath  in  its  course  between 
the  optic  nerve,  corpora  tiuadrigemina,  and  oculonio- 
torius.  It  is,  tliercforc,  due  to  a  lesion  within  the  brain 
and  may  be  looked  upon  as  an  almost  infallible 
sipn  of  central  nerve  depeneration  involving  the 
sphincter  nuclei  of  the  third  nerve  or  their  cflferent 
fibers  when  the  eyes  are  otherwise  ajjparently  normal. 

The  examination  of  the  pupils  for  reaction  to  light 
requires  the  closest  observance  in  its  performance. 
This  apparently  simple  procedure  is  deserving  of 
careful  attention,  and  certain  precautions  are  ab- 
solutely essential  in  order  to  avoid  erroneous  conclu- 
sions. "  The  following  method  should  be  pursued: 
Place  the  ])aticnt  in  a  position  facing  a  window.  Day- 
light is  always  preferable.  Instruct  him  to  gaze 
steadily  upon  some  large  object  at  least  twenty  feet 
distant,  and  to  keep  both  eyes  open.  The  eyes  are 
then  covered  or  shaded  either  with  the  examinex's 
hands  or  with  two  ])ieces  of  dark  card-board.  The 
patient  in  the  mean  time  must  continue  gazing  in  the 
direction  just  mentioned.  In  a  few  moments  one  eye 
is  suddenly  uncovered  and  exposed  to  the  light,  w-hen 
in  the  normal  state  the  pu|)il  (which  always  dilates  in 
darkness  or  subdued  light )  immediately  contracts. 
The  other  eye  is  then  tested  in  the  same  manner. 
In  recent  years  it  has  been  customary  to  use  a  small 
portable  electric  lamp  for  this  purpose.  This  flash 
light  is  very  convenient.  The  patient's  face  should 
be  in  the  shade,  and  each  eye  tested  separately. 
The  next  step  is  to  note  if  the  pupils  contract  in  con- 
vergence or  accommodation.  After  the  patient 
has  been  looking  in  the  distance  for  a  short  time,  with 
both  eyes  uncovered,  lie  is  suddenly  told  to  look 
at  the  examiner's  finger,  or  some  small  object  held 
within  two  inches  of  the  patient's  nose.  In  the  normal 
condition  the  eyeballs  converge  and  the  pupils 
contract.  The  pupillary  reactions  should  not  be 
tested  before  a  gas  flame,  as  the  patient  is  apt  to,  and 
in  fact  generally  does,  "fix"  upon  the  (lame,  thereby 
causing  contraction  of  the  pupils  in  accommodation 
and  convergence,  which  may  easily  mislead.  A  very 
common  source  of  error  to  be  guarded  against,  which 
is  similar  in  its  result,  is  the  failure  to  bear  in  mind  the 
natural  tendency  of  the  patient  to  look  at  the  examiner 
as  soon  as  the  eye  is  uncovered.  Bilateral  reflex 
iridoplegia  may  also  be  associated  with  myosis. 
While  the  former  often  exists  without  the  latter, 
myosis  is  as  a  rule  accomiianied  by  loss  of  the  pupillary 
light  reflex.  The  myosis,  however,  is  due  to  a  lesion 
affecting  the  spinal  cord  and  involving  the  so-called 
cilio-spinal  center  situated  between  the  fourtli 
cervical  and  the  second  dor.sal  segments.  As  the 
pupil-dilating  fibers  pass  from  thence  out  by  the  rami 
commuiiicantes  into  the  cervical  sympathetic,  de- 
generation of  these  fibers  causes  the  permanent  con- 
traction of  the  pupils. 

Arthrnpathy. — Trojjhic  disturbance  in  the  bones  and 
joints  is  an  occasional  phenomenon  of  tabes,  but  it  is 
of  sufficiently  frequent  occurrence  (in  about  three  or 
four  per  cent,  of  all  cases)  to  command  attention. 
This  form  of  joint  affection  is  known  as  "tabetic 
arthropathy,"  and  mo.st  commonly  involves  the  knee- 
joints,  although  the  hip-joint  and  the  large  joints  of 
the  upper  extremities  may  also  be  -similarly  affected. 
It  has  often  been  known  "to  arise  during  the  early  or 
pre-ataxic  stage  of  the  di-sease.  Painless  swelling  and 
complete  disorganization  of  the  joint  are  pathogno- 
monic of  tabetic  arthropathy.  It  usuallv  arises 
suddenly  and  develops  rapidly.  Sometimes  "following 
a  trivial  injur}-,  the  joint  becomes  swollen  and  the 
surrounding  tissues  edematous,  but  there  is  complete 
freedom  from  pain,  redness,  or  fever.  The  joint 
structures,  including  the  ends  of  the  bones,  undergo 
rapid  destruction. 

The  long  bones  at  times  become  brittle  and  thus 
easily  fracture  either  spontaneously  or  from  a  slight 
traumatism.     Among  the  trophic  cutaneous  disorders, 
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perforating  ulcer  of  the  foot  is  the  most  common. 
It  is  usually  situated  on  the  plantar  surface  of  the  foot, 
either  under  the  base  of  the  great  toe  or  of  the  fifth 
metatar.sal  bone,  or  at  the  heel.  It  generally  begins 
as  a  callus  or  corn,  and  is  painless,  even  when  the 
ulcerative  process  is  quite  deep  and  extensive. 

Diagnosis. — The  appearance  of  a  classical  ease  of 
the  well-advanced  disease,  as  described  in  the  text- 
books, is  a  familiar  picture.  There  is  a  superabun- 
dance of  convincing  proof  to  establish  the  fact  that 
this,  probably  the  commonest  form  of  organic  nervous 
disorder,  often  remains  unrecognized  for  months  or 
jears  during  its  early  stages,  although  am])le  evidence 
of  its  presence  may  be  discoverable  by  proper  methods 
of  investigation.  To  the  most  sanguine  neurological 
mind  the  approach  of  the  medical  millennium  does 
not  imply  the  restoration  to  life  and  normal  function 
of  sclerosed  and  destroyed  nerve  .structures;  but  if 
our  modern  therapeutic  measures  are  to  prove  curative 
in  this  disease,  they  must  be  utilized  before  organic 
changes  are  too  far  advanced.  Our  only  hope  of 
success  in  the  treatment  of  tabes  rests  in  a  correct 
diagnosis  at  the  earliest  possible  moment.  The  early 
diagnosis  of  tabes — -which,  so  to  speak,  is  chronic  from 
its  very  beginning — is  of  incalculable  value,  inasmuch 
as  it  saves  the  patient  much  misdirected  and  useless 
medication.  When  unrecognized  tabes  has  existed 
for  some  time,  various  pronounced  symptoms  may 
appear,  and,  although  a  part  of  the  disease,  maj-  con- 
ceal its  true  character.  Its  pre.sence  is  frequently 
unsuspected  by  the  attending  physician  until  the 
signs  are  so  conspicuous  that  they  almost  speak  for 
themselves.  Although  static  ataxia  frequently  occurs 
in  tabes,  it  is  by  no  means  pathognomonic.  The  fact 
that  a  slight  swaying  is  of  common  occurrence  in 
healthy  individuals  should  always  be  borne  in  mind. 
Static  incoordination  is  often  present  in  hysteria  or 
pronounced  neurasthenia,  during  convalescence  after 
prolonged  illness,  in  transverse  myelitis,  and  in  poly- 
neuritis resulting  from  diphtheria,  alcohol,  lead, 
arsenic,  etc.  Some  forms  of  alcoholic  polyneuritis 
are  commonly  mistaken  for  tabes  on  account  of  their 
resemblance  to  that  affection  (see  the  sections  on 
Neuritis  and  Polyneuritis  in  the  article  on  Xeiiritis). 
Upon  superficial  examination  the  presence  of  static 
ataxia  with  anesthesia  and  absence  of  the  knee-jerk, 
points  to  tabes.  But  as  these  symptoms  are  usually 
associated  with  tenderness  on  pressure  over  the 
affected  nerve  trunks,  diminished  muscular  power  or 
actual  paralysis,  and  decrease  or  loss  of  faradic  irri- 
tability in  the  affected  muscles,  we  are  enabled  to 
exclude  tabes.  The  absence  of  the  knee-jerk  in  these 
cases  is  due  to  involvement  of  the  motor  fibers  of  the 
anterior  crural  nerve  or  its  branches,  and  is  usually 
an  accompaniment  of  weakness  or  diminished  resist- 
ance in  the  quadriceps.  The  loss  of  the  knee-jerk 
in  uncomplicated  cases  of  tabes,  however,  is  attended 
as  a  rule  with  preservation  of  muscular  power  in  the 
extensor  group,  even  when  the  disease  is  well  advanced 
and  there  is  pronounced  incoordination.  This  pecu- 
liar feature  of  tabes  can  be  easily  demonstrated,  and 
in  my  experience  is  of  extreme  value.  When  the 
peripheral  sensory  nerves  are  especially  affected,  as 
in  certain  forms  of  toxic  polyneuritis,  particularly 
from  arsenical  poisoning,  the  disease  has  been  termed 
pseudo-tabes.  On  account  of  the  presence  of  well- 
marked  ataxia,  absence  of  the  knee-jerks,  and  anes- 
thesia, it  closely  resembles  the  true  disease.  A  con- 
sideration of  the  antecedent  history,  mode  of  onset, 
and  development  will  generally  enable  us  to  reach  a 
satisfactory  conclusion  as  to  the  nature  of  the  trouble. 
At  times  the  differential  diagnosis  between  tabes  and 
some  atypical  forms  of  polyneuritis  is  attended  with 
much  difficulty.  On  the  other  hand,  in  some  tabetic 
patients  the  peripheral  nerves  of  the  lower  extremities 
may  undergo  degeneration,  and  thus  lend  confusion 
to   the   otherwise   stereotyped   picture.     I    have    re- 
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peatedly  seen  chronic  transverse  dorsal  myelitis 
mistaken  for  tabes,  owing  to  pain  in  the  lower  ex- 
tremities, inability  to  stand  with  closed  eyes,  and 
cutaneous  anesthesia.  Such  an  error  must  be  as- 
cribed to  gross  carelessness  or  neglect  in  the  examina- 
tion. The  exaggerated  knee-jerks  with  probable 
ankle  clonus,  and  the  loss  of  muscular  power  sometimes 
with  atrophy,  should  serve  to  make  the  diagnosis 
clear.  Some  cases  of  cerebrospinal  s^-philis  so  closely 
simulate  genuine  tabes  that  their  differentiation  can 
be  accomplished  only  after  a  careful  study  of  the 
development  and  course  of  the  symptoms.  Paretic 
dementia  and  tabes  are  sometimes  found  associated, 
but  when  the  mental  symptoms  predominate,  such  as 
( hanges  in  the  patient's  character,  diminution  of  the 
intellectual  functions,  speech  disturbances,  attacks 
nf  imconsciousness,  etc.,  we  must  favor  the  diagnosis 
uf  the  former. 

The  most  important  subjective  symptom  is  the 
pfculiar  paroxysmal  pains,  while  the  two  principal 
objective  signs  of  tabes  are  the  absence  of  the  knee- 
jerk  and  the  loss  of  the  pupiUarj-  light  reflex.  It  may 
be  safely  said  that  the  coexistence  of  the  latter  is 
equivalent  to  the  diagnosis  of  tabes.  It  rarely 
happens  that  both  are  absent  at  the  same  time,  yet 
such  cases  do  occasionally  occur.  We  must  then 
depend  upon  the  association  of  other  symptoms  and 
must  watch  for  further  developments.  The  presence 
of  either  one,  in  conjunction  with  the  fulgurating 
pains,  or  bladder  disturbance,  or  the  areas  of  anes- 
thesia over  the  back,  is  sufficient  evidence  to  warrant 
the  diagnosis.  When  a  man  over  thirty  years  of  age, 
with  a  history  of  ancient  sj-philitic  infection,  com- 
plains of  the  pains  characteristic  of  tabes,  we  should  at 
once  suspect  its  existence,  whether  other  signs  are 
present  or  not.  Should  these  t>-pical  pains  be  as- 
sociated with  one  or  more  of  the  objective  symptoms, 
the  diagnosis  may  be  made  with  confidence.  The 
serological  and  cytological  study  of  the  blood  and 
cerebrospinal  fluid  are  always  essential,  and  usually 
conclusive.  It  is  a  fact  well  known  to  all  neurologists, 
that  among  physicians  in  general  the  failure  to 
recognize  the  presence  of  tabes  is  more  common 
than  its  diagnosis.  On  the  other  hand,  an  incorrect 
inteqiretation  of  phenomena  which  resemble  those  of 
tabes  is  of  frequent  occurrence.  Such  conditions  can 
be  obviated  only,  first,  by  a  clear  conception  of  the 
clinical  peculiarities  of  the  disease;  second,  by  a  prac- 
tical familiarity  with  the  method  of  examination, 
combined  with  its  application  to  the  individual  case. 

I>rR.\Tiox,  Course,  axd  Prognosis. — Tabes  is  not 
invariably  progressive  in  character,  but  it  is  always 
chronic  in  its  course,  the  average  duration  of  the 
disease  being  about  ten  years,  although  in  uncom- 
plicated cases  it  has  frequently  lasted  for  from  twentj' 
to  thirty  years.  In  rare  instances  it  is  very  rapid  in 
its  progress,  terminating  fatally  in  a  few  years.  As 
the  clinical  tj-pes  differ  materially,  the  course  and 
duration  of  the  disease  vary  with  the  character  and 
severity  of  the  symptoms.  Remissions  have  been 
known  to  occur,  and  under  suitable  management  the 
disease  often  becomes  stationary  in  its  early  stages. 
Occasionally,  even  in  well-advanced  cases,  the  amount 
of  improvenietvt  is  often  ven,-  great.  The  develop- 
ment of  cystitis  may  at  times  lead  to  fatal  pyelone- 
phritis, and  falls  or  slight  injuries  may  result  in 
fractured  bones  or  in  a  rapid  advance  of  the  patho- 
logical process.  The  characteristic  pains,  slight 
ataxia,  and  absence  of  knee-jerk  and  pupillarj-  light 
reflex  may  e.xist  for  many  years  without  any  further 
manifestations.  In  some  cases  the  symptoms  are  so 
moderate  that  the  patient  may  live  in  comfort  and  be 
able  to  be  about  for  many  years,  while  in  others  the 
mtensity  of  the  symptoms  may  be  so  pronounced 
that  the  patient  becomes  bedridden  in  a  year  or  two. 

Treatment. — Although  the  tabetic  degeneration 
cannot  be  cured,  much  can  be  accomplished  by  im- 


provmg  the  general  health  of  the  patient,  and  thus,  in 
many  instances,  delaying  the  further  progress  of  the 
disease.  Hence  such  measures  as  prolonged  rest  in 
bed,  if  necessary,  judiciously  applied  hvdrotherapy, 
massage,  and  static  electricity  often  prove  valuable. 
It  is  essential  to  avoid  fatiguing  exercise  or  excesses 
of  any  kind.  Certain  subjective  symptoms  may  also 
be  relieved.  Objective  symptoms,  such  as  optic 
atrophy,  reflex  iridoplegia,  and  absent  knee-jerks, 
always  remains  permanent  despite  any  form  of  treat- 
ment. The  effect  of  drugs  on  the  tabetic  process  is 
very  misleading  on  account  of  the  spontaneous  remis- 
sions that  are  known  to  occur  in  the  course  of  the 
disease.  Besides,  the  result  of  the  administration  of 
medicinal  remedies  in  a  given  case  cannot  be  pre- 
dicted upon  the  basis  of  its  beneficial  influence  in 
another  patient.  As  the  disease  varies  in  its  type  in 
different  individuals,  the  plan  of  treatment  will  have 
to  be  modified  accordingly.  The  patient  should  be 
cautionecl  to  avoid  any  unnecessary  exposure  to  falls 
or  other  injuries,  for  the  osseous  structures  are  often 
brittle  and  fractures  are  easily  produced.  The  condi- 
tion of  the  bladder  must  be  carefully  watched  and  the 
urine  frequently  examined.  At  the  first  indication 
of  decomposition  of  residual  urine,  or  of  any  symptoms 
of  cystitis,  the  bladder  should  be  irrigated  and  the 
patient  instructed  in  the  aseptic  use  of  the  catheter. 

The  intravenous  administration  of  salvarsan  or 
neosalvarsan,  together  with  the  use  of  mercury  either 
by  inunction  or  intramuscularly,  should  be  sys- 
tematically and  persistently  carried  out  according' to 
the  judgment  of  the  phy.sician  and  the  laboratory 
report  upon  the  condition  of  the  cerebrospinal  fluid. 

The  clinical  manifenlalions  should  always  be  the 
principal  guide  in  the  regulation  of  the  treatment. 

Tabetic  patients  who  have  never  received  antiluetic 
treatment  since  tabetic  symptoms  have  developed, 
should  be  given  a  thorough  course  of  active  medica- 
tion for  several  months.  If  this  has  already  been 
carried  out  without  relief,  it  is  useless — nay,  even 
harmful — to  repeat  the  procedure. 

Pain. — If  the  action  of  the  bowels  is  regulated  and 
the  diet  and  general  habits  of  the  patient  are  properly 
controlled,  the  frequency  and  severit}'  of  the  tabetic 
pains  will  be  invariably  ameliorated,  or  the  attacks 
maj-  subside  entirely.  The  faradic  wire  brush,  or 
linear  cauterization  applied  over  the  vetebral  column 
in  the  region  corresponding  with  the  posterior  roots 
that  are  presumably  associated  with  the  location  of 
the  pain,  often  proves  effective.  Various  anodyne 
liniments,  or  the  application  of  an  ice-bag  or  of  hot 
water  to  the  seat  of  the  pain  during  the  attack,  pve 
relief  in  some  cases.  When  necessary,  the  vanous 
coal-tar  products  may  be  tried.  The  most  useful  are 
acetanilid,  phenacetin  and  pyramidon.  As  a  last 
resort  codeine  or  morphine  may  be  administered. 
During  a  "gastric  crisis"  the  best  method  of  relief  is 
the  subcutaneous  injection  of  morphine  or  codeine. 

Suspension. — This  is  often  useful  in  selected  cases, 
but  it  should  never  be  used  indiscriminately.  The 
patient  m^iy  be  suspended  in  a  Sayre  apparatus  for 
about  two  or  three  minutes  twice  a  week.  The  same 
result  (i.e.,  .stretching  of  the  vertebral  column)  may 
be  accomplished  by  having  the  patient  sit  on  the 
floor,  and  then  forcibly  flex  the  head  and  trunk  upon 
the  thighs,  while  the  lower  extremities  are  kept 
straight. 

Educational  Exercises  for  Controlling  the  Ataxia. — 
This  plan  of  treatment  was  introduced  to  the  medical 
profession  in  the  year  1S89  by  Dr.  H.  S.  Frenkel.  of 
Heiden,  Switzerland.  A  large  variety  of  exercises 
may  be  practised.  They  may  be  executed  with  the 
patient  in  a  recumbent  position;  while  sitting;  in  an 
erect  position ;  and  various  movements  may  be  carried 
out  while  walking. 

Exercises  for  the  Trunk  and  the  Lower  Extremities. 
— While  recumbent:  (a)  Lying  on  the  back,  raise 
body  into  sitting  position  and  return  to  recumbency. 
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(6)  Flex  thigh  upon  abdomen,  leg  upon  thigh,  tlicn 
extend  and  elevate  entire  extremity  and  slowly  return 
to  original  position,  (c)  Elevate  entire  extremity 
while  in  extension  and  return  (Coldscheider). 

The  following  movements  have  been  recommcndcil 
by  Dana  as  a  modification  of  Frenkel's  method: 

"  1.  Sit  in  a  chair,  rise  slowly  to  erect  position,  witli- 
out  help  from  cane  or  arms  of  chair.  Sit  down  slowly 
in  the  same  way.     Repeat  once. 

"2.  Stand  with  cane,  feet  together;  advance  left 
foot  and  return  it;  same  with  right.  Repeat  three 
times. 

"3.  Walk  ten  steps  with  cane,  slowlj-.  Walk  back- 
ward five  steps  with  cane,  slowly. 

"4.  Stand  without  cane,  feet  a  little  spread,  hands 
on  hips.  In  this  position  flex  the  knees,  and  stoop 
slowly  down  as  far  as  possible;  rise  slowly;  repeat 
twice. 

"5.  Stand  erect,  carry  left  foot  behind  and  bring  it 
back  to  its  place;  the  same  with  the  right.  Repeat 
three  times. 

"6.  Walk  twenty  steps,  as  in  exercise  No.  3;  then 
walk  backward  five  steps. 

"7.  Repeat  exercise  No.  2,  without  cane. 

"8.  Stand  without  cane,  heels  together,  hands  on 
hips.  Stand  in  this  way  until  you  can  count  twenty. 
Increase  the  duration  each  day  by  five,  until  you  can 
stand  in  this  way  while  one  hundred  is  being  counted. 

"9.  Stand  without  cane,  feet  spread  apart.;  raise  the 
arms  up  from  the  sides  until  they  meet  above  the 
head.  Repeat  this  three  times.  With  the  arms 
raised  above  the  head,  carry  them  forward  and  down- 
ward, bending  with  the  body  until  the  tips  of  the 
fingers  come  as  near  the  floor  as  they  can  be  safely 
carried. 

"  10.  Stand  without  cane,  feet  spread  apart,  hands 
on  hips;  flex  the  trunk  forward,  then  to  the  left,  then 
backward,  then  to  the  right,  making  a  circle  with  the 
head.     Repeat  this  three  times. 

"11.  Do  exercise  No.  9  with  heels  together. 

"12.  Do  exercise  No.  10,  with  heels  together. 

"13.  Walk  along  a  fixed  line,  such  as  a  seam  on  the 
carpet,  with  cane,  placing  the  feet  carefully  on  the 
line  each  time.  Walk  a  distance  of  at  least  fifteen 
feet.     Repeat  this  twice. 

"14.  Do  the  same  without  cane. 

"15.  Stand  erect  with  cane;  describe  a  circle  on  the 
floor  with  the  toe  of  right  foot.  Same  with  toe  of 
left.     Repeat  twice. 

"Between  the  fifth  and  sixth  exercises  the  patient 
should  rest  for  a  few  moments." 

All  exercises  must  be  performed  slowly  and  deliber- 
ately and  repeated  several  times  according  to  the 
amount  of  fatigue  produced.  Some  of  the  principal 
movements  have  just  been  described.  Many  modifi- 
cations or  additions  may  be  followed,  according  to  the 
condition  of  the  patient.  For  more  elaborate  details 
relating  to  all  forms  of  exercises  for  the  upper  and 
lower  extremities,  the  reader  is  referred  to  Frenkel's 
book  on  "The  Exercise  Treatment  of  Tabetic  Ataxia." 

A.S  all  tabetic  patients  are  not  ataxic,  ^nd  as  all 
ataxic  tabetics  are  not  suitable  subjects  for  such 
exercises,  this  method  of  re-educating  the  cerebral 
centers  for  coordination  will  be  found  to  have  well- 
defined  limitations.  Great  care  and  watchfulness 
are  necessary  in  carrying  out  this  plan  of  systematic 
exercise,  particularly  in  advanced  cases.  Unle.ss 
practised  persistently  and  systematically,  preferably 
under  the  immediate  supervision  of  a  competent 
attendant,  the  results  are  usually  unsatisfactory. 
Under  suitable  conditions,  patients  who  were  formerly 
unable  to  stand  without  assistance  have  been  enabled 
to  walk.  William  M.  Lesztnsky. 


Tablet  Triturates. — These  are  a  form  of  medica- 
tion consisting  of  a  solid  disc  of  small  and  convenient 
size,  made  of  some  material  at  once  soluble  in  water 


and  medicinally  indifferent,  and  charged  with  a 
specified  dose  of  some  active  medicinal  substance. 
Powdered  sugar  is  the  base  generally  employed.  Tab- 
let triturates  differ  from  lozenges  in  that  the  latter 
contain  some  mucilage  or  other  adhesive  material, 
whereas  no  such  substance  is  used  in  tablet  triturates. 
These  tablets  were  introduced  about  forty  years  ago, 
by  Dr.  Robert  M.  Fuller,  of  New  York,  and  they 
rapidly  became  a  favorite  means  of  administering 
medicines.  Special  apparatus  is  required  for  their 
manufacture,  and  they  have  the  disadvantage  of 
being  liable  to  disintegration  by  mere  contact  with  each 
other  or  with  the  container.  Tablet  triturates  are  not 
official  in  this  country,  but  the  1910  edition  of  the 
U.  S.  P.  (published  in  1916)  contains  Toxitahellw 
H ydrargyri  Chloridi  Corrosivi,  or  Poison  Tablets  of 
Corrosive  Mercuric  Chloride.  Each  of  these  tablets 
is  of  an  angular  shape  (not  discoid),  and  has  the  word 
"Poison"  and  the  skull  and  cross  bones  design  dis- 
tinctly stamped  upon  it.  R.  J.  E.  Scott. 


Tacoma,  Washington.  Situated  on  a  peninsula 
extending  into  Puget  Sound,  Tacoma,  a  city  of^ 
102,500  inhabitants,  is  surrounded  on  three  sides — the* 
north,  east,  and  west — by  water,  while  on  the  south  is 
a  vast  open  country  called  the  "Prairies,"  beyond 
which  rises  the  stately  snow-capped  Mt.  Tacoma, 
affording  a  striking  view  from  the  city.  The  body  of 
water  to  the  east  of  the  city  is  known  as  Commence- 
ment Bay,  which  forms  the  harbor,  and  on  the  tide 
lands  of  this  bay  are  the  wharves  and  terminals.  On 
the  west  side  is  the  "Narrows,"  an  arm  of  the  Sound. 

The  situation  of  the  city,  as  can  well  be  imagined 
from  the  above,  is  strikingly  attractive,  an  attractive- 
ness whicli  is  enhanced  by  the  environment.  The 
"town  site  is  high  above  the  water  level,  the  shore  line 
being  a  series  of  bluffs,  notched  with  deep  ravines. 
The  main  portion  of  the  city  is  level." 

Being  only  thirty-three  miles  south  of  Seattle  and  in 
the  same  climatic  district,  the  climate  of  Tacoma  is 
essentially  the  same  as  that  of  the  former  city,  to 
which  the  reader  is  referred  for  the  climatic  data. 
Suffice  it  to  say,  that  the  climate  of  Tacoma  is  a  mild, 
equable  one  with  moderate  temperature  at  all  seasons 
of  the  year. 

The  annual  mean  temperature  is  50.4°;  spring,  49°; 
summer,  62.7°;  autumn,  51°;  winter,  40.7°.  Only 
exceptionally  does  the  mercury  go  below  the  freezing 
point  in  winter,  and  flowers  are  said  to  bloom  exeTv 
month  in  the  year.  In  summer  the  normal  temper- 
ature is  below  70°. 

The  average  precipitation  is  45.41  inches,  a  little 
more  than  that  of  Boston,  New  York,  Philadelphia  or 
Washington,  which  have  respectively  43.38  inches; 
44.63;  41.17;  and  43.50.  The  distribution  of  the 
precipitation  during  the  year  is  as  follows:  Spring,  9.1 
inches;  summer,  3.46  inches;  autumn,  14.3  inches; 
winter,  17.9  inches.  The  autumn  and  winter  are  the 
rainy  seasons,  as  is  seen,  whUe  in  June,  July  and 
-•Vugust  there  are  only  3.46  inches.  A'ery  little  snow 
falls,  and  it  quickly  disappears.  The  rains  are  not 
accompanied  by  cold  winds  or  thunder  storms,  and 
there  are  no  blizzards.  There  are  no  cold  or  hot 
waves.  There  are  an  average  of  79  clear  days;  99 
partly  cloudy;  and  137  cloudy  days  during  the  j-ear. 
The  greatest  number  of  cloudy  days  is  coincidcntwith 
the  seasons  of  the  largest  amount  of  precipitation, 
namely,  autumn  and  winter. 

The  water  supply  comes  from  Cedar  Lake  at  the 
foot  of  the  Cascade  Mountains,  a  distance  of  some 
fort}-  miles.  It  is  pure  and  abundant.  The  sanitary 
development  and  management  of  the  city  is  most 
efficient,  as  evidenced  by  the  low  death  rate,  which  in 
1912  was  8.4  per  thousand.  There  are  numerous 
parks  in  and  about  the  city,  in  all  embracing  1,210 
acres.  Pt.  Defiance  Park  of  638  acres  at  the  extreme 
point  of  the    Tacoma    peninsula,  occupies  a  stately 
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])osition  and  has  two  miles  of  shore  line;  it  is  heavily 
wooded  and  is  traversed  by  boulevards.  Wright 
Park  in  the  center  of  the  city  contains  a  large  collec- 
tion of  trees,  shrubs  and  flowers.  The  streets  are  well 
uaved  and  there  are  125  miles  of  electric  car  lines. 
Adjacent  to  the  Tacoma  High  School  is  the  most 
notable  object  in  the  city,  the  Stadium,  with  a  seating 
capacity  of  30,000.  It  is  situated  in  a  natural  gulch 
or  depression  and  faces  the  water. 

The  excursions  about  Tacoma  are  many  and  attrac- 
i  ive,  both  by  land  and  water,  near  and  far.  There  are 
trips  on  Puget  Sound  to  Seattle,  Vancouver,  Victoria, 
and  other  places;  and  by  land  to  Mt.  Tacoma  and 
the  National  Park,  which  can  be  reached  by  train  or 
automobile. 

There  are  also  abundant  opportunities  for  hunting 
and  fishing. 

Four  transcontinental  railroads  have  their  terminus 
at  Tacoma,  and  there  are  various  trans-Pacific  and 
coastwise  steamship  lines. 

The  harbor  is  deep  and  the  docks  e.xtensive. 

There  are  excellent  schools,  numerous  churches, 
theatres,  and  many  fine  public  buildings. 

The  market  is  well  supplied,  particularly  in  vege- 
tables, fruits,  and  many  Icinds  of  fish. 

From  all  its  advantages — natural,  climatic,  sanitary 
and  artificial,  Tacoma  offers  many  attractions  to  the 
prospective  resident  or  tourist.        Edward  O.  Otis. 


Taenia. — A  genus  of  tapeworms.  T.  saginata,  the 
beef  tapeworm,  and  T.  solium,  the  pork  tapeworm,  are 
the  species  most  often  found  in  man.  The  latter  is 
armed  with  hooks  on  the  scolex,  the  former  has  only 
suckers.     Five  other  species  are  known.     See  Cesloda. 

A.  S.  P 


Tseniidse. — A  family  of  tapeworms.  The  scolex  has 
unarmed  suckers,  and  an  armed  or  unarmed  rostellum. 
The  vagina  is  posterior  to  the  cirrus.  These  parasites 
are  mostly  found  in  mammals.  The  group  includes 
several  genera  which  occur  in  man — Diphylidium, 
Ilymenolepis,  Davainea,  Taenia,  and  Echinococcus.  See 
Cestoda.  A.  S.  P. 


Tseniinse. — This  subfamily  of  tapeworms  includes 
those  in  wliich  the  body  is  of  considerable  length,  and 
the  proglottids  are  longer  than  broad.  The  rostellum 
is  armed  or  unarmed.  The  uterus  has  a  single  median 
trunk  from  which  lateral  branches  develop.  The 
genera  occurring  in  man  are  Twnia  and  Echinococcus. 
See  Cestoda.  A.  S.  P. 


Taeniorhynchus. — A  subgenus  of  the  genus  Taenia 
which  includes  T.  saffinala,  T.  africana,  T.  hominis, 
and  T.  phiUipina.     See  Cestoda.  A.  S.  P. 


Tagliacozzi,  Qasparo. — Born  at  Bologna,  Italy, 
in  1.54ti.  He  took  the  degree  of  Doctor  of  Medicine 
from  the  University  of  his  native  city  in  1.570.  Sub- 
sequently he  was  appointed  Professor,  first  of  Surgery 
and  afterward  of  Anatomv.  He  died  at  Bologna  on 
Nov.  7,  1599. 

Tagliacozzi  devised  a  plastic  operation  which,  it 
is  commonly  believed,  is  known  as  the  Tagliacotian 
operation,  a  method  of  rhinoplasty  in  which  the 
flap  is  taken  from  the  patient's  arm.  Tagliacozzi's 
most  important  published  writing  bears  the  title: 
"Chirurgia  nova  de  narium,  aurium,  labiorumque 
defectu  per  insitionem  cutis  ex  humero,  arte  hactenus 
omnibus  ignota,  sarciendo."  Frankfort,  1598. 

A.  H.  B. 


Tait,  Robert  Lawson. — Bom  in  Edinburgh 
in  1845,  he  received  his  doctor's  degree  from  the 
university  of  his  native  city  in  1860,  and  settled  in 
Birmingham  in  1870.  In  the  following  year  he  was 
appointed  one  of  the  two  attending  surgeons  of  the 
newlv  established  Birmingham  Hospital  for  Women. 
He  died  June  1.3,  1899. 

His  more  important  published  writings  are  the 
following:  "Pathologv  and  Treatment  of  Diseases  of 
the  Ovaries,"  1873  (4th  edition  in  1882);  "Anatomy 
of  the  Umbilical  Cord,"  in  Proceedings  of  the  Royal 
Society,  1876;  "Diseases  of  Women,  a  text-book  for 
students  and  practitioners,"  2d  edition  in  1879; 
"Diseases  of  Women  and  -Vbdominal  Surgery,"  1889; 
and  "General  Summary  of  Conclusions  from  4.000 
Consecutive  Cases  of  Abdominal  Section,"  1894. 

A.  H.  B. 


Talcum. — Talc,  also  called  soapstone,  French 
chalk,  or  creta  gallica,  is  a  silicate  of  magnesium, 
HQMgsSiiOia.  It  is  often  called  a  hydrous  silicate, 
but  as  the  water  is  expelled  only  at  a  very  high  degree 
of  heat,  it  may  be  regarded  as  basic.  In  its  ordinarj' 
condition  it  is  not  used  either  in  medicine  or  pharmacy 
on  account  of  impurities.  In  the  form  of  Talcum 
Purificatum,  or  Purified  Talc,  it  is  official  in  the 
U.  S.  P.  In  this  form  the  various  aluminum,  iron,  and 
magnesium  salts  which  were  present  as  impurities 
have  been  removed.  Purified  talc  is  used  as  a  dusting 
powder  and  to  allay  irritation  and  prevent  chafing 
from  friction.  It  may  be  used  either  alone,  or  mi.xed 
with  starch,  boric  acid,  or  zinc  oxide;  and  when  per- 
fumed or  medicated  it  is  sold  as  a  toilet  powder,  and 
is  often  called  Talcum  Powder.  In  pharmacy  it  is 
used  as  an  absorbent  and  as  a  filtering  agent. 

R.  J.  E.  Scott. 


Tamarindus. — Tamarind,  N.  F.  The  preserved 
pulp  of  the  fruit  of  Tamarindus  indica  (fam.  Legu- 
viinosce).  The  tamarind  is  a  large,  handsome,  widely 
spreading,  locust-like  tree,  with  rougli,  dark-gray  bark, 
and  rather  small,  cassia-like,  abruptly  pinnate  leaves. 
The  fruit  is  a  flattened,  curved,  solid  "pod,"  from 
three  to  six  or  more  inches  long;  smooth,  yellowish- 
brown  externally,  with  a  brittle  shell,  and  a  firm  acid 
pulp  surrounding  the  seeds.  The  pulp  contains  a 
skeleton  of  fibrous  bundles  running  lengthwise  over 
the  seeds.  The  tamarind  tree  grows  now  in  all 
tropical  countries,  and  is,  besides,  extensively  cul- 
tivated. It  came  originally  from  the  Old  World,  pre- 
sumably from  Africa,  but  is  equally  abvmdant  in 
India,  Australia,  and  the  West  Indies.  When  the 
fruits  are  ripe,  the  outer  shell  becomes  brittle  and  is 
broken  between  the  fingers  and  removed,  the  entire 
contents  being  then  packed  in  kegs  and  covered  with 
boUing  syrup.  In  this  way  the  West  Indian  tama- 
rinds, which  comprise  most  of  those  that  reach  our 
market,  are  prepared.  In  the  East,  sugar  is  oft*n 
used  instead  of  syrup,  or  they  may  be  packed  dry, 
without  any  sweetening,  in  a  hard,  semisolid  mass. 

Preserved  tamarinds,  as  they  reach  us,  are  in  a 
moist,  reddish-brown,  pulpy,  stringy  mass,  with 
numerous  flattish-quadrangular,  smooth  seeds,  and  a 
little  thick,  dark  sjTup.  They  have  a  pleasantly 
sweet  and  acid  taste.  Mixed  with  water,  they  make  a 
pleasant  acid  drink,  which  was  formerly  used  in 
fevers  and  other  forms  of  sickness.  They  are  much 
less  employed  at  present. 

Composition. — Citric  acid,  eight  or  nine  per  cent,  is 
the  important  constituent.  .About  one  and  one-half 
per  cent,  of  tartaric  acid,  a  little  malic  acid,  and,  say, 
three  per  cent,  of  potassium  bitartrate,  are  adjuvants 
to  the  former,  and  add  to  the  acidity  of  the  fruit. 
Gum,  jelly,  and  ordinary  vegetable  matters,  and,  in 
our  preserved  tamarinds,  the  sugar  that  is  added, 
complete  the  list  of  constituents. 
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Uses. — Tamarinds  are  rather  an  agreeable  luxury 
than  a  medk-iue  and  in  some  eountries  are  consumed 
extensively  as  a  preserve.  They  possess  some  slight 
laxative  properties,  like  prunes,  barberries,  figs,  and 
other  acid  and  sugary  fruits.  Here  they  are  used  to 
make  a  refreshing  acid  drink  or  !is  an  adjuvant  to 
some  laxative  compound.  The  Confection  of  Senna 
(Confcclio  Seiiua,  formerly  official)  contains  ten  per 
cent,  of  them.     The  dose  of  tamarinds  is  indefinite. 

W.    P.    B0LI.ES. 


Tampa. — This  winter  health  resort  is  situated 
about  midway  of  the  peninsula  of  Florida,  on  the 
Gulf  side,  at  "the  head  of  Tampa  Bay.  It  is  about 
twenty-five  miles  di-stant  from  the  coast,  in  Lat. 
27°  57'  N.,  and  has  a  permanent  population  of 
38,527.  It  is  one  of  the  important  commercial  cities 
of  Florida,  and  has  extensive  manufacturing  interests, 
principally  in  cigars,  employing  large  numbers  of 
Cubans.  There  are  various  churches,  an  opera- 
house,  street  cars,  electric  lighting  and  water  works, 
sewers,  and  clean,  paved  streets.  Port  Tampa,  where 
the  largest  steamers  land,  is  nine  miles  from  the  city, 
with  which  it  is  connected  by  rail,  and  from  here 
steamers  leave  for  Havana,  Key  West,  and  various 
Gulf  ports. 

On  the  opposite  bank  of  the  Hillsborough  River, 
at  the  mouth  of  which  Tampa  is  located,  is  the  Tampa 
Bay  Hotel,  situated  in  a  beautiful  park  of  150  acres, 
with  a  botanical  garden  containing  a  great  variety  of 
native  and  imported  trees  and  plants.  This  hotel  is 
one  of  the  most  imposing  and  extensive  in  Florida — the 
land  of  extravagant  buildings  of  this  sort.  It  is  of 
Moorish  architecture  and  contains  nearly  .500  rooms, 
and  is  most  luxuriously  equipped.  Connected  with  it 
is  a  casino,  with  a  swimming  pool,  and  an  exposition 
building.  There  are  several  other  hotels  in  the  city 
proper,  and  one  at  Port  Tampa.  There  are  many 
opportunities  for  fishing,  hunting,  boating,  and  driving, 
and  a  variety  of  excursions  about  the  beautiful  bay. 
The  surrounding  country  is  sandy,  but  nevertheless 
supports  a  luxuriant  tropical  vegetation,  groves  of 
orange,  lemon,  and  pine  trees  abounding. 


Climate  of  Tampa,  Florida.      L 
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The  climate  is  a  warm,  equable,  moist  one,  the  1 


annual  temperature  being  nearly  that  of  Cairo, 
Egypt.  Both  in  climate  and  vegetation  Tampa 
partakes  of  the  characteristics  of  southern  tropical 
Florida.  On  account  of  the  humidity  and  enervat- 
ing quality  of  the  climate,  such  a  resort  as  Tampa  is 
not  favorable  for  tuberculosis;  but  it  is  useful  for  a 
variety  of  cases  needing  a  mild,  equable,  sunny, 
winter  climate,  as  has  been  indicated  in  the  article 
upon  Florida  in  Vol.  IV.  of  the  Handbook. 

The  accompanying  chart  gives  the  various  climatic 
data  for  the  four  winter  months  and  also  for  July. 
The  characteristic  features  are  seen  to  be  mildness 
and  equability  of  temperature,  a  high  humidity, 
much  sunshine,  and  a  comparatively  high  annual 
rainfall,  the  larger  part  falling  during  the  summer, 
features  common  to  all  the  coast  resorts  of  the  Florida 
peninsula. 

Tampa  is  readily  reached  by  rail  direct,  or  one  can 
make  a  portion  of  the  journey  by  water. 

Edward  O.  Otis. 


Tanacetum,  Tansy. — The  dried  leaves  and  top  of 
Tanacelum  vulgare  L.  (fam.  Composilm).  Tansy  is  a 
perennial  herb,  native  of  Europe  and  Southern  Asia. 
It  was  introduced  into  the  United  States  as  a  culti- 
vated aromatic  and  has  become  abundantly  natural- 
ized as  a  weed  along  roadsides  and  in  waste  places. 
The  stems  are  somewhat  tufted,  erect,  nearly  simple,  a 
foot  or  two,  rarely  a  yard,  high;  leaves  shortly  and 
stoutly  petioled,  rarely  exceeding  20  centimeters  (8 
inches)  long  and  10  centimeters  (4  inches)  broad, 
obovate  when  flattened,  pinnate,  the  pinnae  about  ten 
or  twelve  pairs,  linear-oblong,  obtusish,  pinnatifirl,  their 
segments  oblong,  acute,  incisely  serrate  or  lobed;  thin, 
with  a  strong  midrib,  smooth,  dark  green,  finely 
depressed-glandular;  flower  heads  in  a  small,  loose, 
terminal  corymb,  long-peduncled,  yellow,  nearly  I 
centimeter  (about  -|  inch)  broad,  having  an  imbricated, 
saucer-shaped  involucre,  a  convex,  naked  receptacle, 
and  numerous  yellow  tubular  florets,  which  are  perfect, 
or  the  outer  circle  pistillate;  highly  and  peculiarly 
aromatic,  the  taste  pungent  and  very  bitter. 

It  contains  the  peculiar  bitter  substance  tanacelin, 
which  is  amorphous,  very  hygroscopic,  and  soluble  in 
both  alcohol  and  water.  This  imparts  the  most  of  the 
bitter  taste,  although  the  volatile  oil  is  also  bitter.  The 
latter  exists  to  the  extent  of  about  one-fourth  of  one 
per  cent.,  has  a  specific  gravity  of  about  0.955,  and  is 
of  a  yellowish-green  color,  becoming  more  or  less 
brown  upon  exposure.  It  is  soluble  in  about  three 
parts  of  seventy-per-cent.  alcohol.  It  is  highly  aro- 
matic, bitter,  and  pungent,  its  important  constitu- 
ent being  Ihujone  (tanacetone).  Tansy  also  contains 
some  tannin,  malic  acid,  and  other  unimportant 
constituents. 

Besides  the  properties  of  tansy  as  one  of  the  more 
powerful  aromatic  bitters,  together  with  the  diapho- 
retic and  diuretic  properties  of  its  class,  it  and  its 
oil  have  been  used  from  time  immemorial  as  anthel- 
mintics. Oil  of  tansy,  and  tansy  itself  in  large  doses, 
are  poisonous,  the  general  symptoms  being  similar  to 
those  of  the  coniferous  oils  (juniper,  turpentine,  savin, 
etc.).  These  symptoms  are:  great;  irritation,  vomit- 
ing, abdominal  pain,  painful  diuresis,  convulsions, 
coma,  and  death.  They  belong  to  the  more  painful 
class  of  poisons.  They  are  also  powerfully  enmiena- 
gogue,  though  the  symptoms  are  painful  and  the  use 
of  the  drug  for  this  purpose  is  not  desirable.  They  are 
liable  to  cause  abortion,  though  they  usually  fail  of 
this  purpose  when  taken  with  such  intent,  as  is  com- 
monly done. 

The  dose  of  tansy  in  the  form  of  the  fluid  extract 
is  nixv-oi  (1.0-4.0),  though  this  represents  the 
extreme  dose  which  should  be  used.  The  oil  may  be 
administered  in  doses  of  lUi-v  (0.06-0.3).  So  little 
as  a  fluidram  of  the  oil  has  proved  fatal. 

Henry  H.  Rusbt. 
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Tannal,  basic  aluminum  tannate,  A]2(OH)4.- 
(Ci4H90s)2  +  10H2O,  is  a  brownish  yellow  powder 
formed  by  precipitating  an  aluminum  salt  with  tannic 
acid  in  the  presence  of  an  alkaH.  It  is  employed  as  an 
astringent  dusting  powder  for  wounds  and  ulcers, 
and  as  an  insufflation  in  catarrhal  conditions  of  the 
nose  and  throat.  It  is  insoluble  in  water,  but  its 
combination  with  tartaric  acid  dissolves  readily  and 
is  known  as  "soluble  tannal."  The  solution,  how- 
ever, slowly  decomposes.  W.  A.  Bastedo. 
R.  J.  E.  Scott. 


Tannalbin  is  a  tasteless,  odorless,  light-bro^Ti  pow- 
der made  by  drying  tannin  albuminate  at  1 10°-120°  C. 
It  is  light  and  bulky  and  contains  about  fifty  per  cent, 
of  tannic  acid.  It  is  insoluble  in  water  or  the  gastric 
juice,  but  slowly  dissolves  in  alkaline  media,  as  in  the 
intestine.  Though  tannalbin  has  very  little  astrin- 
gency.  the  weight  of  evidence  indicates  that  it  is  as 
efficient  in  diarrheal  conditions  as  any  of  the  astrin- 
gent drugs.  Most  authors  claim  that  it  does  not  act 
at  all  in  the  stomach,  but  that  it  sets  free  its  tannic 
acid  in  the  intestines.  It  is  administered  in  capsule 
or  in  mixture,  or  in  combination  with  small  doses  of 
calomel,  or  mixed  with  starch  water  as  an  enema.  The 
dose  for  an  adult  is  about  10  grains  (0.7  gram)  several 
times  a  dav.  W.  A.  B-v'^tedo. 

R.  J.  E.  Scott. 


Tannic  Acid. — {Aciiium  Tannicum,  U.  S.,  Br.,  Ger. 

Gitllolanxic  Acid.  Digallic  Acid.  Tannin.  HCu- 
HsC  =  321.22).  A  tannin  obtained  from  nutgall.  .\ 
light-yellowish  amorphous  powder,  usually  cohering 
in  the  form  of  glistening  scales  or  spongy  masses,  odor- 
less, or  having  a  faint,  characteristic  odor  and  a 
,-trongly  a.stringent  taste;  gradually  turning  darker 
when  exposed  to  air  and  light. 

Tannic  acid  is  freelj-  soluble  in  both  alcohol  and 
water,  as  well  as  in  glycerin.  The  characteristic  blue- 
black  color  produced  in  a  solution  of  tannic  acid  when 
a  ferric  salt  is  added  forms  the  basis  of  tests  for  its 
presence.  The  form  of  tannic  acid  here  considered  is 
characterized  by  its  convertibilitj-  into  gallic  acid,  of 
which  it  is  the  anhydride.  Although  generally  stated 
tliat  it  occurs  in  some  other  varieties  of  gall  and  in 
several  other  vegetable  substances,  certain  differences 
are  perceptible  in  these,  and  it  has  been  cjuestioned 
whether  any  of  them  can  be  considered  as  identical 
with  the  one  under  consideration.  It  may  be  extracted 
from  the  powdered  galls  by  several  processes.  The 
most  convenient  method  is  to  exhaust  the  latter  with 
warm  water  and  then  thoroughly  remove  the  im- 
purities by  churning  with  ether.  The  most  common 
impurity  present  is  resin,  though  after  a  time  more  or 
less  gallic  acid  is  likely  to  be  formed,  if  carelessly 
preserved,  the  properties  thus  becoming  weakened. 
Tannic  acid  is  associated  in  the  plant  with  more  or  less 
glucose,  a  part  of  it  apparently  combined  as  a  gluco- 
>ide,  and  this  glucose  often  exists  as  an  impurity  of 
tannic  acid. 

Incompatibility. — The  wide  distribution  of  tannic 
acid,  or  its  associates  in  the  group,  among  vegetable 
'Irugs,  lends  great  importance  to  its  numerous  in- 
ripmpatibilities,  the  more  important  ones  being  liere 
stated.  Tannin  is  slowly  destroyed  by  remaining 
in  aqueous  solution,  the  process  hastened  by  heat. 
Alkaloidal  .salts  in  aqueous  or  weak  alcoholic  solu- 
tion are  decomposed  by  tannin,  their  tannates,  which 
arc  but  slightly  soluble  in  water,  being  precipitated. 
I  It  her  organic  substances  whose  solutions  are  pre- 
cipitated by  tannic  acid  are  albumin,  gelatin,  gluten, 
starch  hydrate,  and  many  glucosides  and  amaroids. 
A  solution  of  antipyrin  is  also  precipitated  and  iodo- 
iMrm  is  decomposed.  Tannin  in  a  solution  of  iodine 
prevents  the  latter  from  turning  starch  blue.  Tannic 
acid    is    incompatible    with    ferrous    salts,    giving    a 
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gelatinous  precipitate,  and  with  ferric  -salts,  giving 
a  black  color  to  a  weak  solution  (its  physiological 
action  being  not  thus  destroyed;,  and  a  black  pre- 
cipitate with  a  strong  one,  the  strength  correspond- 
ingly weakened.  Solutions  of  salts  of  lead,  copper, 
silver,  chromium,  mercury,  bismuth,  antimony, 
and  most  other  metals  yield  tannates  as  precipitates, 
and  nitric  acid  converts  it  into  oxalic  acid.  \Aith 
sulphuric,  nitric,  and  hydrochloric  acid,  precipitates 
are  yielded.  Hydriodic  acid  is  formed  when  tannin  is 
added  to  iodine  with  water.  Oxidizing  agents  are 
reduced  by  tannin.  The  stronger  of  them,  like  potas- 
sium chlorate,  may  produce  explosions  when  tritu- 
rated with  tannic  acid.  With  spirit  of  nitrous 
ether  or  amyl  nitrite,  a  gas  is  yielded.  Chlorine, 
iodine,  and  bromine  are  incompatible.  Lime-water 
and  tarinin  yield  a  precipitate,  as  do  potassium  and 
ammonia  and  their  carbonates. 

The  physiological  actions  and  uses  of  tannic  acid 
depend  almost  wholly  upon  its  chemical  property  of 
coagulating  albumin  in  the  form  of  a  tannate,  and 
this  is  especially  true  of  its  local  action.  In  this  way, 
the  following  effects  are  produced:  A  protective  film 
is  formed  upon  raw  surfaces;  bleeding  orifices,  if 
small,  are  closed  by  blood  clots  in  their  mouths  and 
by  a  contracting  clot  about  them;  relaxed  muscular 
tissue  is  contracted,  thus  increasing  the  hemostatic 
effect;  it  coagulates  the  saliva  and  buccal  mucus,  and 
it  is  probably  due  to  its  mechanical  action  that  the 
taste  and  general  sen.sation  of  the  mouth  are  dimin- 
i.shed;  in  the  .same  way  it  blunts  the  appetite  and  checks 
digestive  activity,  but  arrests  gastric  and  intestinal 
hemorrhage,  as  well  as  intestinal  discharges,  thelalter 
effect  not  to  be  confounded  with  that  of  a  stinudation 
of  the  vasomotor  nerves  by  volatile  oils  and  other 
stimulants.  Here  again  the  mechanical  blunting 
of  the  nerve  endings  results  in  a  decrease  of  the  peri- 
staltic action,  tannic  acid  being  thus  one  of  our  most 
important  constipating  agencies.  Here  its  local 
action  may  be  said  to  end,  while  its  systemic  action 
becomes  that  of  gallic  acid,  to  which  the  reader  is 
referred.  It  may  be  mentioned,  however,  that  tannic 
acid  has  a  distinct  irritating  tendency,  which  becomes 
apparent  when  overdoses  are  taken.  In  this  way  it 
may  act  as  an  emetic  or  even  as  a  purgative. 

The  uses  of  tannic  acid  thus  fall  naturally  into  two 
classes,  one  of  which  is  to  be  found  discussed  under 
gallic  acid.  Its  chief  local  uses  are  to  protect  and 
stimulate  the  healing  processes  in  all  simple  ulcers 
and  in  skin  diseases  which  exhibit  a  superficial 
inflammatory  tendency.  Mild  hemorrhages  of  the 
skin  or  of  the  nares,  mouth,  stomach,  or  intestines 
may  be  promptly  arrested  by  it.  the  dry  powder 
being  best  where  direct  application  is  possible. 
Excessive  and  malodorous  local  perspirations  are 
cheeked,  as  weU  as  foul  exudations  from  the  mucous 
membranes  of  nose,  throat,  and  uterus.  .\t  the  same 
time,  an  overrelaxed  condition  of  these  membranes, 
as  well  as  of  the  rectum  when  hemorrhoids  are  present, 
is  promptly  corrected,  although  the  effect  is  likely 
to  be  but  temporary,  .\cute  inflammatory  condi- 
tions of  the  fauces,  and  to  a  less  extent  of  the  stomach, 
are  often  promptly  relieved.  Inhalation  of  a  spray 
of  tannic-acid  solution  will  check  many  cases  of  hxmop- 
tysis,  and  this  method,  when  possible,  is  much  more 
efficient  than  its  internal  administration.  The  ordi- 
nary dose  is  gr.  i-v  (0.0(>-0.3),  but  this  is  often 
largely  increased  in  order  to  check  hemorrhage. 
The  official  preparations  are  the  styptic  collodion, 
the  glycerite,  and  the  ointment,  each  of  twenty-per- 
cent, .strength,  and  the  troches,  each  containing  about 
one  grain.  A  five-per-cent.  or  ten-per-cent.  aqueous 
solution  is  often  used  for  irrigating  the  nares  or  the 
vagina.  Hexry  H.   UrsBT. 


Tannigen,  diacetyl  tannin,  CuH,(CHiC0)20,,  is  a 
yellowish-gray,  odorless,  and  tasteless  powder,  pre- 
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pared  by  the  action  of  acetic  anhydride  or  acetyl 
chloride  "on  tannic  acid  dissolved  in  glacial  acetic  acid. 
It  dissolves  in  dilute  solution  of  sodium  borate  or 
phosphate  and  in  alcohol,  is  slightly  soluble  in  ether, 
and  IS  insoluble  in  water,  though  it  tends  to  absorb 
moisture  from  the  air.  It  is  decomposed  by  alkalies, 
and  is  colored  blue-black  by  ferric  salts.  Passmg 
unchanged  through  the  stomach,  it  is  broken  up  in  the 
intestine,  where  the  slow  liberation  of  tannic  acid  gives 
a  mild  and  continuous  astringent  effect.  In  diarrhea, 
dysentery,  and  especially  the  summer  diarrheas  of 
children,  it  has  been  found  superior  to  the  prepara- 
tions of  krameria,  catechu,  hematoxylon,  and  other 
vegetable  astringents.  It  has  recently  been  used  for 
the  diarrhea  of  pellagra.  The  dose  is  IJ  grains  (0.1 
gram)  several  times  a  day  for  young  children,  and  5 
to  10  grains  (0.35-0.7  gram)  for  adults. 

Tannigen  has  also  been  employed  as  an  insufflation 
in  nose  and  throat  affections.         W.  A.  Bastedo. 
R.  J.  E.  Scott. 


Tannoform,  methylene  ditannate,  CIl2(CuH909)2, 
is  a  condensation  product  obtained  by  adding  a  solu- 
tion of  formaldehyde  to  a  solution  of  gallotannic  acid 
in  hot  water  and  precipitating  with  hydrochloric  acid. 
It  is  a  loose  pinkish-white  powder,  insoluble  in  water 
or  acids  and  soluble  in  alcohol;  it  dissolves  in  alkalies 
with  decomposition. 

In  the  intestine  tannoform  sets  free  tannic  acid  and 
formaldehyde,  and  has  been  so  used  as  an  intestinal 
astringent"  and  antiseptic.  But  it  is  not  very  widely 
employed  thus,  because  of  the  possible  irritation  of  the 
formaldehyde.  It  is  a  clean,  dry  antiseptic  and  deo- 
dorizing powder,  and  is  used  either  pure  or  diluted 
with  starch  or  talcum.  In  wounds,  ulcers,  and  bed- 
sores it  seems  to  have  marked  healing  properties,  in 
hyperidrosis  and  bromidrosis  it  is  siccative  and  deo- 
dorizing, and  in  moist  eczema,  pruritus,  intertrigo, 
and  burns  it  forms  a  serviceable  dusting-powder. 
In  chronic  catarrh  of  the  nasal  passages,  especially  in 
ozena,  it  is  used  as  an  insufflation. 

Similar  compounds  prepared  from  formaldehyde 
and  the  tannins  of  aspidosperraa,  oak  bark,  and  cin- 
chona are  called  respectively  quebrachinoform,  querci- 
form,  and  quinoform. 

The  bismuth  salt  of  tannoform  is  "bismal." 

W.  A.  Bastedo. 
R.  J.  E.  Scott. 


Tannopin  orTannon,  (CH2)6N4.3Ci4Hio09,  is  a  con- 
densation product  of  tannic  acid  and  hexamethylene- 
tetramine  (urotropin).  It  contains  eighty-seven  per 
cent,  of  tannic  acid  and  is  a  brown,  odorless  and  taste- 
less, slightly  hygroscopic  powder,  which  is  insoluble  in 
water,  alcohol,  ether,  or  weak  acids,  but  dissolves, 
probably  undergoing  change,  in  weak  alkalies.  It  is 
said  to  liberate  tannic  acid  and  formaldehyde  in  the 
intestine,  and  for  this  reason  is  employed  as  an  intes- 
tinal antiseptic  and  a.stringent.  Schreiber,  Meier, 
and  Tittel  have  reported  highly  satisfactory  results  in 
tuberculous  enteritis,  and  in  acute,  subacute,  and 
chronic  diarrheas.  The  dose  is  3  to  15  grains  (0.2- 
1.0  gram)  several  times  a  day.  W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Tarantula. — A  name  which  has  been  applied  to 
large  spiders  in  various  parts  of  the  world.  In 
southern  Europe  the  large  Lycosida;  or  wolf-spiders, 
are  greatly  feared.  In  the  warm  regions  in  America 
the  Avicularoidea  are  usually  called  "tarantulas." 
Though  somewhat  poisonous,  they  are  less  deadly  than 
the  spiders  belonging  to  the  genus  Lalrodecles  which 
are  also  found  mostly  in  tropical  countries.  See 
Insects,  Poisonous.  A.  S.  P. 
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Tarasp-Schuls. — This  health  station  and  spa  is 
situated  in  the  Lower  Engadine  Valley,  thirty-four 
miles  from  Samaden,  with  which  it  connects  by 
diligence  several  times  daily.  It  consists  of  the  three 
places,  all  near  together,  Tarasp-Schuls,  Schuls,  and 
Vulpura.  Schuls,  3,970  feet  above  sea-level,  is  the 
largest  village  in  the  Engadine,  next  after  St.  Morits 
and  contains  about  1,100  inhabitants.  It  is  pic- 
turesquely situated  on  a  slope  of  the  valley,  with  the 
Inn  below  and,  opposite,  a  stately  range  of  well- 
wooded  mountains,  and  is  divided  into  an  upper  and 
a  lower  town,  in  the  former  of  which  most  of  the  h  tels 
and  pensions  are  situated.  On  the  high-road  separat- 
ing the  two  portions  of  the  town  is  situated  the  bath- 
ing establishment,  with  eighteen  bath-  and  two 
douche-rooms  for  iron  and  fresh-water  baths. 

Vulpura  is  a  suburb  consisting  of  large  and  well- 
appointed  hotels,  lying  on  the  opposite  side  of  the 
river  from  Schuls,  and  about  200  feet  above  it,  on  a 
thickly  wooded  height.  It  is  at  a  distance  of  twenty 
minutes  from  the  Kurhaus  Tarasp,  by  a  good  road. 

On  the  high  road  about  a  mile  to  the  west  of  Schuls 
are  the  baths  of  Tarasp,  consisting  of  an  extensive 
Kurhaus  with  a  "pump-room"  and  baths,  and  sur- 
rounded with  pleasant  gardens  and  parks.  The  whole 
country  about  is  most  attractive,  and  affords  innumer- 
able opportunities  for  walks  and  excursions  in  every 
direction,  amidst  grand  scenery  and  in  a  pure  moun- 
tain atmosphere.  One  who  desires  to  take  a  course 
of  these  waters  can  conveniently  reside  at  any  of  the 
three  localities. 

The  climate  of  this  region  is  somewhat  milder  than 
that  of  the  Upper  Engadine,  although  it  partakes  of 
the  same  general  characteristics,  viz.,  a  rarefied 
atmosphere,  moderate  temperature,  dry  air  and  free 
from  dust,  protection  from  high  winds,  and  increased 
intensity  of  the  sunlight  and  heat.  The  mean  tem- 
perature during  the  season  (June  1  to  September 
15)  is  57.14°  F.;  the  maximum,  87.08°  F.;  and  the 
minimum,  33.8°  F.  The  mean  relative  humidity  is 
from  65  to  76  per  cent.,  and  there  is  an  average  rainfall 
of  9.40  inches.  There  are  on  an  average  during  the 
season  39  perfectly  clear  days,  27  fair  ones,  34  rnore 
or  less  overcast,  only  6  or  8  of  which  are  actually  rainy. 

The  effect  of  the  climate  is  stimulating  and  tonic, 
and  may  be  rather  severe  for  delicate  persons,  as 
sudden  changes  occur.  For  one,  however,  fairly 
robust  and  who  desires  to  unite  the  high  mountain 
air  cure  with  a  course  of  the  waters  and  baths  offered 
here,  hardly  a  more  admirable  and  charming  resort 
could  be  found.  "Scarcely  another  station  in  Europe," 
says  Linn,  "unites  so  many  important  qualities." 

There  are  eight  cold  mineral  springs  that  are  used 
at  this  resort,  although  there  are  many  more  in  the 
neighborhood.  Four  of  the  springs  used  yield  sul- 
pliated  alkaline  waters  of  the  class  known  as  the 
"Cold  Glauber's  Salt  Springs,"  similar  to  those  at 
Carlsbad.  The  Lucius  and  Emerita  Springs  of  this 
class  are  used  for  drinking  and  bathing;  and  the 
Ursus  and  Neue  Bade  Quelle  are  only  used  for  bath- 
ing. The  rest  of  the  springs  are  iron,  yielding  a 
gaseous  chalybeate  water  known  as  "Sauerwasser." 
Of  these  the  Bonifacius  is  used  for  drinking  alone; 
the  Wy  for  drinking  and  bathing;  while  the  Carola 
is  used  for  bathing  alone.  The  four  sj^rings  of  Sotsass 
are  used  as  a  favorite  table  water.  Compared  with 
the  waters  of  Carlsbad,  Marienbad,  Kissingen  and 
Vichy,  the  Lucius  Spring  at  Tarasp  contains  about  the 
same  amount  of  sulphate  of  soda  as  Carlsbad,  but 
nearly  or  quite  three  times  as  much  carbonate  of  soda 
and  chloride  of  sodium,  and  at  least  three  times  as 
much  carbonic  acid.  The  carbonate  of  soda  is  slightly 
in  excess  of  that  found  in  the  water  of  Vichy,  and  the 
chloride  of  sodium  is  about  a  fourtih  less  than  at 
Kissingen.  Marienbad  contains  more  sulphate  of 
soda,  but  less  of  the  other  ingredients. 

The  analysis  of  the  Luciusquelle  by  Husemann  is  as 
follows: 
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Tartaric  Arid 


In  Sixteen  Ounces  of  the  Water  there  Were: 
Grains. 

Sulphate  of  Boda 16. 131 

Sulphate  of  potash 2.916 

Borate  of  soda 1 .  312 

Nitrate  of  soda 0 .  006 

Chloride  of  sodium 28 .  216 

Chloride  of  lithium 0.022 

Bromide  of  sodium 0 .  173 

Iodide  of  sodium 0 .  007 

Bicarbonate  of  soda 37  .  426 

Bicarbonate  of  ammonium 0 .  507 

Bicarbonate  of  lime 18.800 

Bicarbonate  of  strontium 0.005 

Bicarbonate  of  magnesia 7  .  524 

Bicarbonate  of  ferric  oxide 0.165 

Total  amount  of  fixed  solids 113.210 

True  free  carbonic  acid 33 .92  cu.  in. 

Of  the  Chalj'beate  Springs  the  Bonifacius  is  the 
strongest,  containing  0.045  per  thousand  parts  of  the 
bicarbonate  of  iron.  The  iron  baths  are  heated  by 
a  tube  througli  which  steam  passes,  so  as  to  cause 
comparatively  little  of  the  carbonic  acid  to  escape. 

Three  hours  distant  from  Schuls  are  the  acidulous 
mineral  springs  of  Val  Sinestra,  containing  a  little 
arsenic.     These  waters  are  brought  daily  to  Schuls. 

As  to  the  therapeutics  of  these  waters,  the  four  soda 
acidulous  springs  are  more  or  less  successfully  em- 
ployed in  many  different  functional  and  organic  dis- 
eases and  conditions,  such  as  olsesity,  chronic  consti- 
pation, hemorrhoids,  dyspeptic  conditions,  gall-stones, 
glycosuria  of  fat  persons,  affections  of  the  kidneys  and 
bladder,  diabetes,  gout.  By  warming  the  water 
before  drinlcing,  it  can  be  made  to  resemble  more 
closely  Carlsbad  water. 

The  Chalybeate  Springs  are  used  in  anemia  and 
debilitated  conditions.  In  combination  with  the 
hydrotherapeutic  processes  massage  is  given,  and  the 
diet  is  carefully  regulated.  Good  physicians  who 
speak  English  are  found  at  this  spa. 

Most  visitors  taking  the  waters  usually  frequent  the 
pump-room  at  the  Kurhaus  Tarasp  at  an  early  hour 
in  the  morning,  at  which  time  there  is  music.  There 
is  a  very  delightful  path  along  the  river  from  Schuls 
to  Tarasp,  a  walk  over  this  occupying  about  half  an 
hour;  and  the  hotel-keepers  at  Schuls  provide  (gratis) 
conveyances  which  run  at  frequent  intervals  during 
the  day  between  these  two  places.  It  is  well  to  be  pro- 
vided with  warm  clothing,  for  the  weather  is  frequently 
cool. 

There  are  several  ways  of  reaching  Schuls:  by  rail 
to  Saraaden  and  thence  by  diligence  or  carriage;  or,  by 
rail  to  Landeck,  and  thence  by  diligence  in  eight  hours. 
Coming  from  the  south,  one  can  go  by  rail  to  Chia- 
venna,  and  thence  by  diligence  over  the  Maloja  Pass 
and  through  the  Upper  Engadine,  a  long  ride,  but 
through  grand  and  delightful  scenery;  by  this  route 
it  is  well  to  break  the  journey  at  Samaden. 

Edward  O.  Otis. 


Taraxacum. — Dandelion. — "The  dried  rhizome 
and  root  of  Taraxacum  officinale  Weber  (fam.  Cum- 
positce)"  (U.  S.  P.).  This  well-known  plant  grows  in 
the  greatest  profusion  throughout  most  of  tlie  north 
temperate  zone  and  is  being  increasingly  cultivated  as 
a  food  plant.  Its  reputation  as  a  drug  is  of  the  most 
ancient  character,  but  its  professional  use  has  steadily 
declined  in  the  face  of  more  accurate  knowledge  of  drug 
action.  The  plant  has  no  true  rhizome,  as  is  indicated 
in  the  official  definition.  The  root  is  vertical,  but  rather 
crooked,  mostly  simple  or  with  one  or  two  branches 
parallel  with  and  close  to  the  parent,  rarely  reaching  a 
foot  in  length  and  having  the  thickness  of  the  finger. 
The  drug  more  commonlj-  has  the  dimensions  of  a  lead 
pencil;  it  is  brown,  deeply  wrinkled,  light,  soft,  and 
brittle.  On  fracture,  the  wood  zone  is  seen  to  be 
small  and  bright  yellow,  the  bark  whitish  if  carefully 


dried,  otherwise  dark.  It  contains  numerous  circles 
of  laticiferous  ducts,  which,  on  paring  the  ends, 
glisten  slightly,  if  the  drug  is  of  fine  qualit  v.  The  taste 
is  distinctly  bitter,  and  slightly  sweetish,  and  a  gummy 
consistence  is  appreciated  upon  chewing.  The  ac- 
tivity resides  in  the  milky  juice  which  fills  these 
ducts. 

Composition. — The  small  amount  of  sugar,  gum, 
resin,  and  wax-like  substances,  and  the  large  amount 
of  inulin  are  scarcely  medicinal.  The  bitter  principle 
is  taraxacin.     .\n  alkaloid  exists   in  minute  amount. 

Dandelion  exerts  no  marked  physiological  action. 
It  is  somewhat  laxative,  hence  depurative,  and,  be- 
cause of  a  shghtly  increased  elimination  of  bile,  has 
been  supposed  to  be  a  hepatic  tonic.  It  does  seem  to 
possess  slight  alterative  and  tonic  powers. 

The  dose  of  the  fluid  extract  is  fl.  3  i-ij  (4.0-8.0), 
of  the  extract  gr.  viij-x.xx  (0.5-2.0). 

Henry  H.  Rcsby. 


Tardieu,  Ambroise  Auguste. — Born  at  Paris, 
France,  on  March  10,  1S18.  In  1.S43  he  received  the 
degree  of  Doctor  of  Medicine  from  the  University  of 
Paris,  and  already  in  the  following  year  he  was  niade 
an  .Agreg(5  by  the  same  institution.  In  IS.5.3  he  took 
part  in  the  competition  for  the  Chair  of  Hygiene; 
and,  although  he  did  not  win  the  coveted  position, 
which  was  awarded  to  Bouchardat,  he  wrote  for  this 
occasion  a  thesis  on  "Voiries  et  Cimetieres,"  which  was 
afterward  published  and  was  con.sidered  for  many 
years  the  best  and  most  complete  treatise  on  the  sub- 
ject. In  1861,  after  the  death  of  .\delon,  who  had  up 
to  that  time  held  the  chair,  he  was  chosen  full  Profes- 
sor of  Medical  Jurisprudence;  and  in  1864  he  succeeded 
Rayer  as  Dean  of  the  Faculty  of  Medicine.  During 
a  large  part  of  his  career  he  was  one  of  the  .\ttending 
Physicians  at  Hotel-Dieu.     He  died  Jan.,  12,  1879. 

Tardieu,  during  a  period  of  many  years,  was  held 
in  the  highest  esteem  in  France  as  a  medicolegal  ex- 
pert, and  published  a  number  of  valuable  treatises 
on  medicolegal  topics.  The  majoritj'  of  these  may  be 
found  in  the  Annates  d'hijgihne  publique  et  de  medecine 
legale.  A.  H.  B. 


Tarsonemidae. — A  family  including  minute  mites 
which  show  a  striking  sexual  dimorphism.  A  number 
of  species  are  true  parasites  on  insects,  others  attack 
plants,  and  several  may  be  accidental  parasites  on 
man.  Pediculoides  vetdricosus  often  causes  a  painful 
eruption  on  the  skin.     See  Arachnida.  A.  S.  P. 


Tartaric  Acid  (II2C4H4O6). — A  dibasic  organic 
acid  obtained  from  wine  lees  or  argol,  and  contain- 
ing not  less  than  99.5  per  cent,  of  C4H6O6.  Color- 
less, translucent,  monoclinic  prisms,  or  crystalline 
crusts,  or  a  white  powder,  odorless,  having  a  purely 
acid  taste  and  permanent  in  the  air. 

Tartaric  acid  is  soluble  in  both  alcohol  and  water, 
very  freely  in  the  latter.  It  forms  during  the  process 
of  fermentation  of  wine,  in  the  form  of  the  bitartrate 
or  acid  tartrate,  which  is  scraped  from  the  insides  of 
the  casks  in  a  mass  called  argols  or  tartar,  or,  after 
purification,  cream  of  tartar.  This  is  converted  into 
calcium  tartrate  by  the  action  of  calcium  carbonate 
in  the  form  of  powdered  chalk.  The  calcium  is  then 
removed  b}'  sulphuric  acid,  setting  free  the  tartaric 
acid,  which  must  be  carefully  freed  from  traces  of 
potassium,  calcium,  and  sulphuric  acid. 

Tartaric  acid  hiis  no  special  medicinal  properties 
as  distinguished  from  those  of  its  class.  It  is  one  of 
the  mild  acids  recommended  for  use  in  alkali  poison- 
ing, and  it  is  useful  (in  the  form  of  olTervescent 
powder  or  Seidlitz  powder)  for  freeing  carbonic  acid 
in  the  production  of  carbonated  liquors.     It  is  also 
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much  used  sxs  a  fraudulent  substitute  for  citric  acid 
in  tlie  production  of  citrate-of-potassium  solution. 
IlEN-nv  H.  llrsDY. 


Taste. — 1.  Definition  and  Introduction. — Taste 
is  a  special  sense.  A  special  sense  is  one  provided  wit  h 
specialized  end  organs  and  located  in  structures  that  .-ire 
esi)cciallv  adapted  to  serve  the  organism  in  receiving 
and  conduct iiiK  the  stimuli  from  the  sensory  end 
organs  to  the  sensorium  in  the  brain. 

The  sense  of  taste  ijosse.sses  as  specialized  end  organs 
the  gustatorv  or  taste  buds,  located  on  the  surface  of 
the  tongue,  the  fauces,  the  soft  palate,  and  the  epiglot- 
tis. That  the  taste  buds  are  the  sole  organs  of  taste 
is  far  less  certain  than  it  is  that  the  eye  is  the  sole  end 
organ  of  vision.  It  is  true  that  tho.se  portions  of  the 
oral  mucous  membrane  which  possess  the  sense  of 
taste  are  the  only  places  where  the  taste  buds  are 
found.  On  the  other  hand,  there  arc  many  other 
nerve  fibers  which  possess  filaments  and  other  endings 
in  this  same  region.  The  other  nerve  endings  in  this 
region  are  similar  to  those  found  in  other  parts  of  tlie 
body,  and  serve  in  those  parts  the  tactile  and  tempera- 
ture senses.  The  tongue  possesses  the  tactile  and 
temperature  senses  to  a  high  degree.  Although  our 
conclusion  that  the  gustatory  buds  are  the  sole  end 
organs  of  taste  is  reached  by  a  course  of  inductive 
reasoning,  we  may  feel  secure  that  our  conclusion  is  a 
tenable  one. 

2.  Anatomical  Considerations. — ^The  ta.ste  bud  is 
an  epithelial  structure  composed  of  spindle-shaped 
cells  grouped  in  a  spheroidal  mass  with  one  pole  at  the 
surface  of  the  epithelium.  The  cells  may  be  classified 
in  two  orders,  the  sustentacular  and  neuroepithelial. 
The  sustentacular  cells  when  located  on  the  surface  of 
this  spheroid  are  called  tegmental  cells,  and  are  some- 
what larger  than  those  which  make  up  the  internal 
part,  of  the  bud.  Lying  between  the  sustentacular 
cells  in  the  midst  of  the  bud  are  the  delicate,  spindle- 
shaped,  neuroepithelial  cells,  whose  nuclei  are  in  the 
basal  portion  farthest  removed  from  the  epithelial 
surface  and  whose  external  ends  terminate  in  delicate 
hair-like  filaments.  Surrounding  the  nuclear  end  of 
the  neuroepithelial  cells  is  a  copius  arborization  of  the 
delicate  terminal  fibrils  of  the  telodendria  of  the 
gustatory  neurones.  These  arborizations  may  also 
be  found  in  some  cases  to  surround  the  inner  ends  of 
the  sustentacular  cells.  The  taste  bud  possesses  at 
the  epithelial  surface  a  minute  pore,  through  which 
.substances  in  solution  may  pass  into  the  taste  bud 
and  will  be  drawn  by  capillary  attraction  into  the 
innermost  spaces  between  the  sustentacular  cells  and 
neuroepithelium,  and  thus  be  brought  into  immediate 
contact  with  the  gustatory  nerve  endings. 
_  Those  gustatory  nerve  fibers  which  leave  the  poste- 
rior third  of  the  tongue,  the  f  ossa;,  palate,  and  epiglottis, 
pass  to  the  gustatory  center  by  way  of  the  glosso- 
pharyngeal nerve.  Those  which  leave  the  anterior 
two-thirds  of  the  tongue  pa.ss  at  first  into  the  lingual 
branch  of  the  inferior  maxillary  division  of  the  fifth 
nerve.  They  leave  the  lingual  branch  and  pass  by 
way  of  the  chorda  tympani  back  to  the  seventh  nerve. 
From  here  to  the  gustatory  center  their  course  has  not 
been  definitely  traced.  The  clinical  evidence  seems  to 
favor  the  view  that  they  pass  by  way  of  the  seventh 
nerve  into  the  base  of  the  brain,  while  experimental 
evidence  as  well  as  observations  on  the  embryonic 
development  of  the  cranial  nerves  indicates  that  the 
fibers  leave  the  seventh  nerve  at  the  geniculate 
ganglion  and  pass  by  way  of  the  Vidian  nerve  and 
Meckel's  ganglion  back  to  the  fifth.  Leaving  the 
detailed  course  of  the  lingual  gustatorv  nerves  to  be 
determined  by  further  experiment,  "we  may  rest 
assured  that  eventually  thev  make  their  way  "to  the 
same  gustatory  center  to  which  the  glossoph'ar\Tjgeal 
fibers  may  be  traced. 
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3.  PuysioLOGY  OF  THE  Sense  OF  Taste. —  Many  of 
the  perceptions  attributed  to  taste  really  depend  quite 
as  mucli  upon  smell  as  upon  taste.  We  usually  apply 
the  term  fltiror  to  those  sensations  which  depend  upon 
both  .smell  and  taste;  e.g.  one  speaks  of  the  flavor  of 
roast  beef  or  of  coffee.  The  fact  that  closure  of  the 
nose  impairs  the  flavor  of  the  beef  or  coffee  indicates 
that  a  part  of  the  flavor  is  to  be  attributed  to  the  sense 
of  smell.  The  sense  of  taste  alone  seems  to  be  confined 
to  sensations  arising  from  four  distinct  stimuli:  (1) 
sweet,  (2)  bilter,  (3)  arid,  (4)  sail.  All  purely  taste 
sensations  are  either  modifications  of  or  combinations 
of  these  four  fundamental  sensations.  The  sense  of 
taste  is  excited  usually  by  those  substances  which  pass 
into  solution — i.e.  insoluble  substances  are  tasteless. 
It  may  be  noted  in  passing  that  mechanical  stimuli 
applied  to  the  gustatory  surface  are  capable  of  arous- 
ing sensations  of  taste,  and  the  same  is  true  of  electrical 
stimuli.  In  the  case  of  the  latter,  the  fact  that  the 
cathode  usually  tastes  bitter-alkaline,  while  the  anode 
usually  tastes  acid,  would  seem  to  show  that  the 
efficient  stimuli  are  the  basic  ions  which  gather  at  the 
cathode  and  the  acid  ions  which  gather  at  the  anode 
respectively.  Though  this  is  undoubtedly  the  way  to 
account  for  the  taste  of  the  cathode  and  anode  in  the 
constant  current,  it  does  not  throw  light  upon  the  fact 
that  taste  sensations  are  also  aroused  by  induction 
shocks. 

The  sensation  will  vary  in  strength  with:  (1)  the  size 
of  the  area  stimulated,  the  sensation  being  more  in- 
tense the  greater  the  area  stimulated;  (2)  the  concen- 
tration of  the  solution,  being  more  intense  the  stronger 
the  solution;  (3)  the  temperature  of  the  solution,  being 
more  intense  the  nearer  the  temperature  is  to  that  of 
the  blood;  (4)  the  mechanical  friction  of  the  tongue 
against  the  palate,  being  stronger  with  moderate 
friction  than  without  it. 

The  sense  of  taste  varies  in  acuteness  (1)  through 
certain  hereditarj'  influences,  and  (2)  through  cultiva- 
tion. A  good  example  of  marked  acuteness  of  taste 
acquired  by  cultivation  may  be  found  in  professional 
tea-tasters  and  wine-tasters. 

1.  To  Delermine  the  Acuteness  of  Taste. — Make  four 
standard  solutions,  as  follows:  (1)  Sugar,  one  gram  of 
dry  saccharose  in  100  c.c.  of  distilled  water.  (2) 
Quinine  sulphate,  one  centigram  in  1,000  c.c.  of  dis- 
tilled water.  (3)  Acetic  arid,  one  gram  of  glacial  acetic 
acid  in  1,000  c.c.  of  distilled  water.  (4)5a/(,  one  gram 
of  dry  sodium  chloride  in  100  c.c.  of  distilled  water. 

In  the  use  of  these  solutions  prepare  the  gustatory 
surfaces  by  thoroughly  rinsing  the  mouth  with  distilled 
water  or  with  boiled  water.  Take  a  uniform  ciuantity 
of  the  solution  into  the  mouth  at  each  observation. 
A  convenient  quantity  is  4  c.c.  or  a  common  teaspoon- 
ful.     Rinse  the  mouth  before  each  new  observation. 

The  following  table  gives  results  obtained  by  a  num- 
ber of  observers.  The  numbers  indicate  the  number 
of  parts  of  water  to  one  of  the  substance  to  be  tasted, 
to  produce  the  weakest  solution  w^hich  the  individual 
tested  could  positively  and  unerringly  recognize. 


Mr. 

Sugar. 

Quinine. 

.\eetic  acid. 

Salt. 

A 

700 
600 

1,000,000 
500,000 
230.000 
400,000 

7,000 
8,000 
4,400 
3,000 
4,000 
6,000 
6,000 
4,500 
6,000 
7,500 

1  to  5,640 

425 
500 

B 

C 

D 

300 
700 
400 
333 
500 
500 
650 

1  to  520 

700 

E 

F 

400,000 
400,000 
400.000 
450,000 
200,000 

1  to  444,000 

600 

G 

H 

4  SO 
325 
325 

1  to  469 

I 

J 

Average 

Besides  the  results  here  recorded,  numerous  data 
were  furnished  by  other  observers. 
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This  table  and  the  supplementary  data  justify  the 
following  conclusions: 

1.  The  acuteness  of  taste  for  sugar  varies  from  1 
jjart  of  pure  cane  sugar  in  300  parts  of  water  to  1  in  708, 
with  an  average  of  1  in  520. 

2.  The  acuteness  of  taste  for  salt  varies  from  1  in 
:'.25  to  1  in  700,  with  an  average  of  1  in  469. 

3.  The  acuteness  of  taste  for  acetic  acid  varies  from 
1  in  3,000  to  1  in  8,000,  or  an  average  of  1  in  5,040. 

4.  The  acuteness  of  taste  for  sulphate  of  quinine 
varies  from  1  in  200,000  to  1  in  1,000,000  with  an 
average  of  1  in  444,000. 

From  these  results  it  is  evident : 

5.  That  there  is  considerable  individual  variation. 

6.  That  the  taste  is  most  acute  for  the  less  common 
stimuli  of  bitter  and  acid  than  for  the  more  common 
stimuli  of  salt  and  sweet. 

7.  Several  subjects  recorded  a  marked  decrease  in 
the  acutene.ss  after  the  use  of  tobacco. 

8.  One  subject  recorded  a  noticeable  increase  in  the 
stimulation  when  the  solutions  w-ere  warmed  from  20° 
to  40°C. 

9.  One  observer  found  that  the  tip  and  edge  of  the 
ti  )ngue  were  more  acute  than  other  parts  of  the  tongue 
in  detecting  slight  differences  in  the  strength  of  the 
solutions. 

10.  One  observer,  reporting  a  series  of  very  careful 
experiments  upon  four  individuals,  three  of  whom  are 
members  of  the  same  family  and  accustomed  to  the 
free  use  of  salt  and  vinegar  in  their  regular  diet,  con- 
cluded that  the  fourth  individual,  not  accustomed  to 
the  free  use  of  salt  and  vinegar,  has  a  greater  sensitive- 
ness for  saline  and  sour  substances  than  have  the  three 
individuals  who  are  so  accustomed. 

As  to  the  interval  of  time  between  the  application  of 
the  stimuli  and  the  taste  perception,  the  obser\-ations 
seem  to  justify  the  following  conclusions: 

11.  The  interval  between  stimulation  and  sensation 
(latent   interval)    varies   inversely  as  the  number  of 


Fia.  4720. — Localiiation  of  Taste.     Bitter, ;  acid ;  salt, 

— . — . — ;    sweet ;     T.  Tonsils;    F.C.,   Foramen  cecum;    C  F., 

Circumvallatc  papillffi;   F.P.,   Fungiform  papilla;.     (Hall:    "  Text- 
hnok  of  Physiology."     Lea  Bros.,  Philadelphia.) 

I^apillfe  per  unit  area  in  the  portion  of  the  gustatory 
apparatus   stimulated. 

12.  The  interval  between  stimulation  and  sensation 
varies  directly  as  the  blood  supply  of  the  part  at  the 
lime  of  stimulation. 

II.  To  Determine  Localization  of  the  Sense  of  Taste,  i.e. 
to  find  whether  there  are  areas  of  gustatory  region 
which  are  especially  sensitive  to  particular  stimuli — 
quinine,  for  example. 

So^Htom.  —Through  the  aid  of  a  probang  or  a  camel's- 
hair  brush  apply  to  different  limited  areas  of  the 
tongue,  palate,  or  fauces  either  the   standard   solu- 


tions given  above  or  somewhat  stronger  solutions  of 
the  same  .substances. 

Results. — The  accompanying  figure  gives  the  results 
which  coincide  substantially  with  those  of  other  obser- 
vers. 

"O.  Ehrwall  has  examined  the  different  fungiform 
papillae  over  the  tongue  with  reference  to  tlieir  sensi- 
tiveness to  taste  stimuli.  One  hundred  and  twenty- 
five  separate  papillae  were  tested  with  succinic  acid 
quinine,  and  sugar.  Twenty-.sevcn  of  the  papillae  gave 
no  response  at  all,  indicating  that  they  were  devoid  of 
taste  fibers."  [It  may  be  suggested"  in  passing  that 
perhaps  the  twcntv-seven  papilla;  were  sensitive  to 
salt  alone.— W.  S.  II.] 

"Of  the  remaining  ninety-eight,  twelve  perceived 
acid  alone,  three  perceived  sugar  alone,  while  none  was 
found  which  reacted  to  quinine  alone.  The  fact  that 
some  papilla;  respond  to  only  one  form  of  taste  .sen.sa- 
tion  is  evidence  in  favor  of  the  view  that  there  are 
separate  nerve  fibers  and  endings  for  each  fundamental 
sensation,  but  a  majority  of  the  papilla  (eighty-three) 
are  provided  with  more  than  one  variety  of  taste 
fibers."  (Henry  Sewall,  in  ".American  Text-book  of 
Physiology.")  Winfield  Scott  Hall. 

Tate  Spring. — Grainger  County,  Tennessee. 
Post-office. — Tate  Spring.     Hotel  and  cottages. 

Access. — Via  Knoxville  and  Bristol  Railroad,  con- 
necting with  the  Southern  Railway  at  Morristown, 
and  the  Southern  R  ailway  and  Louisville  and  Nash- 
ville Railroad  at  Knoxville. 

This  resort  is  1,480  feet  above  the  sea-level,  and  is 
located  in  a  charming  valley  in  the  heart  of  the  Cum- 
berlands,  environed  by  mountains  3,000  feet  in 
height.  It  may  be  regarded  as  one  of  the  strictly 
first-class  summering  places  of  the  Tennessee  Moun- 
tains. The  main  hotel,  in  the  midst  of  a  hundred- 
acre  park,  with  bluegrass  lawns,  beautiful  shade  trees, 
and  concrete  walks,  commands  a  view  of  fields  and 
woodland  and  mountains  of  unsurpassed  beauty. 
The  climate  is  genial.  There  is  but  one  spring,  which 
yields  one  hundred  and  thirty-five  gallons  per  hour. 
The  following  analysis  was  made  by  Childress  and 
Hunter,  Chemists,  Knoxville  Board  of  Health 
Knoxville,  Tennessee. 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

.Ammonium  chloride 0.002 

Silica  free 1.14 

Silica  combined 0.13 

Iron  peroxide 0 .  04 

Aluminum  oxide 0 .  20 

Calcium  sulphate 76.54 

Calcium  carbonate 21. 50 

Magnesium  sulphate 35-28 

Sodium  sulphate 4.40 

Sodium  chloride 0.13 

Sodium  nitrate 0.02 

Potassium  chloride 0.90 

Lithium  chloride 0.04 

Calcium  phosphate 0.03 

Total  solids  per  L'.  S.  gallon 140  52 

The  water  is  colorless  and  transparent.  It  has  an 
acid  reaction  due  to  the  presence  of  carbonic  acid, 
which  enables  it  to  hold  in  solution  some  carbonate  of 
lime.  The  specific  gravity  is  100.3552.  The  tem- 
perature is  55°  F.  The  "volume  and  temperature 
never  change. 

The  analysis  shows  a  saline  purgative  water  with 
tonic  and  alterative  properties.  It  has  been  found 
beneficial  in  functional  disorders  of  tlie  nervous  .sys- 
tem induced  by  overwork  and  mental  worry,  in  cases 
of  hj-pochondria  and  insomnia,  in  chronic  metallic 
poisoning,  and  in  the  various  manifestations  of  the 
strumous  diathesis.  Some  forms  of  dyspepsia  and 
liver  and  kidney  disorders  are  also  improved  by  its 
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use.  Other  conditions  that  are  benefited  by  this 
water  are  diseases  of  women,  rheumatic  affections, 
and  skin  diseases.  The  water  is  now  used  commer- 
cially and  shipped  by  the  bottle,  case,  or  barrel  to 
anv  desired  point. 

The  hotel  is  thoroughly  modern,  and  is  open 
throughout  the  year.  The  table  is  supplied  with 
fresh  vegetables  from  the  gardens  of  the  Tate  Spring 
Hotel  Company,  ham,  beef,  nuitton  and  poultry 
cured  and  dressed  on  the  estate,  and  table  water  from 
a  mountain  spring.  Golf,  dancing,  and  various  other 
amusements  are  provided  for  the  guests. 

Emma  E.  Walker. 


Tattoo  Marks. — Tattooing  consists  in  the  in- 
troduction into  the  skin  of  insoluble  colored  sub- 
stances which  become  encapsulated  and  thus  form 
permanent  stains.  Microscopical  examination  of 
sections  from  tattoo  marks  shows  that  they  consist  of 
relatively  large  particles  of  pigment,  situated  part  of 
them  in  "the  corium,  but  the  larger  part  in  the  subcu- 
taneous connective  tissue.  Particles  of  pigment  are 
found  also  in  the  contiguous  lymphatic  ganglia. 
Powder  stains,  coal-dust  stains,  and  similar  stains 
produced  by  the  accidental  embedding  in  the  skin  of 
particles  of  colored  substances,  usually  carbon,  are  in 
all  essential  characteristics  identical  with  tattoo  marks. 
One  form  of  accidental  marking  of  the  skin  to  which 
attention  should  be  called  is  the  whitish  marks  which 
occasionally  result  from  the  precipitation  of  lead  in  the 
tissues  during  the  use  of  subacetate-of-lead  .solution 
or  lead  and  opium  wash  upon  superficial  wounds  in- 
volving the  connective  tissue.  The  danger  of  these 
stains  on  the  cornea  from  the  use  of  subacetate  of  lead 
in  the  eye  is  well  known.  I  have  seen  similar  perma- 
nent stains  from  the  use  of  solution  of  ferrous  sulphate 
(copperas)  over  surfaces  denuded  of  epidermis.  A 
stauiing  of  the  skin  which  is  in  all  essentials  of  the  same 
character  as  these  we  are  considering,  but  which  is 
produced  from  within,  is  argyria,  in  which  there  is  a 
precipitation  of  silver  in  the  derma  and  subcutaneous 
tissue  after  the  long-continued  internal  use  of  silver. 
The  writer  has  seen  a  marked  argyria  in  one  case  in 
which  the  silver  w-as  not  being  taken  internally,  but 
had  been  used  daily  during  more  than  a  year  in  the 
form  of  a  solution  of  the  nitrate  for  painting  patches 
of  leucoplakia  buccalis. 

Tattooing  is  one  of  the  most  primitive  efforts  of  man 
at  personal  adornment.  Like  many  other  things  that 
have  their  origin  in  vanity,  various  kinds  of  signifi- 
cance are  attached  to  the  practice,  but  the  underlying 
reason  for  tattooing,  not  only  among  the  primitive 
races,  but  among  the  civilized,  rests  probably  upon  an 
inherent  barbaric  taste  for  distinctive  personal 
decoration.  Among  uncivilized  peoples  and  among 
nations  in  a  relatively  low  state  of  civilization,  like  the 
Orientals,  the  practice  is  general,  and  is  often  carried 
to  the  most  extravagant  extent.  Among  Caucasians, 
aside  from  its  general  use  among  sailors,  it  is  largely 
confined  to  those  individuals  of  both  the  lower  and  the 
higher  classes  who  readily  accept  anj-thing  that  is 
bizarre  or  that  gives  them  a  fancied  di.stinction. 

Brault  divides  tattooing  among  primitive  peoples 
according  to  its  significance,  as  follows:  First,  religious 
tattooing,  as  in  the  priests  among  the  Polynesians; 
second,  ornamental  tattooing,  seen  in  the  Algerians. 
Tunisians,  and  in  the  inhabitants  of  Oceanica  and 
Japan;  third,  therapeutic  tattooing,  practised  in  Tunis, 
in  Egypt,  and  in  the  Congo  region;  fourth,  distinc- 
tive tattooing,  practi-sed  among  the  Arabs  and  negroes 
of  Africa,  for  the  puqiose  of  defining  not  only  difi'erent 
tribes,  but  also  certain  callings;  fifth,  obscene  tattoo- 
ing, which  is  f'ound  only  rarely  among  savages,  but- 
which  is  very  common  among  sailors  and  criminals. 

Practical  uses  of  tattooing  are  verv  limited.  As  a 
means  of  identification  tattoo  marks  are  of  course 
valuable,  and  the  tattooing  of  habitual  criminals  has 
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been  suggested  as  a  means  of  their  ready  identifica- 
tion. Several  years  ago  de  Wecker  suggested  the 
tattooing  in  black  of  leucomatous  areas  on  the  cornea. 
The  method  has  not  had  very  wide  application,  and 
is  of  course  not  free  from  danger.  Very  recently  the 
highly  artificial  suggestion  has  been  made  of  tattooing 
the  flush  area  of  the  cheeks  to  represent  a  healthy 
blush.  It  is  interesting  to  try  to  imagine  how  this 
healthy  blush  would  appear  on  the  faded  skin  of 
later  life. 

Designs  of  the  most  elaborate  character  are  often 
seen  in  tattoo  marks,  many  of  them  showing  some 
artistic  taste  and  considerable  technical  skill.  The 
extent  to  which  tattooing  has  been  carried  in  some 
individuals  has  been  limited  only  by  the  cutaneous 
surface.  In  the  well-known  case  of  the  tattooed  man 
from  Burmah,  illustrated  in  Hebra's  Atlas,  the  entire 
surface  was  occupied  by  tattoo  marks.  Numerous 
other  cases  of  almost  as  great  extent  have  been  seen. 

The  usual  method  of  tattooing  is  first  to  outline 
upon  the  surface  the  design,  and  then  to  prick  out  this 
design  with  a  needle  or  a  bundle  of  needles,  and  after 
that  to  rub  in  the  pigments.  For  dark  blues  and 
blacks,  carbon  in  some  form  is  used,  charcoal,  lamp- 
black, India  ink;  other  pigments  used  for  various 
colors  are  cinnabar,  carmine,  indigo,  Prussian  blue. 
The  dangers  of  tattooing,  at  the  hands  of  the  unskilled 
persons  by  whom  it  is  usually  practised,  are  by  no 
means  smaU.  All  sorts  of  infections  are  po.ssible: 
lymphangitis,  erysipelas,  chancroid,  tetanus,  tubercu- 
losis, leprosy,  and  syphilis.  Many  cases  of  syphilis 
transmitted  by  this  method  are  recorded  in  the  litera- 
ture. The  means  of  transmission — by  the  saliva  of 
the  operator,  the  use  of  an  infected  needle,  subsequent 
infection  of  the  unhealed  wound — are  manifest. 

Much  ingenuity  has  been  exercised  in  attempts 
successfully  to  remove  these  marks.  The  treatment 
of  powder  stains  and  similar  stains  is  largely  a  matter 
of  mechanical  removal,  and  to  be  successful  this  must 
be  done  immediately  after  the  production  of  the 
marks,  before  the  particles  of  pigment  have  become 
so  disintegrated  that  their  mechanical  removal  is  im- 
possible. The  individual  masses  of  pigment  have  to 
be  patiently  picked  out,  for  which  purpose  an  iris 
needle  or  a  small  sharp-pointed  knife  is  most  conven- 
ient. The  method  requires  great  patience  both  on 
the  part  of  the  operator  and  on  that  of  the  patient, 
but  if  thoroughly  done  immediately  after  the  injury 
it  gives  satisfactory  results.  A  certain  amount  of 
anesthesia  may  be  obtained  by  the  application  of 
small  quantities  of  weak  cocaine  solution  or  by  the 
use  of  an  ointment  of  ten-  to  twenty-per-cent.  ortho- 
form  in  lanolin.  In  connection  with  the  mechanical 
removal  of  the  particles  of  pigment,  the  use  of  a  strong 
solution  of  HoOo-as  a  bleaching  agent  has  been  sug- 
gested, and  it  is  perhaps  the  best  antiseptic  for  use  in 
these  cases;  but  it  is  hardly  possible  that  powder 
stains  or  coal-dust  stains  could  be  bleached  by  this 
means,  since  at  the  body  temperature  carbon  (which 
causes  most  of  the  discoloration)  cannot  be  bleached 
with  oxygen. 

The  principle  of  almost  all  of  the  methods  for  the 
removal  of  tattoo  marks  is  their  destruction  by  mechan- 
ical means  or  by  the  production  of  a  destructive 
inflammatory  process  which  causes  a  superficial 
eschar.  Very  small  stains  can  be  destroyed  by  the 
use  of  the  cutaneous  punch  or  b.v  electrolysis  or  by 
excision.  In  using  electrolysis  the  needle  attached 
to  the  negative  pole  of  a  battery  with  a  current  of 
from  two  to  ten  milliamperes  is  inserted  at  various 
points  around  the  periphery  of  the  marks,  and  a 
sufficient  reaction  is  produced  to  cause  the  destruc- 
tion of  the  involved  tissue.  In  a  few  days  after  the 
application  a  dry  superficial  eschar  forms,  which  is 
thrown  off,  leaving  a  white  scar.  Of  course  these 
mechanical  methods  can  only  be  applied  to  very  small 
lesions  on  account  of  the  scars  which  they  produce. 
The   various   methods   for  the   treatment   of   larger 
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lesions  depend  upon  the  application  of  some  irritant 
which  sets  up  an  acute  inflammatory  process  suffi- 
ciently intense  to  cause  destruction  of  the  superficial 
layers  of  the  skin.  Many  irritants  have  been  sug- 
gested for  this  purpose:  chromic  acid,  carbolic  acid, 
acetic  acid,  tincture  of  cantharides,  potassium  nitrate, 
etc.  The  two  methods  of  treatment  after  this 
principle  which  have  been  most  definitely  worked 
out  are  those  of  Variot  and  Brault. 

Variot's  plan  of  treatment,  according  to  Brocq,  is 
as  follows:  First,  he  places  on  the  tattoo  marks  a  con- 
centrated solution  of  tannin,  and  tattoos  this  in. 
Then  a  silver-nitrate  pencil  is  rubbed  vigorously  over 
the  surface.  The  action  of  the  silver  nitrate  is 
allowed  to  go  on  for  some  moments  until  the  surface 
becomes  black  from  the  formation  of  silver  tannate 
in  the  superficial  layers  of  the  skin.  In  the  next  few 
days  a  slight  inflammatory  reaction  occurs,  and  over 
the  surface  treated  a  closely  adherent  dark  crust 
forms.  After  the  third  or  fourth  day  there  is  no  pain 
except  when  there  is  movement  of  the  muscles  under 
a  large  crust.  Occasionally  there  is  a  little  suppura- 
tion under  the  crusts,  but  if  secondary  infection  is 
avoided  no  severe  inflammation  occurs.  After  four- 
teen or  sixteen  days  the  crust  comes  off  spontaneously, 
the  corium  and  the  epidermis  underneath  have  been 
repaired,  and  the  locality  of  the  mark  is  recognizable 
only  by  a  superficial  pink  cicatrix  which  gradually 
becomes  of  normal  color.  A  couple  of  months  after 
the  operation  the  scar  is  hardly  noticeable. 

In  Brault's  plan  the  irritant  used  is  a  solution  of 
chloride  of  zinc,  thirty  grams,  to  forty  grams  of 
water.  The  mark  is  tattooed  with  needles  dipped 
in  this  solution,  and  in  addition  the  surface  is  lightly 
moistened  with  the  same  solution  after  the  tattooing. 
A  mild  inflammatory  reaction  is  produced,  followed 
by  the  formation  of  a  crust  which  subsequently 
exfoliates,  leaving  a  pinkish,  slightly  scarred  surface 
similar  to  that  after  Variot's  operation. 

In  the  use  of  either  of  these  methods  several 
attempts  may  be  necessary.  The  surface  treated  at 
one  time  should  not  exceed  one  or  two  square  inches, 
and  of  course  ordinary  surgical  precautions  as  regards 
the  cleanliness  of  the  surface,  both  before  the  opera- 
tion and  during  the  subsidence  of  the  inflammatory 
process,  should  be  observed.  Both  of  these  methods 
are  founded  upon  correct  pathology  and  are  worthy 
of  trial.  Variot's  method  would  seem  the  one  of 
preference,  as  the  action  of  silver  nitrate  can  be  more 
accurately  controlled  than  that  of  zinc  chloride. 

William  Allen  Pusey. 


CHj-NHj 
Taurine,  oramino-ethvlsulphonicacid  I 

CHjSOjOH 
Taurine  is  a  decomposition  product  of  taurocholic 
acid  of  the  bile.  It  is  a  sulphur  containing  substance 
and  as  such  undoubtedly  originates  from  the  cystine 
radical  of  the  protein  molecule.  Taurine  crystaUizes 
from  watery  solutions  in  the  form  of  needles. 

F.  P.  U. 


Taylor,  Alfred  Swaine. — Born  at  Northfleet, 
County  of  Kent,  England,  in  1806.  He  studied  medi- 
cine at'Ouy's  and  8t.  Thomas'  Hospitals.  From  1851 
to  1870  he  held  the  regular  Chair  of  Chemistry  in 
the  School  of  Guy's  Hospital;  and  from  the  latter 
date  to  the  time  of  his  death  he  gave  regularly  in- 
struction in  medical  jurisprudence — a  now  Chair  which 
lie  was  the  first  to  fill.  He  died  in  London  May  27, 
1880. 

Taylor  may  rightly  be  considered  the  founder  of 
medicolegal  science  in  England,  and  he  certainly 
was  one  of  the  most  distinguished  teachers  of  this 
branch  of  medical  knowledge.  He  wrote  and  pub- 
lished a  mmiber  of  treatises  on  medicolegal  topics  which 


were  long  accepted  as  the  standard  authorities  in  the 
English  speaking  world.  A.  H.  B. 


Taylor,  Charles  Fayette. — Born  in  WilUston, 
Vt.,  on  April  2.5,  1827,  ho  was  graduated  from  the 
medical  department  of  the  University  of  Vermont 
in  ,June,  1856.  Soon  after  receiving  his  medical 
degree  he  went  to  New  York  City  to  investigate  a 
system  of  exercises  relative  to  orthopedic  work,  in 
which  branch  of  medicine  he  had  evinced  a  decided 
interest.  Not  satisfied  with  the  results  he  travelled 
on  to  London  and  there  studied  the  movement  cure 
under  Dr.  Roth,  who  was  the  representative  of  this 
method.  He  returned  to  America  in  18.58  and  de- 
voted himself  to  the  practice  of  orthopedics,  introduc- 
ing not  only  the  movement  cure,  but  also  many  e.xer- 
cises  which  he  had  originated  and  developed.  He 
became  widely  known  on  account  of  his  successful 
treatment  of  orthopedic  cases,  and  as  his  work  grew. 
Not  being  able  to  find  the  proper  types  of  apparatus 
for  his  use,  he  invented  many  such  machines  for 
resistance  exercises  and  especially  for  the  treatment 
of  spinal  and  joint  conditions.  "  Taylor'.s  apparatus," 
a  steel  spinal  support  in  Pott's  disease,  and  Taylor's 
hip  splint  are  still  in  use.  He  believed  largely  in 
producing  in  his  patients  a  cheerful  mental  attitude, 
hence  his  treatments  included  what  is  now  termed 
mental  hygiene,  as  well  as  orthopedic  exercises.  In 
1866,  he  founded  the  New  York  Ortliopedic  Hospital 
and  Dispensary.  He  was  Attending  Orthopedic 
Surgeon  at  the  hospital  which  he  founded  and  also  at 
St.  Luke's  Hospital.  He  died  in  Los  Angeles,  Cal., 
January  25,  1899. 

Dr.  'Taylor's  career  in  medicine  stands  for  remark- 
able advancement  of  orthopedic  science  in  this  country 
and  recognition  of  the  same  abroad.  He  was  the 
first  to  practise  kinisepathy,  or  the  movement  cure, 
here,  and  his  great  originality  did  much  toward  the 
improvement  of  orthopedic  treatment.  In  1867  he 
was  honored  with  medals  and  diplomas  at  the  Exposi- 
tion of  Paris;  in  1873,  the  Vienna  Exposition,  and  in 
1876  the  Centennial  Exposition  of  Pliiladelphia 
bestowed  upon  him  similar  medals  and  diplomas  for 
his  services  in  the  treatment  of  cripples. 

From  1857  Taylor  was  a  frec|uent  contributor  to 
medical  literature.  His  first  article,  "Cure  of  Dis- 
eases by  Movements,"  was  published  in  the  Medical 
World,  January  14,  1857.  Among  his  other  writings 
were:  "  Treatment  of  Lateral  Curvature  of  the  Spine 
by  Specific  ExercLses,"  New  York,  1859;  "Theory 
and  Practice  of  the  Movement  Cure,"  1861;  "The 
Pathology  and  Treatment  of  Lateral  Curvature  of 
the  Spine,"  Bulletin,  N.  Y'.  Academy  of  Medicine, 
1868;  "Spinal  Irritation  or  Causes  of  Backache  Among 
-American  Women,"  Wm.  Wood  &  Co.,  New  York, 
1868;  "Is  There  Any  Therapeutic  Value  in  the  So- 
called  Localized  Movements?"  Medical  Record, 
August  15,  1870;  "Emotional  ProdigaUty,"  Dental 
Costnos,  July,  1879;  and  "Climate  and  Health," 
Popular  Science  Monlhhj,  July,  1891.  E.  L.  J. 


Tea. — {TM,  Codex  Med.)  The  prepared  and  dried 
leaves  of  Thea  sinensis  L.  {Camellia  tliea  Link,  Fam. 
Theacece).  This  definition  includes,  as  varieties 
Thea  (Camellia)  viridis,  T.  bohea.  and  others,  as  well 
as  the  wild  Assam  tea  tree,  supposed  to  be  the  origin 
of  them  all.  The  tea  plant  as  seen  under  cultivatioi; 
is  a  shrub,  a  meter  or  so  in  height  (from  two  to  five 
feet),  but  in  the  wild  state  it  becomes  a  small  tree  of 
from  five  to  ten  meters.  The  leaver  are  alternate, 
evergreen,  rather  thick  and  leathery,  smooth  when 
mature,  short-pctioled,  lanceolate,  of  varying  blunt- 
ness,  serrate,  feather-veined,  the  veins  not  reaching 
the  margins,  and  from  five  to  ten  centimeters,  or  in 
the  much  larger  wild  plant,  from  fifteen  to  twenty 
centimeters  long. 
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Tea  is  a  native  of  Asia,  and  grows  in  a  senii-wiUl 
staU"  in  numy  of  the  districts  where  it  is  cultivated, 
but  lias  only  been  found  in  an  unquestionably  in- 
digenous condition  in  Assam,  where  it  was  discovered, 
by  Mr.  Robert  Bruce,  as  a  good-sized  tree  with  very 
large  leaves.  It  is  now  cultivated  in  many  parts  of 
the  world;  first  in  importance  in  China,  where  it  is 
said  to  have  been  domesticated  more  than  a  thousand 
years  ago,  also  in  great  quantity  in  Japan,  Java,  and 
India,  to  a  slight  extent  in  South  America  and  else- 
where, and  finally  in  the  United  States,  experimen- 
tally. Although  "it  grows  pretty  well  in  many  places 
and"  is  comparatively  hardy,  the  higher  price  of  labor 
is  a  bar  to  its  profitable  production  in  most  civilized 
countries. 

The  earliest  knowledge  of  the  use  of  tea  is  from  the 
Chinese,  to  whom  it  was  familiar  one  thousand  and 
perhaps  two  thousand  years  ago.  It  was  introduced 
into  Japan  in  the  thirteenth  century  a.d.,  and  into 
Java  and  India  in  recent  times.  It  was  first  used  in 
Europe  near  the  middle  of  the  seventeenth  century. 

Tea  is  planted  in  gardens  and  tended  without 
gathering  until  two  or  three  years  old;  then  the  leaves 
and  buds  are  plucked  for  two  or  three  successive  crops 
each  season.  If  green  tea  is  to  be  made,  they  are 
immediately  dried  over  a  heated  stove,  and  after- 
ward colored  more  or  less.  For  black  tea  the  leaves 
are  pressed  in  little  heaps,  and  allowed  to  wilt  and 
ferment  a  little  before  drying,  w  hieh  is  effected  in  the 
same  way  as  above;  by  tliis  procass  some  of  the 
tannin  is  decomposed,  and  the  essential  oil  altered 
so  as  to  modify  the  taste  and  smell  a  little;  its  color 
is  also  very  much  darkened,  as  well  as  that  of  the 
infusion  m.ade  from  it.  The  principal  varieties  of 
tea  are:  Black — flowery  pekoe,  orange  pekoe, 
souchong,  congou,  bohea,  etc.  Green — gunpowder, 
imperial,  hyson,  young  hyson,  etc.  The  teas  of  our 
market  are  nearly  always  "blends,"  made  by  mixing 
several  grades  together. 

The  usual  shape  of  tea  is  attained  by  compressing 
and  rolling  the  leaves  in  the  hand  or  upon  a  table 
until  they  are  cnunpled  into  the  little  rolls  or  wads 
of  which  commercial  tea  consists;  in  the  nicer  sorts 
each  leaf  is  rolled  by  itself. 

Composition. — In  the  proportions  of  the  ingredients 
there  is  considerable  variation,  but  the  following  are 
the  principal  ones:  Essential  oil  from  one-half  to  one 
per  cent.,  which  is  the  source  of  its  flavor;  caffeine 
(theine)  from  one-half  to  two  or  three  per  cent.,  which 
gives  it  bitterness.  This  alkaloid  is  found  in  half  a 
dozen  other  plants,  most  of  which  are  used  somewhere 
as  stimulating  food  adjuncts  (see  Caffeine,  Guarana, 
Coin  Nuts,  etc.).  It  is  also  related  to  cocaine  and 
theobromine.  The  amount  of  tannin  in  tea  is  large 
(from  twelve  to  se\'enteen  per  cent.). 

Action  ast)  Use. — The  large  amount  of  tannin  found 
in  tea  makes  it  an  active  astringent,  especially  to  those 
unaccustomed  to  its  use.  It  constipates  the  bowels, 
impairs  the  digestion,  and  reduces  intestinal  secre- 
tion when  taken  in  large  quantity;  locally  it  makes  tea 
a  mild  hemostatic,  anrl  a  useful  wash  for  indolent 
ulcers,  exuberant  granulations,  etc.  The  essential 
oil  gives  to  tea  its  agreeable  flavor  and  a  good  part 
of  its  exhilarating  character;  it  relieves  fatigue, 
stimulates  thought,  postpones  sleepiness,  and  cheers 
the  mind.  The  caffeine  is  the  chief  mental  and 
nervous  stimulant  and  cardiac  tonic  element.  By 
long-continued,  habitual  use  neither  of  the  above 
eftecU  is  much  felt,  unless  carried  to  the  extent  of 
diminishing  the  appetite  and  developing  dyspeptic 
troubles. 

The  least  desirable  of  the  constituents  of  tea  is  the 
ianniii;  it  is  also  one  of  the  slowest  to  dissolve  out,  and 
can,  therefore,  with  a  little  care,  be  largclv  left  with 
the  dregs.  The  (luicker  an  infusion  of  tea  is  made,  the 
more  fragrance  and   less   bitterness   and  astringency 
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it  has;  .and  the  more  slowly,  the  more  tannin.  Tea 
for  drinking  should  be  made  by  pouring  boiling  water 
into  a  suitable  vessel  containing  the  tea  and  allowing 
it  to  stand  for  from  five  to  ten  minutes,  no  longer. 
A  better  way  is  to  rinse  the  cup  in  boiling  or  very 
hot  water  until  it  is  heated  through,  then  put  in  a 
teaspoonful  of  Ary  tea,  fill  the  cup  with  boiling  water, 
and  allow  to  stand  a  few  minutes.  Tea  should  never 
be  l)oilcd  or  stand  long  unless  the  tannin  is  wanted. 
If  made  in  an  iron  vessel  or  in  a  tin  one  which  has 
begun  to  wear,  it  will  become  dark  from  the  formation 
of  a  bitter  tannate  of  iron.  On  account  of  its  almost 
universal  use  over  the  entire  world,  tea  is  not  often 
available  as  a  medicine;  its  effects  are  identical  with 
those  of  coffee,  but  perhaps  more  astringent  and  less 
stimulating  than  that  article.  As  is  the  case  with 
coffee,  the  commercial  value  of  tea  depends  more 
upon  its  aroma  than  on  the  amount  of  caffeine  it 
contains. 

Allied  Plants. — There  are  a  dozen  or  more  species 
of  Thea,  one  of  which  is  Thea  japonica,  the  beautiful 
camellia  of  the  gardens.  Besides  this  there  is  nothing 
of  economic  importance  in  the  order. 

Henry  H.   Rosby. 


Teeth. — Anatomy. — The  teeth  are  commonly 
divided  into  two  sets,  according  to  the  period  of  their 
eruption.  The  teeth  which  erupt  first  are  variously 
designated  as  the  deciduous,  the  temporary,  the  milk, 
or  t  he  primary  teeth.  The  teet  h  erupting  subsequently 
to  the  first  set  are  called  the  permanent  or  secondary 
teeth.  In  addition  to  these  there  are  supernumerary 
teeth,  which  usually  occur  in  connection  with  the  per- 
manent, but  may,  in  rare  instances,  he  found  with  the 
temporary  teeth;  and  there  are  so-called  third  denti- 
tions, the  genuineness  of  which,  though  fairly  well 
established,   is   not  without  question. 

The  permanent  teeth  are  thirty-two  in  number, 
sixteen  being  placed  in  the  upper,  and  sixteen  in  the 
lower,  jaw.  In  each  jaw  there  are  four  incisors 
(two  central  and  two  lateral),  two  canines,  four  bi- 
cuspids, and  six  molars. 

A  formula  to  express  the  number  of  the  various 
teeth  in  each  jaw  is  written  as  follows:  If,  C|,  Bic.  $, 
molars  |  =  32. 

The  teeth  of  the  upper  jaw  are  symmetrically  ar- 
ranged along  the  alveolar  margin  of  the  superior  max- 
illary bones.  When  viewed  from  below,  their  crowns 
are  found  to  describe  a  parabolic  curve.  This  curve, 
however,  varies  according  to  nationality,  heredity, 
and  accidental  circumstances.  The  teeth  of  the  lower 
jaw  are  arranged  along  the  alveolar  margin  of  the  in- 
ferior maxillary  bone,  and  their  crowns  describe  a 
curve  similar  to  that  found  in  the  upper  jaw.  This 
curve,  however,  is  more  pointed  in  front  and  more  di- 
vergent behind.  Speaking  roughly,  tlie  masticating 
surfaces  of  the  teeth  of  each  jaw  lie  in  a  single  plane, 
no  crown  projecting  in  a  marked  way  beyond  its 
neighbor.  The  teeth,  also,  when  normally  arranged, 
show  no  gap  in  the  row,  each  tooth  thus  by  its  position 
giving  and  receiving  support.  In  both  these  respects 
human  teeth  contrast  strongly  with  those  of  the 
lower  animals.  In  these  it  is  common  to  find  that 
certain  teeth,  as  the  canines  in  the  carnivora,  present 
a  marked  elongation,  and  also  that  between  the 
teeth  there  occur  intervals  which  allow  of  their  inter- 
locking. 

The  curve  on  which  the  upper  teeth  of  the  perma- 
nent set  are  arranged  is  normally  somewhat  larger 
than  that  of  the  lower  teeth.  In  consequence,  the 
anterior  superior  teeth  overlap  the  anterior  inferior 
teeth,  as  do  also  to  a  slight  extent  the  superior  bicus- 
pids and  first  and  second  molars  the  corresponding 
lower  teeth.  The  wisdom  teeth,  however,  meet 
practically  edge  to  edge.     It  is  to  be  further  noted  that 
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the  superior  teeth  are  not  situated  directly  opposite 
corresijonding  inferior  teeth.  The  superior  centrals 
are  opposite  the  inferior  centrals  and  a  portion  of  the 
inferior  laterals;  the  superior  laterals  are  opposite  a 
part  of  the  inferior  laterals  and  a  part  •of  the  inferior 


Fig.  4721. — The  Permanent  Teeth  (slightly  reduced  in  siie),  eh 
Surfaces.  The  middle  row  of  teeth  represents  freshly  erupted  i 
fuhprcles  on  their  cutting  edges  intact.     (Carabelli.) 

canines;  the  superior  canine  occludes  between  the 
inferior  canine  and  the  first  inferior  bicuspid;  the 
lirst  superior  bicuspid  occludes  between  tlic  first  and 
the  second  inferior  bicuspids;  the  second  superior  bi- 
cuspid occludes  between  the  second  inferior  bicuspid 


and  the  first  molar;  the  first  superior  molar  occludes 
with  the  first  and  the  anterior  portion  of  the  second 
inferior  molar;  the  second  superior  molar  occludes 
with  the  second  and  the  anterior  part  of  the  third 
inferior  molar;  the  third  superior  molar  occludes  with 
the  third  inferior  molar,  and  is 
the  only  tooth  in  the  upper  jaw 
having  a  single  antagonist. 
While  it  has  been  stated  that 
the  masticating  surfaces  of  the 
teeth  of  the  upper  and  lower 
jaws  are  on  a  single  plane, 
yet  slight  deviations  from  this 
rule  are  to  be  noticed.  If  we 
follow  the  lower  edge  of  the 
upper  t^eth  from  a  superior 
central  around  to  the  wLsdom, 
we  shall  find  that  the  line  as- 
cends gently  from  the  central 
to  the  interval  between  the 
first  and  second  bicuspids,  then 
descends  till  past  the  first 
molar,  when  it  ascends  slightly 
to  the  end  of  the  row.  On  the 
lower  jaw  the  anterior  teeth 
are  slightly  elevated  above  the 
posterior,  and  between  the 
canine  and  the  wisdom  tooth 
a  slight  convavity  is  to  be  ob- 
served. 

In  its  description  a  tooth  is 
to  be  divided  into  a  crown, 
a  root  or  fang,  and  a  neck. 
The  crown  of  a  tooth  is  that 
part  which  normally  appears 
beyond  the  margin  of  the  gum. 
The  root  or  fang  is  that  part 
which  is  normally  embedded 
in  the  alveolus  of  the  ma.\illary 
bone.  The  neck  is  a  more 
or  less  constricted  belt  lying 
at  the  margin  of  the  gum  where 
the  crown  joins  the  root.  The 
surfaces  of  the  crowns  are  thus 
designated.  Those  surfaces 
lying  adjacent  to  the  lips  are 
called  labial  surfaces,  those 
lying  adjacent  to  the  bucci- 
nator muscle  are  called  buccal 
surfaces.  Those  surfaces  on 
the  inner  side  of  the  teeth 
lying  adjacent  to  the  tongue 
are  called  lingual  surfaces.  In 
the  case  of  the  upper  bicuspids 
and  molars,  however,  such  sur- 
faces are  more  commonly  called 
palatal  surfaces,  from  their  re- 
lation to  the  hard  palate.  The 
grinding  surface  of  the  bicus- 
pids and  molars  is  called  the 
occlusal  surface.  The  sur- 
faces between  adjoining  teeth 
are  called  approxiinal  surfaces, 
and  are  <livided  into  two  chisses 
— mesial  and  distal.  The  me- 
sial approxiraal  surface  of  a 
given  tooth  is  that  surface 
which,  were  the  row  of  teeth 
in  a  straight  line,  would  face 
toward  a  line  drawn  between 
the  central  incisors.  The  dis- 
tal approxiinal  surface  is  the 
corresponding  surface  at  the  opposite  side  of  the 
tooth.  These  names  are,  as  a  rule,  applie<l  to  the 
crowns  of  the  teeth,  though  they  arc,  with  the  excep- 
tion of  the  term  coronal,  used  also  in  connection  with 
the  roots. 
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wing  the  Labial  and  Buccal 
iicidors  and  canines,  with  the 
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The  tcmpoTary  lecth  are  twenty  in  number.  In 
each  jaw  there  are  four  incisors,  two  canines,  and  four 
molars.     The  dental  formula  is  I{,  C|,  molars  i  =  20. 

This  formula  dilTers  from  that  of  the  permanent 
teeth  by  the  entire  absence  of  bicuspids,  and  by  the 
loss  of  four  molars.  The  temporary  teeth  can  best  be 
described  by  comparing  them  with  the  permanent 
teeth,  which  thev  closely  resemble. 

The  incisors  and  canines  of  the  upper  and  under 
jaws  are  very  much  smaller  than  the  corresponding 
teeth  in  the  permanent  set,  and  the  root  of  the  upjier 
central  incisors  is  somewhat  curved  on  the  mesial 
side  where  the  corresponding  root  in  the  permanent 
teeth  is  practically  straight. 

The  first  upper  molar  is  situated  behind  the  canme, 
and  in  appearance  is  a  compromise  between  a  bicuspid 
and  a  molar.  Its  crown  resembles  in  general  shape 
that  of  an  upper  molar,  but  is  quite  small,  and  bears 
only  three  cusps — two  external  and  one  internal. 
The  roots  are  three  in  number,  resembling  in  shape  and 
position  those  of  the  permanent  molars.  They  are, 
however,  more  divergent,  thus  providing  room  for  the 
first  bicuspid,  whose  crown  is  situated  directly  be- 
neath the  temporary  tooth,  and  within  the  grasp  of 
its  roots. 

The  second  upper  molar  is  a  much  larger  tooth  than 
the  first,  and  resembles  so  closely  the  first  permanent 
molar  that  it  might  be  mistaken  for  it.  Its  roots  are 
more  divergent,  however,  in  order  to  embrace  the 
crown  of  the  second  bicuspid,  to  which  it  gives  way  in 
the  permanent  dentition. 

The  first  molar  in  the  lower  jaw  is  situated  behind 
the  canine,  and  resembles  in  shape  a  permanent 
molar  of  the  lower  jaw.  Its  crown  is  surmounted  by 
four  cusps — two  external  and  two  internal.  It  has 
two  roots,  one  anterior  and  one  posterior,  between 
which  is  developed  the  crown  of  the  first  inferior 
bicuspid. 

The  second  lower  molar  is  larger  than  the  first,  and 
a  little  smaller  than  a  permanent  lower  molar,  which 
it  closely  resembles.  Its  crown  has  five  cusps — three 
external  and  two  internal.  There  are  two  roots,  one 
anterior  and  one  posterior,  which  embrace  the  de- 
veloping crown  of  the  second  lower  bicuspid.  It  is 
characteristic  of  the  temporary  teeth  that  the  foramen 
at  the  apex  of  the  roots  is  larger,  that  the  necks  of  the 
teeth  are  more  constricted,  and  the  color  whiter  and 
more  delicate  than  in  the  permanent  teeth;  also,  that 
the  six  anterior  upper  teeth  do  not  overlap  the  corre- 
sponding lower  teeth  to  such  an  extent  as  in  the 
permanent  set 

Microscopic  Anatomy  of  the  Teeth. — A  longi- 
tudinal section  through  a  tooth  will  reveal  four  dis- 
tinct structures — the  enamel,  the  cement,  the  dentine, 
and  the  jjulp.  The  pulp  is  a  soft  mass  of  connective 
tissue  richly  supplied  with  blood  vessels  and  nerves, 
and  located  in  the  center  of  the  tooth.  It  fills  the 
pulp  cavity.  The  pulp  cavity  starts  at  the  apex  of 
the  root  or  roots,  as  the  case  may  be,  as  a  thread-like 
canal,  and  gradually  enlarges  till  it  reaches  the  crown, 
where  it  attains  its  greatest  size;  throughout  its  whole 
course  it  imitates  in  shape  the  externalcontour  of  the 
tooth.  An  artery  and  nerve,  and  sometimes  more 
than  one  of  each,  enter  the  apical  foramen  of  each  root 
of  a  tooth,  and,  branching  freely,  distribute  themselves 
to  all  parts  of  the  pulp,  being  especially  abundant 
about  its  periphery.  A  venous  system  "returns  the 
blood  through  the  apical  foramen  into  the  general 
circulation.  It  is  a  matter  of  dispute  whether  a 
lymphatic  system  is  present  or  not;  most  observers 
consider  that  it  is  not.  Around  the  periphery  of  the 
pulp,  and  distinct  from  the  connective-tissue  cells 
forming  its  body,  there  exists  a  layer  of  cells  called  the 
odontoblastic  layer,  or  the  membrana  eboris.  In 
shape  these  cells  are  large  in  comparison  with  the 
connective-tissue  cells;  they  are  of  columnar  form  and 
have  several  processes.     By  the  lateral  processes  they 
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are  in  contact  with  each  other,  while  the  longest  process 
extends  into  the  dentinal  tubule  and  becomes  a 
dentinal  fibril. 

Immediately  surrounding  the  pulp  comes  the 
dentine,  which  is  the  most  abundant  tissue  of  the 
tooth.  It  is  hard  and  dense  in  structure,  of  a  yellow- 
ish-white color  and  silky  luster.  On  analysis  it  is 
found  to  contain  animal  matter,  twenty-eight  per 
cent.;  earthy  matter,  seventy-two  per  cent.  Its 
various  components  are  thus  given  by  von  Bibra: 

Per  cent. 

Organic  matter 28 .  01 

Phosphate  and  fluoride  of  calcium 66 .  72 

Carbonate  of  calcium 3 .  36 

Phosphate  of  magnesium 1.18 

Other  salts 73 

Total 100.00 

Morphologically  considered,  it  is  composed  of  a 
structureless  matrix  permeated  by  countless  tubules, 
each  tubule  possessing  a  lining  membrane  and  a  central 
fibril.  The  tubules  start  from  the  pulp  cavity,  where 
they  have  a  diameter  of   about  ^An  of  an  inch,   and 


Fig.  4722. — The  Temporary  Teeth,  natural  size,  showing  their 
Arrangement  in  the  Maxillary  Bones,  and  Relations  to  one  An- 
other.     (Carabelli.) 

radiate  toward  the  periphery  of  the  dentine,  becoming 
smaller  and  more  numerous  as  they  advance.  While 
the  direction  taken  by  the  tubules  in  different  parts 
of  the  tooth  varies  greatly,  yet  contiguous  tubules 
are  essentially  parallel.  Two  or  three  undulatory 
curves  are  to  be  noticed  in  the  length  of  a  tubule,  and 
the  name  primary  curvature  has  been  attached  to 
them.  Numerous  spiral  turns  occurring  in  the  course 
of  the  undulatory  curves  have  been  named  the  sec- 
ondary curvatures.  The  tubules  give  off  frequent 
branches  throughout  their  entire  length.  Some  of 
these  branches  are  important,  extending  to  the  outer 
layers  of  the  dentine  parallel  to  the  main  channel. 
Other  branches  serve  merely  to  connect  one  tubule 
with  another,  and  still  others  are  blind  processes. 
At  the  outer  layer  of  the  dentine  the  tubules  become 
diminished  in  size  and  very  numerous.  Some  of  the 
tubules  can  be  seen  entering  the  granular  layer  of  the 
dentine,  while  others  either  terminate  blindly  or 
anastomose  with  neighboring  tubules.  The  tubules 
of  the  dentine  have  been  shown  to  possess  a  lining 
membrane,  and  to  this  the  name  dentinal  sheath  has 
been  applied.  This  structure  resists  the  action  of 
reagents  which  destroy  the  matrix  in  which  the  tubules 
are  embedded,  and  is  supposed  to  consist  of  ela.stic 
tissue,  though  its  composition  is  not  surely  determined. 
The  dentinal  fibril  occupies  the  center  of  the  tubule, 
and  is  a  soft  homogeneous  substance;  it  is  one  of  the 
processes  of  the  odontoblasts.  It  extends  through 
the  dentinal  tubule  to  the  periphery  of  the  dentine 
and  gives  off  branches  into  the  branches  of  the 
dentinal    tubules.     These    fibers    were    thought    to 
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have  a  nerve-like  function,  but  lately  it  has  been 
proven  (Deppendorf)  that  they  contain  nerve  fila- 
ments which  encircle  the  fibers  in  arm-like  fashion. 


The  dentine  is  surrounded   in  the  crown  by  the 
enamel,  and  in  the  root  by  the  cementum. 

The  cementum,  or  crusta  petrosa,  is  the  outer  cover- 
ing of  the  root.     It  Ls  thinnest  at  the  neck  of 


4723. — The  Temporary   Teeth,  natural  size,  showing  the  External  and 
Internal  Surfaces.      (Carabelli.) 

Tliese  filaments  are  branches  from  the  nerves  of  the 
dental  pulp  and  can  be  seen  passing  through  the 
odontoblastic  layer  where  they  were  for- 
merly thought  to  end.  At  the  periphery 
of  the  dentine  we  find  that  the  nerve 
fibrils  anastomose  or  form  small  ring- 
like endings. 

The  dentine  is  developed  by  stages, 
a  fact  made  apparent  b}'  treating  it  with 
hot  caustic  potash.  By  this  reagent  the 
dentine  becomes  separated  into  layers, 
which  cross  the  tubuli  at  right  angles, 
and  are  concentric  about  the  pulp.  In 
the  crown  of  the  tooth  between  one 
BicusoicTwith^  layer  of  dentine  and  another,  there  oc- 
in  the  grasp  of  ^^^  imperfectly  calcified  spots  where 
its  Roots,  the  dentine  assumes  a  globular  form, 
{ Wedl.)  and  where  irregular  interglobular  spaces 

are  found.  Series  of  minute  interglob- 
ular spaces  give  rise  to  the  "incremental  lines  of 
Salter." 


tion  through  the  pulp 
belli.) 


Flo.  4726. — A  Microscopic  Section  of  a  Canine 
Tooth,  showing,  A,  the  enamel,  with  its  enamel  rods 
running  from  the  dentine  to  the  outer  surface.  The 
dark  strips  indicate  places  where  the  enamel  rods  cross 
each  other.  The  fine  parallel  linos  are  the  "  brown  lines 
of  Rctzius."  B  is  the  dentine,  with  its  tubules  radiat- 
ing from  the  pulp  cavity.  The  undulatory  curves  of 
the  tubules  are  called  the  primary  curvatures.  The 
secondary  curvatures  are  not  visible  at  this  enlarge- 
ment. The  granular  layer  is  indicated  by  the  dotted 
line  about  the  periphery.  It  is  especially  marked 
between  the  cement  and  dentine,  and  practically 
absent  between  the  enamel  and  dentine.  The  inter- 
globular spaces  are  represented  in  the  coronal  por- 
tion of  the  dentine  just  removed  from  the  junction  of 
the  dentine  and  enamel.  C  indicates  the  cement,  with 
its  lacuns  and  canaliculi. 

the  tooth,  where  it  meets  and  slightly  over- 
laps the  enamel,  and  grows  gradually  thicker 
toward  the  apex,  about  which  point  it  is 
most  abundant  and  its  structure  is  most 
perfectly    developed.     Cement    has    essen- 
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tially  bone  stnuture;  it  possesses  lacunic  and  eanaliculi, 
but  has  nnrmallv  no  Haversian  canals.     The  lacunx 


Fig.  4727. — Cross-section  of  an  Upper  Bicuspid  Tooth.     A,  .-I,  The  root  canals;  B,  the  granuli 
of  the  dentine;  C,  the  cemeutum,  showing  occasional  lacunte;  D^  the  dentine. 

and  canaliculi  arc  wanting  or  rare  in  that  part  of  the 
cement  near  the  neck  of  the  tooth,  but  about  the 
apex  of  the  root  they  are  numerous  and  well  developed. 
The  lacuna'  lie  in  parallel  planes  encircling  the  pulp 
cavity,  their  canaliculi  anastomose  freely  with  each 
other,  and  in  some  cases  they  connect  with  the 
granular  layer  of  the  dentine,  thus  establishing  a 
communication  between  the  lacunse  of  the  cement  and 
the  pulp  of  the  tooth  through  the  granular  layer  and 
tubuli  of  the  dentine. 

Immediately  surrounding  the  cementum  of  the  root 
exists  the  peridental  membrane,  which  is  identical 
■with  the  periosteum  which  lines  the  bone  forming  the 
socket  of  the  tooth.  The  peridental  membrane  serves 
a  triple  function.  It  nourishes  the  bone  of  the  socket 
and  the  cement  of  the  root,  besides  forming  a  bond  of 
union  between  the  root  and  its  socket.  The  peri- 
dental membrane,  like  all  periosteum,  is  composed  of 
connective  tissue  richly  supplied  with  blood-vessels. 
The  arterial  supply  comes  from  capillaries  of  the  gum 
about  the  neck  of  the  tooth,  from  the  deep  sub- 
stance of  the  bony  socket,  and  from  a  branch  of  the 
artery  entering  the  apical  foramen  of  the  tooth. 

The  enamel  forms  the  outer  covering  of  the  crown; 
it  is  the  hardest  structure  in  the  body.  It  resembles 
dentine  in  its  chemical  constituents,  "but  has  a  much 
greater  proportion  of  inorganic  material.  The  follow- 
ing analysis  is  given  by  von  Bibra: 

Per  cent. 

Phosphate  and  fluoride  of  calcium 89 .  82 

Carbonate  of  calcium 4 .  37 

Phosphate  of  magnesium 1 .  34 

Other  salts 0.88 

Cartilage 3.39 

Fn' 0.20 

Total 100.00 

The  proportion  of  organic  and  inorganic  matter  is 
as  follows: 


Organic 
Inorgani< 


Per  cent. 
3.5 
96  9 


Total 100.0 

Morphologically  considered,  enamel  is  composed 
of  rod-like,  hexagonal  prisms,  arranged  side  by  side, 
one  end  of  the  prism  resting  on  the  outer  layer  of  the 


crown  of  the  tooth.     Each  prism  extends,  as  a  rule, 
through  the  entire  thickness  of  the  enamel.     There 
are  some,  however,  which 
extend  only  from  the  cen- 
ter of  the  enamel  to  its 
free  surface,  thus  prevent- 
ing    gaps     which     would 
otherwise  occur,  the  outer 
surface  of  the  enamel  be- 
ing of  greater  extent  than 
the    inner.     In   diameter 
the  enamelprisms  measure 
ro'oo  to  zihji  of  an  inch. 
I'jach     prism,    when    iso- 
lated, lias  slight  varicosi- 
ties and  presents  a  striped 
appearance      similar      to 
muscular  fi  b  e  r.      The 
prisms    run,    in    general, 
parallel  to  each  other,  and 
in    a  wavy  course;   their 
inner  ends  are  implanted 
in    slight    hexagonal    de- 
pressions  in    the   surface 
of  the  dentine,  and  their 
outer    ends   are   received 
layer    into  similar  depressions  in 
the  under  side  of  the  cuti- 
cle of    the  enamel   when 
the  cuticle  is  present.     A  vertical  section  of  the  enamel 
shows  that  it  is  thickest  in  the  crown,  especially  in  the 
region  of  the  cusps, 
and   becomes  thin- 
nest at  the  neck  of 
the  tooth,  where  it 
is  overlapped  by  the 
cement  of  the  root. 
The  enamel  prisms 
are  seen  to  leave  the 
outer  surface  of  the 
dentine     at     right 
angles,  and  radiate 
toward  the  external 
surface  of  the  tooth. 
The  general  yellow- 
ish-white    color   of 
the  enamel  is  varied 
by  dark  bands  ex- 
tending     vertically 
from  the  dentine  to 
the  free  surface  of 
the  enamel,  caused 
by  the  crossing  of 
bundles   of  enamel 
prisms.  Certain 

delicate  lines  run- 
ning longitudinally 
through  the  sub- 
stance of  the  enamel 
are  also  to  be  no- 
ticed. These  are 
called  the  "brown 
lines  of  Retzius,"  or 
contour  lines.  They 
mark  the  prog- 
ress of  calcification 
of  the  enamel  which 
starts  at  the  cutting 


of   Di- 


4728.— .\  Sectic 
and  Cement.  1.  The  cement  with  its 
lacunae  and  canaliculi;  2.  granular  layer 
of  the  dentine;  it  is  to  be  noticed  that 
^  the  lacuHEB  communicate  with  the  cells 
edge  or  cusps  of  the  of  the  granular  layer;  3,  tubuli  of  the 
tooth.  Each  rest  dentine,  showing  their  diminution  in 
size  as  they  go  toward  the  cement, 
also  their  frequent  anastomoses  and 
their  connection,  in  some  cases,  with 
the  cells  of  the  granular  layer.      (Quain.) 


of  development  is 
recorded  by  a  line 
giving  a  similar  ap- 
pearance to  the  cir- 
cular rings  of  wood  fiber.  Also  between  enamel  rods, 
usually  near  the  surface  of    the  dentine,   are   found 


dentine  and  the  other  forming  the  free  surface  of  the  |   irregular  cavities  due  to  an  imperfect  calcification  of 
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the  enamel.  On  cross-section  the  enamel  has  the  ap- 
pearance of  a  mosaic  pavement,  each  prism  showing 
its  hexagonal  shape. 

The  cuticle  of  the  enamel,  or  Nasmyth's  membrane, 
is  to  be  found  in  a  freshly  erupted  tooth.  It  consi.sts 
of  a  delicate  epithelial  covering  which  encloses  the 
enamel;  it  is,  however,  so  delicate  that  in  the  slightest 
use  it  is  worn  away.  It  receives  in  hexagonal  depres- 
sions on  its  under  side  the  outer  ends  of  the  enamel 
prisms. 


& 

Fig.  4729.— Enamel  Prisms.  Magnified  350  diamotors. 
X  Sijows  the  varicosities  and  striations  of  tlie  prisms;  B 
is  a  cross-section  of  enamel,  showing  the  hexagonal  shape 
of  the  prisms,  and  their  tessellated  appearance.     (Quain.) 

Time  of  Eruption  of  the  Teeth. — The  first  den- 
tition begins  about  the  seventh  month,  and  is  com- 
pleted about  the  twenty-fourth  month.  The  second 
dentition  begins  about  the  sixth  year,  and  is  completed 
about  the  twenty-first.  Considerable  variation  exi.sts 
in  the  time  at  which  individual  teeth  erupt,  and  no 
date  can  be  absolutely  fixed  for  the  appearance  of  a 
given  tooth.  It  is  po.ssible,  however,  to  state  the  time 
when  the  eruption  of  a  tooth  is  normally  to  be  expected 
and  the  following  tables  are  appended: 

Temporary  Teeth. 

The  central  incisor  erupts  at  the 7th  month. 

The  lateral  incisor  erupts  at  the 9th  month. 

The  first  molar  erupts  at  the 12th  month. 

The  canine  erupts  at  the 18th  month. 

The  second  molar  erupts  at  the 24th  month. 

Permanent  Teeth. 

The  first  molar  erupts  at  the 6th  year. 

The  central  incisor  erupts  at  the 7th  year. 

The  lateral  incisor  erupts  at  the 8th  year. 

The  first  bicuspid  erupts  at  the 9th  year. 

The  second  bicuspid  erupts  at  the 10th  year. 

The  canine  erupts  at  the 1 1th  year. 

The  second  molar  erupts  at  the 12th  year. 

The  third  molar  erupts  at  the 17th  to  21st  year. 

As  a  rule,  in  both  the  first  and  second  dentitions  the 
lower  teeth  erupt  before  corresponding  teeth  in  the 
upper  jaw. 

Physiology  op  the  Teeth. — Under  this  head  we 
naturally  consider  the  purposes  for  which  teeth  exist, 
and  lujw  they  perform  their  several  functions.  The 
subject  may  be  divided  into  three  heads: 

(1)  The  "function  of  the  teeth  in  facial  expression. 
(2)  The  function  of  the  teetli  in  mastication.  (3) 
The  function  of  the  teeth  in  articulation. 

The  importance  of  the  teeth  in  facial  expression  be- 
comes apparent  when  we  consider  the  effect  of  their 
ab.sence,  as  shown  in  aged  people.  In  such  the  lower 
jjart  of  the  face  has  lost  the  round  and  graceful  lines 
of  early  years;  the  chin  is  pointed,  and  ai)i)r(ixiinates 
tlie  end  of  the  nose;  the  lips  are  retracted  and  llahby, 
and  a  characteristic  hollow  extends  along  tlio  cheek. 
When  present,  each  tooth  aids  in  sustaining  the  proper 
proportions  of  the  face.  The  upper  front  teeth,  by 
licing  slightly  in  advance  of  the  lower,  produce  that 


slight  projection  of  the  upper  lip  beyond  the  lower, 
found  In  normally  shaped  features.  The  bicuspids  and 
molars,  by  their  apposition,  fix  the  relation  of  the  lower 
to  the  upper  jaw,  and  by  their  bulk  give  fulness  to 
the  cheeks.  The  bony  alveolus,  also,  in  which  the 
teeth  are  embedded,  has  an  important  relation  to 
facial  expression,  for  when  a  tooth  has  been  lost  its 
bony  support,  being  no  longer  needed,  is  absorbed, 
and  thus  the  features  are  still  further  deprived  of 
support. 

The  function  of  the  teeth  in  ma.stication  is  the  most 
obvious  and  important.  Standing  as  they  do  at  the 
entrance  to  the  digestive 
tract,  it  is  their  duty  to  seize 
upon  food,  sever  its  coimec- 
tion  with  its  surrounrlings. 
and  comminute  it  so  that  it 
can  be  acted  upon  readily  by 
tlie  various  digestive  fluids. 
The  act  of  seizing  and  cut- 
ting is  performed  by  the  six 
anterior  teeth,  whose  edges, 
by  the  protrusion  of  the 
lower  jaw,  are  brought  oppo- 
site to  each  other.  When 
once  a  morsel  of  food  has 
been  detached  by  the  an- 
terior teeth,  it  is  passed  back- 
ward by  the  tongue  and 
cheeks,  to  be  operated  upon  ^'"j'J|,.f.';^°|;''  1"^^, 
by  the  bicuspids  and  molars. 
The  bicuspids  are  fitted  both 
to  cut  and  to  grind.  They 
cut  by  the  outer  cusps  of  op- 
posing teeth  meeting  and  passing  each  other  like  the 
blades  of  a  pair  of  scissors.  They  crush  by  a  lateral 
motion,  the  crowns  of  the  lower  bicuspids  moving 
across  those  of  the  upper.  The  function  of  the  molar 
teeth  is  to  crush  and  grind,  for  which  purpose  they  are 
fitted  by  their  broad  crowns.  They  crush  by  means 
of  an  up-and-down  movement,  and  grind  by  a  lateral 
movement. 

The  function  of  the  teeth  in  articulation  is  best 
understood  by  a  brief  survey  of  the  mechanism  of 
speech.     This  mechanism  includes  the  vocal  cords, 


Flii.  4730.— The  first  pro- 
file represents  the  features 
undisturbed  by  lose  of  teeth. 
nU  the 


hich  the  lips  fall  in 
lin  becomes  point 
clined  toward  the  i 


ndthc 


Fic  4731. — Illustrates  the  Impaction  of  a  Iligbt  Superior 
Lateral  (o),  which  lies  in  the  superior  maxillary  bone  at  right  angles 
to  its  normal  position.     (\Vedl.) 

and  a  resonant  cavity  above  the  cords,  formed  by  the 
Ijharynx  and  the  oral  and  nasal  cavities.  This 
resonant  cavity  reinforces  and  modifies  sounds  made 
by  the  vocal  cords.  Articulation  is  concerned  with 
sounds  of  two  kinds — vowels  and  consonants.  The 
vowels  are  musical  notes  formed  by  the  vocal  cords, 
and  given  quality  or  timbre  by  the  size  and  shape  of 
the  air  column  in  the  resonant  cavities  above.  The 
consonants  are  sounds  produced  by  the  same 
mechanism,  but  due  to  irregular  vibrations,  and 
hence   are   noises.     The   oral   cavity,   being   able   to 
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change  its  size  and  shape  in  numberless  ways,  is  tlie 
most  important  agent  in  sound  modification. 

To  produce  articulate  sounds  the  cohimn  of  air 
must  be  obstructed  and  forced  into  channcls'of  defi- 
nite size  and  shape.  The  column  of  air  is  obstructed 
in  tlirce  ways:  first,  by  applyinp;  the  back  of  the  tongue 
to  the  palate;  second,  by  applying  the  tip  of  the  tongue 
to  tlie  posterior  surfaces  of  the  anterior  teeth;  and 
third,  by  a  closure  of  the  lips.  It  is  forced  into 
definite  "  channels  by  pressing  the  tongue  against 
different  parts  of  the  roof  of  the  mouth,  and  against 
the  inner  surface  of  the  upper  teeth. 

Pathology  of  the  Teeth. — Pathology  in  the  Num- 
ber of  Dentitions  and  their  Time. — While  two  is  the 
normal  number  of  dentitions,  much  can  be  heard  and 
read  of  a  third  dentition,  the  authority  for  which, 
however,  rests,  as  a  rule,  with  unscientific  observers, 
and  is  of  very  little  value. 

The  entire  absence  of  one  or  both  of  the  normal 
dentitions  is  an  estahli^Iif'd  f.ict;  such  cases,  however. 


Fio.  4732. — .\  Conical  Supernumerary  Tooth  Located  between  the 
Superior  Central  Incisors.     (Carabelli.) 

are  decidedly  rare,  especially  tho.se  in  which  neither 
dentition  has  occurred.  There  is  usually  associated 
with  this  condition  a  failure  in  the  growth  of  hair 
throughout  the  body.  The  condition  of  the  alveolar 
ridge  in  such  cases  is  similar  to  that  which  ensues 
on  the  extraction  of  the  permanent  teeth.  Artificial 
substitutes,  however,  are  not  always  necessary,  inas- 
much as  the  gum,  in  such  cases,  is  very  tougli,  and 
capable  of  performing  with  remarkable  facility  the 
duties  of  mastication. 

Pathology  in  the  Time  of  Dentition. — The  deciduous 
teeth  are  in  rare  instances  erupted  at  birth.  When 
deciduous  teeth  are  delayed  in  their  eruption  it  Is  com- 
monly due  to  rickets.  A  delay  in  the  eruption  of  the 
permanent  teeth  is  also  frequently  noticed.  An  im- 
portant cause  for  this  delay  is  the  prolonged  retention 
of  the  deciduous  teeth,  an  obstacle  being  thus  present 
which  prevents  the  permanent  teetli  from  taking  their 
place.  Cases  are  on  record  of  deciduous  teeth  per- 
sisting till  middle  or  old  age.  It  often  happens,  how- 
ever, that  a  permanent  tooth  is  kept  from  eruption 
because  Its  place  has  been  taken  by  another  permanent 
tooth  which  had  an  earlier  start.,  and  which  has  occu- 
pied all  the  available  room.  This  is  especially  liable 
to  happen  with  the  superior  canines,  on  account  of 
their  coming  to  the  surface  after  the  lateral  and  the 
first  bicuspid  have  taken  their  place  in  the  arch.  If, 
as  often  liappens,  the  temporary  canine  has  been  pre- 
maturely extracted,  allowing  the  adjoining  teeth  to 
close  In  the  gap,  or  if  the  arch  is  unusually  narrow, 
or  the  teeth  unusually  large — and  sometimes  the  two 
latter  conditions  exist  together — then  the  canine  is 
likely  to  be  crowded  out  beyond  the  arch  or  to  be  im- 
prisoned In  the  alveolus.  The  canine  may  be  perma- 
nently imprisoned,  or  until  the  extraction  of  a  bicuspid 
or  lateral  incisor  offers  it  a  chance  to  erupt. 

The  wisdom  teeth  are  always  very  lialale  to  deten- 
tion within  the  jaw,  and  their  eruption  may  be  either 
prevented  or  long  delayed.  This  happens  from  causes 
similar  to  those  just"  described  with  regard  to  the 
canine.  The  modern  civilized  jaw  seems  to  be  made 
too  short  to  contain  a  full  complement  of  developed 
teetli,  and,  as  the  wisdom  teeth  come  last,  they, 
though  of  stunted  size,  are  frequently  unable  to  enter 
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the  arch.  Imprisoned  or  partly  erupted  wisdom  teeth, 
especially  of  the  lower  jaw,  may  cause  very  serious 
symptoms,  both  local  and  reflex.  The  local  symp- 
toms consist  of  pain  and  swelling  in  the  vicinity  of  the 
tooth;  the  reflex  symptoms  of  neuralgias  about  the 
head,  and  a  tonic  contraction  of  the  muscles  which 
close  the  jaw.  In  some  cases  an  abscess  may  be 
formed  which,  if  lacking  prompt  exit,  may  open  by 
fistula  on  the  outside  of  the  face,  at  the  angle  of  the 
jaw,  or  in  the  neck,  or  even  as  low  down  as  the  sub- 
clavicular region.  Imprisoned  canine  and  incisor 
teeth  are  sometimes  found  far  from  their  normal  posi- 
tion. Cases  are  cited  in  which  the  crown  of  the  suijc- 
rior  canine  has  penetrated  the  nasal  cavity  and  the 
antrum;  they  have  also  been  located  in  the  palatine 
portion  of  the  superior  maxillary  bone.  Lower 
canines  have  been  found  with  their  long  axes  parallel 
to  the  body  of  the  jaw,  at  or  near  the  tips  of  the  roots 
of  the  inferior  lateral  and  bicuspids.  The  superior 
lateral  may  be  delayed  in  its  eruption,  or  imprisonoil 
for  want  of  room  in  the  arch,  and  may  in  consequence 
take  abnormal  positions  similar  to  those  taken  by  the 
superior  canine. 

Pathology  in  Ike  Number  of  Teeth  in  a  given  Dentition. 
— In  connection  with  both  the  first  and  second  denti- 
tions we  find  at  times  both  an  excess  and  also  a  defi- 
ciency of  teeth.  Teeth  in  excess  of  the  normal  are 
called  supernumerary  teeth.  Such  may  be  coincident 
in  time  of  eruption  with  the  teeth  in  whose  neighbor- 
hood they  appear,  or  they  may  precede  or  follow. 
Supernumerary  teeth  are  divided  into  two  main  classes 
— teeth  whose  form  differs  from  that  of  normal  teeth 
(conical  teeth),  and  teeth  whose  form  resembles  that 
of  normal  teeth.  Supernumerary  teeth  are  not  com- 
mon in  connection  with  the  first  dentition;  when  they 
occur  they  are  found  more  frequently  in  the  lower  jaw, 
and  belong  in  shape  to  the  second  class,  inasmuch  as 
they  resemble  the  teeth  with  which  they  are  asso- 
ciated. The  duplicate  tooth  is  usually  a  lower 
incisor,  and  it  takes  its  place  regularly  in  the  arch, 
being  erupted  at  about  the  same  time  as  its  com- 
panion incisor.  Supernumerary  teeth  are  more  fre- 
quently found  in  connection  with  the  second  denti- 
tion, and  are  usually  located  in  the  upper  jaw. 

They  as  a  rule  make  their  appearance  just  after  the 
adjoining  tooth  is  erupted.  Conical  supernumerary 
teeth  are  the  most  common  kind.  They  have  the 
same  structure  as  normal  teeth,  but  in  shape  resemble 
a  diminutive  cuspid.     Their  crown,  however,  has  not 


Fig.  4733. — Shows   Two   Cubic-crowned   Supernumerary    Teeth, 
Occurring  Behind  the  Upper  Central  Incisors.      (Salter.) 

the  angular  outline  belonging  to  that  tooth,  but  Is 
cone-shaped,  as  their  name  implies.  The  root  is 
round  and  tapering.  These  teeth  occur  most  fre- 
quently in  connection  with  the  superior  incisors.  One 
may  be  located  between  the  two  centrals  in  the  arch, 
or  between  the  central  and  the  lateral.  They  may  be 
placed  without  the  arch,  on  either  its  labial  or  palatal 
.side.  Conical  teeth  are  not  commonly  found  adjoin- 
ing the  molars,  bicuspids,  or  cuspids,  though  they 
may  exceptionally  be  found  in  all  these  localities. 
If  found  outside  the  arch,  conical  teeth  are  of  no  value 
and  should  be  extracted;  if  found  in  the  arch,  it  often 
becomes  a  question  whether  their  presence  or  absence 
produces     the     greater     deformity.     Supernumerary 
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tc<'th  which  resemble  normal  teeth  are  generally  found 
among  the  upper  incisors  and  regularly  placed  in  the 
arch;  they  do  not  necessarily  produce  deformity,  and 
l)y  the  unprofessional  eye  would  not  be  noticed.  A 
supernumerary  superior  lateral  is  most  commonly 
found;  next  in  frequency  comes  the  superior  central, 
while  duplicates  of  the  superior  molars,  bicuspids,  and 
cmiines  are  rare.  Carl  Wedl,  in  his  "  Pathology  of  the 
'rccth,"  gives  a  drawing  of  the  superior  and  inferior 
riiaxilUc  of  a  negro,  in  which  appear  four  molars  on 
lacli  side  of  both  the  upper  and  under  jaw,  besides  an 
extra  bicuspid  in  the  lower  jaw,  making  five  super- 
numerary teeth  in  all;  the  molars  are  all  in  the  dental 
arch,  but  the  bicuspid  is  situated  at  the  inner  side  of 
its  neighboring  bicuspid.  A  third  kind  of  supernu- 
merary tooth,  sometimes  described,  is  called  the  cubic- 
einwned  tooth;  it  resembles  in  shape  the  lower  bicus- 
pid, and  occurs  in  the  anterior  part  of  the  mouth 
behind  the  superior  incisors. 

I'lilhiilngy  in  the  Arrangement  of  the  Teeth. — A  patho- 
logical arrangement  or  irregularity  may  affect  groups 
I  if  teeth  or  individual  teeth.  Among  the  irregularities 
which  affect  groups  of  teeth  are  cases  in  which  thc^ 
anterior  teeth  of  the  upper  jaw  project  so  far  in 
advance  of  the  corresponding  teeth  of  the  under  jaw 
that  a  considerable  space  exists  between  the  anterior 
surface  of  the  lower  teeth  and  the  posterior  surface  of 
I  he  upper  teeth.  This  arrangement  is  in  many  cases 
liiTcditary,  but  may  be  induced  by  thumb-sucking 
in  infancy.  Infants  addicted  to  this  habit  place  the 
tliumb  between  the  front  teeth  and  pry  the  upper 
teeth  forward,  using  the  under  as  a  fulcrum.  The 
force  exerted  is  very  slight,  but,  being  continued  for 
j)crhaps  several  hours  during  the  day,  is  sufficient  to 
move  the  imperfectly  calcified  bony  alveolus. 

An  irregularity  the  reverse  of  the  above,  and  of 
frequent  occurrence,  is  produced  when  the  anterior 
teeth  of  the  under  jaw  are  placed  in  advance  of  those 
of  the  upper  jaw,  leaving  an  interval  between  their 
posterior  surfaces  and  the  anterior  surfaces  of  the 
su|)crior  teeth.  To  this  condition  the  name  under-. 
Iiung  jaw  has  been  given.  It  is  usually  hereditary, 
and  results  either  from  an  overdeveloped  under  jaw 
or  from  an  underdeveloped  upper  jaw,  the  under  jaw 
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Fie.,    1734. — A  Cusi.-  of  Projecting  Upper  Front  Teeth.      (Baker.) 

being  normal.  This  irregularity,  as  well  as  the  one 
first  described,  is  very  unfavorable  to  facial  expression. 
The  former  causes  an  excessive  protrusion  of  the  upper 
lip  beyond  the  under,  and  the  latter  a  protrusion  of  the 
under  lip  beyond  the  upper.  A  third  irregularity  is 
produced  when  the  superior  anterior  teeth,  instead  of 
slightly  overlapping  the  inferior  anterior  teeth,  meet 
them  edge  to  edge.  This  arrangement  causes  no 
marked  facial  blemish,  but  is  detrimental  to  the  teeth, 


which  become  worn  away  by  edge  to  edge  contact, 
and  thereby  shortened. 

The  six  anterior  teeth  of  both  jaws  are  sometimes 
tilted  forward  to  a  marked  degree.  This  irregularity 
is  commonly  cau.sed  by  the  loss  of  molar  and  bicuspid 
teeth,  which  allows  the  whole  force  of  occlusion  to 
come  upon  the  anterior  teeth.  This  irregularity 
causes  the  upper  and  under  lips  to  protrude. 


173.5.— .\n    Undprhuiig  .Jaw.   the  I..iu.t    Fr^ 
Vance  of  the  Corresponding  Upper  Ones. 


(Baker.) 


On  the  other  hand,  the  six  anterior  teeth  of  both 
jaws  may  be  inverted,  and  a  corresponding  falling  in 
of  the  lips  occur. 

A  V-shaped  jaw  is  often  seen;  this  irregularity  is 
confined  to  the  upper  jaw,  who.se  alveolar  arch,  in- 
stead of  being  in  the  form  of  a  jiarabola,  becomes  so 
contracted  in  front  that  it  resembles  in  shape  the  letter 
V.  In  such  a  jaw  the  room  for  the  tongue  is  much 
diminished,  and  a  thick  and  somewhat  iudisttnct 
articulation  may  result. 

There  are  cases  in  which  the  back  teeth  are  of  undue 
length  and  prop  the  mouth  open  so  wide  that  the 
anterior  teeth  do  not  meet.  Such  an  arrangement  is 
likely  to  keep  the  lips  from  closing,  except  as  the  result 
of  conscious  effort. 

The  dental  arch  may  be  asymmetrical.  Such  a  con- 
dition may  be  congenital,  or  produced  by  tongue-suck- 
ing in  infancy.  In  this  habit  tlic  tongue  is  crowded 
against  the  alveolus  bordering  the  upper  molars  and 
bicuspids,  a  constant  repetition  of  force  in  this  direc- 
tion unevenly  spreading  and  thus  distorting  the  dental 
arch. 

The  "flat  mouth,"  so  called,  is  produced  when  the 
six  anterior  teeth  of  both  jaws  are  arranged  in  nearly  a 
straight  line  instead  of  in  a  curve.  When  so  place<i 
they  join  the  bicuspids  at  a  right  angle,  or  nearly  so, 
and  give  a  characteristic  flatness  to  the  expression 
about  the  mouth. 

These  various  irregularities  are,  as  a  rule,  confined  to 
the  permanent  set.  An  underhung  jaw  has.  however, 
been  noticed  in  the  temporary  set,  followed  by  the 
same  in  the  permanent. 

Irregularities  of  individual  teeth  are  to  be  explained 
by  several  causes,  of  which  the  most  important  is  the 
occurrence  of  a  small-sized  jaw  associated  with  large- 
sized  teeth,  a  small-sized  jaw  being  inherited  from  one 
parent  and  large  teeth  from  the  other. 

The  premature  extraction  of  the  temporary  teeth 
is  responsible  for  many  cases  of  irregularity.  The 
place  of  each  temporary  tooth  is  taken  normally  by  a 
tooth  of  the  permanent  set,  and,  unless  the  temporary 
tooth  remains  in  situ  till  the  permanent  is  ready  to  be 
erupted,  there  is  danger  that  the  place  which  the  per- 
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inaneiit  tooth  should  occupy  will  be  encroached  upon 
bv  an  adjoining  tooth. 

"  The  too  long  retention  of  the  temporary  teeth  may 
produce  irregularity.  In  this  case  the  temporary 
teeth  become  an  obstacle  to  the  descending  permanent 
teeth,  and  niav  deflect  them  from  their  course,  forcing 
them  to  appear  inside  or  outside  the  dental  arch;  or, 
as  not  infrequently  happens,  keeping  them  imprisoned 
within  the  maxillarv  bones. 

Irregularities  of  individual  teeth  of  the  temporary 
set  are  rare.     There  may  be  a  slight  twisting  or  lappmg 


i'luuusion    of   the    Anterior   Teeth,  caused  by  Loss 
pids  and  Molars.     (Carabelli.) 

of  the  incisors,  but  no  great  deformity  has  been  <3b- 
served.  Most  important  irregularities  occur  in  the 
permanent  set;  tlie  superior  central  incisors  may 
stand  inside  the  dental  arch,  so  that  the  inferior 
centrals  close  in  front  of  them.  Their  crowns  may  be 
rotated  either  toward  the  median  line  or  away  from  it, 
or  may  overlap  each  other.  In  the  lower  jaw  the 
central  incisors,  owing  to  the  frequent  crowding  of  the 
lower  anterior  teeth,  are  often  twisted  or  overlapped. 
The  superior  laterals  are  more  frequetitly  irregular 
than  are  the  centrals.     The  most  common  irregularity 


Fia.  4737. — A  V-shaped  Upper  Jaw.     (From  Kingsley's  "Oral 
Deformities.") 

consists  in  the  crown  of  the  lateral  overlapping  that  of 
the  central.  The  laterals  may  be  placed  within 
the  dental  arch  and  held  in  that  position  by  the 
interlocking  of  the  lower  teeth.  Sometimes  it  happens 
that  they  are  prevented  from  eruption  by  the  canines, 
which  have,  by  premature  eruption,  occupied  their 
space.  The  inferior  laterals  are  liable  to  irregularities 
siniilar  to  those  described  in  connection  with  the  in- 
ferior centrals;  such  irregularities  produce,  as  a  rule, 
no  marked  deformity,  and  are  not  usually  of  sufficient 
importance  to  be  regulated.     The  superior  canines  are 
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very  often  in  an  abnormal  position.  The  reason  for 
this  is  not  difficult  to  find,  and  has  already  been  partly- 
explained.  Erupting,  as  they  do,  subsequent  to  the 
lateral  and  first  bicuspid,  it  often  happens  that  the 
space  necessary  for  their  regular  appearance  in  the 
dental  arch  has  been  encroached  upon  by  the  adjoining 
teeth.  In  consequence  the  canines  must  take  a  posi- 
tion either  on  the  outside  of  the  arch  or  within.  Some- 
times the  canine  tckes  a  position  alongside  the  central 
incisor;  when  this  is  the  case,  the  displaced  lateral  is 
usually  within  the  arch.  A  rotated  canine  is  not  un- 
"common,  the  rotation  being  toward  the  median 
line  or  away  from  it.  The  lower  canines  are 
seldom  irregular.  The  upper  first  bicuspid  also 
usually  finds  its  normal  place,  on  account  of  tlie 
period  of  its  eruption  and  the  fact  that  its  crown 
is  smaller  than  that  of  the  first  temporary  molar 
which  it  supplants. 

The  second  upper  bicuspid  is  much  more  fre- 
quently out  of  place  than  is  the  first.  Though 
its  crown  takes  up  much  less  room  than  that  of 
the  second  deciduous  molar,  which  it  replaces, 
still  the  teeth  adjoining  it  (namely,  the  first  bi- 
cuspid and  first  molar),  being  in  position  some 
time  before  the  second  bicuspid  is  ready  to  erupt, 
may  encroach  upon  the  space  which  should  have 
been  reserved  for  that  tooth.  Such  a  condition 
usually  results  from  the  too  early  extraction  of 
the  second  deciduous  molar.  As  a  result  of 
such  extraction  the  neighboring  teeth  move  to- 
gether, and  sufficient  room  is  not  left  for  the 
free  eruption  of  the  second  bicuspid,  and  that 
tooth  in  consequence,  finding  its  way  in  the  direc- 
tion of  least  resistance,  is  compelled  to  appear  within 
or  without  the  dental  arch,  as  the  case  may  be.  The 
lower  bicuspids  are  subject  to  irregularities  similar  to 
those  of  the  upper  bicuspids,  although  they  occur 
less  frequently.  The  first  and  second  molars  are 
rarely  irregular  in  either  jaw;  each  in  turn  being  de- 
veloped behind  teeth  already  in  place,  there  is  noth- 
ing to  crowd  them  from  their  normal  position.  The 
third  molar,  on  the  contrary,  has  scanty  room  for 
eruption,  and  in  consequence  presents  frequent  irregu- 
larity. The  lower  third  molar  is  often  found  with  its 
crown  presenting  toward  the  posterior  surface  of  the 
crown  of  the  second  molar.     Sometimes  it  is  tipped 


Fig.  473S.— a  c! 
to  erupt  regularly  i 
arch.     (Salter.) 


ie  in  which  the  superior  canines  have  not  room 
L  the  arch,  and  are  forced  to  appear  within  the 


forward  so  far  that  the  force  of  occlusion  and  mastica- 
tion is  borne  upon  its  distal  surface.  This  is  the  most 
usual  form  of  irregularity,  but  the  tooth  may  assume 
almost  any  position,  even  with  the  crown  pointing 
backward  toward  the  ramus  of  the  jaw.  The  most 
frequent  irregularity  of  the  upper  wisdom  tooth  is  the 
turning  of  its  crown  outward  or  backward. 

Pathology  in  Size  and  Shape  of  the  Teeth. — As  a  rule, 
the  size  of  the  teeth  is  in  harmony  with  the  proportions 
of  the  body.  Giants  have  teeth  which  would  be 
abnormally  large  if  found  in  a  person  of  ordinary  size. 
The  teeth  of  males  are  larger  than  those  of  females. 
When  teeth  are  of  unusual  size,  but  proportioned  to 
the  size  of  the  individual,  they  are  normal  for  that 
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individual.  There  occur  cases,  liowever,  in  which 
certain  teeth  are  entirely  out  of  proportion  to  the 
alveolar  arch.  Such  teeth  may  be  roo  large  or  too 
small.  Upper  central  incisors,  in  rare  instances, 
become  a  monstrosity  in  the  excessive  size  of  their 
cnnvns;  the  roots  in  such  cases  are  not  developed  in 
similar  proportion. 

The  superior  canines  sometimes  possess  abnormally 
long  roots,  whose  length  may  not  be  suspected  till  an 
attempt  is  made  to  extract  them.  Their  extraction, 
on  this  account,  is  very  difficult,  or  perhaps  impossible. 
The  molar  teeth  are  sometimes  abnormally  developed, 
the  crowns  and  roots  alike  being  of  unusual  size.  An 
abnormal  diminution  in  the  size  of  the  teeth  is  not 


Fig.  4739. — A  Pitting  of  the  Enamel  of  the  Six  Anterior  Teeth, 
due  to  Infantile  Diseases  Arresting  the  Process  of  Calcification  of 
the  Enamel.     (Carabelli.) 

commonly  found,  except  in  the  ca.se  of  the  upper 
wisdom  teeth,  which  are  often  quite  small,  no  larger 
tlian  a  conical  supernumerary  tooth.  Teeth  which 
are  pathological  in  shape  are  frequently  observed. 
Their  unusual  shape  may  be  due  to  a  constitutional 
disturbance,  occurring  during  their  formative  period, 
nr  it  may  be  due  to  a  freak  of  nature — a  cause  un- 
known. Of  the  irregular  shapes  produced  bj'  a  con- 
stitutional disturbance  is  to  be  noticed  a  pitting  of  the 
enamel  of  the  six  anterior  teeth,  and  sometimes  of 
the  molars  in  either  jaw.  The  pits  may  penetrate  the 
entire  surface  of  the  enamel,  or  only  a  part  of  it. 
They  may  be  irregularly  disposed,  or,  as  usually  occurs, 
may  be  arranged  in  horizontal  rows,  of  which  there 
may  be  two  or  three  in  a  single  crown.     Sometimes  the 
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Fig.  474U  — Shuwing  the  Effects  of  Hereditary  .Syphilis  on  the 
Superior  Incisors.  (From  Henry  W.  Williams.  "  Diagnosis  and 
Treatment  of  the  Diseases  of  the  Eye.") 

pits  are  .stained  a  yellowish  or  yellowish-brown  color. 
This  irregular  development  is  caused  by  some  severe 
infantile  disease  occurring  during  the  period  in  which 
the  enamel  of  these  teeth  is  being  calcified,  the  process 
of  calcification  being  thus  interrupted.  The  adinin- 
i-tration  of  mercury  in  the  early  years  of  childhood 
has  also  been  considered  by  .some  to  account  for  this 
irregularly  formed  enamel,  but  such  a  view  is  not  now 
m'nerally  accepted. 

.'\nother  malformation  due  to  a  constitutional  dis- 
turbance is  that  produced  by  inherited  syphilis.  The 
I'ffects  of  this  disease  upon  the  teeth  are  mo.st  notably 
seen  in  the  upper  central  incisors  of  the  permanent  set. 
The  crowns  of  these  teeth  are  stunted  in  size,  are  some- 
wh.at  irregularly  placed,  and  their  cutting  edges  are 
narrower  in  width  than  are  the  necks  of  the  teeth.  The 
enamel  on  their  cutting  edges  is  imperfectly  developed 
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and  soon  crumbles  away,  leaving  crescentic  notches. 
The  upper  laterals  and  canines,  as  well  as  the  lower 
centrals,  laterals,  and  canines,  may  be  affected  in  a 
similar  but  less  marked  way.  The  first  molars  are 
usually  imperfectly  developed,  and  from 
a  loss  of  enamel  the  corners  of  the  teeth 
are  rounded  ofT,  giving  to  the  crowns  a 
domelike  appearance.  As  the  character- 
istics of  teeth  affected  by  inherited  syph- 
ilis were  first  described  by  Jonathan 
Hutchinson,  it  is  common  to  call  such 
teeth  Hutchinsonian  teeth.  They  are 
also  called  notched  teeth,  from  the  notch 
which  may  be  found  in  the  cutting  edge 
of  the  six  anterior  teeth.  This  notch, 
however,  is  obliterated  by  wear,  and  thus 
in  time  becomes  lost  as  a  diagnostic  sign. 
The  term  peg  teeth  in  this  connection  is 
cfiminiinly  used,  and  refers  to  the  peglike 
appearance  of  the  crowns  of  the  anterior 
teeth.  The  peg  shape  does  not  become 
obliterated  by  wear,  and  always  remains 
a  diagnostic  sign.  While  inherited  syphilis  does  not 
aUvajs  leave  its  mark  upon  the  teeth,  yet  when  the 
appearances  described  are  present  they  are  considered 
to  be  positive  evidence  of  this  disease.  The  tem- 
porary teeth  are  said  by  good  authority  to  be  some- 
times affected  by  hereditary  syphilis,  and  to  become 
nutclied  and  peg-shaped  after  the  manner  of  the 
permanent  teeth. 

Pathological  shapes  to  be  ascribed  to  a  freak  of 
nature   are   not   commonly   met   with:   still,   a   large 


Fiu.  4741. 
— .\  Case  of 
Fusion  of  the 
Superior 
Central  and 
Lateral  Inci- 
sors. 


Fio.  4742.— A  RiRht 
Superior  Canine  with 
an  Abrupt  Curve  at  the 
End  of  the  Root. 


Fio.  4743. — A  .Supe- 
rior Bicuspid  with  Three 
Uoots. 


number  of  such  cases  have  been  reported  and  flrawings 
made  to  illustrate  them.  .\s  one  of  the  more  freiiuent 
irregularities  maybe  mentioned  the  fusion  of  adjacent 
teeth.  There  are  two  kinds  of  fusion:  in  one  the 
tmion  is  accomplished  by  the  cement  of  one  root 
becoming  increased  and  uniting  itself  to  the  cement  of 
another  root.  In  such  cases  each  tooth  has  a  separate 
pulp  cavity  and  independent  nourishment,  the  union 
being  merely  upon  the  outside  and  not  affecting  the 


Fio.      4744. — A     Molar  Fio.  4745. — A  Molar 

Tooth  with  Five  Roots.        Tooth  whose  Roots  are 
Fused  into  One, 

individuality  of  either  tooth.  The  other  kind  of  fusion 
consists  in  the  union  of  the  dentine  as  well  as  the 
cement,  and  a  fusion  of  the  pulp  cavities  into  a  single 
irregularly  shaped  space.  Such  teeth  have  a  common 
and  interdependent  life. 

Fusion  of  this  kind  may  be  confined  to  the  roots  or 
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include  the  crown  as  well,  in  which  case  a  union  occurs 
between  the  enamel  of  the  two  teeth.  Fused  teeth 
may  be  found  in  the  temporary  or  in  the  permanent 
set  and  any  teeth  may  be  so  affected.  C.enerally  the 
fusion  is  confined  to  two  teeth.  It  is  sometnnes  un- 
susi)ected  when  involving  only  the  roots,  and  the 
attempt  to  extract  either  of  the  fused  teeth  may  result 
in  its  comiianion  also  being  dislodged,  or  in  a  failure  <o 
cxtnict  either.  The  first  form  of  fusion  probably 
takes  i)lace  after  the  formation  of  the  teeth,  the 
latter  while  the  teeth  are  in  a  developmental  stage. 

There  are  irregular  shapes  not  due  to  fusion,  and 
which  come  under  the  head  of  miscellaneous  forms. 
The  incisors  sometimes  have  their  crown  developed  at 
right  or  obtuse  angles  with  their  roots,  or  have  more 
than  one  root.  The  canines  may  have  a  twisted  root, 
or  one  with  a  sharp  bend  occurring  at  the  middle  or 
upper  end  of  its  length.  The  bicuspids  may  have  two 
or  even  three  roots.  In  consequence  of  the  tendency 
of  the  roots  of  the  bicuspids  to  bifurcate,  this  occa- 
sional development  of  two  distinct  roots  is  to  be 
expected.  The  upper  and  lower  molars  may  have  as 
many  as  five  roots,  or  all  their  roots  may  be  fused  into 
one. 

Diseases  of  the  Pulp. — Of  the  component  tissues 
of  the  teeth  the  pulp  is  most  subject  to  pathological 
changes.  Normally  this  delicate  and  sensitive  organ 
is  well  guarded  by  rigid  walls,  which  not  only  protect 
it  against  external  force,  but  also  against  the  extreme 
thermal  changes  to  which  the  oral  cavity  is  exposed. 
So  long,  then,  as  the  pulp  remains  thus  protected,  it 
is  not  subject  to  pathological  changes;  niorbid  pro- 
cesses do  not  origin.ate  in  its  tissue.  It  is  true  that 
there  are  writers  who  describe  affections  of  the  pulp 
independent  of  outside  influences,  but  the  genuineness 
of  such  cases  has  not  been  well  established.  In 
general  the  pulp  is  subject  to  pathological  changes 
similar  to  those  found  in  the  soft  tissue  in  other  parts 
of  the  body;  such  peculiarities  as  are  found  are  due  to 
the  existence  of  the  pulp  within  a  bony  incasement. 
It  must  be  borne  in  mind  that  the  pulp  is  very  vascular 
and  very  sentient;  that  the  vessels  and  nerves  are 
supported  by  a  parenchyma  of  connective  tissue,  and 
that  the  whole  organ  is  contained  in  an  unyielding 
cavity  whose  only  entrance  and  exit  is  a  small  foramen, 
whose  calibre  may  not  be  larger  than  a  bri.stle. 
Through  this  foramen  the  blood  enters,  and  is  in  due 
time  returned — a  delicate  piece  of  machinery  capable 
of  easily  performing  its  duties  when  in  natural  adjust- 
ment, but  impaired  or  destroyed  when  affected  by 
force  from  without.  Any  agency  which  interferes 
with  the  protection  which  nature  has  thrown  around 
the  pulp  IS  calculated  to  set  up  morbid  changes  in  its 
structure  and  interfere  with  its  function.  The  most 
potent  and  frequent  agency  to  be  named  is  caries. 
When  once  this  disease  has  located  itself  upon  a  tooth 
it  usually  progresses,  unless  checked  by  appropriate 
mechanical  means,  till  a  considerable  portion  of  the 
enamel  and  dentine  is  destroyed  and  the  pulp  laid 
bare.  Long,  however,  before  the  pulp  is  reached  it  has 
been  subjected  to  conditions  unfavorable  to  its  healthy 
activity,  and  the  chances  are  that  when  exposed  by 
caries  it  is  already  in  a  pathological  condition. 

An  agency  in  producing  disturbances  of  the  pulp 
less  important  than  caries  is  the  natural  wearing 
away  of  the  substance  of  the  teeth  in  the  process  of 
mastication.  Such  wear  is  usually  without  serious 
effect  upon  the  pulp  up  to  the  period  of  middle  life. 
Subsequent  to  that  time,  however,  it  may  so  deprive 
the  pulp  of  its  natural  covering  as  to  induce  patholo- 
gical changes. 

A  third  outside  agency,  and  one  less  frequently  met 
with  than  the  other  two,  is  mechanical  violence,  in  the 
form  of  a  blow  or  fall,  of  such  a  nature  as  to  sever  the 
imion  between  the  pulp  and  its  blood  and  nerve  sup- 
ply. Under  such  circumstances  the  pulp,  as  a  rule, 
dies.  There  are,  however,  cases  reported  in  which  a 
sound  tooth  having  been  pushed  out  of  its  socket  has 
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been  replaced,  and  the  pulp  has  apparently  remained 
in  a  healthy  condition.  Such  cases  lend  support  to  a 
supposition  that  a  reunion  is  possible  between  the 
pulp  and  its  blood  and  nerve  supply;  but  this  point 
ha«  not  vet  been  satisfactorily  settled. 

Conijcxlion. — One  of  the  commonest  pathological 
affections  of  the  pulp  is  congestion.  A  pulp  examined 
in  this  condition  shows  increased  redness,  due  to  an 
increased  flow  of  blood  to  the  part  and  dilatation  of 
the  vessels.  This  condition  is  brought  about  through 
the  vasomotor  system,  which  responds  to  an  irritation 
of  the  dentinal  fibrils,  which  are  in  connection  with  the 
nerves  of  the  pulp,  and  so  with  the  general  nervous  sys- 
tem. Inasmuch  as  the  normal  pulp  fills  its  cavity,  an 
increased  supply  of  blood  must  compress  the  tissue  in 
the  neighborhood  of  the  vessels.  The  nerves  share  this 
compression,  and  hence  the  severe  pain  which  is  the 
usual  accompaniment  of  a  congested  pulp.  Caries  of 
the  tooth  is  the  most  common  cause  of  congestion  of 
the  pulp.  Through  it  a  cavity  in  the  direction  of  the 
pulp  is  produced  which  allows  hot  and  cold  drinks, 
food,  and  cold  air  to  approach  so  near  the  pulp  that 
they  irritate  it.  Salt  and  sweet  substances,  also,  if 
allowed  to  enter  the  cavity  produced  by  the  caries,  will 
act  upon  the  dentinal  fibrils  and  irritate  the  pulp.  A 
congested  pulp  is  hypersensitive,  giving  pain  upon  the 
slightest  occasion.  A  draught  of  cold  water,  the 
effect  of  which  upon  a  normal  pulp  might  be  but  a 
momentary  twinge,  would  cause  a  congested  pulp  to 
ache  violently.  This  ache  is  one  of  the  more  common 
kinds  of  toothache;  it  is  violent,  intermittent,  throb- 
bing. It  is  very  likely  to  be  worse  at  night  when  the 
body  is  in  a  recumbent  position.  Congestion  of  the 
pulp  does  not  necessarily  result  in  a  permanent 
pathological  condition,  provided  the  environment  of 
the  pulp  can  be  so  improved  as  to  become  normal,  or 
nearly  so.  The  normal  environment  may  be  restored 
by  filling  the  cavity  produced  by  caries,  the  pulp  being 
thus  removed  from  the  near  approach  of  heat  or  cold 
and  irritating  substances.  The  filling  material  should 
be  a  poor  conductor  of  heat  and  cold,  resembling  in 
this  respect,  as  far  as  possible,  enamel  and  dentine. 
Guttapercha  and  oxyphosphate  cement  have  proved 
the  best  substances  with  which  to  protect  a  congested 
pulp.  It  frequently  happens  that  the  pulp  becomes 
congested  in  a  tooth  which  contains  a  large  metallic 
filling.  The  metal  filling,  being  a  good  conductor  of 
heat  and  cold,  conveys  injurious  shocks  deep  into 
the  dentine  and  unfavorably  affects  the  pulp.  Such 
a  condition  may  be  remedied  by  substituting  a  non- 
metallic  filling  for  a  metallic  one. 

Inflammation. — While  a  congested- pulp  may  recover 
its  normal  condition,  it  frequently  passes  into  astate  of 
inflammation  which  may  be  either  acute  or  chronic.  In 
acute  inflammation  there  succeeds  to  the  active  hyper- 
emia of  congestion  a  stasis  of  blood  in  the  inflamed  por- 
tion; the  vessels  become  dilated  more  than  before,  and 
often  assume  a  tortuous  course.  The  leucocytes  can  be 
seen  leaving  the  capillaries  and  invading  the  surround- 
ing tissue.  If  the  inflammation  is  purulent,  pus  cells 
and  broken-down  tissues  become  abundant.  The 
affection  may  be  local,  confined  to  a  small  point  which 
has  been  exposed  by  caries,  or  it  may  be  general, 
involving  the  entire  pulp.  The  organ  is  swollen,  as  in 
congestion,  and  pain  results  from  pressure  upon  the 
nerve  fibers.  If  the  inflammation  is  very  violent,  it 
is  likely  to  destroy  the  life  of  the  pulp  in  a  short  time, 
through  pressure  upon  the  blood-vessels  at  the  fora- 
men. The  symptoms  attending  an  inflammation  of 
the  pulp  are  similar  to  those  of  a  congested  pulp,  but 
more  severe.  The  pain  is  violent,  throbbing,  paroxys- 
mal, and  is  commonly  known  as  a  "jumping  tooth- 
ache." The  tooth  is  extremely  sensitive  to  heat  and 
cold,  to  sweet  and  salt  substances,  and  to  pressure 
within  the  cavity  of  decay. 

Such  an  acute  inflammation  may  subside  or  pass 
into  a  chronic  inflammation,  the  symptoms  of  which 
resemble  those  of  the  acute,  but  are  of  a  less  severe 
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Kiade.  The  cause  of  inflammation  of  the  pulp  is  caries, 
which,  as  a  rule,  has  penetrated  to  the  pulp  cavity  and 
laid  bare  a  minute  portion  of  that  organ,  exposing  it 
to  the  irritation  of  foreign  bodies,  thermal  changes, 
:ind  the  secretions  of  the  oral  cavity.  When  suppura- 
tive inflammation  occurs,  the  agency  of  bacteria  is  of 
interest,  as  it  is  well  known  that  many  varieties  of 
these  organisms  exist  in  the  mouth.  Their  approach 
to  the  pulp  is  made  easy  through  the  carious  cavity, 
which  lays  bare  the  pulp,  and  the  conditions  are 
favorable  for  their  activity.  The  course  pursued  by 
:iu  inflammatory  affection  of  the  pulp  depends  largely 
un  the  extent  to  which  its  surface  has  been  exposed 
t  hrough  caries.  That  there  is  always  such  an  expos- 
ure in  case  of  inflammation  of  tlie  pulp  cannot  be 
affirmed,  but  that  it  does  exist  in  the  large  majority 
of  cases  is  attested  by  experience.  If  this  exposure  is 
small  and  allows  no  relief  to  the  swollen  condition  of  the 
organ,  and  no  suflScient  outlet  to  products  of  inflamma- 
tion, then  an  acute  inflammation  is  likely  rapidly  to 
destroy  the  pulp,  and  transmit  an  inflammatory  pro- 
cess along  the  root  canals  to  the  peridental  membrane. 
If,  however,  the  pulp  has  been  freely  exposed  before  an 
inflammation  has  been  started  up,  then  the  inflamed 
pulp  has  a  way  of  relief  to  its  enlarged  substance, 
and  an  exit  for  the  products  of  inflammation.  Such 
cases  are  more  likely  to  assume  a  chronic  form,  inas- 
much as  the  life  of  the  pulp  is  not  immediately  threat- 
ened. It  is  a  matter  of  some  chance,  in  the  case  of  a 
pulp  exposed  by  caries,  just  how  soon  an  inflammatory 
affection  will  be  started  up,  though  no  pulp  when  once 
exposed  can  long  escape.  If  the  cavity  which  exposes 
the  pulp  is  hidden  away  in  the  back  of  the  mouth,  or 
protected  by  adjoining  teeth,  so  that  the  pulp  of  the 
tooth  is,  in  a  measure,  protected  from  alternations  of 
temperature  and  severe  contact  with  food,  then  the 
inflammatory  affection  may  be  delayed,  and,  when  it 
does  come,  decay  may  have  so  opened  the  pulp  cavity 
as  greatly  to  modify  the  severity  of  the  inflammation. 
» >n  the  other  hand,  when  caries  attacks  the  crown  of 
the  first  molar  and  lays  bare  the  pulp,  it  is  immediately 
subject  to  severe  irritation  in  the  process  of  mastica- 
tion, and  trouble  begins  at  once.  Inflammatory 
alTections  of  the  pulp  do  not  tend  to  recovery,  but 
Konerally  end  in  death  of  the  pulp.  This  result  may 
he,  however,  somewhat  delayed  by  appropriate  treat- 
ment. The  exposed  pulp  may  be  capped  over  with 
iKinirritating,  nonconducting  material  and  thus 
siiielded.  It  is  sometimes  possible  to  prolong  the  life 
iif  the  pulp  several  years,  provided  the  treatment  is 
not  long  delayed  after  the  beginning  of  the  inflamma- 
tory aff'ection.  After  having  been  thus  treated  the 
I)ulp  may  give  no  further  sensation  of  pain;  it  does 
not,  however,  often  regain  its  normal  condition  when  it 
has  once  passed  through  the  inflammatory  process. 

To  alleviate  the  pain  of  a  congested  or  inflamed  pulp 
it  is  important,  first,  to  determine  which  tooth  is  giving 
trouble.  The  testimony  of  patients  cannot  be  relied 
upon  to  settle  this  point.  They  can  usually  indicate 
correctly  the  side  upon  which  the  affected  tooth  is 
located,  but  will  often  point  to  a  perfectly  sound  tooth 
as  the  cause  of  tlieir  pain.  A  thorough  examination 
should  be  made,  by  the  aid  of  the  mouth  mirror  and  a 
line  exploring  point,  of  all  suspected  teeth.  If  a  tooth 
is  found  with  a  carious  cavity  of  any  considerable  size, 
especially  if  the  cavity  is  sensitive  to  the  touch  of  an 
instrument,  it  is  fair  to  infer  that  such  a  tooth  is  the 
line  giving  pain.  The  diagnosis  can  be  confirmed  by 
the  application  of  a  little  cold  water  to  the  cavity  of 
ilccay.  Where  a  congested  or  inflamed  pulp  exists, 
tliis  application  will  cause  an  exacerbation  of  the  pain. 

Having  located  the  tooth  which  is  the  seat  of  the 
difficulty,  its  carious  cavity  should  be  washed  out  with 
a  syringeful  of  warm  water,  in  order  to  remove  irritat- 
ing particles  of  food.  The  next  step  is  to  make  an 
application  to  the  exposed  pulp,  or,  if  the  pulp  is  not 
exposed,  to  the  dentine  in  the  neighborhood  of  the 
pulp,  which  will  allay  the  pain. 


A  simple  and  efficacious  remedv  is  the  oil  of  cloves. 
More  powerful  remedies  are:  phenol,  ninety-five  per 
cent.;  creosote;  a  mixture  of  equal  parts  of  oil  of  cloves 
and  chloroform;  a  mixture  of  equal  parts  of  oil  of 
cloves  and  creosote. 

One  drop  of  any  of  these  remedies  is  usually  suffi- 
cient for  a  single  application.  The  medicine  should  be 
applied  to  the  cavity  on  a  pledget  of  cotton.  Care 
should  be  taken  not  to  press  the  cotton  too  tightly  into 
the  cavity,  as  it  might  thus  become  a  mechanical 
irritant  to  an  exposed  pulp.  In  the  use  of  concen- 
trated phenol,  care  should  be  taken  to  prevent  its 
spreading  to  the  adjoining  gum  and  mucous  membrane 
of  the  lips  and  cheek. 

It  is  very  important,  in  treating  toothache,  to  know 
whether  the  pulp  in  the  affected  tooth  is  alive  or  dead. 
If  alive,  it  will  respond  to  thermal  changes  and  be  .sen- 
sitive to  exploration  in  the  carious  cavitv,  and  should 
be  tre:ited  as  just  described.  If  the  pulp  is  dead  the 
tooth  is  usually  sore  to  percussion,  and  unaffected  by 
applications  of  cold,  though  heat  will  sometimes  be 
painful. 

It  is  not  sensitive  to  the  exploration  of  an  instru- 
ment in  the  cavity  of  decay.  The  carious  cavity  of 
such  a  tooth  should  not  be  plugged  with  a  dress'ing, 
but  should  be  opened  freely  to  give  vent  to  the  decom- 
posing pulp  in  the  manner  described  in  the  section  on 
affections  of  the  peridental  membrane. 

Abscess. — Closely  allied  to  inflammation  is  abscess 
of  the  pulp.  This  affection,  clinically,  cannot  always 
be  distinguished  from  the  preceding.  Upon  micro- 
scopic examination,  however,  it  is  possible  to  make 
out  true  abscess  cavities.  These  may  be  deeply 
situated  in  the  body  of  the  pulp,  or  near  "its  surface. 

Gangrene. — Among  the  more  advanced  clianges  in 
the  pulp  may  be  mentioned  gangrene.  This,  as  in 
other  parts  of  the  body,  may  be  moist  or  drv.  Gan- 
grene follows  upon  the  sudden  cutting  off  of  the  cir- 
culation from  the  pulp,  as  a  result  of  acute  inflamma- 
tions, or  violence  to  the  tooth  of  such  a  kind  as  to 
sever  the  artery  at  the  apical  foramen.  A  gangrenous 
pulp  is  of  a  grayish-green  color,  of  slight  consistence, 
and  fetid  odor.  In  such  a  pulp  the  normal  structural 
elements  become  undistinguishable.  In  dry  gan- 
grene the  pulp  contracts  to  a  very  small  compass,  and 
the  part  of  the  pulp  cavity  thus  left  vacant  is  occupied 
by  a  gas  of  decomposition.  Gangrenous  pulps,  unless 
the  pulp  cavity  is  freely  opened,  produce  severe  in- 
flammation of  the  peridental  membrane. 

Calcification. — .\nothcr  group  of  changes  embraces 
the  various  forms  of  calcification  to  which  the  pulp  is 
subject.  Among  such  may  be  mentioned  the  nodular 
form.  In  this  variety  small  nodules  of  calcareous 
matter  are  sprinkled  through  the  substance  of  the 
pulp,  giving  to  it  a  gritty  feel.  The  calcareous  matter 
is  similar  in  chemical  composition  to  dentine,  but  does 
not  have  its  characteristic  structure.  The  calcareous 
nodules  are  located  between  the  component  parts  of 
the  pulp,  and  are  not  formed  at  their  expense.  This 
condition  seems  to  be  compatible  with  a  healthy 
activity  of  the  pulp,  and  apparently  does  not  lead  to 
serious  consequences.  Its  etiology  has  not  been 
explained.  Another  form  of  calcification  exists,  in 
which  the  new  formation  takes  the  place  of  the  normal 
tissue  of  the  pulp  and  is  formed  at  its  expense.  The 
calcareous  points  are  found  scattered  here  and  there 
through  the  pulp,  usually  in  the  coronal  portion. 
The.se  points  become  confluent  till  an  aggregation  is 
formed  ranging  in  size  from  a  grain  of  sand  up  to  a 
mass  sufficient  to  fill  the  entire  pulp  cavity,  coronal 
and  radical  portion  as  well.  This  form  of  calcifica- 
tion does  not  take  place  when  the  tooth  is  in  a  normal 
condition,  but  seems  to  be  induced  either  by  the 
wearing  down  of  the  crowns  of  the  teeth  or  by  caries. 
In  both  cases  the  dentinal  fibrils  are  subject  to  irri- 
tation, and  this  irritation  determines  the  deposition  of 
lime  salts  in  the  substance  of  the  pulp.  When  once 
such  a  deposition  begins,  it  tends  to  increase  till  the 
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pulp  is  changed  from  a  highly  sensitive  hving  organ- 
Ksm  to  one  practically  lifeless,  without  nerves  or 
vessels.  During  the  course  of  calcification  quite 
severe  pain  may  arise,  evidently  due  to  the  pressure 
of  the  calcareous  masses  upon  the  nerve  filaments. 

Seconilarij  Dniliiic.—A.  change  similar  to  that  occur- 
ring in  calcification  of  the  pulp  is  that  which  takes  place 
in  the  formation  of  secondary  dentine.  This  formation 
is  found  on  the  periphery  of  the  pulp  at  a  place  adja- 
cent to  a  carious  cavity,  and  is  deposited  by  the  odon- 
toblastic laver  of  the  pulp,  which  is  the  formative 
agent  in  no'rmal  dentine.  Secondary  dentine  is  evi- 
dently a  means  taken  by  nature  for  the  protection 
of  the  pulp  against  the  injurious  influences  incident  to 
advancing  caries.  Secondary  dentine  is  similar  in 
structure  to  normal  dentine,  containing,  like  it, 
tubules  and  fibrils.  Its  formation  is,  however,  some- 
what less  regular,  and  in  case  the  secondary  dentine 
extends  far  toward  the  interior  of  the  pulp,  it  loses  its 
supply  of  dentinal  tubes  and  becomes  less  like  dentine 
and  more  like  a  calcified  pulp.  While  the  formation  of 
secondary  dentine  in  the  neighborhood  of  decay 
undoubtedlv  tends  for  a  time  to  prolong  the  life  of  the 
pulp,  experience  seems  to  show  that  secondary  dentine, 
when  once  deposited,  tends  to  increase  to  such  pro- 
portions as  in  the  end  to  destroy  the  life  of  the  pulp. 

The  process  just  described  is  to  be  distinguished 
from  that  deposition  of  dentine  which  takes  place  by 
degrees  during  the  whole  life  of  the  tooth.  This 
deposit  is  very  slow  in  formation,  and  takes  place 
uniformly  around  the  inner  side  of  the  whole  pulp 
cavity.  By  this  physiological  deposition  of  dentine 
the  pulp  cavities  in  the  teeth  of  old  people  are  reduced 
to  very  small  proportions.  This  seems  to  indicate 
that  tlie.  pulp  is  useful  and  necessary  inversely  to  the 
age  of  the  tooth. 

Polypiis  of  the  Pulp. — There  is  another  pathological 
change  which  increases  the  size  of  the  pulp.  Such  an 
increase  can  occur  only  in  case  the  pulp  has  been 
exposed.  Let  such  a  pulp  be  subjected  to  the  irrita- 
tion of  foreign  substances,  and  likewise  to  that  of  the 
sharp  edges  of  a  carious  cavity,  and  it  will  sometimes 
proliferate  and  fill  the  cavity. 

Why  the  pulp  does  not  become  inflamed  and  de- 
stroyed under  such  circumstances  cannot  be  explained. 
This  process  has  usually  been  noticed  in  the  case  of 
young  teeth.  The  grow-th  may  assume  the  size  of  a 
pea,  or  be  larger.  It  is  of  fleshy  consistence,  and  is 
organically  united  to  the  pulp  by  a  narrow  pedicle, 
hence  it  is  called  polypus  of  the  pulp.  In  micro- 
scopic examination  it  is  found  to  consist  of  numerous 
round  and  spindle-shaped  cells,  interspersed  with 
fibrous  tissue,  and  an  epithelial  covering  has  been 
described  by  some  writers.  Its  blood-vessels  pursue 
a  tortuous  and  irregular  course,  unlike  those  in  the 
pulp.  No  nerves  have  been  found  in  this  tumor,  yet 
it  is  slightly  sensitive  to  touch,  resembling  the  gum  in 
this  respect.  Sometimes  a  muco-purulent  discharge 
issues  from  its  periphery.  A  polypus  protects  the 
pulp  against  external  violence.  It  is  extremely  te- 
nacious of  life,  and  will  grow  again  if  cut  off. 

A  growth  similar  to  a  polypus  takes  place  in  some 
cases  of  fractured  teeth.  The  pulp,  having  been 
exposed,  proliferates  through  the  openings  caused  by 
the  fracture  and  forms  a  tumor  outside  the  pulp 
cavity.  This  tumor,  morphologically,  resembles  a 
true  poh-pus  of  the  pulp;  it  has,  however,  a  nerve 
supply,  and  is  quite  sensitive  to  the  touch,  thus  differ- 
ing from  a  polypus.  Salter  has  named  this  growth  a 
"sensitive  sprouting  of  the  pulp." 

Caries. — Under  pathology  of  the  dentine  the  most 
important  process  is  caries.  This  process  affects  the 
enamel  and  cementum  as  well  as  the  dentine,  but  has 
more  to  do  with  the  dentine  than  with  the  other  tis- 
sues. In  the  first  place,  it  may  be  said  that  caries 
of  the  teeth  does  not  resemble  caries  of  bone.  The 
term  caries  as  applied  to  the  teeth  is  a  misnomer, 
given  at  a  time  when  the  true  nature  of   the  process 
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wa-s  not  understood.     However,  the  term  has  become 
so  generally  used  that  is  cannot  now  be  easily  dropped. 
The  pathological  change  which  occurs  in  caries  is  a 
decalcification  and  disintegration  of  the  several  tissues 
of  the  teeth.     The  latter  condition  follows  very  quickly 
upon  the  former,  on  account  of  the  large  proportion 
of  earthy  constituents  existing  in  the  parts  attacked. 
Caries  may  affect  any  of  the  teeth  of  either  dentition, 
but    it   affects    certain   teeth    more   frequently    than 
others.     Magitot  has  tabulated  ten  thousand  cases  of 
caries  occurring  in  the  permanent  teeth,  and  his  tables 
show  that  the  tooth  most  liable  to  caries  is  the  first 
lower  molar,  after  which  follow  in  succession  the  first 
upper   molar,   the   second   lower   molar,    first   upper 
bicuspid,  second  upper  bicuspid,  upper  lateral,  second 
upper  molar,  upper  central,  second  lower  bicuspid, 
upper   canine,   first   lower   bicuspid,    upper   wisdom, 
lower  wisdom,  lower  canine,  lower  central,  and  lateral. 
Caries  not  only  shows  a  preference  for  certain  teeth 
rather  than  for  others,  but  it  also  shows  a  preference 
for    certain    parts    of    individual 
teeth  rather  than  for  other  parts 
Those  surfaces  of  the  teeth  v,  hich 
are  smooth  and  kept  clean  by  tin 
motions  of  the  tongue,  lips,  and 
cheeks,  are  not  usually  attacki  1 
by  caries;  while  surfaces  present- 
ing an  uneven  contour,  abound- 
ing in  pits  and   fissures,   are   its 
favorite  seat.     Hence,  we  find  it 
located  in  the  crowns  of  the  molais 
and  bicuspids,  in  the  pits  on  the 
lingual  surfaces  of  the  six  superior 
front   teeth,  and   on  all  approxi- 
mal   surfaces  which,  though   not 
uneven,  are  not  cleansed  b^  the 
motions  of  the  mouth.     The  buc- 
cal and  labial  surf  aces  of  the  teeth, 
just  at  the  margin  of  the  gum,  are 
likewise  often  the  seat  of  canes 
Caries  manifests  its  presence  bv  a 
change  of  color  in  the  tissues  at- 
tacked.   This     change    may    be 
merely  from  translucency  to  opac- 
ity,   or    to    a   variety   of    colors 
ranging    from    yellow   to   brown, 
and  even  black;  sometimes  a  gray 
or  bluish-gray  is  seen.     As  a  rule, 
the  slower  the  progress  of  the  dis- 
ease the  deeper  the  color  of  the 
affected  parts,  and  conversely,  the 
more  rapid  its  progress  the  lighter 
the    color  of  the  affected  parts. 
Caries  usually  attacks  the  enamel 
first,  though   it   may  begin  with 
the  cementum.     It  starts  in  a  small  pit  or  fissure,  on 
the  grinding  surfaces  of  the  teeth,  or  on  the  approximal 
surfaces  of  the  teeth.     The  enamel  loses  its  peculiarly 
hard  and  dense  surface.     Instead  of  resisting  the  most 
highly  tempered  steel  instruments,  as  does  normal  en- 
amel, it  crumbles  away  under  slight  force.    Thus  a  small 
opening  is  made  through  the  enamel  to  the  dentine. 
This  opening  may  be  as  large  as  the  head  of  a  pin,  or 
it   may   be   very   minute.     During   this   process   the 
enamel    has    become    decalcified    and    disintegrated. 
Some  authorities  say  that  the  center  of  the  enamel 
prisms  is  first  affected,   and  others  that  the   inter- 
prismatic  substance  is  first  destroyed,  in  consequence 
of  which  the  prisms  separate  and  fall  to  pieces.    When 
once  caries  has  perforated  the  enamel  it  no  longer  con- 
fines itself  to  a  narrow  area,  but  spreads  out  laterally 
between    the   enamel   and    dentine.     The    degree   of 
lateral  extension  varies  greatly,  but  seems  to  be  some- 
what dependent  on  the  structure  of  the  dentine.     If 
the  dentine  is  well  calcified,  and  with  few  interglobular 
spaces,  the  lateral  extension  is  not  so  great  as  when  the 
dentine    Ls    imperfectly    calcified    and    abounding   in 
interglobular    spaces.     The    carious    process    in    its 


Fig.  4746.— An  In- 
cisor Tooth  ASected 
with  Caries.  a.  A 
deposition  of  second- 
ary dentine  about  the 
cavity  of  decay. 
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lateral  extension  seems  to  follow  the  anastomoses  of 
the  dentinal  tubules,  which  are  very  abundant  at  the 
junction  of  the  dentine  and  enamel.  After  having 
affected  a  certain  area  on  the  periphery  of  the  dentine, 
caries  penetrates  its  substance,  following  the  tubules 
toward  the  pulp.  Inasmuch  as  the  tubules  converge 
from  the  periphery  of  the  dentine  toward  the  pulp 
cavity,  the  progress  of  caries  is  marked  by  a  cone- 
.shaped  area,  the  large  end  of  the  cone  being  in  the 
jjeriphery  of  the  dentine,  and  the  small  end  pointing 
toward  the  pulp.  Caries  tends  to  penetrate  the  pulp 
cavity,  and  rarely  fails,  unless  checked  by  mechanical 
means.  When  once  the  pulp  cavity  has  been  pene- 
trated, the  pulp  is  exposed  to  the  degenerative  changes 
already  described,  and,  as  a  rule,  dies  and  disinte- 
grates. The  carious  process  then  invades  the  pulp 
cavity,  meanwhile  spreading  laterally  through  the 
dentine  from  the  area  originally  attacked,  and  disin- 
tegrating the  enamel  from  the  under  side.  By  degrees 
the  crown  of  the  tooth  becomes  so  hollowed  out  by  the 
continuous  softening  and  disintegration  of  the  dentine 
that  the  shell  of  enamel  left  becomes  unable  to  with- 
stand the  force  of  mastication,  and  consequently  is 


Fio.  4747. — Microscopic  Section  through  a  Carious  Cavity  Oc- 
curring in  a  Molar  Tooth.  A,  The  initial  opening  through  the 
enamel;  B,  the  cone-shaped  area  of  decay — theaffected  tissue  being 
discolored  and  somewhat  softened,  but  not  disintegrated:  C,  a  mi- 
nute pit  in  the  enamel  where  caries  has  just  started;!),  theenamel; 
K,  the  dentine;  F ,  the  pulp   cavity. 

broken  away.  Nor  does  caries  stop  with  tha  destruc- 
tion of  the  crown;  it  continues  its  work  in  the  root, 
enlarging  the  root  canal  at  the  expense  of  the  sur- 
rounding root  substance  until  the  root  becomes  a  mere 
shell  and  is  finally  entirely  disintegrated. _  The 
carious  process  in  the  root  is  not  so  rapid  as  in  the 
crown,  and  roots  may  withstand  its  action  for  years. 

The  microscopic  examination  of  the  carious  process 
shows  the  change  in  color  of  the  affected  parts  which 
has  been  described,  and  the  disintegration  of  the  en- 
amel rods.  The  tubules  of  the  dentine  appear  enlarged 
in  caliber;  and  their  size  increases  as  the  process 
advances.  The  intertubular  substance  diminishes 
with  the  enlargement  of  the  tubules,  and  finally 
(U.-;;ii)pears  with  the  confluence  of  adjacent  tubules. 
Microorganisms  are  found  in  great  numbers  within 
the  tubules. 

In  the  cement,  the  carious  process  is  similar  to  that 
foimd  in  the  dentine.  The  lacuna-  and  canaliculi  are 
enlarged  at  the  expense  of  the  surrounding  tissue, 
which  softens  and  breaks  down  as  t  he  process  advances. 

Microorganisms  are  present  as  in  carious  dentine. 

A  chemical  change  to  be  especially  noted  in  connec- 


tion with  all  the  tissues  affected  by  caries  is  the  acid 
reaction  which  is  invariably  present. 

Elinlogy  of  Caries. — There  are  certain  predisposing 
causes  upon  which  all  are  agreed;  of  such  may  be 
mentioned  a  faulty  calcification  of  the  enamel,  whicn 
leaves  the  dentine  exposed;  a  faulty  calcification  of  the 
dentine,  which  leaves  it  less  able  to  resist  degenerative 
changes;  a  crowded  condition  of  the  teeth,  on  account 
of  which  it  is  difficult  to  keep  the  spaces  between  the 
teeth  clean. 

\yith  regard  to  the  exciting  or  immediate  causes  of 
caries,  there  has  been  great  diversity  of  opinion.  Of 
the  ancient  pathologists,  some  ascribed  caries  to  a 
disturbance  in  the  "humors  of  the  body."  Others 
regarded  it  as  due  to  the  ravages  of  worms  which 
infested  the  oral  cavity. 

When  we  come  to  observers  of  scientific  repute,  we 
find  that  the  older  ones  held  to  a  vital  or  inflammatory 
theory.  According  to  them,  the  disease  began  from 
within,  by  an  inflammatory  process  of  the  dentine  or 
pulp,  the  process  in  dentine  resembling  caries  of  bone; 
hence  the  term  caries  was  applied  to  it  also. 

The  vital  theory  of  caries  has  been  effectually  dis- 
proved by  the  fact  that  when  natural  teeth  have  been 
mounted  upon  artificial  plates,  and  thus  worn  in  the 
mouth,  they  have  been  subjected  to  caries,  precisely 
resembling  the  caries  of  the  teeth  normally  situated  in 
the  jaw. 

By  others,  caries  was  considered  to  be  a  sort  of 
gangrene,  due  to  a  disturbance  in  the  nutrition  of  the 
dentine. 

When,  however,  the  secretions  of  the  mouth  came  to 
be  studied  with  reference  to  their  possible  agency  in 
producing  caries,  and  when  they  were  found  to  be  at 
times  acid,  and  when,  also,  the  acid  fermentations 
occurring  in  the  mouth  came  to  be  studied  in  this 
connection,  there  was  developed  what  is  called  the 
acid  theory  of  caries.  According  to  this  theory,  caries 
originates  from  without  and  not  from  within,  as  those 
holding  the  vital  theory  claimed.  The  active  agency 
in  producing  it  is  acids,  which  are  always  present  in  the 
mouth,  due  either  to  acid  secretions  or  acid  fermenta- 
tions. These  acids  are  to  a  large  extent,  it  is  true, 
neutralized  by  the  alkalinity  of  the  normal  mixed 
saliva;  but  in  some  places,  as  in  the  crowns  of  molars 
and  in  the  spaces  between  the  teeth,  the  acid  secretions 
are  so  protected  from  the  neutralizing  influence  of  the 
saliva  that  they  are  able  to  retain  their  reaction  and 
attack  the  enamel,  decomposing  the  phosphate  of 
lime  and  other  mineral  constituents,  of  which  it  is 
largely  composed.  Having  penetrated  the  enamel, 
the  acids  act  in  a  similar  manner  upon  the  dentine. 
According  to  this  theory  the  tissues  of  the  tooth  are 
affected  by  chemical  decomposition,  as  if  there  were 
no  vital  element  whatever  concerned.  To  substan- 
tiate this  view  many  experiments  were  made,  by  sub- 
jecting extracted  teeth  to  the  influence  of  a  weak  acid 
solution  imitating  conditions  found  in  the  mouth. 
Teeth  thus  treated  underwent  a  softening  and  decalci- 
fication similar  to  that  found  in  the  mouth  in  the  case 
of  caries.  The  point  was  thus  well  established  that 
caries  consisted  m  the  decalcification  and  disinteera- 
tion  of  the  mineral  constituents  of  the  teeth  by  an 
acid. 

While  some  have  held  a  vital  theory  to  account  for 
caries,  and  others  an  acid  theory,  still  others  again 
have  taken  middle  ground  and  held  a  chemicovital 
theory. 

The  discovery  of  the  presence  of  microorganisms  in 
the  tubules  of  dentine  affected  by  caries  was  an  im- 
portant step  in  advancing  our  knowledge  of  the  proc- 
ess. The  name  of  Icptothrix  buccalis  was  given  to 
these  organisms  when  first  discovered.  Though  their 
true  agency  in  caries  was  not  at  once  understood,  they 
were  considered  to  play  an  important  role.  Extensive 
investigations  have  been  made  to  determine  more 
accuratelv  the  nature  of  the  microorganisms  found  in 
the  mouth,  and  their  relation  to  the  process  of  caries. 
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The  earliest  of  these  investigations  were  conducted  by 
Dr.  W.  D.  Miller,  of  Berlin.  His  method  was  to  infect 
sterilized  culture  media  of  vaiious  kinds  with  neutral 
saliva  or  with  neutral  carious  dentine,  and  he  found, 
invariably,  that,  when  the  culture  medium  contains 
sugar,  anacid  is  produced.  By  successive  cultures  he 
has  isolated  the  organisms  wliich  produce  the  acid. 
Of  the  organisms  he  writes  as  follows:  "  We  have,  then, 
in  carious  dentine,  two  distinct  fungi — one  always,  the 
other  often,  present;  the  former  surely,  the  latter 
l)robablv,  producing  lactic  acid  from  sugar"  ("Ameri- 
can Sv.s'tom  of  Dentistry,"  vol.  i.,  p.  803).  Perfectly 
.sound  dentine,  subjected  to  a  pure  culture  of  the  fungi 
just  mentioned  in  a  medium  containing  sugar,  under- 
went, in  course  of  time,  typical  caries.  According  to 
Dr.  Miller — and  his  theory  is  now  quite  generally 
accepted — the  history  of  caries  is  as  follows:  It  starts 
wherever,  from  the  contour  of  individual  teeth  or  from 
the  relation  of  one  tooth  to  another,  a  collection  of 
food  is  possible.  In  every  such  collection  are  multi- 
tudes of  microorganisms  which  are  capable  of  thriving 
in  the  presence  of  sugar,  and  of  decomposing  this  sub- 
stance and  forming  lactic  acid.  This  acid  decalcifies 
the  enamel  and  forms  a  small  pit  which,  being  con- 
stantly filled  with  food,  offers  a  favorable  nidus  for  the 
contiiiued  growth  of  the  same  organisms.  When  the 
enamel  has  been  penetrated,  the  organisms  begin  to 
multiply  in  the  tubules  of  the  dentine,  and  there  con- 
tinue the  decomposition  of  sugar  absorbed  from  the 
mouth.  The  resulting  lactic  acid  enlarges  the  tubules 
by  the  decomposition  of  the  mineral  constituents  of 
the  dentine.  It  is  possible  that  at  one  time  the  secre- 
tions of  the  mouth  may  be  more  unfavorable  to  the 
life  of  microorganisms  than  at  another,  since  it  is  well 
known  that,  at  certain  times  and  in  certain  individuals, 
caries  progresses  very  rapidly.  Dr.  Miller's  explana- 
tion of  the  phenomenon  of  caries  is  not  considered 
complete,  but  it  states  the  main  factor  in  the  produc- 
tion of  caries,  viz.,  the  conversion  of  carbohydrate 
foods  by  the  bacteria  of  the  mouth  into  lactic  acid  and 
the  dis.so!ution  of  tooth  sub.stance  by  lactic  acid. 
Bacteria  are  also,  probably,  responsible  for  the  solu- 
tion of  the  organic  material  of  the  teeth.  Very  recent 
work  upon  the  cause  of  dental  caries  has  been  done  in 
the  biochemical  laboratory  of  Columbia  University 
by  Prof.  William  J.  Gies  and  published  in  the  journal 
of  the  .\llied  Societies,  vols,  viii.,  ix.,  and  x. 

Ernaion. — A  condition  resembling  caries,  and  yet 
essentially  differing  from  it,  is  erosion.  Ero-sion  is  com- 
monly found  on  the  labial  surface  of  the  six  anterior 
teeth,  either  at  the  margin  of  the  gum,  or  between  it  and 
the  cutting  edge.  It  also  sometimes  affects  the  bicus- 
pids and  molars.  Erosion  produces  shallow  cavities, 
which  involve  the  enamel  and  penetrate  to  the  dentine. 
These  cavities  are  larger  at  their  external  opening  than 
in  their  deeper  parts,  and  are  smooth,  hard,  and  polished 
throughout.  They  present  neither  the  characteristic 
softening  nor  undermining  growth  which  are  found 
in  caries.  The  cavities  do  not  rapidly  enlarge,  but 
may  becorrie  of  such  size  as  to  threaten" the  life  of  the 
pulp.  Caries  is  sometimes  superadded  to  erosion, 
thus  inodifying  the  course  of  the  destructive  process. 
The  etiology  of  erosion  is  not  definitely  determined. 

Pathological  Changes  in  the  Cement. — The  most 
common  pathological  change  of  the  cement  is  an 
hypertrophy,  which  is  due  to  an  irritation  of  the  peri- 
dental membrane.  This  membrane,  lying  between 
the  cement  of  the  root  and  the  bony  alveolus,  is  at 
once  the  formative  membrane  of  the  cement  of  the 
tooth  and  of  the  adjacent  bone  of  the  alveolus.  When, 
however,  the  cement  of  the  root  has  been  completed, 
the  activity  of  the  peridental  membrane,  so  far  as  its 
cement-forming  function  is  concerned,  normally  ceases. 
It  does  not  resume  this  function  unless  subjected  to 
irritation,  in  which  case  it  may  deposit  additional 
cement  upon  the  root  in  various"  ways.  The  deposit 
may  be  diffuse,  covering  the  entire  root,  though  most 
abundant  at  the  apex.     It  may  be  nodular,  the  nod- 
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ules  being  found  at  any  point  on  the  root,  and  being  of 
various  sizes;  or  it  may  consist  of  a  club-shaped  en- 
largement at  the  end  of  the  root. 

The  added  cement  is  similar  in  structure  to  the 
primary  cement,  the  union  between  the  two  deposits 
being,  as  a  rule,  not  noticeable.  In  certain  cases, 
however,  blood-vessels  penetrate  this  secondary  deposit 
of  cement,  a  condition  not  found  in  the  primary  de- 
posit. Hj-pertrophy  of  the  cement  has  never  been 
observed  in  the  case  of  the  temporary  teeth,  and  af- 
fects the  permanent  teeth  during  adult  life.  The 
teeth  most  commonly  involved  are  the  upper  bicuspids 
and  molars,  though  the  others  are  not  exempt.  Hy- 
pertrophies of  the  cement  are  called  hj^jercementoses, 
osteomata,  and  exostoses.  Of  the  causes  which  pro- 
duce an  irritation  of  the  peridental  membrane,  and 
consequent  h^-pertrophy  of  the  cement,  perhaps  the 
most  frequent  is  caries  with  its  sequelse,  viz.,  inflamma- 
tion and  death  of  the  pulp,  with  extension  of  the  in- 
flammation to  the  peridental  membrane.  Another 
cause  is  the  undue  pressure  which  teeth  are  sometimes 
subjected  to  in  the  process  of  occlusion  and  mastica- 
tion. This  arises  when  many  of  the  teeth  have  been 
lost  and  the  few  remaining  ones  are  compelled  to 
bear  all  the  strain  of  service.  In  such  cases  the  peri- 
dental membrane  is  overworked,  literally  crowded  to 
the  wall,  and  in  consequence  may  become  irritated. 
The  same  effect  may  be  produced  by 
the  insertion  of  fillings  which  project 
from  the  crown  of  a  tooth  so  far  as  to 
concentrate  the  force  of  occlusion  on 
the  filled  tooth.  While  hypertrophy 
of  the  cement  is  commonly  due  to  irri- 
tation from  undue  force,  there  are  cases 
in  which  teeth  having  no  antagonists 
>are  found  to  have  hypertrophied  ce- 
ment. The  symptoms  which  may  Fio.  4748. — 
arise  from  an  hypertrophy  of  the  ce-  General  Hyper- 
ment  are  caused  by  the  pressure  of  the  trophy  of  the 
new  growth  upon  the  nerves  of  the  tT^R"' . "''?"' 
peridental  membrane  and  upon  the  guperio?  Molar 
nerves  of  the  pulp  at  the  apical  fora-  Tooth, 
men.  Many  cases  of  hj^pertrophy 
exist  which  occasion  no  symptoms,  the  condition  be- 
coming known  only  after  extraction.  In  old  people 
it  is  usual  to  find  the  cement  somewhat  thickened, 
and  this  change  can  almost  be  called  physiological, 
so  constantly  does  it  occur.  Doubtless  the  process 
is  so  gradual  that  the  surrounding  tissues  accom- 
modate themselves  to  the  enlarged  root,  and  their 
nerves  are  subjected  to  no  irritation.  In  other  cases 
pain  is  an  important  and  persistent  symptom.  The 
pain  may  be  localized  and  accompanied  by  a  soreness 
in  the  socket,  or  it  may  be  diffused  throughout  the 
jaw  or  reflected  to  adjoining  parts  of  the  head.  Severe 
neuralgias  of  the  head,  face,  and  neck  have  been  found 
to  owe  their  origin  to  the  hypertrophy  of  the  cement 
of  a  tooth.  The  tooth  may  appear  to  be  perfectly 
sound,  in  which  case  it  is  only  possible  to  locate  the 
source  of  the  pain  by  means  of  the  i-ray.  When, 
however,  neuralgias  exist  in  connection  with  teeth 
which,  though  not  carious,  are  the  seat  of  pain  or  are 
sore  in  the  socket,  it  is  fair  to  suspect  either  an  hyper- 
trophy of  the  cement  or  a  calcification  in  the  pulp. 
Not  only  does  an  enlarged  cement  cause  severe  neural- 
gic pains  about  the  head  and  face,  but  cases  of  epi- 
lepsy and  insanity  have  been  reported  as  due  to  the 
.same  cause.  A  case  from  Tomes'  "  Dental  Surgery"  is 
in  point.  "A  lad,  a  farm  laborer  from  Windsor,  was 
admitted  into  the  Middlesex  Hospital  for  epilepsy. 
The  usual  remedies  were  tried  for  six  weeks  without 
effect.  His  mouth  was  then  examined  and  the  molar 
teeth  of  the  lower  jaw  found  to  be  much  decayed,  the 
fangs  of  some  alone  remaining.  Although  he  did  not 
complain  of  pain  in  the  teeth  or  in  the  jaw,  the  decayed 
teeth  were  removed,  and  the  fangs  of  each  were  found 
to  be  enlarged  and  bulbous  from  exostosis.  During 
the  eighteen  months  that  succeeded  the  removal  of  the 
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diseased  teeth  he  had  not  suffered  from  a  single  fit, 
though  for  many  weeks  previous  to  the  operation  he 
had  had  two  or  three  per  day." 

A  second  pathological  change  of  the  cement  is 
absorption.  This  is  often  found  in  connection  with 
hj-pertrophy,  and  occurs  at  scattered  points  and  pro- 
duces depressions  in  the  surface  of  the  cement.  In 
cases  of  long-continued  inflammation  about  the  apex 
of  the  root,  the  cement  is  likely  to  be  in  part  absorbed, 
giving  a  rough  outline  to  the  apex. 

Pathology  of  the  Peridental  Membrane. — Disease  of 
the  peridental  membrane  may  be  due  to  a  constitu- 
tional disturbance  or  to  pathological  affections  of  the 
pulp,  or  may  be  dependent  upon,  or  associated  with, 
calcareous  deposits  upon  the  root  of  the  tooth. 
Of  the  constitutional  affections  which  react  upon  the 
peridental  membrane,  Tomes  enumerates  rheuma- 
tism, syphilis,  and  the  exhibition  of  mercury. 

Inflammation  of  the  peridental  membrane  from 
rheumatism  is  independent  of  caries,  and  may  involve 
one  or  more  teeth.  The  inflammation  is  distributed 
over  the  entire  membrane,  causing  a  loosening  of  the 
tooth  and  a  soreness  in  the  socket.  Its  course  is 
subacute  or  chronic,  does  not  tend  to  abscess,  and  is 
amenable  to  constitutional  treatment. 

Inflammation  of  the  peridental  membrane  from 
syphilis  is  chronic.  Pus  may  be  discharged  around 
the  neck  of  the  tooth,  which  becomes  sore  in  the  socket 
and  loose.  If  the  disease  is  unchecked  the  teeth  may 
fall  out  of  their  own  accord,  owing  to  a  complete  de- 
struction of  the  peridental  membrane.  Associated 
with  this  process  there  often  occurs  a  necrosis  of  the 
surrounding  bone. 

Inflammation  from  the  administration  of  mercury, 
whether  in  the  treatment  of  syphilis  or  not,  is  associ- 
ated with  ptyalism,  and  is  of  a  subacute  or  chronic 
character.  The  teeth  become  loosened  and  sore  in 
their  sockets,  and,  if  the  drug  is  long  continued,  a 
discharge  of  pus  around  the  neck  of  the  teeth  and  final 
loss  of  the  teeth  may  result. 

The  effect  of  phosphorus  upon  the  peridental  mem- 
brane, though  not  belonging  strictly  under  constitu- 
tional affections,  is  of  great  interest.  Persons  subjec- 
ted to  the  fumes  of  phosphorus,  as  are  those  who  work 
in  match  factories,  often  have  necrosis  of  the  maxillary 
bones.  This  necrosis  starts  with  an  inflammation  of 
the  peridental  membrane,  which  Is  very  sensitive  to 
the  irritating  fumes  of  phosphorus.  As  a  result  of 
inflammation  the  membrane  is  destroyed,  and  the 
bony  alveolus  being  thus  cut  off  in  large  degree  from 
its  source  of  nourishment,  necrosis  is  invited.  It  has 
been  found  that  this  disease  mainly  affects  operatives 
in  whose  mouth  are  carious  teeth,  or  who  have  had 
teeth  extracted  while  pursuing  their  occupation. 
The  phosphorus  fumes  enter  a  carious  cavity  and  reach 
the  peridental  membrane  by  way  of  the  apical  fora- 
men. If,  however,  the  teeth  are  sound  and  the  gums 
healthy,  phosphorus  has  little  if  any  destructive  effect 
in  the  mouth. 

Pathological  affections  of  the  peridental  membrane 
consequent  upon  disease  of  the  pulp  are  of  frequent 
occurrence.  When  the  pulp  has  become  severely 
inflamed  it  is  common  to  find,  in  addition  to  the  symp- 
toms attendant  upon  simple  inflammation  of  the  pulp, 
a  soreness  of  the  tooth  in  the  socket.  If  the  tooth  is 
then  percussed  with  a  steel  instrument  the  patient 
will  flinch.  This  is  an  indication  that  the  inflamma- 
tion has  proceeded  up  the  root  canal  and  extended  to 
the  peridental  membrane  situated  around  the  apex  of 
the  root.  Symptoms  pointing  to  inflammation  around 
the  root  do  "not  always  appear  during  the  inflamma- 
tory stage  of  the  pulp;  they  more  commonly  follow  its 
death  and  putrefaction.  When  this  has  occurred, 
irritating  products  of  decomposition,  both  gaseous  and 
liquid,  pa.ss  up  through  the  canal  and  set  up  acute 
inflammation  in  the  membrane  at  the  apex  of  the  root. 
In  the  light  of  our  knowledge  of  the  agency  of  micro- 
organisms in  inflammatory  processes,  we  must  consider 


that  the  bacteria  which  were  active  in  producing 
inflammation  of  the  pulp,  are  akso  active  in  the  conse- 
quent mflamraation  of  the  peridental  membrane. 
This  membrane  being  of  connective  tissue,  and  richly 
supplied  with  blood-vessels,  is  an  excellent  field  for  in- 
flammatory action,  and  being  closelv  confined  between 
unyielding  walls,  and  having  an  abundant  ner\-e  sup- 
ply, is  capable  of  producing  symptoms  of  the  severest 
character.  When  an  inflammatory  process  has 
started  at  the  apex  of  the  root,  the  tissues  become 
swelled  and  engorged  with  blood,  the  condition  ex- 
tending from  the  apex  toward  the  neck  of  the  tooth. 
In  consequence  of  the  swelling  of  the  membrane,  the 
tooth  is  pushed  slightly  from  its  socket  and  becomes 
loose.  The  clinical  symptoms  are  u.shered  in  bv  a  dull, 
continuous  pain,  which  is  not  occasioned  bv  changes 
of  temperature,  as  is  often  the  case  with  inflammation 
of  the  pulp.  The  tooth  upon  pressure  feels  sore  in  the 
socket,  yet  during  the  first  stages  of  the  inflammation 
a  grinding  of  the  affected  tooth  against  its  antagonists 
gives  some  relief.  The  inflammatory  process  some- 
times stops  at  this  point,  but  very  often  goes  on  to  the 
formation  of  an  alveolar  abscess. 

Alveolar  abscess  forms  about  the  tip  of  the  root. 
As  pus  collects,  the  neighboring  bony  tissue  is  ab- 
sorbed, and  a  cavity  is  formed  varying  in  size  accord- 
ing to  the  severity  of  the  inflammation.  Like 
abscesses  in  other  parts  of  the  body,  it  seeks  an  outlet 
at-  the  point  of  least  resistance.  There  are  several 
ways  in  which  the  pus  may 
make  its  escape.  It  may  pene- 
trate the  bony  alveolus  in  a  line 
which  is,  roughly  speaking,  at  a 
right  angle  to  the  root  of  the 
affected  tooth,  and  thus  make 
its  escape  into  the  mouth,  or,  in 
some  cases,  upon  the  face.  Or 
it  may  pass  down  the  length  of 
the  root,  eit her  between  t he  peri- 
dental membrane  and  the  ce- 
ment, or  between  the  peridental 
membrane  and  the  bony  socket, 
in  both  cases  discharging  about 
the  neck  of  the  tooth.  When 
an  alveolar  abscess  occurs  in 
connection  with  the  six  an- 
terior teeth  and  bicuspids  of 
the  upper  jaw,  it  usually  discharges  on  the  labial  surface 
of  the  alveolus,  at  a  point  about  opposite  the  tip  of  the 
root  of  the  affected  tooth.  In  rare  instances  an  abscess 
connected  with  these  teeth  may  discharge  on  the  out- 
side of  the  front  part  of  the  face  or  into  the  luisal  cavity, 
and  in  the  case  of  the  bicuspids,  into  the  antrum  of 
Highmore.  An  abscess  occurring  in  connection  with 
the  upper  molars  most  commonly  discharges  on  the 
buccal  surface  of  the  alveolus,  about  opposite  the  tips 
of  the  roots  affected.  It  may,  however,  discharge  m 
the  neighborhood  of  the  hard  palate,  when  proceeding 
from  the  palatal  root.  Besides  these  usual  points  of 
discharge,  the  abscess  may  open  into  the  antrum  or 
upon  the  outside  of  the  face,  near  the  union  of  the 
malar  and  superior  maxillary  bone.  Abscesses 
formed  about  the  lower  anterior  teeth  usually  open  on 
the  labial  side  of  the  alveolus,  within  the  mouth. 
They  may,  however,  open  on  the  outside  of  the  face, 
below  the  horizontal  portion  of  the  jaw.  .Xbsccsses 
in  connection  with  the  lower  bicuspids  usually  open 
on  the  buccal  side  of  the  alveolus,  though  they  may 
discharge  on  the  face,  along  the  body  of  the  jaw. 
Abscesses  connected  with  the  lower  molar  teeth  usu- 
ally find  exit  upon  the  buccal  side  of  the  alveolus,  but 
sometimes  on  the  outside  of  the  face,  adjoining  the 
inferior  maxillary  bone.  Cases  are  reported  in  which 
the  abscess  has  opened  in  the  neck,  and  even  as  low 
down  as  the  infraclavicular  region.  .\lveolar  ab- 
scesses usually  assume  a  chronic  condition,  and  keep 
up  a  discharge  of  pus  from  their  fistulous  opening  as 
long  as  the  root  in  connection  with  which  they  have 
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Fig,  474y. — Absorp- 
tion of  Bone,  produced  by 
an  Alveolar  Abscesa  at 
the  Tip  of  the  Hoot  of  a 
Left  Superior  Incisor. 
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been  formed  remains  in  the  mouth,  or  until  the  pulp 
canal  of  the  root  has  been  jiroperly  cleaned  and  filled. 
The  opening  of  an  alveolar  abscess  upon  the  face  or 
neck  has  oftentimes  been  mistaken  for  the  discharge 
from  necrosed  bone.  A  case  coming  under  the  obser- 
vation of  the  writer,  while  in  charge  of  the  Dental 
Infirmary  of  the  Harvard  Dental  School,  will  illus- 
trate the  point.  A  farmer,  from  the  western  part  of 
Massachusetts,  came  to  the  Massachusetts  General 
Hospital  to  be  treated  for  a  fistula  opening  at  the 
symphysis  of  the  lower  jaw.  The  fistula  discharged 
more  or  less,  and  was  thought  to  be  due  to  necrosis  of 
the  lower  jaw.  The  condition  had  existed  for  about 
two  years,  and  had  been  treated  by  injecting  the 
fistula  with  various  medicaments.  At  the  hosi)ital 
they  declined  to  operate  till  his  teeth  had  been 
examined.  Such  an  examination  showed  a  lower 
incisor  wliich,  though  not  carious,  was  believed  to 
contain  a  dead  pulp  and  to  be  the  origin  of  the  fistula. 
The  tooth  was  extracted  at  the  Dental  Infirmary,  and 
the  patient  .idvised  to  return  home  and  report  in  a 
month's  time.  In  due  time  the  patient  reported  that 
the  fistula  had  completely  healed.  While  not  all 
cases  of  fistula  about  the  face  are  due  to  dental 
abscess,  yet  the  teeth  should  always  be  examined 
when  such  a  case  presents  itself. 

The  clinical  symptoms  attendant  upon  alveolar 
abscess  are  well  marked  and  of  peculiar  severity. 
Since  alveolar  abscess  starts  with  simple  inflammation 
of  the  peridental  membrane,  the  first  symptoms  are 
the  same  as  those  described  under  that  affection. 
As  tlie  condition  advances,  however,  the  pain  becomes 
more  intense,  the  tooth  is  farther  protruded  from  its 
socket,  and  is  exquisitely  .sensitive,  the  touch  of  a 
finger  often  being  sufiicicnt  to  produce  great  agony. 
Sometimes  the  formation  of  pus  is  marked  by  a  chill 
and  rise  of  temperature.  This  formative  stage  may 
last  from  twenty-four  to  forty-eight  hours;  meanwhile 
the  pus  has  been  working  its  way  through  the  sur- 
rounding bone  into  the  soft  parts.  When  this  has 
occurred  the  face  in  the  neighborhood  of  the  affected 
tooth  becomes  swollen,  and  there  is  a  marked  remis- 
sion of  pain.  The  mucous  membrane  of  the  gum 
about  the  alveolar  abscess  is  much  congested  and 
swollen,  besides  being  sore  to  the  touch. 

As  peridental  inflammation  and  alveolar  abscess  are 
very  common  causes  of  toothache,  it  is  necessary  to 
distinguish  between  the  toothache  so  caused  and  that 
due  to  irritation  of  the  pulp.  Toothache  from  irrita- 
tion of  the  jiulp  is  started  by  the  pressure  of  food 
against  the  pulp,  by  a  sudden  variation  of  temperature, 
or  by  sweet  or  salty  substances.  The  pain  is  violent, 
but  intermittent,  and  no  soreness  of  the  tooth  in  the 
socket,  as  a  rule,  exists.  Toothache  from  inflamma- 
tion of  the  peridental  membrane  or  alveolar  abscess  is 
started  by  the  death  and  decomposition  of  the  pulp. 
The  pain  is  continuous;  it  is  increased  by  the  applica- 
tion of  heat,  diminished  by  the  application  of  cold. 
The  tooth  is  sore  in  the  socket,  and  if  the  crown  is 
tapped  with  an  instrument  the  patient  will  flinch. 
The  tooth  is  protruded  from  the  socket,  the  gums  are 
inflamed,  and  the  face  is  swollen. 

The  treatment  of  peridental  inflammation  or  alveo- 
lar abscess  is,  first,  to  remove  the  cause  of  the  irrita- 
tion. If  the  tooth  is  without  value  to  the  individual 
it  should  be  extracted.  This  is  the  quickest  way  out 
of  the  difficulty.  If,  however,  it  is  desirable  to  pre- 
serve the  tooth,  its  pulp  cavity  should  be  at  once 
opened  and  cleansed  from  all  decomposing  material. 
It  this  is  done  in  the  first  stage  of  the  difficulty  it  is 
usually  siifficient,  and,  the  source  of  irritation  being 
removed,  the  inflammation  subsides.  If  the  case  be 
one  of  alveolar  abscess  the  cleansing  of  the  pulp 
cavity  is  of  advantage,  not  only  in  removing  the 
source  of  irritation,  but  also  in  giving  a  vent  to  the 
forming  abscess  through  the  root  canal.  In  many 
cases,  however,  the  abscess  will  open  through  the 
alveolus  in  spite  of  treatment.     Such  an  opening  can 
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sometimes  be  hastened  by  incising  with  the  lance  over 
the  affected  root.  Whether  pus  can  be  reached  with 
the  lance  or  not,  the  incising  of  the  gum  gives  relief  by 
diminishing  the  congestion  of  the  part.  The  use  of 
leeches  upon  the  gum  is  an  old  and  often  effective  rem- 
edy. The  tincture  of  iodine  painted  upon  the  gum  is 
of   common    use;   also    the   application    of   capsicum 


Fio.  4750. — A  Vertical  Section  through  a  Lower  Incisor  and 
Surrounding  Parts,  Illustrating  two  Ways  in  which  an  Alveolar 
.abscess  may  find  Vent.  The  first,  and  more  common  way,  is 
by  the  fistula  opening  at  c;  the  second,  and  less  common  way,  is 
by  the  fistula  opening  at  c'.  a,  the  tongue:  b,  the  lower  lip;  d,  the 
abscess  cavity;  e,  the  inferior  maxillary  bone. 

plasters,  slippery-elm  poultices,  and  roasted  raisins. 
A  poultice  should  never  be  applied  to  the  outside  of 
the  face,  on  account  of  the  danger  of  causing  the 
abscess  to  discharge  externally  and  leave  a  scar  upon 
the  face  which  is  a  permanent  disfiguration. 

During  recent  years  much  attention  has  been  given 
to  the  condition  of  the  bonj'  alveolus  around  the  ends 


Via.  4751.— .V-ray  Showing  Pathological  Condition  about  the 
Root  of  a  Superior  Central  Incisor.  Such  an  area  may  produce 
serious  secondary  infection  and  calls  for  the  extraction  of  the 
tooth  involved  and  curetting  of  the  adjacent  bone  area. 

of  the  roots  of  the  teeth.  Where  an  inflammatory 
condition  has  existed  it  is  very  common  to  find  by  the 
i-ray  an  area  of  absorption.  A  bacteriological  ex- 
amination of  this  area  discloses  bacteria  which  may 
be  carried  to  remote  parts  of  the  body  and  produce 
secondary  infection.  For  this  reason  great  care 
should  be  taken  to  x-ray  pulpless  teeth  and  determine 
whether  the  periapical  area  is  healthy  or  not.  If  it 
shows  a  pathological  area,  the  tootli  should  be  ex- 
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tracted  and  the  bone  curetted.  In  some  cases  the 
tips  of  the  roots  can  be  amputated  in  situ  and  the 
tooth  saved  for  further  usefulness.  It  has  been 
clearly  shown  that  rheumatism  and  serious  affections 
of  the  heart  and  other  organs  can  be  traced  to  pus 
foci  developed  about  the  apices  of  teeth  as  a  sequence 
to  the  death  of  the  pulp. 

Calcareous  Deposits  on  the  Teeth. — Calcareous  de- 
posits are  of  two  classes:  those  originating  from 
the  saliva,  and  called  salivary  tartar  or  salivary 
calculus,  and  those  originating  apparently  from  "a 
serous  exudation  from  the  peridental  membrane, 
and  called  serumal  calculus.  The  salivary  tartar 
or  calculus  is  composed  mainly  of  phosphate  of 
calcium,  which  is  contained  in  the  saliva  and  is  pre- 
cipitated upon  the  teeth.  It  is  found  in  groatost 
abundance  on  the  buccal  sides  of  the  upper  first 
molars,  near  the  opening  of  the  parotid  gland,  and  on 
the  lingual  side  of  the  lower  anterior  teeth,  near  the 
opening  of  the  submaxillary  and  sublingual  glands. 
Salivary  calculus  is  first  deposited  at  the  neck  of  a 
tooth,  and,  if  not  removed,  spreads  both  toward  the 
cutting  edge  and  in  the  opposite  direction  up  the  root. 
In  its  progress  along  the  root  it  presses  away  the  gum 
from  the  neck  of  the  tooth  and  separates  the  peridental 
membrane  from  its  attachment  to  the  cement.  If 
allowed  to  rest  in  contact  with  the  peridental  mem- 
brane, it  destroys  its  life,  and  also  that  of  the  adjacent 
bony  alveolus,  thus  largely  diminishing  the  natural 
support  of  the  tooth.  In  this  way  the  teeth  afTectcrl 
become  loosened,  and  may  be  entirely  dislodged. 
Salivary  calculus,  though,  as  a  rule,  limited  to  the 
regions  described,  may  in  much  neglected  mouths 
cover  the  entire  lingual  side  of  the  lower  teeth  and  the 
buccal  sides  of  the  upper  teeth.  The  treatment  of 
this  deposit  consists  in  its  removal,  after  which  the 
peridental  membrane  quickly  resumes  its  normal 
character,  except  such  portions  as  have  been  de- 
stroved,  and  the  gum  closes  around  the  neck  of  the 
tooth. 

The  second  form  of  calcareous  deposit,  called  the  se- 
rumal, has  nothing  to  do  with  the  saliva,  nor  Ls  it 
limited  to  certain  localities  in  the  mouth.  It  is  sup- 
posed to  be  due  to  a  deposition  from  serum  exuded 
from  the  gingival  margin  of  the  gum  and  peridental 
membrane;  this  deposition  taking  place  in  conse- 
quence of  irritation.  It  may  affect  any  of  the  teeth, 
and  is  located  at  the  margin  of  the  gum,  often  hidden 
from  sight.  In  color  it  varies  from  yellow  to  brown, 
and  even  black.  It  often  encircles  the  root  of  the 
tooth,  but  may  be  deposited  in  patches.  It  increases 
slowly  but  is  destructive  to  the  peridental  membrane, 
which  becomes  separated  from  the  root.  The  al- 
veolar bony  processes  about  the  neck  of  the  tooth 
are  in  time  absorbed,  and  the  natural  support  of 
the  tooth  is  diminished. 

In  connection  with  this  deposit  there  may  be  a  flow 
of  pus,  due  to  irritation  of  the  peridental  membrane. 
To  this  condition  the  name  pyorrhea  alveolaris  has 
been  given.  While  salivary  calculus  causes  flic  loosen- 
ing and  falling  out  of  the  lower  front  teeth,  the  serumal 
deposit  may  effect  the  loosening  and  falling  out  of  any 
of  the  teeth,  and  is  the  most  common  cause  of  that 
result. 

There  remains  to  be  described  an  affection  of  the 
peridental  membrane  which  is  very  destructive  to 
that  tissue.  It  is  usually  associated  with  a  deposit  of 
serumal  calculus,  and  may  be  very  similar  to  the 
affection  just  described.  The  calcareous  deposits  are, 
however,  more  likely  to  be  in  patches,  and  to  advance 
more  rapidly  to  the  apex  of  the  root.  By  this  means 
pockets  are  formed  along  the  side  of  the  root,  due  to 
a  separation  of  the  peridental  membrane  from  the 
cement  of  the  root.  In  the  first  form  of  serumal 
deposit  the  peridental  membrane  is  separated  from 
the  tooth  around  the  entire  circumference  of  the  root, 
and  from  its  neck  as  far  up  as  the  dejiosit  reaches; 
the  tips  of  the  root  meanwhile  being  firmly  attached 


to  the  peridental  membrane  until  the  tooth  falls  out. 
In  the  second  form,  however,  the  root  may  be  sepa- 
rated from  its  peridental  membrane  on  one  side  up 
to  its  apex,  and  in  other  parts  firmly  attached.  At 
the  apex  the  root  is  often  entirely  separated  from  its 
surrounding  membrane,  though  at  its  neck  there  may 
be  a  fairly  good  union.  This  form  of  calculus  is 
associated  with  a  flow  of  pus  and  rapid  destruction  of 
the  peridental  membrane.  This  membrane  having 
been  destroyed,  the  tooth  loses  its  hold  in  the  socket, 
and  in  time  drops  out.  There  is  some  reason  to  sup- 
pose that  this  disease  is  due  to  a  special  microor- 
ganism, and  that  it  is  infectious.  On  this  account  it 
has  been  called  infectious  pericementitis.  The  term 
]>yorrhea  alveolaris  Ls  commonly  applied  to  this  as 
to  the  preceding  condition.  The  treatment  of  both 
kinds  of  serumal  calculus  with  associated  inflamma- 
tion of  the  peridental  membrane  is  to  remove  the 
deposits  of  calculus  and  to  keep  them  removed.  To 
lliis  must  be  added  tliorough  cleanliness  of  the  teeth, 
and  a  washing  out  of  all  pockets  produced  by  the 
separation  of  the  root  from  its  membrane.  The  use 
of  antiseptic  and  astringent  fluids  in  such  pockets  Ls 
a  desirable  and  effective  treatment,  especially  in  that 
form  of  deposit  last  described.  In  people  of  middle  or 
afivanced  life  calcareous  deposits  are  more  destructive 
to  the  teeth  than  is  caries. 

Extraction  of  the  Teeth. — The  extraction  of  the 
teeth  may  be  called  for  by  various  conditions,  of 
which  the  more  common  are: 

1.  A  crowded  condition  of  the  teeth  which  threatens 
or  has  caused  irregularity.  The  extraction  of  teeth  to 
correct  irregularities  Ls  seldom  resorterl  to  at  the 
present  time.  It  is  considered  better  to  enlarge  the 
dental  arch  and  make  room  for  irregular  teeth  rather 
than  extract  them. 

2.  The  existence  of  a  few  teeth  in  the  mo\ith  which 
interfere  with  the  adju.stment  of  an  artificial  plate. 
This  is  a  very  common  cause  for  extraction,  inasmuch 
as  a  more  satisfactory  plate  can,  as  a  rule,  be  made  for 
a  mouth  having  no  teeth  than  for  one  having  a  few 
scattered  teeth. 

3.  The  existence  of  pain  due  to:  (a)  Congestion  or 
inflammation  of  the  tooth  pulp;  (6)  inflammation  of 
the  peridental  membrane;  (c)  alevolar  abscess. 

More  teeth  are  extracted  to  relieve  pain  than  for 
any  other  cause.  Where  teeth,  however,  by  treat- 
ment can  be  relieved  of  i)ain  and  made  useful  organs, 
they  should  not  be  extracted. 

4.  The  existence  of  dLseased  conditions  of  the 
tissues  in  the  neighborhood  of  the  teeth.  Pus  foci  at 
the  tips  of  roots  in  most  cases  can  only  be  cured  by 
extraction.  All  pulpless  teeth  should  be  j-rayed  and, 
if  inflammatory  areas  are  found  about  their  apices, 
they  should,  as  a  rule,  be  extracted.  In  some  cases 
their  inflammatory  areas  can  be  treated  by  amputa- 
tion of  the  tip  of  the  root  and  curetting  affected  bone 
area.  Much  rheumatism  and  also  serious  affections 
of  important  organs  of  the  body  are  caused  by  pus 
foci  about  the  tips  of  roots. 

An  inflammation  of  the  antrum  is  sometimes  best 
treated  by  extracting  an  upper  first  molar  or  second 
bicuspid  and  making  an  oi)cning  through  the  end  of 
the  root  socket  into  the  ant  nun.  By  this  process  the 
antrum  can  be  thoroughly  cleansed  and  good  drainage 
established.  There  are  tumors  of  the  jaw,  and  ca.ses  of 
caries  or  necrosLs  of  the  maxillary  bones,  which 
necessitate  a  removal  of  teeth. 

5.  The  persistence  of  the  tcmiiorary  teeth  when  the 
permanent  teeth  are  about  to  erupt. 

It  may  be  laid  down,  as  a  rule,  that  the  temporary 
teeth  should  not  be  removed  until  the  permanent 
teeth  are  ready  to  take  their  place.  When  this  condi- 
tion exists,  the  roots  of  the  temporary  teeth  have  been 
for  the  most  part  absorbed,  and  the  crowns  have 
become  loose.  While  the  above  rule  should  be 
adhered  to  as  far  as  possible,  yet  there  are  cases  in 
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which  severe  inflammation  connected  with  the  tem- 
porary teeth  requires  their  premature  extraction. 

The  Process  of  Extraction. — The  process  may  be 
divided  into  three  stages:  (1)  Seizing  the  tooth  witli 
the  forceps.  (2)  Loosening  its  connection  with  its 
surroundings.  (3)  Removing  the  tooth  from  its 
socket. 

The  process  of  extraction  and  the  instruments  em- 
jiloyed  varv  greatlv  with  tlie  different  teeth  in  the 
mouth,  a"  knowledge  of  tlic  number,  shape,  and  size 
of  the  roots  of  the  teeth  is  necessary  to  insure  success 
in  their  removal.  To  extract  the  teeth  of  tlio  upper 
jaw,  the  patient  should  be  placed  with  the  head  t  hrown 
well  back,  and  the  operator  should  stand  at  the 
])atient's  right  side.  With  the  left  hand  the  lips  and 
cheeks  should  be  retracted  and  the  upper  jaw  firmly 
grasped. 

The  upper  central  incisors  are  extracted  with  a  for- 
ceps whose  beaks  are  made  to  adapt  themselves  to  the 
nearly  conical  neck  of  this  tooth.  The  forceps  should 
be  applied  with  one  beak  at  the  labial  surface  of  the 
neck  of  the  tooth,  and  the  other  at  the  lingual  surface. 
The  beak  of  the  forceps  should  be  carried  well  up  be- 
tween the  margin  of  the  gum  and  the  root  of  the  tooth. 
When  the  tooth  has  been  thus  grasped,  it  should  be 
gently  but  firmly  rotated,  in  order  to  loosen  it  from  its 
socket.  A  forward-and-back  motion  may  with  ad- 
\-antage  be  combined  with  the  rotatory  motion.  When 
the  tooth  is  felt  to  have  been  loosened,  it  should  be 
removed  by  a  steady  pull  in  the  direction  of  its  long 
axis. 

The  superior  lateral  incisors  are  extracted  in  a  man- 
ner similar  to  that  of  the  central  incisors,  and  with  the 
same  forceps.  Inasmuch  as  their  roots  are  somewhat 
compressed  laterally,  the  rotary  motion  is  not  so 
important  as  with  the  central  incisors. 

The  superior  canines  are  quite  difficult  to  extract, 
owing  to  their  very  long  roots.  The  upper  incisor 
forceps  are  usually  employed  for  the  canines.  The 
tooth  should  be  grasped  as  high  up  on  the  root  as 
possible.  To  loosen  the  tooth  from  its  socket  the 
rotary  motion  must  be  combined  with  the  forward- 
and-back  motion.  When  loose,  a  straight  pull  in  the 
line  of  its  long  axis  is  necessary  for  its  removal.  It 
must  be  borne  in  mind  that  the  root  of  the  canine  is 
decidedly  flattened  on  its  sides,  and  therefore  offers 
considerable  resistance  to  rotation. 

The  upper  bicuspids  may  be  extracted  with  the 
upper  incisor  forceps;  or  they  may  be  conveniently 
extracted  with  the  alveolar  bayonet-shaped  forceps. 
The  upper  bicuspids  should  be  grasped  well  up  on  the 
root  and  loosened  by  a  side-to-side  motion.  Their 
roots  being  long  and  slender,  great  care  is  required  to 
prevent  flieir  fracture.  If  the  first  upper  bicuspid 
has  a  bifurcated  root,  it  is  often  impossible  to  re- 
move the  tooth  without  breaking  off  the  tip  of  one  of 
the  roots. 

The  first  and  second  upper  molars  are  extracted  by  a 
forceps  whose  inner  beak  is  fashioned  with  a  single 
concavity,  it  is  thus  fitted  to  embrace  the  inner  buccal 
root  of  the  first  or  second  upper  molar.  The  outer 
beak  is  divided  by  a  longitudinal  ridge  into  two  con- 
cavities, while  the  tip  of  the  beak  is  pointed  in  the 
middle.  It  is  so  made  in  order  to  embrace  the  two 
buccal  roots  of  the  first  and  second  upper  molars,  and 
to  conform  to  the  depression  between  these  roots. 
These  forceps  should  be  grasped  in  the  palm  of  the 
hand,  the  thumb  being  brought  into  position  between 
the  angle  formed  by  the  two  handles  and  the  joint. 
The  third  and  fourth  fingers  should  be  closed  over  the 
curve  of  the  left  handle.  Owing  to  the  divergence  of 
the  three  roots  of  the  upper  first  and  second  molars, 
considerable  loosening  is  necessary  before  they  can  be 
extracted.  This  is  effected  by  a"side-to-side"motion; 
as  the  outer  alveolar  plate  is  thinner  than  the  inner, 
the  main  force  should  be  applied  in  an  outward  direc- 
tion. When  the  tooth  is  thoroughly  loose  in  its  socket, 
it  can  be  removed  by  a  downward  and  outward  motion. 
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Upper  wisdom  teeth  are  not  usually  difficult  to  ex- 
tract, as  their  roots  are  commonly  fused  together. 
In  order  to  loosen  them  they  should  be  turned  firmly 
outward.  By  this  movement  their  attachment  to  the 
socket  can  be  readilj'  broken  up  and  the  tooth  removed. 

In  case  the  crowns  of  the  upper  teeth  are  badly  de- 
cayed or  entirely  lost,  the  alveolar  or  root  forceps 
should  iDe  used.  With  this  instrument  any  root  of  the 
upper  jaw  can  be  extracted ;  the  rules  for  the  extraction 
of  roots  being  substantially  the  same  as  those  for  teeth 
with  crowns.  It  is  necessary,  however,  to  carry  the 
blades  farther  up  into  the  alveolus  than  when  the 
crown  is  present.  Great  care  should  be  taken  not  to 
crush  the  root  by  too  firm  a  grasp.  With  the  first  and 
second  upper  molars  it  often  happens  that  the  three 
roots  must  be  extracted  separately. 

In  extracting  the  inferior  teeth  the  patient  should  be 
situated  much  lower  down  than  for  extracting  the 
superior  teeth.  The  operator  should  stand  at  the 
patient's  right  side,  oftentimes  well  to  the  back.  The 
lower  jaw  should  be  grasped  by  the  left  hand,  and 
supported  from  beneath  by  the  palm  and  last  three 
fingers,  while  the  thumb  and  forefinger  are  placed  j 
within  the  mouth  to  retract  the  lips  and  tongue  from 
the  tooth  to  be  operated  on.  The  lower  incisors, 
owing  to  the  lateral  compression  of  their  roots,  can- 
not be  rotated  in  the  process  of  loosening  them. 
This  must  be  accomplished  by  a  forward-and-back 
movement. 

The  lower  canines,  owing  to  their  very  long  roots, 
are  often  quite  difficult  to  extract.  They  are  to  be 
loosened  by  a  forward-and-back  movement,  to  which 
a  slight  rotary  motion  may  be  added.  When  loose, 
they  are  removed  by  being  pulled  straight  up  from  the 
socket. 

The  lower  bicuspids  should  be  grasped  well  down 
upon  the  root  and  loosened  by  an  in-and-out  motion. 
The  alveolar  plate  being  much  thinner  on  the  outer 
than  on  the  inner  side,  it  will  yield  more  readily  out- 
ward. When  loosened,  the  lower  bicuspids  are  re- 
moved by  being  pulled  straight  up  from  the  socket. 

The  lower  molars  are  extracted  by  a  forceps  whose 
beaks  are  divided  by  a  median  ridge,  and  are  termi- 
nated by  a  pointed  tip ;  it  is  thus  able  to  embrace  the 
two  roots  of  the  lower  molars,  and  to  engage  the  de- 
pression between  them.  To  extract  the  lower  first 
and  second  molar  teeth,  they  should  be  rocked  from 
within  outward  till  loose,  using  more  force  when 
turning  them  outward  then  in  the  opposite  direction. 
When  loose,  they  may  be  removed  by  an  upward-and- 
outward  pull.  The  lower  third  molar  often  gives 
great  difficulty  in  extraction,  owing  to  the  curve  of 
its  roots,  which  hook  backward  toward  the  ramus  of 
the  jaw.  It  must  be  loosened  by  a  side-to-side  rock- 
ing. Owing  to  the  backward  curve  of  its  roots  it  can- 
not be  lifted  from  its  socket  by  a  force  exerted  directly 
upward. 

Elevators  are  often  useful;  they  are  straight  and 
curved  levers,  with  which  a  tooth  is  pried  out  of  its 
socket,  a  neighboring  tooth  being  used  as  a  fulcrum. 

The  extraction  of  the  temporary  teeth  is  performed 
after  the  same  manner  as  that  of  the  permanent  teeth. 
The  operation  is,  however,  much  simpler,  especially  if 
performed  at  a  time  when  the  teeth  are  about  to  be 
shed  by  nature.  In  the  premature  extraction  of  the 
temporary  molars  there  is  always  the  possibility  of 
bringing  away  the  crown  of  the  developing  bicuspid, 
which  is  located  between  the  roots  of  the  molar  tooth. 
Diminutive  forceps  are  made  for  the  temporary  teeth, 
but  temporary  teeth  can  be  readily  extracted"  by  the 
root  forceps  made  for  the  permanent  teeth. 

Acddents^  of  Extraction. — In  the  extraction  of  the 
teeth  certain  accidents  may  occur;  they  may  be  un- 
avoidable or  due  to  unskilfulness  or  carelessness.  The 
following  are  the  more  common : 

Fracture  of  the  tooth  often  happens,  and  is  due 
usually  to  an  excess  of  force,  or  to  misdirected  force,  or 
to  an  insufficient  grip  upon  the  tooth.     Cases  occur. 
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however,  in  which  fracture  of  the  tooth  is  unavoid- 
able; this  is  especially  the  case  when  the  roots  are 
misshapen  and  locked  into  the  jawbone.  When  the 
tips  of  roots  are,  as  the  result  of  fracture,  left  in  the 
maxillary  bones,  it  is  not  always  wise  to  remove  them. 
Nature  will  usually  expel  them  in  due  time. 

Fracture  of  the  alveolus  occurs,  to  a  limited  extent, 
in  every  tooth  extraction,  and  produces,  as  a  rule,  no 
troublesome  symptoms.  By  unskilfulness,  however, 
a  large  portion  of  the  alveolus  surrounding  a  t«oth  may 
be  crushed  or  fractured,  and  necrosis  sometimes  ensues. 

Fracture  of  the  jaw  may  result  from  tooth  extrac- 
tion. The  fracture  may  be  in  the  upper  jaw,  or  in  the 
body  of  the  lower  jaw.  It  maj-  or  maj'  not  imply  fault 
on  the  part  of  the  operator. 

Dislocation  of  the  lower  jaw  usually  happens  with 
people  whose  jaws  are  loosely  hung,  and  are  in  the 
habit  of  slipping  out  of  the  socket.  If  this  tendency 
is  known  to  exist,  it  is  well  to  apply  a  roller  bandage 
over  the  head  and  under  the  jaw  before  operating. 

Removal  of  the  wrong  tooth  Ls  an  accident  which 
happens,  as  a  rule,  only  to  inexperienced  or  careless 
operators. 

Removal  of  two  or  more  teeth  instead  of  one  may 
happen  from  an  h>-pertrophy  of  the  cement  uniting 
adjoining  roots  below  the  gum.  It  may  happen  when 
the  tooth  to  be  extracted  is  overlapped  by  an  adjoining 
tooth.  It  may  happen  also  by  the  slipping  of  an  ex- 
tracting instrument,  whereby  a  loose  tooth  is  knocked 
out. 

Laceration  of  the  mucous  membrane  of  the  gum 
occurs  to  a  limited  extent  in  every  extraction,  but, 
through  carelessness  or  unskilfulness,  may  be  verj- 
extensive. 

Falling  of  the  Tooth  into  the  Esophagus  or  Air  Pas- 
sages.— A  tooth  will  sometimes  escape  from  the  grasp 
of  the  forceps  and  be  swallowed.  From  thLs  accident  no 
serious  results  are  to  be  expected.  Cases  are  now  and 
then  reported  in  which  a  tooth  falls  into  the  larynx. 
This  constitutes  the  most  serious  accident  that  can 
attend  extraction.  Such  a  tooth  may  be  coughed  up 
from  the  larj-nx,  or  it  may  enter  the  bronchial  tubes, 
causing  s\-mptoms  which  are  always  serious  and  often 
fatal. 

The  inferior  dental  nerve  has  been  crushed  in  the 
extraction  of  the  lower  wisdom  teeth.  In  such  cases 
a  loss  of  sensation  has  occurred  in  the  lower  part  of  the 
face.  Usually  thLs  passes  away,  though  it  may  be 
permanent.  In  attempting  to  extract  the  roots  of 
the  upper  bicuspids  and  molars  they  have  been  pushed 
into  the  antrum.  When  this  happens,  the  opening 
into  the  antrum  should  be  enlarged  and  the  roots 
removed. 

Hemorrhage  after  extraction  is  usually  moderate  in 
amount  and  of  short  duration.  Such  cases  require  no 
treatment.  There  are  cases,  however,  in  which  the 
hemorrhage  is  so  prolonged  as  to  produce  alarming 
sjTnptoms,  and  in  rare  instances  death  has  resulted. 
Great  care  should  be  taken  in  dealing  with  people 
having  the  hemorrhagic  diathesis.  To  control  hem- 
orrhage after  extraction  the  most  successful  method  is 
to  apply  pressure  to  the  bleeding  parts.  The  bleeding 
usually  takes  place  from  the  socket  of  the  extracted 
tooth.  The  socket  should  be  packed  with  cotton,  lint, 
sponge,  or  any  soft  unirritating  material.  After 
packing  the  socket  a  compress  of  soft  material,  cover- 
ing the  socket  and  surrounding  parts,  should  be  super- 
added. Upon  this  compress  a  gentle  pressure  should 
be  maintained,  either  by  the  fingers  or  by  the  opposing 
jaw.  An  effective  method  of  applying  pressure  after 
the  socket  has  once  been  plugged  is  to  soft«n  a  piece  of 
gutta-percha  in  hot  water  and  mould  it  to  the  affected 
region.  Enough  gutta-percha  should  be  used  .so  that 
the  opposing  teeth  or  alveolus  can  be  embedded  in  it 
by  the  closing  of  the  jaws.  Let  the  jaws  be  closed  and 
a  roller  bandage  passed  over  the  head  and  under  the 
chin,  and  firm  and  constant  pressure  is  secured  upon 
the  bleeding  area.     In  severe  cases  care  should  be 


taken  to  keep  the  head  upright  and  the  extremities 
artificially  warmed.  .\s  st\jitics  can  be  mentioned 
perchloride  of  iron,  tannic  acid,  and  preparations  of  the 
suprarenal  capsule.  Of  these,  perchlorifle  of  iron  is 
the  least  valuable.  Tannic  acid  is  a  reliable  agent;  the 
powder  may  be  applied  to  the  so<ket  on  a  pledget  of 
cotton.  Preparations  of  the  suprarenal  capsule  are 
especialh-  valuable  in  arresting  dental  hemorrhage. 
St>-ptics  can  be  used  with  advantage  in  connection 
with  the  use  of  pressure,  as  described  above.  Very 
severe  eases  of  hemorrhage  have  been  controlled  by 
the  use  of  the  actual  cautery.  If  this  be  u.sed,  it 
should  not  touch  the  parts,  "but  be  held  just  near 
enough  to  bake  them.  If  the  cauterj-  touches  the 
tissues,  a  fresh  laceration  is  made  by  its  "removal. 

In  desperate  cases  of  hemorrhage  internal  remedies 
are  usually  resorted  to. 

General  Considerations. — Haste  in  sx-tracting  .should 
be  avoided;  the  hand  .should  never  move  faster  than 
the  eye  can  follow.  The  tooth  should  be  under  com- 
plete observation  from  the  time  it  is  graspe<l  bv  the 
forceps  till  it  is  out  of  the  mouth.  The  head  of  the 
patient  should  be  firmly  fixed,  and  under  the  control 
of  the  left  hand  or  arm. 

While  considerable  force  is  necessarj'  to  extract  a 
tooth,  the  force  should  be  so  guarded  and  moderated 
as  not  to  endanger  surrounding  parts.  No  jerks  or 
sudden  puUs  are  allowable. 

The  forceps  should  never  grasp  the  crowns  of  teeth 
alone,  as  the  crown  will  usually  break  off,  leaving  the 
root  undisturbed,  but  should  engage  the  tooth  at  its 
neck,  or  a  little  higher  up  if  possible. 

In  extracting  roots  the  beaks  of  the  forceps  should 
follow  down  between  the  root  and  its  alveolus  till  a 
firm  hold  is  obtained. 

The  cutting  through  of  gum  and  alveolus  with  a  root 
forceps  is  not  a  desirable  procedure,  but  is  allowable  in 
certain  cases. 

An  excellent  substitute  for  a  dental  chair  is  a  rocking 
chair  with  medium  high  back,  a  pillow  thrown  over  the 
back  forming  a  good  head-rest. 

William  Hen-rt  Potter. 


Telosporida. — The  group  of  Sporozoa  in  which 
spore-formation  is  distinct  from  the  trophic  phase  of 
the  life  cvcle.     See  Protozoa.  A.  S.  P. 


Tendons  and  Their  Sheaths,  Injuries  and 
Diseases  of. — It  is  most  unusual  to  find  tendons 
diseased  independently.  Morbid  conditions  of  the 
tendons  are  so  commonly  the  result  of  disease  in  their 
sheaths  that  in  most  systematic  treatises  they  are  not 
separately  described.  Owing  to  their  dense  fibrous 
structure  and  an  intrinsic  blood  supply  that  is  far 
from  abundant,  they  lend  themselves  more  easily 
to  disturbances  of  nutrition  than  to  invasion  by  infec- 
tious processes.  Arcoleo'  has  shown  experimentally 
that  tiie  intactness  of  the  sheath  is  necessarj-  for  the 
perfect  nutrition  of  the  contained  tendon;  but,  on 
the  other  hand,  that  the  complet-e  removal  of  the 
sheath  is  not  followed  by  necrosis  of  the  tendon. 

DisE.\SES  OF  Tendons. — Tlie  most  frequently  ob- 
served morbid  conditions  of  tendons  themselves  have 
been  in  cases  of  the  so-caUed  "snapping  finger" 
(schneUender  Finger,  doigt  a  ressort).  This  consists 
of  a  sudden  interference  with  the  movements  of  ex- 
tension and  flexion,  or  of  either  alone.  It  occurs 
always  at  the  same  period  of  the  movement,  and  is 
overcome  with  a  peculiar  snap,  cither  as  a  result  of 
great  muscular  exertion  or  with  the  assistance  of  the 
other  hand.  In  some  instances  its  nature  has  re- 
mained obscure,  but  operations  for  its  relief  have  dis- 
closed a  nodular  thickening  of  the  t<>ndon  in  quite  a 
number  of  instances.  It  is.  under  the.se  circumstances, 
probably  most  often  of  traumatic  origin,  but  has  on 
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rare  occasions  been  ascribed  to  tuberculosis,  gout, 
syphilis,  and  neoplasms.  Operative  removal  has 
been  almost  invariably  successful  in  its  treatment; 
this  may  usually  be  accomplished  without  completely 
severing  the  tendon. 

With  this  exception,  disease  of  tendons  wUl  almost 
invariably  be  found  coincident  with  or  consecu- 
tive to  primary  di.sease  of  the  sheaths.  Malignant 
growths,  tuberculosis  of  articular  origin,  and  acute 
suppurative  processes  frccjuently  involve  the  tendon 
sheaths  in  their  extension.  These  do  not  require 
separate  description  in  this  place. 

In  consec|uencc  of  overexertion  or  traumatism,  there 
is  somethncs  observed  in  the  extensor  tendons  of  the 
hand  (less  often  in  the  leg)  an  acute,  dry  inflamnriation 
of  the  sheaths,  tcnomjnovitis  acuta  sicca.  It  is_  apt 
to  occur  in  persons  whose  occupations  necessitate 
excessive  use  of  a  particular  muscle  or  group  of  muscles, 
and  especially  if  there  is  superadded  to  the  accustomed 
amount  a  period  of  forced  labor  carried  beyond  the 
jjoint  of  fatigue.  The  disease  has  been  observed  with 
a  certain  frequency  ifi  washerwomen,  pianists,  fencers, 
carpenters,  and  gymnasts,  being  in  them  localized 
at  the  wrist.  .'Vt  "the  ankle  it  occurs  frequently  in 
porters,  and  infantrymen,  and  still  more  often  in 
women  operating  sewing  machines.  The  prolonged 
use  of  the  hand  trephine  has  occasionally  accounted 
for  its  appearance  in  the  surgeon's  wrist.  A  fibrinous 
exudate  upon  the  surface  of  the  tendon  and  its  sheath 
gives  rise  to  a  rubbing  or  creaking  sensation  to  the 
examining  hand,  whence  the  name  "tenalgia  crepi- 
tans." It  has  in  some  instances  also  been  considered 
!is  the  result  of  gonorrhea  or  syphilis.  Under  these 
conditions,  but  also  in  their  absence,  a  serous  effusion 
may  appear.  When  it  does  so,  the  crepitation  is 
masked  by  it  to  an  extent  proportionate  to  the  amount 
of  fluid  which  has  been  poured  into  the  sheath.  Con- 
siderable pain  and  disability  may  be  associated  with 
it.  It  may  be  made  to  subside  promptly  by  fixation 
of  the  part  by  splints,  or,  still  better,  by  a  plaster-of- 
Paris  dressing,  this  to  be  followed  in  from  ten  to 
fourteen  days  by  a  course  of  massage  and  superheated 
air. 

Acute  suppuration  of  the  tendon  sheaths  occurs  most 
frequently  in  consequence  of  infected  wounds,  but 
may  result  by  extension  from  phlegmonous  processes 
without  demonstrable  traumatic  origin.  It  is  of 
especial  frequency  in  connection  with  wounds  of  the 
fingers,  when  it  is  spoken  of  as  thecal  whitlow.  We 
have  here  to  deal  with  a  most  painful  septic  condition; 
redness,  swelling,  intense  pain,  and  throbbing  are 
present.  The  constitutional  symptoms  are,  or  may 
rapidly  become,  alarming,  and  unless  incision  of  ample 
length  is  promptly  made  the  tendon  will  be  completely 
lost  by  slough;  this  being  escaped,  adhesion  between 
the  tendon  and  its  sheath  occurs,  so  that  its  function 
may  be  completely  abrogated.  Prompt  and  free 
incision  with  thorough  drainage  and  preferably  moist 
antiseptic  dressing  (1  to  5,000  sublimate),  to"  be  fol- 
lowed by  elevation  of  the  affected  part,  may  be  de- 
jiended  upon  to  avert  these  unfortunate  termina- 
tions in  the  greater  number  of  cases.  For  this  reason 
such  temporizing  measures  as  poulticing,  the  applica- 
tion of  cold,  and  incisions  of  very  limited  extent  are  to 
be  avoided. 

Chronic  simple  inflammation  of  the  tendon  sheaths 
may  be  considered  as  occurring  very  infrequently. 
To  such  an  extent  is  this  true  that  all  chronic  disease 
of  tendon  sheaths  is  ascribed  by  some  writers  to 
tuberculosis.  It  has  been  shown,  however,  that  this 
is  not  justifiable,  but  that  chronic  simple  tenost/novitis 
may  occur  as  a  dry,  serous,  or  hemorrhagic  inflam- 
mation. The  dry  form  is  characterized,  like  its 
congener  of  the  acute  variety,  by  crepitation  upon 
movement  of  the  tendon  in  its  sheath.  Gout  and  con- 
tinuous overexertion  have  been  held  responsible  for 
it.  The  serous  variety  has  doubtless  been  looked 
upon  as  tuberculous  by  many,  but  is  sometimes  the 
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result  of  trauma,  rheumatism,  or  gonorrhea.  Blake^ 
has  reported  a  case  in  which  operation  and  subsequent 
careful  microscopic  e.xamination  showed  its  non- 
tuberculous  character  beyond  question.  According 
to  Lejars,  it  is  most  frequently  due  to  repeated  trau- 
matisms, and  must  sometimes  be  regarded  as  a  disease 
of  occupation.  It  presents  itself  as  a  fluctuating 
swelling  in  the  course  of  the  affected  tendon,  the 
movement  of  which  is  usually  interfered  with  or  is 
productive  of  discomfort.  It  is  frequently  difficult 
to  distinguish  it  from  tuberculous  hygroma  (see  below) 
without  exploratory  incision.  Aseptic  incision  is, 
however,  the  treatment  most  likely  to  be  successful. 
The  hemorrhagic  variety  has,  in  the  few  reported  cases, 
been  the  sequel  of  trauma.  Juvara'  has  reported 
three  cases  of  such  effusion  into  the  sheaths  of  the 
radial  extensors.  There  was  present  an  almond- 
shaped,  fluctuating  tumor  which  could  be  made  to 
slip  about  by  pressure.  There  was  no  crepitus  to  be 
obtained. 

Tuberculosis  of  the  tendon  sheaths  is  by  all  means  the 
most  frequent  of  the  chronic  conditions  affecting  these 
structures.  It  is,  however,  less  often  primary  than 
secondary.  In  this  latter  case  it  usually  occurs  by  ex- 
tension from  a  bone-  or  joint-focus.  This  is  frequently 
observed  at  the  wrist  and  ankle.  As  a  primary  con- 
dition it  is,  however,  far  from  rare,  and  is  frequently 
found  in  individuals  showing  no  other  predisposition 
to  tuberculous  infection.  For  this  reason,  and  be- 
cause its  course  may  be  extremely  chronic  and  un- 
accompanied b}'  great  disability,  its  real  nature  is 
often  not  appreciated,  and  is  considered  rheumatic. 

Three  forms  are  usually  described,  but  should  not  be 
considered  as  pathologically  distinct,  as  they  are  fre- 
quently found  in  combination.  The  first  form  may  be 
described  as  the  tuberculous  hygrofna.  This  presents 
itself  clinically  as  an  effusion  of  serous  character,  found 
most  often  at  the  wrist  and  hand,  where,  being  con- 
stricted by  the  annular  ligament,  it  is  also  known  as 
compound  ganglion.  In  its  symptoms  it  does  not  differ 
materially  from  simple  serous  chronic  tenosynovitis. 
Its  progress  usually  is  ciuite  slow,  and  it  may  be  objec- 
tionable to  the  patient  solely  on  account  of  the  defor- 
mity which  it  causes.  Upon  incision  there  is  found  in 
addition  to  the  serous  exudate  a  formation  of  miliary 
tubercles  upon  the  lining  of  the  sheath.  If  in  addition 
we  find  the  so-called  "rice  bodies,"  we  are  dealing  with 
the  second  form.  These  may  vary  greatly  in  size 
and  number.  Usually  this  is  in  inverse  proportion. 
These  bodies  derive  their  name  from  their  resem- 
blance in  size  and  color  to  grains  of  boiled  rice.  They 
are  frequently  smaller,  however,  and,  on  the  other 
hand,  the  writer  has  removed  from  the  palmar  sheaths 
a  number  of  the  size  of  large  cherries.  For  this  reason 
they  were  easily  palpated  before  incision  was  made. 
This  is,  however,  not  usually  possible,  for  the  reason 
that  abundant  serous  distention  is  often  present,  and 
because  such  large  size  is  exceptional.  There  is 
commonly  imparted  to  the  examining  hand  a  charac- 
teristic sensation  akin  to  crepitation,  but  to  be  dis- 
tinguished from  it.  The  fluid  may  be  sufficient  to 
maice  these  bodies  impossible  of  recognition  without 
incision. 

The  formation  oi  fungous  granulation  tissue  upon  the 
serous  lining  of  the  sheath  and  even  upon  the  tendon 
itself  is  the  distinguishing  mark  of  the  third  variety. 
This  tuberculous  tissue  is  identical  with  that  found  in 
"joint  fungus,"  and  gives  rise  to  doughy,  elastic  swell- 
ings of  the  sheaths.  It  is  distinctly  less  benign  than 
the  preceding  forms,  inasmuch  as  the  tubercles  are 
actively  disintegrating.  The  peritendinous  struc- 
tures are,  therefore,  soon  involved;  caseation,  lique- 
faction, and  the  formation  of  fistula?  are  apt  to  be 
observed  in  rather  rapid  development.  Secondary 
involvement  of  neighboring  joints  may  occur.  This 
variety,  in  contrast  with  the  other  two  forms,  causes 
marked  disability  from  the  first,  and  is  frequently  very 
painful.     If  the  disease  is  allowed  to  progress,   the 
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contiguous  structures  may  suffer  to  a  great  extent; 
the  swelling  becomes  verj'  great,  and  amputation 
may  become  necessary  as  a  last  resort.  On  the 
other  hand,  if  employed  before  such  extensive  spread 
has  occurred,  radical  operative  measures  are  almost 
invariablv  successful  if  sufficiently  thorough.  Treat- 
ment by  iodoform  injections  has  "not  proved  satisfac- 
tory in  this  country,  although  much  lauded  by  some 
European  authors.  In  the  hygromatous  form,  evacua- 
tion of  the  rice  bodies  and  fluid  with  scraping  of 
the  sheath  is,  as  a  rule,  all  that  is  required.  In  the 
fungous  form  it  is  best  to  remove  all  infected  tissue, 
and,  therefore,  to  practise  the  complete  extirjjation 
of  the  tendon  sheath.  This  is  usually  followed  by 
complete  restoration  of  function  if  aseptic  healing  is 
obtained. 

Beck*  has  described  a  chronic  inflammation  of  the 
tendons  and  tendon  sheaths  of  the  hand  characterized 
by  the  formation  of  granulation  tissue  and  chalky  de- 
posits; he  has  named  this  tendovaginitis  prol'ifera 
calcarea. 

bcjTRiES  OF  Tendons. — Dislocation  of  tendons  occurs 
as  a  rather  uncommon  accident,  and  in  most  of  the  re- 
ported cases  the  peronei  tendons  were  concerned. 
After  a  traumatism  to  the  foot,  usually  of  the  kind 
spoken  of  as  sprain,  great  disability  of  the  foot  is  ob- 
served, and  the  tendon  of  the  peroneus  longus,  with 
or  without  that  of  the  brevis  also,  is  found  to  have 
slipped  from  the  groove  behind  the  external  malleolus, 
and  may  be  felt  as  a  prominence  in  front  of  it.  The 
replacement  by  manual  pressure  and  retention  by 
means  of  a  crescentic  pad  and  adhesive  strips  are 
easily  accomplished.  In  most  of  the  reported  cases, 
however,  recurrence  of  the  luxation  has  occurred,  and 
on  this  account  operations  of  narrowing  the  sheaths 
or  deepening  the  bonv  groove  have  been  successfully 
done.  Shaffer  (Fitzhugh^)  holds  the  accident  to  be 
due  to  a  shortened  condition  of  the  gastrocnemius 
and  peroneal  tendons.  In  three  cases  cure  was  ob- 
tained by  stretching  these  by  means  of  his  traction 
shoe. 

Dislocation  of  the  long  head  of  the  biceps  has  been 
described  in  a  few  cases,  but  on  anatomical  and  experi- 
mental grounds  there  is  cause  for  doubting  the  pos- 
sibility of  this. 

Subctitaneous  rupture  of  tendons  occurs  rather  fre- 
quently and  may  be  due  to  unusually  violent  muscu- 
lar action.  In  some  cases  it  would  appear  that  a 
pathological  condition  of  the  tendon  or  the  neighbor- 
ing structures  was  to  blame.  The  rupture  usuallj- 
occurs  near  the  union  with  the  muscle  beUy  or  at  the 
bony  attachment  of  the  tendon.  It  is  ordinarily 
felt  as  a  sudden  snap  with  disability,  due  to  loss  of 
function  of  the  affected  muscle.  Often  the  gap  in  the 
course  of  the  tendon  can  be  felt,  and  the  muscle  itself 
is  more  prominent  than  usual  on  account  of  its  con- 
traction. Although  fixation  of  the  limb  in  such  a 
position  as  will  tend  to  approximate  the  torn  ends 
often  secures  satisfactorj-  healing,  it  is  not  wise  to 
depend  upon  this  in  the  case  of  important  muscles, 
but  rather  to  approximate  and  suture  the  ends  through 
an  incision.  The  tendons  most  frequently  torn  are 
those  of  the  biceps  brachii,  the  plantaris  (tennis  leg), 
quadriceps  extensor,  ligamentum  patella;,  and  tendo 
Achillis. 

Open  wounds  of  tendons  occur  verj'  frequently,  and 
especially  about  the  wrist  and  hand.  They  may  be 
incised  or  lacerated.  When  incompletely  divided, 
union  wiU  occur  without  injury  to  function.  ^^  hen 
completely  divided,  retractioa  of  the  muscular  end 
takes  place;  the  ends  become  adherent  to  the  sheath, 
and  union  between  them  does  not  occur.  Exception 
to  this  must  be  taken  in  the  case  of  certain  operative 
wounds,  such  as  tenotomy  of  the  tendo  Achillis  and 
other  tendons  of  the  foot. 

Division  of  the  tendons  calls  for  the  approximation 
and  union  of  the  ends,  and  is  especially  important  in 


the  hand,  where  the  usefulness  of  tlie  member  may 
depend  upon  it.  The  muscular  end  is  oft<?n  difficult 
to  find,  and  may  necessitate  considerable  enlargement 
of  the  wound  to  make  such  'union  possible.  Cen- 
trifugal wrapping  of  the  extremity  with  an  elastic 
rubber  bandage  will  oecasionally  bring  the  proximal 
end  to  view,  thus  avoiding  the  necessity  of  extensive 
incision.  Suture  should  be  done  with  silk  or  catgut 
(chromicized).  The  sheath  may  often  be  sewed  over 
the  tendon.  As  the  sutures  tend  to  tear  out,  one  of 
the  methods  illustrated  here  may  be  emploved  to 
prevent  this  (Figs.  47.52  and  47.5.3).  In  suturing  ten- 
dons Lange's  advice,  never  to  pass  the  needle  through 


FiQ.  4752— Suture  of  Divided  Tcadons. 

the  entire  thickness   of  the   tendon,   will   be   found 

most  useful. 

When  secondary  suture  must  be  done,  i.e.  after  the 
external  wound  has  healed,  it  may  be  extremely 
difficult  or  even  not  feasible  to  find  the  proximal  end. 
In  this  case  tendon  transplantation  h;is  been  done 
{nde  infra).  The  proximal  end  having  been  found, 
it  may  be  impossible  to  approximate  it  to  the  distal 
sufficiently  to  make  ordinary  suture  practicable.  In 
this  event  tendon  lengthening  may  be  done  by  split- 
ting the  dLstal  end,  as  shown  in  Fig.  4755,  or  a"  bridge 
of  silk  or  silkworm  gut  may  be  made,  viniting  the  ends 
and  serving  as  a  framework  upon  which  new  tissue  is 


afterward  formed.     Silk   will   usually  be  found  pref- 
erable for  this  purpose. 

Surgery  op  the  Tentx>ns.— In  addition  to  those 
above  described,  operations  on  tendons  are  done  for  a 
variety  of  conditions.  The  most  frequent  of  these  by 
far  is  tenotomy,  simple  division  of  a  tendon.  This 
may  be  open  or  subcutaneous.  The  open  operation 
consists  in  making  an  incision  parallel  with  the  tendon; 
the  tendon  is  then  divided  upon  a  grooved  director 
in  the  open  wound.  The  method  is  one  of  choice 
when  it  is  necessarj-  to  avoid  important  structures 
(e.g.  the  peroneal  nerve  in  division  of  the  biceps 
femoris),  or  where  the  anatomical  situation  makes 


Fig.  4754. — Jones'  Tenotome. 

complete  division  of  tendons  or  muscles  not  feasible 
by  the  subcutaneous  method.  The  muscular  variety 
of  wryneck  may  serve  as  an  example  of  this;  likewise 
the  adductors  of  the  thigh  in  cases  of  spastic  infantile 
paralysis.  Otherwise,  on  account  of  it,s  simplicity 
and  the  ease  and  certainty  of  the  healing  process,  the 
subcutaneous  method  will  be  chosen.  It  may  be  done 
from  within  outward  or  from  without  inward.  The 
former  is  the  method  of  choice.  The  tenotome  is  a 
knife  with  a  short  blade  (1.5  to  2.5  centimeters)  at  the 
extremity  of  a  long  shank  (2  to  2.5  centimeters),  and 
may  be  pointed  or  blunt.  The  length  of  the  blade 
should  equal  the  width  of  the  tendon  to  be  cut.  The 
tenotome  of  Robert  Jones  (Fig.  4754)  is  of  especial 
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utility  because  the  cutting  edge  is  straight  and  be- 
cause" its  proximal  end  terminates  abruptly  in  a  right- 
angled  shoulder.  It  is  easy,  for  this  reason,  to  Imut 
the  cutting  to  the  tendon  itself.  An  assistant  hold- 
ing the  part  so  as  to  put  the  tendon  on  the  stretch, 
the   operator  feels  for  the  edge  of  the  tendon  and 


-Length 


inserts  the  tenotome  behind  this  with  the  flat  of  the 
blade  parallel  to  the  tendon.  The  tenotome  is  then 
pushed  through  until  its  point  is  felt  on  the  opposite 
side.  The  edge  is  then  turned  toward  the  tendon, 
and' the  division  is  made  by  a  rocking  motion.  The 
tendon  is  felt  to  vield  suddenly  and  often  with  an  au- 


FiG.  4756. — Lengthening  of  Tendon.  (Plastic  tenotomy.) 
A,  Incision  to  be  employed  in  di%iding  the  tendon;  B,  mode  of 
auturing  the  divided  ends. 

dible  snap.  The  knife  is  then  withdrawn  and  the 
minute  opening  is  closed  by  pressure  with  a  compress 
of  gauze.  The  oper.ation  should  be  done  with  all 
a-septic  precautions.  The  wound  in  the  tendon  heals 
by  the  organization  of  the  blood  clot  between  the 
divided  ends;  these  soften  and  become  fused  with  the 
new  fibrous  tissue.  For  some 
time  this  has  the  appearance, 
both  gross  and  microscopic, 
of  scar  tissue.  After  about 
three  months  the  new  tissue 
can  scarcely  be  distinguished 
from  the  old.  Immediately 
after  the  division  of  the  ton- 


FiG.  47.^7. — Subcutaneous  Plastic  Tenotomy  of  the  Tendo  ,\chilhs 
after  Bayer.  The  tenotome  is  introduced  in  the  midhne  of  the 
tendon  at  the  calcaneus  and  at  the  muscle,  and  at  each  location 
one-half  of  the  tendon  is  di\'idedin  the  direction  of  the  arrow,  o, 
The  line  bet  ween  the  two  points  of  i  nsertion  of  the  tenotome  along 
which  the  fibers  become  loosened  and  sUde  past  each  other;6shows 
the  manner  of  division  of  the  lateral  half  of  the  tendon.  (From 
Vulpius  and  Stoffcl.) 

don  the  necessary  correction  in  the  position  of  the 
part  is  made,  and  fixation  is  usually  accomplished  by 
plaster  of  Paris  applied  over  the  aseptic  dressing.  The 
operation  is  most  frequently  done  upon  the  tendo 
Achillis  for  clubfoot,  either  congenital  or  paralytic; 
the  tibialis  posticus  and  anticus,  and  the  plantar  fas- 
cia are  often  divided  for  the  same  purpose.     Tenot- 
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omy  may  be  indicated  for  the  lengthening  of  any  con- 
tracted muscle,  or  when  it  is  desirable  for  any  reason 
to  exclude  the  action  of  a  muscle,  e.g.  the  tendo 
Achiilis,  in  the  correction  of  anterior  bow-leg. 

In  some  instances,  and  especially  in  spastic  paraly- 
sis, the  overcorrection  of  deformity  causes  such  ex- 
tensive separation  of  the  divided  ends  of  a  tendon  that 
their  subsequent  union  may  be  in  doubt.  For  the 
avoidance  of  this  plastic  tenotomy  or  tendon  lengthen- 
ing is  often  done.  An  incision  is  made  over  the 
tendon,  which  is  then  split  longitudinally  for  a  dis- 
tance equal  to  the  amount  of  lengthening  desired. 
Incisions  are  then  made  at  right  angles  to  this  at  either 
extremity  of  the  longitudinal  cut  and  in  opposite  direc- 
tions (Fig.  4756,  A).  Fig.  4756,  B  shows  the  method 
of  uniting  these  flaps.  For  the  tendo  Achillis,  Bayer 
has  proposed  a  subcutaneous  method  in  place  of  his 
original  plastic  tenotomy  (Fig.  4757).  This  consists 
in  cutting  through  half  the  width  of  the  tendon  above 
and  below  subcutaneously.  Upon  making  forcible 
dorsal  flexion  of  the  foot  the  tendon  will  now  split 
lengthwise  and  the  effect  be  the  same  as  in  Fig. 
4756.  It  has  the  additional  advantage  of  avoiding 
adhesion  between  tendon  and  sheath.  The  writer 
has  done  the  operation  repeatedly  with  satisfaction. 

Of  especial  interest  in  connection  with  the  surgery 
of  the  tendons  are  the  uses  to  which  they  have  been 
put  for  the  amelioration  and  connection  of  the  disa- 
bilities and  deformities  of  paralytic  origin  .and  in 
such  instances  in  which  the  equilibrium  between  the 
muscles  controlling  a  joint  has  been  permanently  lost 
either  by  trauma  or  disease.  The  largest  group  of 
cases  in  which  the  tendons  have  been  utilized  for  such 
reparative  purposes  results,  of  course,  from  acute 
anterior  poliomyelitis.  Always  quite  numerous  in 
all  civilized  communities  these  disabilities  have 
assumed  a  position  of  striking  importance  during  the 
past  ten  years  because  each  summer  during  this  period 
has  been  characterized  by  the  appearance  of  anterior 
poliomyelitis  in  epidemic  form  in  the  northern  part 
of  the  United  States.  During  the  summer  of  1916 
these  epidemics  assumed  unexampled  proportions. 
It  is  estimated  that  not  less  than  12,000  cases  were 
reported  in  the  United  States  during  this  period,  of 
which  number  perhaps  9,000  survived.  Of  these, 
much  the  greater  part  have  doubtless  been  left  with 
residual  and  permanent  paralj'sis,  particularly  in  the 
lower  extremities.  It  is  well  known  that  in  acute 
anterior  poliomyelitis  the  paralysis,  C}uite  extensive 
to  begin  with,  is  recovered  from  during  the  first  few 
months,  so  that  after  a  year  has  passed  there  remains 
an  involvement,  of  more  or  less  circumscribed  extent 
and  of  permanent  character.  In  some  of  the  most 
unfortunate  cases  there  persists  a  flaccid  paralysis 
of  all  the  muscles  of  a  part;  in  others  the  paralyzed 
muscles  so  greatly  overbalance  in  number  and 
strength  the  unaffected  ones  that  the  latter  are  of 
inconsiderable  functional  use  or,  on  the  contrary, 
act  simply  to  produce  a  deformity  by  their  unopposed 
action.  On  the  other  hand,  many  instances  are  to 
be  found  in  which  disability  and  deformity  are  pro- 
duced by  the  loss  of  function  in  one  or  two  of  the 
more  important  muscles.  Thus  an  isolated  paralysis 
of  the  tibialis  anticus  results  in  marked  valgus  de- 
formity at  the  ankle;  paralj-sis  of  the  peroneus  brevis 
and  longus  in  still  more  pronounced  varus  deformity. 
Practically  complete  paralysis  of  all  of  the  long  foot 
muscles  produces  the  so-called  "dangle  foot,"  while 
the  persistence  of  power  in  the  gastrocnemius-soleus 
group  alone  usually  means  the  development  of  equino- 
varus  or  club-foot.  With  the  prevention  of  such  de- 
formities we  shall  in  this  place  not  concern  ourselves, 
nor  indeed  with  the  correction  of  the  deformity  itself 
once  it  has  occurred,  except  to  say  that  such  correc- 
tion should  constitute  a  separate  step,  antecedent  and 
distinct  from  the  procedures  involving  the  tendons  and 
which  are  presently  to  be  described.  As  a  further 
introduction  to  a  discussion  of  the  surgical  procedures, 
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involving  the  tendons  and  intended  to  prevent  or 
ameliorate  the  disabihties  produced  by  poliomyehtis 
it  Is  to  be  stated  dogmatically  that  they  should  not 
l>c  considered  until  there  can  no  longer  be  a  question 
(if  possible  further  recovery  of  muscle  power.  It 
might  be  safely  said  that  not  less  than  two  years  should 
elapse  from  the  onset  of  paralysis  before  any  operative 
])r(icedure  should  be  undertaken  other  than  such 
as  calculated  to  merely  correct  any  fLxed  deformity 
which  may  be  present. 

This  minimum  period  of  recovery  having  termin- 
ated, in  the  presence  of  a  paralytic  disability,  now 
]iresumed  to  be  of  permanent  nature,  we  may  con- 
sider the  feasibility  of  certain  tendon  operations  for 
its  relief.  Such  operations  may  be  considered  under 
three  heads:  (1)  Operations  having  as  their  object 
the  restoration  of  the  muscular  equilibrium  of  the 
joint  and  aiming  at  practical  restitution  of  the  usual 
function  of  the  part:  tendon  transplantation.  (2) 
Procedures  in  which  the  tendons  of  paralyzed  muscles 
are  utilized  as  stays  or  ligaments  with  the  idea  of 
preventing  the  development  of  deformity  which  must 
otherwise  be  inevitable  unless  obviated  by  the  per- 
manent use  of  apparatus:  tendon  implantation, 
tenodesis,  tendon  fixation.  (3)  By  combining  both 
of  the  foregoing  methods,  we  may  conceivably 
achieve  a  result  functionally  more  satisfactory  on  the 
one  hand  and  on  the  other  much  more  likely  to  endure. 

Tendon  Transplanlnlion. — The  intent  of  this  pro- 
cedure is  to  restore  the  balance  of  muscular  control 
of  a  joint  or  part  of  an  extremity,  which  has  been 
overthrown  by  loss  of  function  on  the  part  of  one  or 
more  muscles,  whatever  the  cause  may  be.  As  before 
said,  the  commonest  cause  is  the  residual  paralysis 
of  acute  anterior  poliomyelitis.  As  the  result  of 
an  abundant  experience,  tendon  transplantation  has 
now  been  given  its  proper  evaluation.  The  effect 
has  been  to  narrow  greatly  its  field  of  usefulness  as 
compared  with  the  indications  of  ten  years  ago,  as 
well  as  to  standardize  its  technical  details  to  a  con- 
siderable degree.  It  must  be  acknowledged  to-day  that 
the  complicated  operations  which  were  formerly  in 
vogue,  and  which  frecjuently  involved  several  muscles 
controlling  a  joint,  have  been  disappointing  in  their 
functional  results.  It  is  furthermore  now  apparent 
that  the  muscle  transplant,  in  order  to  be  functionally 
efficient  in  its  new  situation,  must  be  akin  to  the 
paralyzed  muscle,  which  it  is  proposed  to  supplant, 
in  its  own  primary  function.  It  is  now  realized  that 
we  cannot  at  will  convert  a  flexor  into  an  extensor, 
an  adductor  into  an  abductor  and  obtain  truly 
efficient  muscular  action.  It  has  become  apparent 
that  we  were  frequently  deceived  as  to  the  effect  of 
such  operations  by  reason  of  the  fact  that  the 
transplanted  muscles,  under  these  circumstances, 
acted  for  a  time  simply  as  mechanical  stays,  prevent- 
ing the  recurrence  of  deformity  by  serving  as  liga- 
ments. Not  being  structurally  adapted  to  such 
purpose,  however,  they  stretched  before  long,  and 
permitted  the  recurrence  of  deformity  and  imbalance. 
In  addition,  we  have  had  to  reconstruct  our  notions 
of  the  mechanical  conditions  under  which  transplanta- 
tions may  be  done  which  might  be  otherwise  appro- 
jjriate  from  the  functional  standpoint.  The  power  of 
the  transplant  must  stand  in  some  adequate  pro- 
portion to  that  of  the  paralyzed  muscle,  or  supplant. 
Thus,  we  can  realize  the  difficulty  of  this  problem  by 
remembering  that  the  power  of  the  gastrocnemius- 
soleus  is  practically  equal  to  that  of  all  the  anterior 
muscles  of  the  foot  combined.  The  tendon  of  the 
transplant  must  not  liecome  adherent  to  the  surround- 
ing structures,  else  the  contraction  of  its  muscle  fibers 
will  be  of  no  functional  avail;  this  will  usually  require 
that  the  transplant  be  drawn  from  its  sheath  and  be 
passed  through  the  sheath  of  the  supplant  itself. 

Since  in  this  place  we  are  concerning  ourselves 
chiefly  with  the  surgery  of  the  tendons  and  not  that 
of  the  muscles  and  certainly  not  with  the  larger  ques- 


tion of  paralytic  di.sabilities,  the  general  discussion  of 
operative  plans  cannot  now  be  undertaken.  We 
shall  have  to  confine  ourselves  to  such  matters  as 
concern  the  tendons  themselves.  In  this  country, 
the  original  plan  of  Nicoladoni,  which  was  supported 
later  by  Vulpius,  of  sewing  the  tendon  of  the  trans- 
plant to  the  tendon  of  the  paralyzed  supplant  has 
steadily  lost  favor  because  of  dissatisfaction  with  the 
end  results.  This  is,  however,  to  a  considerable 
degree  true  also  of  the  method  of  Lange  in  so  far  as  it 
involves  the  use  of  considerable  lengths  of  silk  braid 
for  the  prolongation  of  the  transplant  to  an  insertion 
into  the  periosteum  and  ligament.  It  has  become 
apparent,  however,  that  the  attachment  of  the  trans- 
plant to  its  new  point  of  in.'sertion  must  be  of  such 
firm  character  as  to  withstand  a  great  tendency  to 
stretch  under  continued  stress  of  function.  For  this 
reason  the  method  of  attaching  to  bone  and  perio-steum 
is  much  to  be  preferred.  Strictly  aseptic  braided 
silk  of  sufficient  thickness  is  to  be  recommended  not 
only  because  of  its  own  permanence,  but  also  because 
of  its  tendency  to  stimulate  the  formation  of  new  con- 
nective tissue  which  must,  after  all  be  rle])ended  upon 
as  a  definite  safeguard.  In  applying  the  suture  to  the 
tendon  itself,  Lange's  admonition  should  be  remem- 
bered, namely,  that  the  needle  should  at  no  time  pass 
through  the  entire  thickness  of  the  tendon. 

Tendon  Implantation  [Tenodesis). — Unsatisfactory 
results  after  tendon  transplantations  of  the  more 
complicated  kinds  and  the  difficulty  of  obtaining 
satisfactory  transplants  for  certain  muscles  of  great 
functional  importance,  such  as  the  peronei  in  ca-ses 
of  paralytic  eciuinovarus,  have  led  operators  to  the 
idea  of  converting  the  tendons  of  the  par.ilyzed 
muscles  into  ligaments  which  are  permanently  to 
prevent  the  development  or  recurrence  of  the  paralytic 
deformity.  In  so  doing  there  is  abandoned  the  hope 
of  reproducing  in  any  way  the  active  functions  of  the 
paralyzed  muscles.  The  operation,  which  originated 
with  Codivilla,  has  recently  been  revived  by  Gallic  of 
Toronto.  There  follows  a  brief  description  of  the 
operation  as  practised  in  the  case  of  varus  deformity 
at  the  ankle  from  paralysis  of  the  peroneus  longus  and 
brevis.  Through  an  appropriate  incision  the  peronei 
tendons  are  removed  from  their  sheaths;  thus  must 
be  done  with  particular  freedom  in  the  case  of  the 
peroneus  longus  so  that  it  may  be  made  to  take  a 
straight  course  from  its  place  on  the  external  border 
of  the  foot  to  the  front  of  the  external  malleolus 
where  it  is  to  be  implanted.  On  the  front  of  the  lower 
end  of  the  fibula  a  vertical  incision,  one  or  two  inches 
in  length,  is  made  through  the  periosteum  and  the 
edges  of  the  cut  periosteum  are  jjushed  aside  by  means 
of  an  elevator,  exposing  the  bone.  With  a  narrow 
gouge  chisel  a  deep  furrow  is  cut  in  the  fibula,  the 
length  of  the  periosteal  incision.  The  same  thing 
is  done  on  the  posterior  aspect  of  the  lower  end  of  the 
fibula.  The  foot  is  now  brought  into  an  overcor- 
rected  position,  i.e.  valgus  or  decided  pronation,  and 
thus  held  by  an  assistant  until  the  conclusion  of  the 
operation.  The  tendon  of  the  peroneus  longus  is 
now  seized  with  a  clamp  and  placed  in  the  anterior 
farrow  under  sufficient  tension  to  hold  the  foot  in  the 
new  position.  Silk  sutures  are  passed  through  the 
periosteal  flaps  and  the  tendon  so  as  to  hold  it  in  place. 
In  like  manner,  the  peroneus  brevis  is  sewed  into  the 
posterior  furrow.  The  skin  wound  is  sutured,  an 
a.septic  dressing  applied  and,  over  this,  a  plaster  dress- 
ing holding  the  foot  In  distinct  pronation.  This 
plaster  is  worn  for  eight  weeks  and  is  best  followed  by 
another  or  by  a  protective  brace  for  a  still  longer 
period. 

The  immediate  results  of  this  operation  when 
properly  performed  In  suitable  cases  are  unques- 
tionably pleasing.  In  the  presence  of  normal  antagon- 
ists, however,  it  seems  inevitable  that  the  implanted 
tendons  must  stretch  sooner  or  later  and  permit  more 
or  less  recurrence  of  the  deformity  and  this  has  been 
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the  author's  experience  in  several  cases.  Here,  as  in 
the  case  of  tendon  transplantation,  several  years  of 
observation  are  required  as  a  real  test  of  usefulness. 
The  Combined  Operation  o}  Staff  el. — In  this  operation 
there  are  combined  the  essential  features  of  tendon 


Urevis  is  ready  to  be  laid  in  t 
(Gallic,  Annals  of  Surgery.) 


1  1  !  ■•  1 '  '  >hr  11^  I.ongus  has  been  fixed  in  th( 
Ml  .M;ill.>,li,-,  Hi.atiie  Tendon  of  the  Peroneu 
;  Trough  Prepared  forit  behind  the  Malleolus 


transplantation  and  tenodesis.  The  object  of  this 
combination  is  to  relieve  the  transplant  of  the  duty  of 
acting  as  a  retentive  agent  in  preventing  the  recur- 
rence of  deformity  in  order  that  it  may  be  able  to 
fulfil  its  function  as  a  contractile  organ.  Stoffel 
has  called  attention  to  the  necessity  for  paying 
greater  attention  to  the  mechanical  conditions  under 
which  transplantations  are  done  and  to  the  fact 
that  gross  violation  of  the  mechanical  principles  upon 
which  muscular  action  is  dependent  must  be  followed 
by  disappointment  in  the  functional  result.  Accord- 
ing to  Stoffel  the  prerequisites  for  successful  trans- 
plantations may  be  discussed  under  three  heads: 

1.  The  Transplant  Must  Bear  a  Fairly  Close  Mor- 
phological and  Functional  Relationship  to  the  Muscle 
Whose  Function  it  is  to  Supplant. — Thus,  to  use 
StofTel's  own  illustration,  the  extensor  longus  hallucis 
may  well  be  used  to  supplant  the  paralyzed  anterior 
tibial  because  of  its  similar  course  and  position.  The 
contrary  would  be  true  of  the  flexor  longus  hallucis 
if  used  for  the  same  purpose.  It  would  require  to  be 
brought  through  the  interosseous  membrane  to  the 
front  of  the  leg  and  its  fibers  would,  therefore,  be 
given  an  angulated  course;  furthermore,  a  consider- 
able number  of  its  fibers  would  have  to  be  dissected 
from  their  insertion,  and  their  action  would,  therefore, 
be  lost. 

2.  In  Order  to  Possess  Effective  Contractility  the 
Transplant  Must  be  Fastened  to  its  New  Point  of  In- 
sertion Under  Physiological  Tension  Only. — Quite  the 
contrary  has  been  the  practice;  we  have  been  sewing 
the  transplant  to  its  new  insertion  under  considerable 
tension.  This  has  the  effect  of  diminishing  the  ampli- 
tude of  contraction  to  such  an  extent  as  to  interfere 
very  greatly  with  the  functional  efficiency  of  the 
transplant. 

3.  The  Transplanted  Muscle  Must  not  be  Used 
to  Hold  the  Limb  in  a  Corrected  Position. — This  for 
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the  reason  that  the  transplant  would  then  be  under 
much  more  than  physiological  tension,  which  is  forbid- 
den by  postulate  No.  2.  We  shall  do  much  better  by 
making  of  the  paralyzed  muscle  itself  (the  supplant) 
a  temporary  ligament;  it  may  be  sewed  to  periosteum 
and  deep  fascia  under  tension  enough  to  main- 
tain the  desired  position  of  the  limb.  It  is 
t  rue  that  it  will  stretch  before  long.  Experi- 
ence has  shown,  however,  that  it  may  be  de- 
pended upon  as  a  stay  until  the  strength  of 
the  transplant  has  been  cultivated  to  such  a 
degree  as  to  make  it  no  longer  necessary. 

During  the  past  two  years  I  have  obeyed 
the  three  postulates  of  Stoffel  in  m}^  trans- 
plantations as  far  as  possible.  The  result  has 
been  extremely  gratifying  to  me  in  that  I  have 
obtained  efficient  function  in  the  transplanted 
muscle  to  a  degree  hitherto  unattainable.  For 
the  sake  of  illustration  I  shall  describe  a  simple 
case,  such  as  I  have  repeatedly  operated  and 
as  given  by  Stoffel*"  in  his  paper.  The  case 
is  one  of  equinovalgus  of  the  foot  produced 
by  paralysis  of  the  anterior  tibial  muscle.  The 
long  extensor  of  the  great  toe  is  intact  and  is 
to  be  used  as  the  transplant.  The  equinus 
deformity  is  first  overcome  by  means  of  sub- 
cutaneous plastic  tenotomy  of  the  tendo 
achillis.  An  incision  is  now  made  over  the 
tibialis  anticus  just  above  the  annular  liga- 
ment. The  tibialis  anticus  tendon  is  pulled 
out  of  the  wound  with  sufficient  tension  to 
bring  the  foot  into  a  slightly  over-corrected 
position,  i.e.  into  supination  and  dorsal  flexion. 
While  held  in  this  position  by  means  of  the 
tibialis  anticus  its  tendon  is  now  sewed  fast 
to  the  periosteum  of  the  tibia  and  to  the  deep 
fascia  of  the  leg  with  strong  silk  sutures.  An 
incision  is  made  on  the  dorsum  of  the  foot 
between  the  tendon  of  the  extensor  longus 
hallucis  and  the  insertion  of  the  tibialis  anticus.  The 
tendon  of  the  extensor  longus  is  cut  at  this  level.  This 
tendon  is  now  drawn  out  of  the  upper  incision  from  its 


Fig.  4759. — Tendon  Transplantation  alter  Stoflel's  Method. 
1,1,  Extensor  longus  digitorum  muscle ;  2,  extensor  hallucis  longus 
(healthy);  3,  3,  tibialis  anticus  (paralyzed);  4,  tibia;  5,  fascia 
cruris;  6,  6,  surface  marking  of  the  tendon  of  the  tibialis  anticus. 

compartment  in  the  annular  ligament  and  is  passed 
under  the  annular  ligament  in  the  same  compartment 
with  the  anterior  tibial  and  is  made  to  emerge  again 
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from  tlie  wound  on  the  dorsum.  It  is  then  sewed 
firmly  to  the  periosteum  with  strong  silk,  in  com- 
pany with  the  insertion  of  the  anterior  tibial.  The  ex- 
tensor longus  hallucis  now  has  a  direction  and  inser- 
tion practically  identical  with  that  of  the  anterior  tibial 
and  is  placed  here  under  physiological  tension.  Under 
these  conditions  it  is  not  too  much  to  expect  the  trans- 
planted toe  extensor  to  satisfactorily  act  as  a  tibialis 
anticus,  and  if  the  operation  has  been  properly  planned 
and  the  after-treatment  has  been  appropriate,  the  foot 
may  well  become  entirely  normal  in  function  and  ap- 
pearance save  for  the  loss  of  action  of  the  toe  extensor. 
This  in  shoe-wearing  persons  is  entirely  insignifi- 
cant and  may,  in  fact,  be  obviated  by  uniting  the 
distal  end  of  the  extensor  hallucis  tendon  with  the 
extensor  of  the  second  toe. 

It  will  be  readily  seen  that  the  adoption  of  these 
principles  will  rule  out  the  quite  complicated  schemes 
for  operation,  such  as  have  been  recommended  chiefly 
by  Vulpius,  and  at  the  same  time  will  exclude  at- 
tempts to  convert  a  flexor  into  an  extensor  and  rice 
I'crsa.  There  is,  in  my  judgment,  good  reason  to 
believe  that  specialized  action  of  the  kind  desired 
is  rarely  or  never  attained  after  such  operations, 
anyhow. 

The  natural  conclusion  which  must  be  drawn  as 
the  result  of  these  considerations,  is  that  complicated 
operative  plans  do  not  result  in  sufficiently  specialized 
action  to  justify  them.  Anatomical  research  explains 
this  and  abundant  clinical  experience  confirms  it. 
When,  therefore,  a  simple  and  direct  operative  plan 
cannot  be  entertained  because  of  the  extent  and  char- 
acter of  the  paralysis,  tendon  transplantation  should 
not  be  the  operation  of  choice.  We  must  either  resort 
to  fixative  operations,  such  as  arthrodesis  or  tendon 
fixation,  or  abandon  the  idea  of  operation  altogether, 
save  as  it  may  be  required  for  the  correction  of  fixed 
deformity. 

While  Stoflfel's  plan  of  operation  lends  itself  readily 
to  most  of  the  cases  of  valgus  deformity  in  the  foot, 
this  is  not  true  with  many  of  the  cases  of  varus  or 
equinovarus  of  paralytic  origin.  It  is  peculiar  to 
the  incidence  of  the  valgus  cases  that  while  the  an- 
terior tibial  is  paralyzed,  the  extensor  longus  hallucis 
is  most  often  intact  and  therefore  available  as  a 
transplant.  In  the  varus  cases,  on  the  other  hand, 
■we  most  often  have  to  deal  with  the  loss  of  both 
peronei  with  or  without  the  paralysis  of  the  common 
exten.sor.  .\s  has  recently  been  pointed  out  by  Motti.' 
we  shall,  under  these  conditions,  have  to  be  satisfied 
with  a  less  well-specialized  set  of  movements  and  con- 
tent ourselves  with  restoring  the  equilibrium  to  a 
large  extent.  Lange  seeks  to  accomplish  this  by 
connecting  the  tibialis  anticus  with  the  lateral  side  of 
the  foot  by  means  of  a  silk  tendon.  I  have  not  been 
satisfied  with  my  trial  of  this  method,  but  prefer  the 
plan  of  Codivilla,  which  transfers  the  whole  of  the 
tibialis  anticus  to  the  external  border  of  the  footand 
replaces  it  by  means  of  the  extensor  longus  hallucis. 

While  tendon  transplantation  is  by  all  means  to  be 
considered  a  very  great  advance  in  the  treatment  of 
partial  paralysis  and  of  paralytic  deformities,  unrea- 
sonable things  should  not  be  expected  of  it.  The  most 
satisfactory  results  by  far  are  obtained  when  only  one 
or  two  muscles  are  paralyzed,  and  here  the  cure  may 
under  favorable  conditions  be  practically  perfect. 
When  a  number  of  important  muscles  must  be  substi- 
tuted for,  much  less  is  usually  accomplished.  A  better 
position  of  the  limb,  making  the  wearing  of  apparatus 
easier,  because  of  simpler  needs  for  it,  is  all  that  is  fre- 
quently accomplished,  and  it  is  likely  that  in  some 
cases  arthrodesis  would  be  of  more  beneficent  effect. 
The  success  of  transplantation  depends,  however, 
not  only  upon  the  selection  of  the  proper  muscles  for 
grafting  and  a  correct  operative  technique,  but  in  no 
less  desree  upon  attention  to  even  the  minor  details 
of  the  after-treatment.  The  full  benefit  of  the  opera- 
tion is  usually  not  to  be  observed  until  some  months 
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afterward,  and  the  total  improvement  is  sometimes 
not  gained  until  a  period  of  as  much  a.s  two  years  ha.s 
expired.  Sometimes  benefit  from  the  operation  is 
found  to  be  transitory;  a  few  months  afterward  the 
patient  is  found  to  be  in  the  old  condition.  In  this 
case  careful  investigation  will  sometimes  disclose  the 
cause  of  failure  in  improper  selection  of  energizing 
muscles,  and  one  may  with  hope  of  success  resort  to 
secondary  operations.  .\lbert  H.  Freiberg. 
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Tenon,  Jacques  Ren^. — ^Distinguished  French 
anatomist,  surgeon,  and  oculist.  Born  in  1724. 
He  began  the  study  of  medicine  at  Paris  in  1741,  and 
three  years  later  he  received  the  appointment  of 
.\rmy  Surgeon  of  the  First  Class.  He  took  part  in 
the  campaign  in  Flanders,  and  upon  his  return  to 
Paris  he  won,  by  competitive  examination,  the  posi- 
tion of  chief  surgeon  of  the  Salpctri^re  Hospital. 
A  little  later  he  was  made  a  member  of  the  Royal 
Academy  of  Surgery,  and  later  still  he  was  appointed 
to  the  Chair  of  Patliologv  in  the  Faculty  of  Medicine. 
He  died  Jan.  19,  1816. 

Tenon  is  known  to  medical  men  of  the  present  time 
by  reason  of  his  having  discovered  and  carefully  de- 
scribed the  fascia  of  the  eyeball  now  called  Tenon's 
capsule.  Of  his  many  published  writings  the  fol- 
lowing deserve  to  receive  special  mention:  "Recher- 
ches  sur  les  cataract es  capsulaires,  etc.,"  in  the 
Memoires  de  I'Acad.  des  Sciences.  March,  19,  17.55; 
"M(5moires  sur  I'anatomie,  la  pathologic,  ct  la  chi- 
rurgie," Paris,  1806;  and  "  M6moirc  sur  les  hdpitaux 
de  Paris,"  Paris,  1788.  A.  H.  B. 


Teratology. — Derived  from  the  Greek  ripat,  a 
monster,  and  Xo7os,  a  discour.se  this  science  in  the 
broadest  sense  of  the  word  deals  with  abnormal  de- 
velopment in  the  fields  of  both  zoologj- and  botany; 
in  its  more  restricted  and  usual  sense  it  deals  with 
abnormal  animal  embrj-ology,  and  thus  stands  in 
the  same  relation  to  embryology  that  pathologj' does 
to  normal  histology. 

Primarj'  malformations  are  those  which  arise  from 
the  action  of  forces  which  give  rise  either  to  arrest  of 
the  normal  impulses,  to  growth,  or  to  a  perversion 
of  the  normal  impulses  to  growth.  Primarj-  monsters 
are  the  result  of  inherent  faulty  impulse  and  stimulus. 
Secondary  malformations  are  those  which  arise  from 
the  action  upon  the  embrj-o  of  forces  external  to  the 
growing  embryo.  Fetal  disease  is  excluded  from  the 
subject  of  teratology,  properly  considered,  for  the 
reason  that  disease  of  the  embryo  is  not  properly  a, 
part  of  the  developmental  condition.  Maternal 
disease  upon  the  other  hand,  may  be  properly  con- 
sidered under  the  head  of  causes  which  make  for  or 
contribute  to  secondarj- malformation. 

The  term  monslcr  is  reserved  for  those  abnormalities 
which  exhibit  marked  and  fundamental  defects,  many 
of  them  of  a  hideous  nature.  Many  such  creatures 
are  incapable  of  continued  life  after  the  severing  of 
the  placental  circulation. 

The  early  period  of  development  is  the  most  im- 
portant period  of  embryonic  life,  from  the  standpoint 
of  the  study  of  hralolo'gy,  for  the  degree  of  variation 
from  the  normal  varies,  within  certain  limits,  with 
the  stage  of  embryonic  life  at  which  the  aberrant 
growth  commenced.  Further  the  date  of  the  initia- 
tion of  the  aberrant  process,  if  that  date  could  be 
known,  would  within  certain  limits  ser\-c  to  establish 
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the  t^-pe  of  (leforiuity,  for,  us  the  growing  and  develop- 
ing embryo  passes  through  the  various  stages  of  its 
development  reminiscent  of  the  phylogenetic  history 
of  the  individual,  and  as  these  changes  are  progressive 
and  part  of  an  evolution  and  not  an  involution,  the 
subsequent  development  ])roceeds  consecutively  from 
the  stage  of  embryonic  differentiation  at  wiiich  the 
deviation  commenced.  The  fundamental  difference 
between  minor  developmental  abnormality  and 
extreme  deformity  is  therefore  one  of  degree  only. 

HisTORT. — The  growth  of  the  knowledge  of  tera- 
tology parallels  closely,  of  necessity,  the  development 
of  biology  and  esijecially  embryology.  Up  to  the 
year  17.59  when  IVn/jJ  ])ublished  his  "Theoria  Genera- 
tionis"  the  subject  was  shrouded  in  the  blackest 
mj-stery,  and  such  explanations  of  the  causes  of 
monsters  as  existed  were  largely  the  result  of  supersti- 
tion and  mystical  credulity.  This  in  spite  of  the 
fact  that  many  of  the  master  minds  of  the  ancient 
world,  among  them  most  notably  Aristotle,  had  at- 
tempted to  elaborate  an  adequate  theory  and  ex- 
planation of  the  occurrence  of  these  phenomena. 
The  recognition  of  the  mammalian  ovum  in  1672 
by  de  Graaf,  and  of  the  spermatozoon  in  167.5,  led 
to  investigation  of  the  growing  germ  mass  and  gave 
rise  to  much  scholastic  and  unproductive  speculation. 
It  was  not  until  the  closing  years  of  the  eighteenth 
century  and  the  opening  years  of  the  nineteenth 
century  that  it  was  recognized  that  the  development 
of  the  abnormal  fetus  was  the  result  of  certain  ordered 
processes,  and  not  the  result  of  mere  chance  and 
hazard.  Since  1S37,  when  St.  Hillaire  published  his 
"Trait<5de  T(?ratologie,"  progress  has  been  rapid  and 
great  in  extent,  until,  at  this  present  writing,  the 
literature  both  descriptive  and  theoretical,  is  volumi- 
nous. The  present  trend  of  the  science  is  in  the  direc- 
tion of  experimental  research,  and  it  is  to  this  investi- 
gation into  the  causes  of  aberrant  development  that 
W'C  must  look  for  future  progress. 

pAtrsATioN. — The  question  of  the  causation  of  the 
primary  forms  is  still  open,  and  its  solution  is  to  be 
looked  foras  part  of  the  explanation  of  the  causes 
and  stimuli  to  normal  growth  and  development.  The 
causes  of  the  secondary  forms  of  maldevelopment 
are,  as  above  implied,  external,  as  regards  the  emljrvo. 
They  act  by  causing  injury  to  the  growing  fetiis. 
They  are  mechanical  or  chemical;  among  the  former 
are  hemorrhages,  multiple  fetuses,  with  killing  or 
distortion  of  one  or  more  of  the  fetuses,  amniotic 
bands  of  adhesions  causing  strangulation  of  parts 
and  determining  the  level  of  intrauterine  amputa- 
tions of  extremities.  Chemical  agents,  excessive 
temperature,  and  violence  act  by  injuring  the  embryo 
by  way  of  the  placent.al  circu'lation.  These  forces 
may  result  in  immediate  death  of  the  fetus  with 
immediate  expulsion,  or  the  products  of  conception 
may  be  retained  up  to  or  beyond  term.  Pressure  or 
traction  with  or  without  constriction  are  potent  factors 
in  the  production  of  deformity  and  the  effects  of  such 
agents  are  measured  rather  bv  the  duration  of  time 
durmg  which  the  force  is  applied  than  by  the  intensity 
of  the  force  at  any  given  time.  The  multiform  results 
produced  by  amniotic  adhesions  to  the  fetal  surface 
clearly  fall  within  the  effects  of  this  class  of  forces. 
Such  deformities  are  seen  fretiuently  in  the  extremities 
and  in  and  about  the  head,  which,  because  of  its 
irregular  conformation,  offers  much  surface  for  the 
attachment  of  these  membranes  when  abnormal, 
also  because  of  the  very  wide  range  of  change  through 
which  the  head  has  to  pass  in  the  course  of  its  de- 
velopment. The  change  once  initiated  is  progressive 
in  character. 

Maternal  impression  as  a  cause  of  fetal  deformity 
can  be  dismissed  as  a  relic  of  the  days  when  the  causa- 
tion of  fetal  deformities  was  explained  upon  more 
fantastic  grounds  than  at  present.     The  theory  still 
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finds  place  in  popular  superstition  and  its  chief 
support  in  reasoning  post  hoc  ergo  propter  hoc. 

That  heredity  has  an  important  place  in  the  causa- 
tion of  certain  primary  forms  of  malformation  is  clear 
from  any  extensive  study  of  the  subject.  Yet  up 
to  the  present  time  there  has  been  no  successful  appli- 
cation of  the  rules  of  Mendelian  heredity  to  any 
sufficiently  extensive  series  of  cases. 

It  is  not  at  aU  times  possible  to  tell  whether  a  given 
subject  is  the  result  of  a  perverted  development  or 
the  result  of  a  pathological  change  in  an  otherwise 
normal  embryo,  and  this  is  particularly  true  in  the 
early  stages  of  gestation.  Growth  for  one  or  another 
cause  having  ceased,  it  is  no  uncommon  experience 
to  find  the  product  of  gestation  absorbed  either  in 
whole  or  in  part.  The  cystic  mole  is  perhaps  the  most 
common  form  of  the  blighted  ovum  seen  at  an  early 
stage. 

The  frequency  with  which  malformations  occur  is 
variously  given  as  156  in  10,056  births,  or  1.55  per 
cent.,  and  232  in  8,149  births,  or  2.83  per  cent. 

Classification  and  Description. — Since  the  char- 
acters presented  in  the  primary  forms  of  the  abnormal 
fetus  look  backward  toward  some  previous  embryo- 
logic  structure,  and  since  all  degrees  of  variation  may 
exist,  from  the  simplest  variation  of  a  part,  organ,  or 
extremity  to  the  most  complete  amorphism,  it  is 
impossible  to  classify  monstrous  embryos  and  fetuses 
in  any  consistently  consecutive  scheme.  In  the  fol- 
lowing pages,  therefore,  an  anatomical  classification 
will  be  largely  followed. 

Excessive  size  of  the  fetus,  macrosomia,  may  appear 
before  or  shortly  after  birth,  or  at  puberty.  It 
affects  the  body  generally  and  is  thus,  in  the  later 
api^earing  cases,  to  be  differentiated  from  gigantism 
due  to  acromegaly.  A  most  striking,  case  of  this  sort 
is  reported  by  Baldwin  in  which  the  child  weighed 
twenty-three  pounds  at  birth.  Macrosomatous  chil- 
dren are  usually  the  offspring  of  parents  of  normal 
stature,  but  this  is  by  no  means  a  rule  which  does  not 
admit  of  many  exceptions.  Speculation  as  to  the  cau- 
sation of  this  anomaly  is,  at  the  present  stage  of  our 
knowledge,  profitless.  The  same  phenomenon  may  be 
noted  in  connection  with  one  extremity  or  one  part  of 
the  body,  and  in  its  lesser  degrees  it  is  by  no  means 
very  infrequent. 

Diminutive  size  of  the  fetus  may  be  due  to  impaired 
nutrition  manifesting  itself  early  in  intrauterine  life 
and  is  not  an  uncommon  occurrence.  The  process 
is  frequently  so  extreme  that  the  fetus  does  not  sur- 
vive and  is  aborted.  From  this  is  to  be  distinguished 
true  dwarfism  viicrosomia,  which  must  also  be  dis- 
tinguished from  smallness  of  the  body  due  to  rachitis, 
cretinism,  and  achondroplasia.  True  dwarfs  are 
relatively  few,  but  some  of  them  have  been  well 
known.  Under  the  name  of  Tom  Thumb  one  very 
celebrated  dwarf  was  familiar  to  a  previous  circus- 
going  public;  he  married  an  almost  equally  diminutive 
lady  by  the  name  of  Lavinia  Warren.  Heredity 
plays  no  demonstrable  part  in  the  production  of 
dwarfism  as  most  dwarfs  have  been  the  children  of 
parents  of  normal  stature  and  proportions.  At  birth 
many  are  normal  in  size,  and  the  peculiar  tendency 
of  the  individual  manifests  itself  later  in  life. 

Abnormality  of  position  may  manifest  itself  in 
degrees  of  variation,  from  the  displacement  of  a  single 
viscus  to  the  complete  transposition  of  all  of  the  viscera 
which  latter  is  known  as  situs  inversus  viscerum  or 
inversio  viscerum.  Of  the  complete  transposition  of 
the  viscera  there  have  been  reported  some  300  cases 
and  the  incidence  of  the  abnormality  bears  no  rela- 
tion to  sex,  as  both  are  about  eciually  represented. 
Commonly  the  subject  is  right  brained,  as  evidenced 
by  left  handedness.  The  explanation  of  this  type 
of  variant  is  usually  referred  to  the  deflection  of  the 
aorta  to  the  right;  the  explanation  of  those  cases  in 
which  the  abdominal  viscera  are  transposed  while  the 
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tlmraeic  viscera  have  the  normal  relations,  is  referred 
t ' .  the  fact  that,  since  the  differentiation  of  the  venous 
■vstem  is  of  relatively  late  occurrence,  a  deviation  of 
t  hu  abdominal  veins  occurring  after  the  bases  of  the 
ihiiracic  vessels  had  been  establLshed,  would  be  fol- 
lowed by  a  deviation  of  the  abdominal  viscera.  The 
nason  for  the  persistence  of  the  right  venous  trunks 
:itid  the  suppression  of  the  left  primitive  trunks  is  not 
known. 

PoLYSOMATOLS  Terata. — Double  or  triple  monsters, 
multiplicities.  From  the  earliest  times  this  class  of 
ihiiormalities  has  excited  the  widest  and  most  active 
piculation  as  to  the  causes  which  lead  to  monstrous 
i  rmations.  Up  to  the  time  of  Meckel  it  was  com- 
monly held  that  the  double  or  multiple  monsters  were 
the  result  of  the  fusion  of  what  were  primarily  two 
iir  more  independent  embrj'os,  such  fusion  occurring 
at  an  early  period  in  the  life  of  the  embryo.  Meckel 
tir-t  suggested  the  possibility  that  the  aberrant  proc- 
1  <s  might  take  its  inception  in  an  abnormal  fission 
i  if  the  primitive  cell  mass.  It  seems  probable  from 
1  he  repeated  investigation  of  the  growing  embryo 
under  artificial  conditions  that  the  changes  which 
L'ive  rise  to  this  tj-pe  of  monster  occur  before  or  in  the 
stage  of  the  gastruta  and  not  later. 

The  most  obvious  classification  of  the  abnormal 
lituses  is  into  monosomalous  and  polysomatous  terata. 
The  polysomatous  terata  may  be  appropriately  sub- 
divided into  the  classes  of  si.-Tnmetrical  and  asym- 
metrical monsters,  depending  upon  whether  the  con- 
tributing parts  develop  with  a  fair  degree  of  similarity 
'ir  whether  one  grossly  outgrows  the  other,  producing 
L'leat  disparity  between  the  contributing  embrj-os. 
\\  ithin  either  class  there  occur  aU  degrees  of  variation 
t  rom  the  complete  reproduction  of  an  individual, 
through  a  wide  range  of  lesser  abnormalities.  When 
111  the  course  of  development  one  fetus  appropriates 
the  greater  portion  of  the  nutrition  we  see  an  unequal 
tlfvelopment  of  the  twins,  triplets,  or  quadruplets. 
I'liis  finds  its  extreme  in  those  instances  where  one 
lias  been  killed  in  the  process  and  pressed  upon  by 
tlic  surviving  and  growing  fetus,  producing  that  dis- 
tnrted  and  flattened  aborted  fetus  kno^^•n  as  fetus 
I'liliyraceus.  Unioval  twins  or  triplets  may  be  dif- 
f  rentiated  from  binoval  twins  or  triplets  by  the  fact 
t  hat  there  is  but  one  chorion  in  the  former  case.  They 
are  commonly  referred  to  as  monochorionic.  In  these 
cases  the  union  is  confined  to  the  common  placenta 
I  which  nourishes  them.  They  are.  during  intrauterine 
!  life,  double  or  triple  monsters  within  the  meaning  of 
'  this  discussion,  but  after  birth  and  the  severing  of  the 
placental  circulation  are  completely  independent. 

Plural  births  up  to  the  authenticated  number  of 
six  and  the  possibly  apocr\-phal  number  of  seven  must 
1><-  included  within  an  enumeration  of  this  sort. 
Ill  these  cases  there  is  unquestionable  evidence  that 
we  are  dealing  in  many  instances  with  monochorionic 
twins  or  triplets.  Sommering  reports  a  case  in  which 
there  were  four  fetuses  enclosed  within  a  common 
iliorionic  sac,  one  of  them  was  a  monster,  the  others 
being  normal. 

Triple  monsters  are  very  rare.  A  case  was  reported 
In-  Riena  and  Galvani  in  which  there  were  two  spinal 
columns  distinct  to  their  lower  extremities,  where 
thov  were  fused  in  the  sacral  region;  one  column 
sustained  one  head  and  the  other  column  sustained 
two  heads.  There  were  three  thoraces  enclosing 
three  separate  hearts.  The  stomach  was  single. 
The  real  explanation  of  such  a  monster  is  impossible 
from  any  knowledge  that  we  now  have. 

Double--  monsters,  duplicities,  in  which  term  are 
included  unioval  twins  up  to  the  time  of  birth,  but 
not  thereafter,  include  the  united  monsters — gemini 
conjuncti — in  the  description  of  which  it  is  convenient 
to  speak  of  those  in  which  the  union  is  anterior  and 
the  duplicitv  posterior,  in  which  instance  the  union  is 
usually  at  or  near  the  upper  pole  of  the  fetus;  and  of 


posterior  union  with  anterior  duplicity  in  which  case 
the  union  is  near  the  lower  fetal  poles.  Middle  union 
is  that  condition  in  which  the  fusion  is  from  the 
umbilicus  cephalad,  for  a  variable  extent. 

Anterior  duplicity  with  fusion  in  the  pelvic  region 
occurs  in  two  forms:  pygopagus  havmg  anterior 
duplicity  with  dorsal  union,  the  dorsal  surfaces  of  the 
constituent  parts  being  opposed,  navels  double  with 
double  cords  converging  to  the  common  placenta, 
coccyx  and  sacrum  common  in  their  entirety  or  only 
in  the  lower  sacral  segments,  spines  double,  digestive 
tracts  separate  until  at  or  near  the  anus,  varj-ing 
degrees  of  fusion  in  the  urogenital  tract;  the  aortsc 
have  in  some  instances  shown  varying  degrees  of 
fusion  at  the  lower  portions,  and  upon  one  occasion 
at  least  the  testes  of  both  fetuses  had  migrated  into  the 
scrotum  of  one  fetus  which  at  autopsy  contained  the 
four  testicles.  This  condition  is  not  of  nece.ssify 
incompatible  with  life,  as  has  been  demonstrated  by 
the  survival  and  development  attained  by  the 
Hungarian  Twins,  the  Bohemian  Twins  and  the  North 
Carolina  Sisters  which  were  the  best  known  exemplars 
of  the  t\-pe.  In  ischiopagus  there  is  anterior  duplicity 
with  posterior  union,  the  opposed  pubic  bones  being 
fused.  The  axes  of  the  bodies  may  be  the  same  so 
that  either  body  may  be  considered  an  extension  of 
the  other  from  the  common  pelvis,  or  they  may  be  so 
united  as  to  include  between  the  axes  of  the  two  fetuses 
a  variable  angle.  The  lower  extremities  may  be  well 
developed  or  two  may  be  fused,  so  that  there  results 
a  three-legged  monstrosity;  fusion  may  be  complete  or 
incomplete  involving  the  thighs  only.  An  interest- 
ing case  of  this  sort  was  described  by  Gcmniill.  Im- 
perforate anus  and  incomplete  development  of  the 
lower  bowel  are  relatively  frequent  and  the  subjects 
are  not  able  to  continue  life  after  birth.  If  marked 
inequality  exists  between  the  two  bodies  we  have  an 
asymmetrical  monster  of  this  tj-pe  which  is  called 
ischiopagus  parasiticus,  in  which  case  it  is  not  of  infre- 
quent occurrence  to  find  other  serious  defects  in 
connection  with  the  lesser  body.  Examples^  of  this 
duplicity  in  varying  degree  were  the  Tocci  Twins. 
Rita-Christina,   and    Marie-Rose   Drouin. 

Incomplete  anterior  duplicity  in  varying  degrees 
may  give  rise  to  diprosopus  in  which  two  faces  are 
produced;  with  diprosopus  triophthalmus  in  which  the 
two  mesial  eyes  are  fused,  or  if  the  mesial  eyes  are 
suppressed  D.  diophthalmus,  D.  tetrophthalmus  may 
be  regarded  as  the  t\-pe  of  this  class  from  which  the 
others  are  to  be  regarded  as  further  deviations.  The 
spinal  axis  in  these  cases  shows  varj-ing  degrees  of 
duplication. 

Dicephalus  monsters  are  those  in  which  the  head  is 
completely  duplicated;  thej'  are  usually,  according  to 
Piersol,  due  to  posterior  fusion.  Cranu)p<igus  is 
characterized  by  union  by  the  heads  with  duplica- 
tion caudad.  This  union  is  usually  by  the  skin  and 
cranial  bones,  the  membranes  and  brain  being  usually 
discrete.  Such  monsters  arc  usually  short  lived. 
Ccphalothoracopagus  or  syttcephalous  monsters  are 
those  in  which  there  is  ventral  or  lateroventral  union 
with  posterior  duplication  leading  to  the  development 
of  a  head  and  face  toward  which  both  contribute  in 
all  degrees  from  complete  symmetry  to  the  extremes 
of  asymmetry  or  parasitism.  Ocular  and  aural 
deformities  are  common  in  this  class.  The  viscera 
may  or  may  not  participate  in  the  fusion. 

In  ntittdle  union,  under  which  fall  the  two  classes 
Xiphopagus  and  Sternopagus,  the  union  extends 
cephalad  from  the  common  umbilicus  to  the  xiphoid 
cartilage.  Union  is  by  the  integuments  and  at  times, 
as  in  the  case  of  the  well-known  Siamese  Twins,  may 
be  by  a  bridge  of  hepatic  tissue,  the  abdominal  and 
thoracic  cavities  being  otherwise  discrete  and  with 
their  normal  contents.  Prevost  undertook  to  separate 
the  two  celebrated  Brazilian  twins  Rosalina  and 
Maria  who  were  xiphopaga?,  and  succeeded  to  the 
extent  that  one  survived.     Stcrnopagus  in  which  the 
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union  involves  the  manvibrium  sterni  which  may  re- 
ceive the  four  clavicles,  is  characterized  by  ventral 
union  -nith  dorsal  duplication.  The  hearts  may  be 
discrete  or  fused  although  when  two  hearts  are  present 
tliey  are  usually  invested  by  a  common  pericardium, 
tlie" product  of  a  fusion.  The  thorax  and  diaphragm 
are  common,  as  are  usually  the  liver  and  the  ab- 
dominal cavity  within  which  the  intestinal  tract  may 
exhibit  varviiig  degrees  of  fusion.  The  extremities 
are  rarely  "fused.  The  deformity  is  usually  com- 
patible with  but  a  few  hours  of  extrauterine  life 
because  of  the  common  occurrence  of  circulatory 
hypoplasia. 

"  Asymmelrical  mulliplicity  exists  in  a  large  variety 
of  cases  as  variants  of  the  t>-pes  indicated  above.  A 
formerly  well-known  museum  "freak"  Laloo  was  an 
instance  in  point,  being  an  asymmetrical  thoracopagus 
of  the  subclass  Dipygus  purasiticus.  The  |>arasite  was 
attached  from  the  umbilicus  to  the  xiphoid  and  was 
a  rudimentary  body  with  four  extremities  and  acoph- 
alic;  the  intestinal  tract  was  incompletely  developed 
and  did  not  functionate  although  the  urinary  tract  was 
independent  and  functionated  independently.  The 
parasite  was  incapable  of  independent  motion  and 
was  not  under  the  control  of  the  autosite.  Hirst  and 
Piersol  report  an  interesting  case  of  Diipygus  para- 
siticus in  which  the  subject,  a  female  duplicated  below 
the  third  lumbar  vertebra,  lived,  developed,  and  was 
eventually  married,  becoming  pregnant  upon  one 
side.  In"  this  case  there  was  independent  function 
as  regards  defecation  and  urination  but  parallel 
function  as  regards  menstruation. 

Cephalic  Para.sites. — Epignathus,  a  rudimentary 
parasite  attached  to  the  base  of  the  skull  or  to  the 
palate,  is  usually  an  amorphous  parasite.  When 
small  it  may  be  quite  contained  within  the  oral  cavity, 
lludiment.ary  skin  and  dermal  appendages  can  be 
recognized  in  the  tumor,  and  occasionally  those  tissues 
are  more  highly  differentiated.  Similar  terata  of 
the  orbit  have  been  reported  by  many  observers,  some 
of  which  have  exhibited  considerable  differentiation 
of  tissue. 

Encranius  is  a  form  in  which  the  parasite  lies  wholly 
or  partially  within  the  skull  cavity  of  the  autosite. 
The  immediate  vicinity  of  the  pituitary  body  is  a 
frequent  site  for  their  attachment.  They  are  usually 
amorphous  masses  in  which,  upon  section  study, 
can  be  recognized  slightly  differentiated  tissues; 
occasionally  they  are  more  highly   differentiated. 

Cervical  Par,\sites. — These  arise  usually  along  the 
lines  of  closure  of  the  branchial  clefts  and  are  inclusion 
cysts,  containing  dermal  derivatives,  occasionally 
teeth  or  portions  of  rudimentary  bone  or  cartilage. 

Thoracic  Parasites. — These  occur  as  dermoid 
cysts  frequently  in  close  relation  with  the  thymus. 

Abdominal  Parasites. — These  are  not  very  common 
and  when  present  are  rarely  highly  differentiated; 
they  are  found  most  freijuently  in  relation  with  peri- 
toneum of  the  lesser  sac.  They  may  give  rise  to  no 
trouble  during  life  and  be  found  at  operation  or  upon 
the  necropsy  table.  By  far  the  most  frequent  form 
of  the  tumor  is  found  as  an  embryonal  inclusion  in  the 
female  pelvis. 

Inclusions  and  other  terata  are  found  in  all  parts 
of  the  body.  Sacral  and  genital  teratomata  are  by 
all  means  the  most  commonly  met  with.  The  latter 
are  usually  cystic,  covered  by  the  skin  of  the  autosite, 
or  if  not,  by  skin  which  blends  with  that  of  the  host. 
The  position  of  the  original  attachment  may  be  either 
mesial  or  paramesial,  usually  the  latter.  "As  growth 
occurs  the  distortion  produced  invariably  produces 
a  position  -which  is  out  of  the  midline. 

They  are  usually  multilocular  cysts,  in  the  walls  of 
which  are  found  primitive  bone,  cartilage,  or  skin 
with  appendages,  with  muscular  tissue  striped  or 
unstriped.     The  sacral  tumors  of  this  class  are  not 
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necessarily  incompatible  with  life,  yet  indirectly  they 
lead  to  a  great  deal  of  trouble  with  the  function  of 
the  rectum  and  for  this  reason  by  far  the  larger  number 
of  subjects  find  their  way  to  the  necropsy  table  in  the 
course  of  the  first  eighteen  months  of  life.  Tera- 
tomata of  the  testes  and  ovaries  are  very  common 
tumors  of  these  glands,  where  they  appear  as  dermoids, 
containing  skin  with  its  appendages,  accumulated 
sebaceous  material  from  the  activity  of  the  glands, 
occasionally  bone,  cartilage,  or  teeth.  Solid  teratomata 
are  of  considerable  rarity  in  this  region,  and  of  still 
greater  rarity  are  those  testicular  teratomata  in  which 
are  found  highly  differentiated  tissues.  Repin  reports 
a  most  remarkable  testicidar  tumor  of  this  class  in 
which  there  was  the  greater  part  of  a  skeleton  with 
four  limbs. 

MONOSOMATO0S  Terata. — While  in  the  foregoing 
pages  ha\e  been  described  some  of  those  abnormali- 
ties which  affect  the  embryo  and  in  which  one  finds 
something  more  than  one  embryo  in  summing  up  the 
somatic  units,  in  those  cases  now  to  be  considered 
we  are  dealing  with  the  developmental  abnormalities 
arising  in  single  units.  From  the  standpoint  of  the 
student,  therefore,  this  is  the  simpler  class,  that  from 
the  study  of  which  will  be  derived  more  direct  knowl- 
edge of  the  development  of  the  fetus.  Many  of  the 
abnormalities  in  this  class,  exhibiting  as  they  do  the 
characters  of  fetal  development  at  the  stage  when  the 
evolution  was  arrested,  are  very  enlightening  in 
matters  pertaining  to  the  course  of  fetal  growth. 

Defects  in  the  Cerebrospixal  Axis. — If  one  keeps 
in  mind  the  origin  and  development  of  the  cerebro- 
spinal axis,  from  the  neural  groove,  through  neural 
tube,  and  the  further  differentiation  into  nervous  tis- 
sue, membranes,  and  axial  skeleton,  it  will  be  seen 
that  if  this  process  be  arrested,  either  in  whole  or  in 
part,  certain  typical  defects  will  result.  The  extent 
of  the  defect  depends  upon  the  area  over  which  the 
force  acted,  the  degree  of  primitiveness  of  the 
deformity,  and  the  period  at  which  the  force  became 
active. 

Rhachischisis. — Failure  of  the  processes  which  close 
in  the  spinal  canal  is  most  commonly  observed  in  the 
lumbosacral  region,  but  it  may  involve  the  entire 
length  of  the  spine,  holorhachischisis,  or  the  skull  with 
the  spine,  craniorhachischisis.  The  neural  arches  are 
undeveloped  and  there  is  extending  along  the  po.s- 
terior  aspect  of  the  spinal  region,  where  the  promi- 
nences of  the  posterior  spines  should  be  noted,  a  longi- 
tudinal groove  floored  by  the  bodies  of  the  vertebrae, 
upon  which  lies  the  spinal  cord  invested  by  its  mem- 
branes. Very  rarelj'  the  bodies  of  the  vertebrse 
are  cleft  also,  giving  rise  to  the  anterior  defect  known 
as  rhachischisis  anterior.  Other  malformations  of  a 
serious  nature  occur  frequently  with  this  deformity, 
making  it  incompatible  with  life.  The  lesser  degrees 
of  the  deformity  are  usually  covered  in  by  the  bony 
arches,  save  for  some  area  at  which  there  is  a  cystic 
protrusion  of  the  contents  of  the  spinal  canal.  These 
are  styled:  myelomeningocele,  which  occurring  in  the 
lumbosacral  region,  is  by  far  the  commonest  form 
of  the  defect,  forms  a  rounded  cystic  tumor  of  variable 
size,  up  to  that  of  a  large  orange.  Such  a  tumor  is 
cystic,  fluctuating,  and  pressure  upon  it  diminishes 
the  tumor  while  increasing  the  tension  of  the  fon- 
tanelle.  The  pia-arachnoid  is  usually  entire  and 
intact,  but  the  dura  presents  a  defect  corresponding 
in  degree  with  the  bony  defect.  Syringomyelocele  is 
the  spinal  homologue  of  hydrocephalus  interna;  it  is  a 
dilatation  of  the  central  canal  of  the  cord.  Here  1 1n- 
thinned  out  and  atrophic  nervous  tissue  forms  part 
of  the  tumor  sac  or  cyst.  Spina  bifida  occulta  is  the 
slightest  degree  of  this  deformity,  in  which  there  is 
neither  cleft  nor  cyst  visible  externally,  but  the  site 
of  the  deformity  is  usually  marked  by  a  dimple  which 
may  be  pigmented  or  not  and  covered  with  hair. 
Associated  disturbances  of  the  cauda  equina  lead  to 
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paralytic  talipes  Vhich  is  a  common  accompaniment 
of  this  lesion.  The  causation  of  these  deformities 
has  been  referred  to  amniotic  adhesions,  but  as  an 
explanation  of  all  cases  this  lacks  suflBciency. 

Cbanial  Defects. — Cranioschisis  is  the  cephalic 
homologue  of  rhachischisis.  It  may  coexist  with 
anencephalus  in  wliich  condition  the  brain  is  unde- 
veloped, or  with  eiencephalus  in  which  the  rudi- 
mentary brain  is  herniated  beneath  the  integuments. 
For  descriptive  purposes  it  is  divided  into  the  sub- 
classes acranius  and  hemicranius.  In  the  former  the 
brain  is  absent  or  but  slightly  developed,  the  bones  of 
the  vault  being  absent  or  rudimentary.  There  may 
be  associated  with  this  condition  rhachischisis  and 
anencephalus.  Hemierania  is  the  lesser  degree  of 
the  same  deformity.  It  Ls  characterized  by  varying 
degrees  of  maldevelopment  of  the  cranial  bones;  there 
is  frequently  an  associat<;d  exencephalus  in  which  the 
rudimentary  brain  is  extruded,  lying  external  to  the 
skull  and  covered  by  the  integuments  and  the  pia- 
arachnoid.  The  dura  is  usually  defective  in  the  same 
degree  as  the  bone. 

Cephalocele  is  a  tumor  composed  of  herniated  brain 
substance,  frequently  through  the  sutural  fissures. 
It  is  relatively  common  in  the  occipital  reeion  in  the 
lambdoid  suture  line,  and  in  the  frontal  region. 
The  investments  are  the  pia-arachnoid  with  the  dura 
mater  and  the  integuments.  In  these  cases  the  en- 
cephalocele  is  probably  the  primarj-  defect  and  the 
faulty  bone  development  secondary.  When  this 
crindition  has  associated  with  it  an  increase  in  the 
volume  of  the  cerebrospinal  fluid  the  condition  is 
known  as  hydroencephalocele.  Hydrocephalus  is  the 
same  condition  arising,  however,  at  a  later  period  in 
intrauterine  life,  after  the  development  of  the  cranial 
b(ines;  in  this  case  the  brain  is  contained  within  the 
skull  which  is  enlarged,  with  sutures  gaping  in  pro- 
portion to  the  degree  of  distention  of  the  ventricles. 
This  latter  form  is  by  no  means  incompatible  with 
life,  although  a  common  cause  of  dystocia,  associated 
with  death  of  the  fetus  intrapartum.  Meningocele 
and  hydroineningocele  are  those  conditions  without  or 
with  an  increase  in  the  volume  of  the  intraventricular 
fluid,  where  there  is  a  protrusion  through  a  bony 
defect  of  pia-arachnoid  without  herniation  of  the 
brain.  Iniencepbalus  is  that  very  rare  condition  in 
which  encephalocele  is  complicated  by  a  posterior 
spinal  defect  in  the  cervical  region  so  that  the  cranial 
and  cervical  defects  are  continuous. 

Microcephalus  is  due  primarily  to  a  small  brain 
which  preser\-es  its  usual  conformation  and  general 
markings  but  is  deficient  in  size.  The  skull  follows 
and  grows  only  to  such  extent  as  will  house  the  brain. 
The  deformity  is  by  no  means  incompatible  with 
life,  and  varying  degrees  of  true  microcephalus  are 
to  be  seen  in  all  of  our  custodial  institutions.  Mal- 
formations of  the  brain  itself  may  comprise  irregu- 
larities, variations,  and  even  suppression  of  convolu- 
tions, associated,  when  the  defects  are  located  in  the 
motor  area,  with  paralyses.  They  are  due  to  develop- 
mental defects  in  the  parts  arising  from  the  primary 
fore  brain  {prosencephalon),  a  large  number  of  varied 
deformities  of  the  brain  being  in  association  with 
defects  in  the  face.  The  primarj-  optic  vesicles  may 
be  fused  giving  rise  to  a  synophthalmus  or  cyclopia 
with  which  there  is  usually  coexisting  malformation 
in  the  frontonasal  region. 

Defects  of  the  Eye. — General  arrest  of  develop- 
ment may  lead  to  TnicrophUudmus  which  may  be  either 
unilateral  or  bilateral.  Suppression  of  the  eyes 
when  complete  is  called  anophlhalmiis.  Fusion  of  the 
eyelids  {symblepharon)  may  exist  in  all  degrees  up  to 
tlie  complete  fusion,  which  entirely  conceals  the  eye- 
ball, called  crijptophlhalmus.  Epicanthtis.  the  presence 
of  a  reduplication  of  the  mucous  membrane  covering 
the  inner  canthus  of  the  eye,  is  important  and  interest- 


ing as  being  a  persistence  of  the  nictitating  membrane 
of  the  birds. 

Facial  axd  cervical  iiALroRjiATioxs  are  in  large 
degree  due  to  the  persistence  of  the  branchial  clefts 
of  early  embryonic  life.  Aprnsnpus  is  practically  an 
absence  of  the  face,  the  clefts  remaining  widely  and 
irregularly  open.  Harelip,  chiloscldsis,  is  a  common 
and  relatively  minor  failure  of  fusion  and  may  be 
complete  into  the  nares  or  incomplete  in  all  degrees. 
It  may  be  unilateral  or  bilateral.  It  is  frequently, 
associated  with  cleft  palate,  laHomaxillary  cleft.  Its 
position  may  be  either  lateral  or  mesial.  With  the 
mesial  cleft  there  is  usually  defective  development  of 
the  nasal  septum  and  anterior  displacement  of  the 
intermaxilla.  Microstomum  and  mncrostomum  arc 
due  to  defect  in  the  closing  in  of  the  lateral  processes. 
This  may  lead  to  a  wide  range  of  variation  from 
excessive  size  of  the  mouth  down  to  complete  absence 
of  the  mouth  or  astomum.  Of  rare  occurrence  are 
defects  of  the  tongue  varj-ing  from  anterior  cleft, 
producing  bifid  tongue,  to  almost  complete  reduplica- 
tion of  the  member.  Since  the  form  and  contour  of 
the  external  ear  is  the  result  of  the  proportionate 
gron-th  of  and  fusion  of  six  separate  tissue  masses 
great  variation  in  ears  is  common  and  normal.  Dis- 
parity in  the  growth  of  the  contributing  masses  leads 
to  a  wide  range  of  aural  deformities  varing  from  com- 
plete absence  of  the  external  ear  to  various  clefts  of 
the  ear  and  distortions.  These  aural  defects  are 
frequently  as.sociated  with  development  of  the  struc- 
tures arising  from  the  first  and  second  branchial 
clefts. 

Incomplete  closure  of  the  fissures  with  persistence 
of  part  of  the  tract,  or  inclusions  along  the  course  of 
the  tract,  lead  to  a  variety  of  branchial  cysts  or  fistula 
in  the  region  of  the  neck.  In  connection  with  the 
cer\-ical  spine  arise  variations  springing  from  the 
failure  of  the  suppression  of  vestiges  commonly  found 
in  the  normal  fetus,  giving  rise  to  more  or  less  com- 
plete cervical  ribs  which  are  frequently  bilateral. 
If  bilateral  there  is  usually  a  difference  in  the  develop- 
ment upon  the  two  sides. 

THOR.VX  -VST)  .\bdomen'. — Failure  of  complete  mesial 
union  of  the  abdominal  and  thoracic  plates  gives  rise 
to  a  number  of  defects  in  the  parietes,  of  which  the 
most  common  are  those  which  appear  in  and  about  the 
umbilicus,  where  the  congenital  umbilical  hernia  is 
the  commonest  and  the  least  grave.  Omphalocele 
or  hernia  into  the  cord  is  a  condition  in  which  prior 
to  birth  abdominal  contents  have  been  forced  into 
the  cord  after  having  passed  through  the  incompletely 
closed  umbUical  ring.  Such  a  hernia  is  invested, 
from  within  outward,  by  peritoneum,  preperitoneal 
areolar  tissue  with  fat,  and  close  to  the  body  by  skin, 
more  remote  from  tlie  body  by  the  amniotic  covering 
of  the  cord.  Portions  of  the  solid  viscera  as  well  as 
intestine  have  been  found  in  such  sacs.  Major  degrees 
of  this  defect  result  in  complete  or  extensive  Ihora- 
coschisis,  thoracoga^troschisis,  or  gastroschisis,  result- 
ing in  a  practical  evisceration  of  the  subject.  It  is 
more  common,  however,  to  find  this  in  an  incomplete 
form  as  ectopia  of  a  viscus.  The  most  frequent  form, 
occurring  below  the  umbilicus,  is  due  to  a  faulty 
development  of  the  urachal  tract  and  varies  from 
the  incomplete  urachal  Jisluln  to  the  complete  form  in 
which  there  is  an  urinary  fistula,  a  grosser  degree  of 
which  is  found  in  ectopia  vesiccF,  in  which  there  is  a 
variable  degree  of  deficiency  in  the  fundus  of  the 
bladder,  with  fusion  of  the  bladder  to  the  abdominal 
parietes.  The  cause  of  these  defects  has  been  referred 
to  early  abnormal  adhesion  between  the  vitelline  duct 
and  the  chorion. 

Malformations  of  the  diaphragm  may  vary  from 
complete  absence  to  small  defects  which  appear  usu- 
ally in  the  line  of  fusion  of  the  anterior  and  posterior 
leaves  and  at  or  near  the  esophageal  opening.  In 
these    the   pleura    and   peritoneum    are    continuous, 
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reminiscent  of  the  primitive  celomic  cavity  of  the 
iirimitive  vertebrates.  Such  defects  give  passage  to 
diaphragmatic  herniie  in  which  varying  amounts 
of  tlic  abdominal  contents  are  extruded  into  the 
pleural  cavities.  Secondary  displacements  of  the 
heart  and  lungs  occur  as  pressure  effects.  Tins 
deformitv  sliould  be  borne  in  mind  as  an  mfrequent 
cause  of  postnatal  cvanosis.  Dislocation  of  the  heart 
downwarfl  throvigh  the  diaphragmatic  defect  the 
reverse  of  the  process  just  noted,  has  occurred,  but  is 
'  excessive!  v  rare.  .        x    • 

The  esophagus  is  occasionally  absent  in  part  or 
replaced  by  an  uncanalized  cord.  As  a  minor  variant 
of  this  extreme  deformitv,  atresia  may  occur  at  any 
level  Bifid  esophagus,  due  to  partial  duplication, 
has  been  observed.  Tlie  slomach  is  rarely  deformed 
save  in  connection  with  other  extreme  deformities 
elsewhere  in  the  body.  Variations  in  size  occur  in 
the  direction  both  of  small  and  of  large  stomachs. 
Atresia  of  the  fijlnTus  has  been  observed  rarely.  In 
the  intcslinal  tract  jjcrsistence  of  parts  of  the  omphalo- 
mesenteric duct,  described  as  Meckel's  diverticulum, 
constitutes  the  most  common  malformation,  being 
present  in  about  two  per  cent,  of  all  subjects.  When 
present  it  usually  occurs  in  the  last  four  feet  of  the 
small  intestine,  is"  usually  from  two  to  two  and  a  half 
inches  in  length,  but  may  extend  to  the  umbilicus. 
When  patent  throughout,  it  is  the  cause  ofumbilico- 
inti-stinal  fistula.  Atresia  of  the  intestine  at  various 
levels  lias  been  reported,  but  extensive  defects  in  the 
intestine  are  usually  found  in  association  with  very 
profound  defects  elsewhere  in  the  body.  Defects 
of  the  large  bowel  are  much  more  freciuent  and  may 
consist  in  atresia  at  the  anus  or  atresia  of  the  rectum 
with  a  blind  sac  of  rectum  at  some  distance  from  the 
skin.  Various  fusions  of  the  rectum  with  the  lower 
urogenital  tract  occur  in  which  they  are  fused  into  a 
cloaca  or  common  outlet.  The  liver  and  spleen  are 
seldom  the  seat  of  malformation  save  in  connection 
with  extensive  maldevelopment  of  the  intestinal  tract. 
The  spleen  is  occasionally  absent  and  there  are  several 
reported  cases  of  supernumerary  spleens,  among  them 
one  by  Albrecht  in  which  there  was  absence  of  the 
.spleen,  but  some  400  small  bodies  scattered  throughout 
the  peritoneal  cavity  which  proved  upon  section  to  be 
true  splenic  tissue.  The  suprarenals  may  be  diminu- 
tive and  occasionally  wanting  or  there  may  be  present 
.small  accessory  bodies. 

Of  the  deformities  occurring  in  the  respiratory 
tract  the  nasal  deformities  have  been  indicated  under 
facial  clefts.  Variations  in  the  size  of  the  larynx  are 
common,  and  fusions  of  the  cartilages  and  super- 
numerary cart  ilages  are  common.  Atresia  of  the  larynx 
is  rare  and  total  absence  has  been  noted  only  in  connec- 
tion with  other  grave  defects.  The  trachea  has  been 
absent,  the  bronchial  bifurcation  proceeding  directly 
from  the  larynx.  All  lesser  degrees  of  shortened 
trachea  with  high  bifurcation  of  the  bronchi  have 
existed.  Congenital  constriction  and  atresia  have 
occurred  at  all  levels  and  variations  in  the  number  of 
the  cartilaginous  rings  are  very  common.  In  those 
cases  where  the  left  lung  is  trilobate  tliere  is  a  third 
bronchus  present,  and  eparterial  in  position.  This 
variation  in  the  number  of  lobes  in  the  left  lung  is 
the  principal  variation  in  the  lungs,  other  variations 
in  form  being  very  rare. 

Heart  and  Circulatory  System. — Congenital 
anomalies  of  the  heart  are  very  common,  but  un- 
fortunately large  numbers  of  the  cases  never  reacli 
the  necropsy  table,  so  that  our  best  studies  do  not 
completely  represent  the  relatively  large  number  of 
deviations  from  the  normal  in  this  important  system. 
Recalling  the  development  of  the  heart  from  the 
jirimitive  straight  tube,  through  the  S-shaped  tube, 
later  further  differentiated  into  auricular  and  ven- 
tricular portions,  and  the  final  differentiation  with  the 
formation  of  the  intraventricular  septa,  and  remem- 
bering that  the  rotation  of  the  heart  progresses  pari 
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passu  with  this  differentiation,  it  -R-Ul  be  seen  that 
arrest  at  any  stage  may  determine  the  persistence 
of  a  fetal  structure,  which  in  turn  may  lead  to  very 
interesting  secondary  changes  in  the  viscera  whose 
condition  and  position  are  determined  by  the  rela- 
tion of  tlie  heart  or  of  those  of  the  great  vessels  which 
come  off  from  it  and  develop  with  it.  Thus  an  ab- 
normal selection  of  the  arches  retained  or  suppressed 
in  the  process  of  cardiogenesis  will  serve  to  explain 
many  of  the  variations  herein  enumerated.  The  inter- 
auricular  septum  is  that  part  most  commonly  <l<'fect- 
ive;  rarely  it  is  absent  giving  rise  to  a  threo-cliam- 
bered  heart;  when  so  absent  there  are  usually  present 
in  the  same  subject  other  serious  defects  in  other 
systems.  Some  degree  of  patency  of  the  foramen 
ovale  is  very  commonly  met  with  and  constitutes  the 
most  common  variety  of  congenital  heart  defect. 
Less  frequent  in  occurrence  is  a  defect  in  the  inter- 
ventricular septum,  usually  in  the  pars  membranacea, 
tliat  portion  last  closed  in,  and  when  present  this  is 
usually  associated  with  an  abnormality  of  the  septum 
between  the  aorta  and  the  pulmonary  artery. 

Associated  with  this  or  quite  independent  of  it 
there  may  be  persistence  of  the  Botallian  duct  or 
ductus  arteriosus  in  varying  degree.  Probably  the 
lesser  degrees  of  patent  ductus  arteriosus  are  rather 
more  common  than  is  indicated  in  the  text-books. 
Malformations  of  the  great  vessels  arise  from  abnormal 
persistence  of  the  primitive  arches.  The  aorta  may 
occasionally  be  seen  coming  off  from  the  right  ventricle 
with  the  pulmonary  artery  springing  from  the  left. 
Persistence  of  the  primitive  double  aorta  may  lead  to 
various  degrees  of  doubling  of  that  vessel.  The 
semilunar  valves  are  frequently  fused,  reducing  the 
segments  to  two  in  number,  or  the  leaflets  may  be 
cleft,  in  which  case  there  have  been  reported  as  many 
as  five  segments.  Stenosis  of  the  pulmonary  artery 
or  of  the  aorta  may  coexist  with  stenosis  of  the  conus 
arteriosus,  in  which  case  it  is  due  to  primary  hypo- 
plasia of  the  conus.  Or  the  pulmonary  artery  or  the 
aorta  may  be  narrowed  while  the  other  is  allotted  more 
than  the  normal  share  of  the  truncus  arteriosus,  this 
is  due  when  present  to  an  aberrant  position  of  the 
septum  which  partitions  the  truncus.  The  auriculo- 
vcntricular  valves  may  present  congenital  stenosis,  or 
variation  in  the  number  of  valve  flaps.  The  entire 
arterial  and  venous  systems  are  subject  to  variation, 
as  is  the  lymphatic  system,  throughout  their  extent; 
these  constitute  too  large  a  list  to  be  catalogued  in 
the  space  of  this  review.  Transposition  of  the  lieart, 
associated  with  some  degree  of  transposition  of  the 
other  viscera,  of  which  it  is  in  large  degree  the  pre- 
cursor, is  due  to  the  persistence  of  the  fourth  right 
arch  and  the  suppression  of  the  fourth  left  arch,  as  the 
basis  upon  which  the  aorta  is  developed.  In  thoracic 
cleft — thoracoschisis — the  heart  may  be  in  a  state  of 
ectopia,  a  rare  condition,  and  incompatible  with  life. 
Doubling  of  the  heart  through  imperfect  fusion  is  a 
rare  anomaly  and  is  due  to  an  arrest  in  the  process  of 
heart  development. 

Malformation  in  the  urogenital  system  may 
include:  absence  of  both  kidneys,  disparity  in  the  size 
of  the  kidneys,  absence  of  one  kidney,  fusion  of  the 
kidneys  in  various  forms,  and  persistence  of  the  fetal 
lobulations;  with  this  may  occur  double  ureter  from 
one  or  both  kidneys  or  fusion  of  the  ureters  at  various 
levels  with  single  entrance  into  the  bladder.  The 
renal  pelvis  may  show  similar  variation,  being  not 
infrequently  partially  duplicated.  Rarely  aberrant 
termination  of  the  ureters  may,  in  the  male,  lead  to 
implantation  into  the  urinarj^  tract  below  the  bladder 
or  into  the  rectum,  and  in  the  female  into  the  rectum, 
vagina,  or  the  uterus.  Both  classes  of  aberrant  im- 
plantation are  reminiscent  of  the  cloacal  type  of 
excretory  system.  The  bladder,  as  indicated  under 
abdominal  deformities,  may  suffer  ectopia  or  fistula 
due  to  failure  of  the  urachus  to  close.     Below-  it  may 
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participate  in  the  deformities  of  the  external  genitalia. 
Such  inferior  deficiency  of  the  bladder  is  due  to  failure 
of  the  parietes  to  close  and  fuse  in  the  midline.  Com- 
plete absence  of  the  bladder  with  implantation  of 
the  ureters  into  the  rectum  is  rare.  Rarely,  also, 
the  bladder  is  divided  into  two  portions  the  upper 
being  a  persistence  of  the  allantoic  portion. 

The  urethra  in  either  sex  may  be  occasionally  lack- 
ing. More  commonly  it  is  defective,  particularly  in 
the  male,  where,  by  faultj'  development  and  fusion  of 
the  genital  folds,  it  may  be  deficient  along  the  dorsum 
constituting  an  epispadias.  With  extreme  degrees 
of  epispadias  there  may  be  defective  fusion  of  the 
pubic  bones  and  faulty  development  of  the  bladder. 
Hypospadias  in  varying  degrees  is  a  very  common 
deformity  among  males,  varying  from  a  mere  de- 
ficiency in  the  floor  of  the  urethra  at  the  glans  penis  to 
complete  absence  of  the  floor  and  cleft  scrotum.  It 
is  due  to  failure  upon  the  part  of  the  genital  folds  to 
fuse  and  develop  in  the  median  line. 

Malformations  of  the  Sexual  Organs. — Absence  of 
the  testicles  in  the  male  is  rare,  malposition  is  rather 
common.  Cryplorchism  or  undescended  testicle  is 
common  in  the  intermediate  form  in  which  the  gland 
is  retained,  undescended,  in  the  inguinal  canal,  and 
very  rare  in  its  primary  lumbar  position.  Defects  in 
portions  of  the  duct  apparatus  are  found,  and  verj' 
rarely  a  real  doubling  of  the  gland.  Absence  of  both 
ovaries  is  rare,  absence  of  one  or  hj-poplasia  of  one  or 
both  is  rather  common  and  frequently  associated 
with  rudimentary  uterus  or  tubes.  Displacement  is 
common  and  rarely  the  ovary  is  found  in  the  inguinal 
canal.  Absence  of  the  Fallopian  tubes  is  rare;  un- 
equal development  of  the  two  is  very  common. 
Malformations  of  the  uterus  are  due  to  arrests  in  the 
development  of  that  organ  from  the  ducts  of  Miiller. 
The.se  may  find  their  expression  as  undeveloped  small 
uterus,  septate  uterus,  with  or  without  septate  vagina, 
double  uterus  or  bicornate  uterus  in  which  the  lower 
zone  is  fused  >but  the  upper  discrete.  Uterus  didelphys 
is  that  condition  in  which  the  duplicity  is  carried 
through  uterus  and  vagina. 

The  vagina  being  part  of  the  tract  developed  also 
from  the  ducts  of  Miiller  is  subject  to  the  same  de- 
velopmental variations  as  the  uterus.  It  may  be 
septate  in  whole  or  in  part  or  double.  Duplicity  of 
the  vagina  may  coexist  with  the  same  condition  of 
the  uterus  or  independently  of  the  uterus.  The 
vagina  may  vary  in  length  and  in  caliber,  and  in  rare 
instances  may  be  absent.  As  noted  above  it  may 
receive  the  ureters  or  by  deficiency  in  the  rectovaginal 
septum  be  in  part  fused  with  the  lower  rectum,  form- 
ing a  cloaca. 

In  both  sexes  the  external  genitalia  are  not  differ- 
entiated until  the  third  month.  Failure  of  the  de- 
velopmental forces  at  any  period  after  this  time  leads 
to  the  production  of  organs  which  more  or  less  closely 
resemble  those  of  the  other  sex,  depending  upon  the 
time  at  which  the  arrest  has  occurred.  In  the  male 
the  deformities  of  hypospadias  and  epispadias  have 
been  adverted  to;  other  deformities  may  occur,  such 
as  diphallus  or  doubling  of  the  organ  in  any  degree 
with  occasional  duplication  of  the  urethra  and  in  rare 
cases  the  presence  of  separate  canals  for  the  urinary 
and  the  seminal  passages.  In  the  female  tlie  external 
genitals  may  very  rarely  be  absent,  more  freciuently 
very  rudimentary.  Hj'pertrophy  of  the  clitoris  or 
of  one  or  both  labia  minora  arc  more  common  in 
some  degree.  The  most  striking  variations  in  this 
system  are  those  in  which  the  sex  differentiation 
is  incomplete  and  gives  rise  to  the  appearance  of 
hermaphroditism.  The  expression  "appearance  of 
hermaphroditism"  is  used  advisedly,  for  true  herma- 
phroditism in  which  there  are  present  in  the  same 
body  glands  which  are  histologically  demonstrated 
1o  be  ovary  and  testicle  are  very  rare  indeed.  If 
l)resent  true  hermaphroditism  could  exist  in  three 
forms:    bilateral,    unilateral,    and    lateral.     Bilateral 


hermaphroditism  would  be  that  condition  where  there 
exist  upon  both  sides  either  paired  organs  (testicle 
and  ovary)  or  a  composite  gland  histologically  present- 
ing the  characters  of  both.  The  number  of  instances 
in  which  examination  has  been  carried  to  convincing 
conclusion  in  this  cla.ss  of  ca.se,s  is  very  few.  Unilateral 
hermaphroditism  is  the  condition  in  which  upon  one 
side  there  is  a  testicle  or  ovarj-  and  upon  the  other  a 
duplicated  gland  which  presents  the  characters  of 
testicle  and  ovary.  Of  this  class  there  have  been  a 
few  clearly  authenticated  examples.  Lateral  her- 
maphroditism is  characterized  by  the  presence  upon 
each  side  of  a  gland,  upon  one  side  ovary  upon  the 
other  testicle.  This  class  includes  the  largest  num- 
ber of  true  hermaphrodites,  but  the  number  of  cases 
in  which  the  histological  proof  is  complete  is  very 
small.  The  number  of  ca.scs  of  false  hermaphroditism 
is  verj'  much  larger.  The  ultimate  classification  of 
the  subject  rests  upon  the  character  of  the  sexual 
ghind.  Male  false  hermapliroditism  is  classified  a-s 
internal,  external,  and  complete.  In  the  external 
form  the  incomplete  fusion  of  the  genital  folds  and 
ridges  gives  to  the  external  genitals  the  appearance 
of  the  female  organs.  The  general  conformation  of 
the  body,  presence  of  fat,  and  absence  of  normal  hair 
distribution  enhance  the  feminine  appearance.  In 
the  internal  forms,  in  connection  with  normal  or 
external  genitals  closely  approximating  normal,  there 
are  found  rudimentary  vagina  and  uterus  due  to  modi- 
fication of  the  sinus  pocularis.  In  the  complete  form 
both  externally  and  internally  the  organs  resemble 
more  or  less  clo.sely  those  of  the  female  t>-pe.  Uterus, 
vagina,  and  tubes  may  be  present  in  varying  degrees 
of  incomplete  development,  the  vagina  communicat- 
ing with  a  small  and  rudimentary  vestibule  beneath 
the  root  of  a  somewhat  rudimentarj-  penis,  or  enlarged 
clitoris.     The  testes  are  usually  undescended. 

Female  pseudo-hermaphrodifism  is  more  rare  than 
the  masculine  type.  The  internal  is  that  form  in 
which,  with  normally  formed  external  organs,  there 
coexists  in  the  broad  ligaments  some  trace  of  a  primi- 
tive testicle  or  epididymis.  The  external  is  that  in 
which  there  is  excessive  fusion  of  the  genital  folds 
so  that  the  organs  resemble  the  male  t_%-pe,  with  hyper- 
trophied  clitoris  resembling  a  penis  with  hj-pospadias, 
and  fused  labia  majora  resembling  cleft  scrotum. 
The  ovary  has  in  these  cases  been  found  in  the  canal  of 
Nuck,  the  homologue  of  the  inguinal  canal  in  the  male. 
In  the  complete  form,  both  external  and  internal 
organs  resemble  in  some  degree  the  male  type.  It  is  a 
rare  type  of  deformity,  and  the  final  determination  of 
sex  ititra  vitam  is  impossible.  The  literature  of  the 
subject  contains  many  interesting  studies  based 
upon  these  subjects. 

.\b.vok.\lalities  of  the  Extremities. — These  de- 
fects, varying  from  complete  suppression  and  intrau- 
terine amputation  to  reduplication  of  parts,  occur  and 
will  be  briefly  noted:  Amelits  is  that  condition  in 
which  both  arms  and  botli  lower  extremities  are  ab- 
sent or  represented  by  the  merest  rudiment-s.  Abra- 
chius  or  Apu-s  indicates  the  absence  of  arms  or  feet. 
Monobrachius  or  jnonnpus  is  the  absence  of  one  foot 
or  arm  the  other  being  possibly  normally  developed. 
In  peromelus  all  of  the  limbs  are  defective.  In  phoco- 
meliui  the  upper  portion  of  the  extremity  is  suppressed 
or  rudimentary  the  distal  (portion  being  more  or  less 
well  developed.  Perobrachiiis  and  pcropu^  a  condi- 
tion in  which  the  upper  and  lower  extremities  re- 
spectively are  the  seat  of  suppression  of  the  proximal 
portion  of  the  member.  Micromitus  denotes  small 
extremities,  microbrachius  small  arms,  mirro;>ii.s.  small 
lower  extremities.  Sifmp"^.  si/mmctus  are  defects  in 
which  there  is  varj'ing  degree  of  fusion  of  the  lower 
extremities,  being  designated,  according  to  whether 
the  feet  are  absent,  single,  or  double  called  apua, 
moiwpus,  or  dipus.  Syndactylism  is  the  congenital 
fusion  of  two  or  more  tingers  or  toes  and  may  vary 
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from  web  fingers  to  fusion  of  the  ])halanges.  Fused 
fingers  and  the  production  of  supernumerary  digits, 
in  complete  or  rudimentary  degree,  appear  to  be 
traits  whicli  are  transmitted  from  one  generation  to 
another  in  certain  families.  As  yet  the  studies 
undertaken  have  not  demonstrated  the  laws  under 
which  this  occurs.  In  other  cases  the  deformity  is 
the  result  of  intrauterine  accident. 

Congenital  dislocations  occur  as  the  result  of  the 
action  of  the  same  forces  which  cause  many  of  the 
deformities  above  numerated.  Tlie  hip-joint  is  that 
most  commonly  affected.  The  knees  and  ankles  with 
the  elbows  more  rarely. 

Malformations  of  the  skin  and  of  the  dermal  append- 
ages may  occur  in  any  degree,  and  are  usually  varia- 
tions of  the  processes  which  normally  involve  the 
skin  and  its  derivatives.  They  consist  in  local  or 
generalized  variations  in  pigmentation,  keratosis, 
growth  of  hair,  as  well  as  variations  of  the  cutaneous 
glands.  The  variations  of  the  mammary  glands  are 
the  most  striking.  The  mammary  glands  are  modi- 
fied sweat  glands,  appearing  along  two  bilateral  lines 
extending  from  the  region  of  the  fore  limbs  along  the 
ventral  surface  of  the  body  toward  the  inguinal  region. 
This  is  the  so-called  "milk  line."  Along  this  line  in 
the  human  subject  occur  occasional  variations  in  the 
number  and  location  of  the  mammae.  There  may  be 
reduplication  of  the  nipple  or  the  development  of  one 
or  more  supernumerary  glands  in  the  course  of  this 
tract.  More  rarely  rudimentary  mamma;  are  met 
with  in  other  locations.  The  writer  has  seen  a  twenty- 
year-old  male  medical  student  who  presented  himself 
at  the  hospital  with  what  he  thought  was  a  suppur- 
ating axillary  Ij'mph  node.  Upon  dissection  and 
histological  examination  it  proved  to  be  a  super- 
numerary mamma  in  lactation.  This  occurred  in  an 
anterior  e.xtension  of  the  milk  line  which  is  not  un- 
common. More  rarely  posterior  extensions  have  been 
noted  upon  the  thigh,  and  it  is  reported  that  one  of 
the  causes  of  trouble  between  Anne  Boleyn  and  Henry 
the  Eighth  was  that  she  had  a  supernumerary  nipple 
upon  the  buttock.  Edw.\rd  M.  Colie,  Jr. 


Teratoma. — .\  teratoma  is  a  tumor-like  growth 
characterized  essentially  by  the  fact  that  the  tissue- 
formation  of  which  it  is  composed  does  not  occur 
normally  in  the  affected  region,  or  at  least  not  during 
that  period  of  bodily  development  in  which  it  pre- 
sents itself.  Such  a  gro-n-th  may  consist  of  a  single 
tissue,  or  may  be  represented  by  a  cyst  (simple  teratoid 
tumor  or  cyst) ;  but  more  frequently  it  is  made  of  several 
tissues  arising  from  one  or  more  than  one  of  the  germ 
layers  (mixed  tumor,  bidermoma,  tridermoma). 

To  the  more  complicated  forms  the  term  teratoma 
is  often  applied  in  a  more  narrow  sense,  while  those 
highly  complex  growths  which  contain  tissues  de- 
rived from  all  three  of  the  germ  layers  are  known  as 
embryoid  tmnors  or  embryomata.  Teratomata  com- 
posed of  tissue-formations  which  are  out  of  place  in 
the  region  where  found  are  known  as  heterotopous; 
those  composed  of  tissue  occurring  in  a  given  region 
at  a  time  when  it  should  not  normally  be  found  there 
are  known  as  heterochronous.  Teratomas  are  chiefly 
congenital  in  origin,  are  to  be  referred  to  disturbance's 
of  development.  The  tissue-formation  composing  the 
teratoma  takes  its  origin  either  from  the  anlage  of  the 
individual  affected  (monogerminal,  endogenous,  or  au- 
lochthonous  teratoma),  or  from  the  anlage  of  a  second 
individual  (higerminal  or  ectogenous  teratoma,  fetus  in 
felji).  All  possible  transitions  exist  from  the  simplest 
mixed  tumors  up  to  forms  represent  ing  the  development 
of  an  organ,  system  of  organs,  or  even  a  half  or  total 
embryo.  Further,  either  a  sarcomatous  or  a  carcino- 
matous proliferation  may  develop  within  a  teratoma, 
and  the  gro^\-th  thereby  assume  the  characteristics  of  a 
malignant  tumor  (malignant  or  blastomatous  teratoma). 

The  genetic  relationship  of  the  various  tissues  con- 
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stituting  the  teratoma  is  a  problem  of  the  greatest 
interest.  Usually  they  have  a  close  genetic  relation- 
ship in  that  they  represent  chfferent  products  of  differ- 
entiation of  a  common  indifferent  germinal  anlage. 
Inasmuch  as  these  anlagen  are  out  of  their  normal 
tissue-relation  and  are  developing  under  abnormal  con- 
ditions they  cannot  be  regarded  as  normal  but  must 
possess  a  pathological  quality.  Under  such  abnormal 
conditions  embryonal  ceUs  may  differentiate  along 
quite  different  lines  than  the  normal.  They  usually 
show  a  greater  potentiality  than  under  normal  condi- 
tions. Since  the  normal  potentiality  of  cells  is  greater 
than  their  prospective  value  under  abnormal  condi- 
tions the  resulting  tissues  may  be  very  different  from 
those  resulting  from  normal  differentiations. 

According  to  their  structure,  teratomata  may  bo 
divided  into  the  following  varieties: 


nple  teratoid  tumo 
nple  teratoid  cysts. 


Tridermo 

(embryoid  tu 
Malignant  or  blasto 


Ectodermat  |  Epid^?moi.l. 

Mesodermal. 

(  Entodermal. 

Complex  teratomata  and  teratoid  cyst:? 

id  embryomata). 

tous  teratomata. 


I.  Simple  Ter.\toid  TtjMORS. — In  this  class  are 
placed  both  heterotopous  and  heterochronous  tissue- 
formations  of  simple  structure,  consisting  of  but  a 
single  variety  of  tissue,  or  at  most  of  but  a  few  forms 
of  tissue.  For  the  greater  part,  they  consist  of  hetero- 
topous tissue-proliferations  which  have  their  origin 
in  misplaced  or  persistent  fetal  anlage.  The.v  may 
occur  in  any  part  of  the  body,  but  are  found  most 
frequently  in  certain  regions.  The  most  common 
tumors  of  this  class  are  the  hypernephroma  (kidney, 
kidney  region,  liver,_  etc.),  rhabdomyoma  or  rhab- 
domyosarcoma (kidney,  testicles,  vas  deferens,  heart, 
vagina,  cervix,  bladder,  etc.),  chondroma  (salivary 
glands,  mamma,  skin,  testicles,  etc.),  chondromyxoma 
(salivary  and  lacrymal  glands,  mamnup,  testicles), 
adenomyxoma  (mamma),  adenosarcoma  (kidney), 
adenomyoma  (uterus,  broad  ligament),  leiomyoma 
(kidney),  osteoma  (m^iscles,  skin,  mamma,  etc.), 
lipoma  (meninges),  and  the  tumor-like  formations 
found  along  the  vertebral  column  (coccygeal  and 
lumbosacral  lipomata,  myolipoma,  and  the  tumors 
of  this  region  which  contain  nervous  elements). 

The  occurrence  of  tissue-formations  in  regions  in 
which  such  tissue-elements  are  not  normally  found 
may  be  explained  by  the  assumption  of  a  misplace- 
ment of  tissue  anlage,  or  of  tissue  at  a  later  stage  of 
development,  or  of  the  persistence  of  undifferentiated 
cells,  which  possess  the  power  of  producing  different 
forms  of  tissue.  In  general,  it  may  be  said  that  the 
simple  teratoid  tumors  correspond  in  their  structure 
with  the  tissue-differentiations  occurring  normally  in 
the  region  in  which  they  arise.  Every  part  of  the 
body  practically  has  its  corresponding  mixed  tumor, 
which  in  its  structure  harmonizes  with  the  normal 
differentiation  of  the  tissues  and  organs  of  that  region. 
Thus,  for  example,  the  mixed  tumors  of  the  salivary 
and  lacrymal  glands  contain  cartilage,  bone,  myxo- 
matous tissue,  connective  tissue,  epidermis,  and 
glandular  tissue,  corresponding  to  their  origin  from 
ectodermal  and  mesenchymal  anlage  of  the  head  or 
mouth  region  (branchiomas).  In  the  mixed  tumors  of 
the  mamma  myxomatous  tissue,  cartilage,  epidermis, 
and  gland  tissue  are  found,  corresponding  to  their  origin 
from  ectodermal  and  mesenchymal  or  mesodermal 
anlage.  The  mixed  tumors  of  the  kidney  and  kidney 
region  which  contain  striped  muscle,  cartilage,  etc., 
arise  from  anlage  of  the  myotome  and  middle  plate. 
Those  of  the  vagina  and  cervix  arise  from  the  anlage  de- 
rived from  the  myotome  and  sclerotome,  or  from  that 
portion  of  the  mesoderm  lying  posterior  to  the  kidney. 
It  is  probable  that  the  teratoid  gro'n'ths  of  this  region 
arc  dependent  upon  the  development  of  the  Wolffian 
duct,  as  they  are  situated  for  the  greater  part  in  the 
region  of  the  ducts  of   Gartner.     The  fatty  tumors 
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(•ontaining  epithelial  and  nervous  structures,  whioh 
are  found  along  the  spinal  column,  chiefly  in  the  lumbo- 
sacral and  coccygeal  regions,  are  due  to  misplace- 
ments of  anlage  or  tissue  caused  by  defective  develop- 
ment of  the  vertebral  arches,  and  are  to  be  classed 
with  the  various  forms  of  the  malformation  known 
as  spina  bifida  occulta.  Similar  tumors  are  also  found 
in  the  cranium.  In  the  changes  following  a  hernial 
Ijrotrusion  of  the  spinal  cord  and  lucninges  in  spina 
bifida  both  adipose  tissue  and  striped  muscle  may  be 
misplaced  into  the  spinal  canal.  Transposition  of 
adipose  tissue,  muscle,  cartilage,  ependymal  tissue, 
and  neurogha  is  not  infrequently  seen  in  these  mal- 
formations. The  lipomata  of  the  cerebral  meninges 
are  likewise  to  be  explained  in  part  as  due  to  a  tran.s- 
piisition  of  adipo.se  tissue  following  or  attendant  upon 
:i  defective  development  of  the  cranium  (sclerotome, 
nr[)hrotome). 

Though  the  great  majority  of  the  simple  teratoid 
tumors  are  to  be  regarded  as  heterotopous  prolifera- 
f  ions  of  tissue  arising  from  autochthonous  fetal  anlage. 
it  is  also  possible  that  some  may  be  due  to  bigerminal 
inclusions,  in  which  only  one  or  "but  a  few  of  the  tissues 
of  the  parasitic  twin  persist.  The  parent  cells  of  the 
simple  teratoid  growths  in  either  case  remain  latent 
or  grow  slowly  until  through  some  exciting  factor 
a  more  active  proliferation  is  set  up.  At  firstthe 
Tuisplaced  anlage  increases  through  a  proliferation  of 
undifferentiated  cells,  but  with  changing  conditions 
of  growth  a  portion  of  the  cells  becomes  differentiated, 
and  there  are  formed  mature  tissues,  which  may  con- 
liiuie  to  proliferate  in  their  differentiated  form.  The 
I'auses  of  active  proliferation  of  Latent  anlage  are 
unknown;  inflammation  or  irritation  or  atrophy  of 
the  affected  part  may  play  the  role  of  exciting  factor. 
That  the  early  stages  of  growth  consist  in  the  forma- 
tion of  undifferentiated  cells  is  shown  by  the  fact  th.at 
tlio  younger  portions  of  the  tumor  are  alw'ays  com- 
posed of  such  cells.  These  may  predominate  to  such 
an  extent  that  the  growth  resembles  a  sarcoma 
(adenosarcoma,  cyslosarcoma,  carcinosarcoma,  rhab- 
domyosarcoma). Further,  the  fact  th.at  the  different 
tissues  con.stituting  the  growth  (cartilage,  striped 
muscle,  etc.),  occur  in  all  parts  of  the  tumor  can  be 
explained  only  by  the  assumption  of  a  Later  differen- 
tiation of  cells  arising  through  the  proliferation  of  the 
\mdifferentiated  cells  of  the  misplaced  or  persistent 
anlage.  Moreover,  the  f.act  th.at  the  metastases  of 
the  mixed  tumors  may  contain  all  the  tissue  found  in 
tlie  primary  points  to  the  metastasis  of  undifferen- 
tiatefl  cells,  which  later  become  differentiated. 

The  simple  teratoid  tumors  of  the  salivary  gl.ands, 
mamma,  kidney,  uterus,  etc.,  though  placed  in  the 
same  tumor  class  because  of  their  analogous  origin 
frtun  cells  of  the  ectoderm,  mesenchym  or  mesoderm, 
nevertheless  show  great  differences  in  their  m.anner 
of  growth,  malignancy,  etc.  The  mixed  tumors  of 
t  lie  parotid  are  very  slow  in  development,  they  produce 
no  metastases,  and  are  relatively  benign  in  character; 
t  hose  of  the  kidney,  uterus,  and  vagina  may  grow 
very  rapidly,  set  up  metastases,  and  assume  the 
character  of  very  malign.ant  tumors.  The  met.astascs 
arise  from  the  transportation  of  undifferentiated 
cells  from  the  primary  tumor;  through  the  differentia- 
tion of  these  the  daughter  tumor  comes  to  contain  the 
same  tissues  as  the  parent  tumor.  However,  a 
metastasis  of  more  highly  differenti.ated  cells  m.ay 
occur,  and  the  tumor  arising  from  these  may  present 
a  less  complicated  structure  than  the  primary.  The 
metastases  of  the  mixed  tumors,  like  those  of  sar- 
coma, are  hematogenous,  the  lymph  glands  being 
rarely  involved.  The  differences  in  malignancy  be- 
tween the  mixed  tumors  of  the  salivary  gland.s_  and 
those  of  the  kidney  cannot  at  present  be  explained. 
The  latter  present  the  clinical  characteristics  of 
sarcoma,  occur  more  frequently  in  early  life,  grow 
r.apidly,  and  arc  usu.ally  f.at.al;"  the  former  develop 
in  later  life,  grow  slowly,  and  are  only  rarely  fatal. 


A  secondary  carcinomatous  or  sarcomatous  prolifera- 
tion may,  however,  develop  within  the  benign  tera- 
toid growths  of  the  lacrymal  and  salivary  glands, 
mamma,  etc.  The  hypernephroma  is  also  frequently 
the  scat  of  a  proliferation  so  active  as  to  assume 
clinically  the  characteristics  of  malignancy. 

All  the  teratoid  tumors  are  to  be  regarded  as  con- 
genital tumorSj  even  when  developing  very  late  in 
life.  The  persistence  of  undifferentiated  anlage  in  a 
latent  condition  for  years  has  physiological  analogues 
in  the  late  development  of  the"  beard,  pubic  hair, 
wisdom  teeth,  etc.  Nevertheless,  some  authors  do  not 
accept  a  congenital  origin  for  all  of  these  growths  and 
as.sign  to  some  of  them  a  development  from  endothe- 
lium, or  explain  their  mixed  structure  as  arising  from  a 
metaplasia  of  other  tLssues,  some  going  so  far  as  to 
assume  a  metaplasia  of  unstriped  muscle  into  striped, 
or  even  of  connective  tissue  into  smooth  muscle. 
In  some  of  the  simple  teratoid  tumors,  particularly 
those  of  the  salivary  and  lacrymal  glands,  the  pro- 
liferation of  the  endothelium  is  often  the  predomi- 
nating feature  of  the  growth,  and  from  a  purely 
structural  point  of  view  ju.stiiies  the  designation  of 
endothelioma  or  myxochondroma  endothcliale,  as  the 
case  may  be.  The  endot  helial  nat  ure  of  the  cell  strands 
and  cords  of  the  salivary  gland  tumors  is  a  much 
disputed  point.  In  the  consideration  of  these  growths 
it  mu.st  be  borne  in  mind,  however,  that  the  prolifer- 
ating endothelium  arises  from  the  tumor  anlage,  and 
not  from  the  endothelium  proper  of  the  region 
concerned. 

2.  Simple  Ter.\toid  Cysts. — The  simple  teratoid 
cysts  may  be  divided  into  three  classes:  the  ectodermal, 
mesodermal,  and  entodermal  cysts. 

(o)  Ectodermal  Cysts. — These  arise  from  the  mis- 
placement or  transplantation  of  ectodermal  anlage. 
They  may  consist  of  cavities  lined  only  by  stratified 
squamous  epithelium,  without  hairs  or  other  skin 
structures  {epidermoid  cysts,  epidermcnds),  or  of  cysts 
whose  walls  contain  hairs,  glands,  subcutaneous  fat, 
etc,  presenting  all  the  characteristics  of  skin  (der- 
moid cysts,  dermoids,  dermatocysts).  In  the  case  of 
the  former  only  epidermal  anlagcs  are  transplanted; 
in  the  case  of  the  Latter,  embryonal  dermal  tissue  mvist 
also  be  transplanted.  These  growths  are  of  frequent 
occurrence;  they  vary  in  size  from  that  of  a  pea  to  that 
of  an  orange.  Both  epidermoids  and  dermoids  occur 
chiefly  in  the  skin  and  subcutaneous  tissues  as  cv.sts 
filled  with  a  pultaceous  material,  resembling  athero- 
mata  or  sebaceous  cv.sts  caused  by  retention  of  the 
secretion  of  sebaceous  glands.  In  the  epidermoids 
the  cyst  contents  consist  of  desquamated  hornv  cells 
alone;  in  the  dermoids  hairs  are  found  in  addition  to 
the  desquamated  colls.  The  hairs  are  of  a  light  or 
reddish  color.  Fatty  degeneration  or  liquefaction 
of  the  cyst  contents  may  occur,  and  cholesterin  plates 
may  be  present  in  large  numbers.  .\t  other  times  the 
contents  are  tirmer,  dry,  and  present  a  pearly  trans- 
lucency  or  luster.  The  cyst  contents  may  also 
become  calcified. 

Epidermoids. — These  are  found  most  frequently  in 
the  cranium,  neck,  thoracic  cavity,  mcdi.a.stinum, 
pelvic  cellular  tissue,  coccygeal  region,  and  perineum, 
and  more  rarely  in  the  jieritoneal  cavity.  In  the 
cranium  they  occur  in  the  meninges  or  in  the  hypophy- 
sis in  the  form  of  the  tumors  known  as  cholcsteatomnia 
or  pearl  tumors.  These  are  spherical  or  nodular 
tumors,  varying  in  size  from  th.at  of  a  pea  to  that  of 
an  orange,  and  are  distinguished  by  their  glistening 
satiny  white  surface.  Microscopically,  they  consist 
chiefly  of  thin,  non-nucleated,  scale-like  colls  arranged 
in  closely  packed  lamina',  the  central  portions  of  which 
may  present  a  pultaceous  disintegration  and  enclose 
pl.ates  of  cholesterin.  .\ccording  to  Bo.stroni  they 
are  invariably  situated  at  some  point  upon  the  pia, 
which  at  the  site  of  the  growth  is  covered  with 
stratified  squamous   colls.     These   become   piled   up 
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into  a  tumor-like  mass,  and  in  the  course  of  years  form 
the  horny  lamina-,  which  constitute  the  gro\rth.  The 
neighboring  brain  tissue  and  the  arachnoid  are  not 
concerned  in  the  formation  of  the  horny  cells.  The 
dura  and  arachnoid  may  cover  the  tumor.  Portions 
of  the  cholesteatoma  may  become  separatedfroin  the 
main  mass  and  be  misplaced  into  the  brain  tissue. 
At  the  base  of  the  brain  cholesteatomata  may  be 
found  in  the  neighborhood  of  the  olfactory  lobe,  tuber 
cincreum,  corpus  callosum,  pons,  medulla  oblongata, 
cerebellum,  and  choroid  plexus.  They  are  seen  but 
rarely  in  the  meninges  of  the  spinal  cord.  The  intra- 
cranial epidermoids  arise  most  probably  from  epider- 
malgerms  which  have  become  misplaced  into  the  anlage 
of  the  pia  at  a  very  early  stage  of  development. 
According  to  Bostrom,  this  takes  place  in  the  time 
between  the  closure  of  the  medullary  canal  and  the 
separation  of  the  secondary  vesicle  of  the  fore-brain 
from  the  fore-brain  or  tween-brain,  and  the  separation 
of  the  after-brain  \-csicle  from  the  hind-brain  (fourth 
to  fifth  week).  The  merliastinal  dermoids  probably 
arise  from  disturbances  of  development  of  the  thymus. 
Those  occurring  in  the  neck  arise  from  remains 
either  of  the  branchial  clefts  or  of  the  ductus  thyreo- 
glossus.  The  cholesteatomata  of  the  middle  ear 
may  in  part  be  explained  as  due  to  misplaced  epi- 
dermal germs.  The  ejjidermoids  of  the  pelvic  cellu- 
lar tissue  are  the  result  of  epithelial  inshoots  from 
the  perineum. 

Dermoids. — The  simple  dermoid  cysts  or  dermoids 
possess  walls  showing  all  the  characteristics  of  skin — 
that  is,  papilla?,  hair  follicles,  hairs,  sweat,  and  seba- 
ceous glands,  and  often  also  subcutaneous  fat.  The 
cyst  contents  are  similar  to  those  of  the  epidermoids, 
but  contain  in  addition  hairs.  The  dermoids  are 
found  in  the  same  regions  as  the  epidermoids,  and  are 
to  be  explained  as  due  to  transplantations  of  dermal 
anlage  at  the  same  time  as  epidermal. 

Both  the  epidermoids  and  dermoids  may  be  the  seat 
of  development  of  a  squamous-celled  cancer.  This 
event  occurs  most  frequently  in  the  neck  region 
(branchiogenic  and  subcutaneous  carcinoma). 

(6)  Mesodermal  and  Entodefmal  Cysts. — Cysts  aris- 
ing from  misplaced  or  persistent  entodermal  or  meso- 
dermal anlage  are  of  relatively  frequent  occurrence. 
They  are  characterized  by  a  lining  of  columnar  cells, 
■which  are  often  ciliated;  and  they  form  cysts  varying 
in  size  from  that  of  a  pinhead  to  that  of  a  m.an's  head. 
They  are  found  most  frequently  in  the  broad  ligament 
and  tubes,  less  often  in  the  peritoneal  cavity,  intes- 
tine, in  the  neighborhood  of  the  trachea  and  bronchi, 
in  the  lungs,  pleura,  tongue,  neck,  liver,  kidneys,  etc. 
They  owe  their  origin  to  the  persistence  of  fetal  glands 
or  ducts,  or  to  misplaced  entodermal  or  mesodermal 
epithelial  anlage.  Those  found  in  the  uterine  wall, 
broad  ligament,  and  tubes  arise  from  remains  of  the 
Wolffian  body  and  the  duct  of  Gartner;  those  of  the 
cervix,  portio  vaginalis,  vagina,  and  hymen  arise 
from  remains  of  the  latter.  In  the  peritoneal  cavity 
and  abdominal  wall  they  may  arise  from  snared-off 
and  persistent  portions  of  the  intestine  (enierocysts),  or 
from  portions  of  the  urachus  {urachus  cysts).  In  the 
liver  and  kidney  they  may  arise  from  portions  of  the 
gland  tubules  constricted  during  the  period  of  develop- 
ment {ailenocysls,  cystic  liver  and  kidney).  In  the  neck 
remains  of  the  internal  branchial  clefts,  in  the  posterior 
portion  of  the  tongue  the  remains  of  the  thyreoglossal 
duct,  or  of  epithelial  buds  and  glands  developing 
from  the  same,  in  the  esophagus  and  respiratory  tract 
snared-off  portions  of  the  intestinal  canal  or  air  pas- 
sages, or  remains  of  the  communication  between  the 
aUmentary  tract  and  air  pas.sages,  may  form  the  anlage 
for  the  development  of  such  cysts.  Cysts  lined  with 
columnar  cells  may  arise  in  the  central  nervous  system 
or  its  immediate  neighborhood  (myelocysts).  These 
are  seen  most  frequently  in  the  lumbosacral  and 
coccygeal  regions.  In  the  abdominal  wall  cysts  lined 
with  columnar  cells  may  arise  from  remains  of  the 
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omphalomesenteric    duct    (umbilical   cysts,    omphalo- 
mesenteric cysts). 

The  origin  of  entodermal  and  mesodermal  cysts 
can  usually  be  determined  from  the  anatomical  rela- 
tions and  "their  structure.  When  the  misplacement 
of  the  tissue  is  but  slight,  and  when  the  anatomical 
structure  still  shows  clearly  the  character  of  the 
mother  tissue  the  genesis  of  the  growth  may  be  easily 
determined.  The  size  of  these  cysts  varies  from  that 
of  a  pinhead  to  that  of  a  man's  head.  Their  clinical 
importance  is  dependent  upon  their  location,  size, 
and  the  character  of  the  secondary  changes  occurring 
in  them.  The  cyst  wall  may  become  inflamed  or 
undergo  degeneration,  or  through  an  active  epithelial 
proliferation  either  adenoma  or  carcinoma  may  develop. 
Adenomata,  cystadenomata,  and  adenomyomata  de- 
velop frequently  from  remains  of  the  Wolffian  body. 
In  rare  cases  an  adenoma  may  develop  from  the  re- 
mains of  the  omphalomesenteric  duct  (umbilical 
adenoma).  Adenomata  and  cylindrical-celled  car- 
cinomata  may  develop  from  snared-off  portions  of 
intestine,  or  of  kidney  and  liver  tubules. 

3.  Complex  Teratoid  Cysts  and  Tumors. — In  this 
group  fall  those  growths  representing  all  the  germ- 
layers,  the  so-called  tridermomas.  These  show  a  ten- 
dency to  form  organs,  systems,  and  even  embryo-like 
structures.  The  teratoid  cysts  and  tumors  of  compli- 
cated structure  are  found  in  the  same  regions  as  the 
simple  teratoid  growths,  but  occur  most  frequently  in 
the  sexual  glands,  and  in  the  region  of  the  coccyx. 
Their  complicated  structure  is  shown  by  the  presence, 
either  in  the  cyst  wall  or  in  the  solid  growth,  of  a  great 
variety  of  tissues :  squamous  and  columnar  epithelium, 
ciliated  epithelium,  dermal  structures,  nerve  tissues, 
cartilage,  bone,  striped  and  unstriped  muscle,  fat 
tissues,  gland  tissues,  etc.  They  may  also  contain 
tissue  of  a  carcinomatous  or  sarcomatous  nature.  The 
different  tissue  elements  are  sometimes  of  embryonal 
character.  Such  unripe  or  undifferentiated  forms  are 
potential  autonomous  blastomas  and  eventually  may 
show  characteristics  of  maUgnaney  in  the  form  of 
sarcoma.  At  other  times  they  resemble  fully  matured 
tissue.  They  are  sometimes  found  in  orderly  arrange- 
ment, suggesting  the  arrangement  of  tissues  and 
organs  found  in  the  normal  human  body.  In  other 
cases  the  cells  may  show  hypoplasia,  secondary  atro- 
phy, loss  of  proportion,  etc.  Organs  and  systems  are 
frequently  repeated  in  great  numbers.  In  many  cases, 
however,  there  is  no  definite  grouping  of  tissue-ele- 
ments beyond  that  of  the  germ  layers,  ectodermal 
tissues  being  grouped  together,  mesodermal  together, 
etc.  The  cysts  may  be  lined  with  squamous,  simple 
columnar,  or  ciliated  epithelium,  and  in  the  first  case 
may  contain  hair.  Teeth  and  bone  are  of  frequent 
occurrence  in  these  growths. 

Complicated  tumors  belonging  to  this  class  occur  in 
the  mouth,  nose,  and  throat,  as  the  so-called  hairy 
polypi,  consisting  of  polj-poid  growths  covered  with 
hairy  skin,  and  a  mass  of  adipose  tissue  in  which 
cartilage,  bone,  teeth,  muscle,  gland  tissue,  cysts,  etc., 
are  found.  In  the  kidney  they  occur  as  solid  tumors 
consisting  of  sarcomatous  tissue  containing  tubular 
glands,  striped  and  unstriped  muscle,  cartilage,  bone, 
etc.  Similar  tumors  are  found  in  the  vagina  and  cer- 
vix of  young  children;  they  consist  chiefly  of  myxoma- 
tous and  fibrous  tissue,  striped  and  unstriped  muscle, 
and  more  rarely  cartilage  and  gland  tissue.  Tumors 
containing  cartilage,  bone,  muscle,  glands,  nerve 
tissue,  fibrous,  myxomatous,  and  adipose  tissues, 
ectodermal  and  entodermal  cysts,  etc.,  are  found  in  the 
region  of  the  coccyx,  in  the  cranium,  orbit,  mediasti- 
num, abdomen,  neck,  and  lumbosacral  region.  The 
tissue-elements  forming  these  growths  may  be  grouped 
into  rudimentary  or  fully  developed  body  parts,  so 
that  it  is  possible  to  recognize  portions  of  the  respira- 
tory or  intestinal  tracts,  etc.  The  complex  teratomata 
of  the  ovary  and  testis  form  the  most  important  and 
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I  lit  erosting  tumors  of  this  class.  Thov  occur  partly  as 
nlid  tumors  containing  multiple  cysts,  and  partly  as 
hrinoid  cysts,  the  former  being  found  chiefly  in"  the 
I  '-stis,  the  latter  in  the  ovary. 

Oimrian  Dermoids. — The  complex  dermoids  of  the 
..vary  occur  usually  in  the  form  of  thick-walled  cysts, 
.  :irying  in  size  from  that  of  a  pea  to  that  of  a  man's 
iii-ad,  or  even  much  larger,  and  containing  a  fatty 
.iultaceous  material,  and  hair  of  a  light  or  reddish 
'  'ilor.  Extending  into  the  cavity  of  the  cvst  at  some 
I  ii  .nit  in  its  wall  there  will  always  be  found"a  polypoid, 
,lat,  nodular,  or  septum-like  prominence  (papilla  of 
W  ilms)  covered  with  hairs,  and  often  set  with  teeth. 
The  latter  may  arise  from  a  bony  formation  suggesting 
t  iic  jaw  bone._  The  inner  lining  of  the  cysts  consists  of 
rnlumnar  epithelium,  while  that  of  tlie  prominence 
.  \tending  into  the  cyst  consists  of  skin  structures,  epi- 
.  Irrmis,  dermis  with  papilke,  hairs,  sweat  and  sebaceous 
glands,  and  beneath  these  subcutaneous  fat.  The  cyst 
!•(  intents  consist  of  desquamated  horny  cells  undergo- 
iiig  disintegration,  cholesterin plates,  and  hairs.  Occa- 
sionally the  contents  are  serous  or  mucoid.  The 
>  okimnar  cells  lining  the  remainder  of  the  cyst  wall 
may  be  absent  in  part;  and  the  surface  so  denuded  may 
be  covered  with  granulation  tissue,  containing  many 
giant  cells,  which  in  part  surround  hairs  that  have 
been  implanted  secondarily  into  the  bare  surface. 
The  deeper  layers  of  the  wall  and  of  the  prominence  in 
particular  contain  a  great  variety  of  tissues,  brain, 
muscle,  cartilage,  bone,  teeth,  glands,  spaces  hned  with 
ciliated  columnar  epithelium,  thyroid  tissue,  etc. 
Representatives  of  all  three  germ  layers  are  present, 
the  derivatives  of  the  ectoderm  and  mesoderm  being 
developed  to  the  greatest  extent ;  in  particular  the  skin 
and  its  appendages,  bone,  teeth,  and  brain  substance 
are  especially  developed;  while  entodermal  structures, 
.  such  as  mucous  glands,  cysts  lined  with  columnar 
epithelium,  etc.,  are  usually  developed  to  a  much  less 
degree,  and  are  found  only  in  the  deeper  portions  of 
the  growth.  While  all  ovarian  dermoid  cysts  possess 
in  general  the  same  essential  characteristics,  the  devi- 
ations in  the  character,  amount,  and  relations  of  the 
tissues  forming  the  growth  are  so  great  that  each 
tumor  may  be  said  to  have  an  individuality  of  its 
own.  This  is  very  clearly  shown  in  the  descriptions 
given  of  the  various  cases  of  ovarian  dermoids  reported 
in  the  literature.  They  are  not  to  be  regarded  as 
simple  tumors  or  cysts,  but  are  composed  of  two 
distinct  portions — a  purely  cystic  growth  and  a  tumor 
composed  of  embryonal  elements,  any  one  of  which 
may  develop  in  excess  of  the  others. 

In  the  simplest  forms  the  cyst  enclosing  the  dermoid 
is  of  the  monolocular  variety,  although  remains  of  the 
septa  of  a  previously  multilocular  cyst  may  usually  be 
found  on  close  examination.  The  cystadenoma  may 
predominate  over  the  dermoid,  the  latter  playing 
such  an  unimportant  part  in  the  development  of  the 
tumor  in  many  cases  as  to  constitute  only  an  acciden- 
tal finding.  In  the  case  of  a  multilocular  cyst  the 
dermoid  my  be  located  upon  the  wall  of  the  chief 
cyst,  or  upon  a  septum  in  the  midst  of  the  cystade- 
noma. Usually,  liowever,  the  dermoid  structures 
stand  out  from  the  wall  as  a  hairy  prominence,  as 
described  above. 

The  dermoid  portions  of  the  growth  may  be  local- 
ized to  that  jjart  of  the  cyst  wall  which  is  occupied  by 
the  prominence,  or  they  may  be  scattered  throughout 
the  wall.  In  addition  to  the  simple  tissue-elements 
various  rudimentary  organs  and  structures  have  been 
described  as  occurring  in  these  growths.  The  parts 
of  the  body  most  frequently  found  are  those  of  the 
cephalic  end;  hence  the  frequent  occurrence  in  these 
tumors  of  brain  tissue,  maxillary  bones,  teeth,  rudi- 
mentary eves,  oral  structures,  etc.  Sections  through 
the  dermoid  area  usually  show  a  groundwork  of  adi- 
pose tissue,  through  which  run  connective-tissue 
trabeculac  containing  bone  or  cartilage.  The  areas 
composed  of  brain  tissue  may  often  be  recognized  by 


the  naked  eye.  Portions  of  the  skeleton,  and  such 
structures  as  the  mammary  gland,  mouth,  eye,  etc., 
may  also  be  recognized  by  the  gross  appearances. 

In  a  case  reported  by  Regnier  an  entire  skeleton 
was  found,  the  right  extremities  showing  complete 
jointing.  Axel-Key  describes  an  ovarian  dermoid,  in 
which  there  were  found  a  head  with  rudimentary  jaws, 
two  lower  extremities,  and  an  ossified  cranium  con- 
taining brain  substance.  In  a  case  observed  by 
Wertheim  two  extremities  were  attached  to  the  top  of 
a  dermoid  containing  a  well-developed  jaw.  Graves 
reports  a  case  in  which  there  w;i.s  found  a  head-like 
extremity  with  orbital  sockets  and  eyelitls  with  lashes. 
In  a  dermoid  removed  by  Thorntonthere  was  a  head- 
like process  with  ma.xilUc  containing  teeth,  and  the 
stump  of  an  extremity  tipped  with  long  nails.  Klauss- 
ner  reported  a  case  containing  an  entire  extremity 
with  jointed  skeletal  attachment,  and  fingers  with 
rudimentary  nails;  Wilms,  a  case  containing  an  upper 
jaw  with  well-formed  molar  and  premolar  teeth  and 
a  petrous  bone;  Grechen,  one  with  an  entire  lateral 
wall  of  the  cranium;  Schramm,  a  case  showing  an 
o.ssified  rib;  Kiister  and  Smigrodsky  have  reported 
the  presence  of  pelvic  bones  and  ribs;  Kapeller,  several 
jointed  bones;  Pfannenstiel  two  bones  joined  by  a 
ball-and-socket  joint ;  and  a  number  of  ob.servers  have 
reported  the  presence  of  fingers.  In  some  cases  the 
upper  and  lower  jaws  have  been  so  well  formed  as 
closely  to  resemble  normal  specimens;  but  usually 
they  are  so  irregular  that  such  a  differentiation  is 
impossible. 

Teeth  are  found  in  the  majority  of  these  growths. 
In  some  cases  several  hundred  are  present.  They  are 
sometimes  situated  within  a  rudimentary  oral  cavity, 
and  may  project  from  the  alveolar  border.  Not  in- 
frequently they  are  enclosed  within  the  bone.  The 
dental  structure  is  normal,  and  all  the  varieties  of 
teeth  may  be  found;  incisors,  molars,  etc.,  being  ar- 
ranged upon  a  rudimentary  jaw  bone.  The  absorp- 
tion of  milk  teeth  and  the  formation  of  permanent 
teeth  have  also  been  observed.  Such  a  secondary 
growth  may  explain  the  large  number  of  teeth  seen  in 
some  cases.  In  some  cases  the  presence  of  a  single 
tooth  alone  may  give  evidence  of  a  dermoid,  all  other 
structures  having  undergone  involution  and  com- 
pletely disappeared.  Besides  the  teeth,  other  struc- 
tures belonging  to  the  mouth  region  are  seen.  Simons 
has  described  a  parotid  gland,  Flaischlen  a  submaxil- 
lary, and  Mortens  and  Kroemer  have  found  muscle  be- 
neath a  mucous  membrane,  the  structure  suggesting 
a  rudimentary  tongue.  In  those  cases  in  which  there 
is  a  more  or  less  well-defined  onil  cavity  there  is  a 
sharp  line  of  transition  between  the  epidermis  and  the 
oral  mucosa.  A  narrow  tube  running  from  the  oral 
cavity  in  one  case  was  regarded  as  a  rudimentary 
esophagus.  Thyroid  tissue  has  been  found  in  a 
number  of  cases. 

Brain  tissue  may  be  present  in  very  large  amounts. 
In  some  ca.ses  cerebral  hemispheres,  gj'ri,  cerebral 
fissures,  and  pia  mater  have  been  seen.  All  stages 
from  the  earliest  rudiments  to  the  fully  developed 
t,\pc  arc  seen.  The  brain  is  usually  enclosed  in  a 
fibrous  envelope  consisting  of  a  single  or  several  layers 
of  connective  tissue.  The  outer  layers  contain  a 
great  deal  of  elastic  tissue,  and  often  cartilaginous 
and  osseous  areas.  In  some  cases  it  is  possible  to 
differentiate  between  the  dura  and  the  pia.  In  the 
majority  of  ca.ses  the  most  .striking  evidence  of  the 
presence  of  rudiments  of  the  brain  is  afforded  by  the 
retinal  pigment,  which  is  of  very  common  occurrence 
in  these  tumors.  In  a  number  of  coses  more  or  less 
completely  developed  optical  vesicles  have  been  found 
in  the  shape  of  bilateral  pedunculated  .ippondages. 
Born  has  described  open  spaces  and  bony  str\ictures 
lying  posterior  to  the  optical  vesicle,  and  he  considers 
them  to  be  the  rudiments  of  the  ear.  The  brain  tissue 
is  sometimes  differentiated  into  cortical  and  medullary 
layers,  the  former  containing  typical  pyramidal  cells. 
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In  some  cases  cranial  nerves  and  ganglia  were  fovind 
which  were  regarded  as  corresponding  to  the  optic  and 
trigeminus.  Symjjathetic  ganglia  are  frec|viontly 
present.  Kroemer  observed  a  sympathetic  [jlexus 
within  the  muscular  wall  of  a  rudimentary  intestine. 
In  a  case  reported  bv  Kappeler  a  comiilete  medullary 
tube  with  central  canal,  anterior  commissure,  longi- 
tudinal sinus,  and  intervertebral  ganglia  enclosed  lu  a 
vertebra  were  found. 

The  presence  of  mammary  gland  tissue  has  been 
noted  by  several  observers.  Of  these  cases  the  most 
remarkable  is  the  one  described  by  \amagiva,  who 
regarded  the  adenocarcinomatous  changes  found  in  a 
teratoma  of  the  ovarv  as  primary  in  a  nipple-like 
growth  of  mammarv  gland  tissue  which  presented 
itself  on  the  inner  surface  of  a  large  dermoid  cyst. 

Of  entodermal  tissues,  there  have  been  found  rudi- 
mentary es(ii)hagus,  tr.achea,  larynx,  lungs,  nasal  and 
pharyngeal  cavities.  In  all  of  these  an  abundance  of 
ciliated  ei)it helium  was  present.  Thyroid  tissue, 
often  in  great  abundance,  has  been  frequently  noted. 
Portions  of  the  gastrointestinal  tract  lined  with  cylin- 
drical epithelium  containing  goblet  cells  have  also 
been  observed.  Typical  villi,  intestinal  glands,  a 
characteristic  muscular  wall,  typical  Peyer's  patches, 
and  solitary  follicles  were  present.  In  one  case 
described  by  Pommer  there  was  a  cecum-like  intes- 
tine with  vermiform  appendix.  Liver,  kidney,  ad- 
renal, and  pancreatic  tissues  have  only  rarely  been 
observed,  and  then  only  in  rudimentary  forms. 
This  may  be  taken  as  evidence  of  the  parasitic  nature 
of  the  growth. 

Of  mesodermal  tissues,  there  have  been  observed  the 
various  connective  tissues,  cartilage,  bone,  marrow, 
striped  and  unstriped  muscle,  lymph  glands,  lymph- 
and  blood-vessels.  Kroemer  found  a  rudimentary 
uterus,  in  which  the  branching  glands  of  the  cervix 
and  the  tubular  fundal  glands  were  easily  differen- 
tiated. Katsurada  has  recently  reported  the  presence 
of  heart  muscle.  Prostate,  erectile  tissue,  and 
regio  pubis  have  been  noted.  Sexual  glands  and 
true  fetal  membranes  have  not  been  observed. 

Solid  Teratomata  of  the  Ovary. — The  solid  mixed 
tumors  of  the  ovary  are  somewhat  more  rare  than  the 
dermoid  cysts.  They  contain  the  same  tissues  found 
in  the  latter,  but  differ  from  these  in  that  the  tissues 
show  a  less  orderly  arrangement,  and,  as  a  rule,  a  more 
rudimentary  character.  They  may  contain  numerous 
small  dermoid  cysts.  Inasmuch  as  transition  stages 
may  be  found  between  the  dermoids  and  the  solid 
teratomata,  the  two  forms  are  to  be  classed  together  as 
closely  related  genetically.  In  some  cases  the  solid 
character  of  the  growth  may  be  due  to  adenomatous, 
carcinomatous,  or  sarcomatous  proliferation  of  the 
tissues  of  a  dermoid.  There  is,  however,  no  very 
logical  reason  for  separting  the  so-caUed  dermoid  from 
the  solid  form. 

The  ovary  may  be  completely  destroyed  by  these 
tumors,  but  in  the  majority  of  cases  some  remains  of  its 
tissues  are  preserved.  The  dermoids  and  solid  terato- 
mata of  the  ovary  are  observed  most  frequently  in 
early  adult  life,  but  may  occur  in  children.  They  not 
infrequently  develop  at  puberty.  Several  dermoids 
may  in  very  rare  cases  be  found  in  the  same  ovary. 
They  occur  on  both  sides  in  about  fifteen  per  cent,  of 
the  cases.  Carcinoma  or  sarcoma  may  develop  in 
these  growths,  and  secondary  inflammation,  degenera- 
tion, etc.,  may  also  take  place. 

Since  the  most  characteristic  feature  of  ovarian  der- 
moids and  solid  teratomata  is  the  fact  that  they  con- 
tain tissues  derived  from  all  three  of  the  germ  layers, 
their  structure  gives  the  impression  of  a  rudimentary 
embryo,  and  they  have  been  accordingly  classed  as 
embyromnta.  By  some  writers  the  term  embryoma  is 
applied  only  to  the  dermoids,  while  the  solid  terato- 
mata, because  of  their  lack  of  any  structural  organiza- 
tion approaching  that  of  the  human  embryo,  are  desig- 
nated embryoid  tumors.     The  presence  of  tissues  de- 
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rived  from  all  three  of  the  germ  layers  can  be  explained 
only  by  the  assumption  of  a  development  from  an 
ovum.  According  to  Wilms  and  others,  a  partheno- 
genetic  development  of  an  unfertilized  ovum  may  be 
assumed.  No  absolute  proof  of  this  hypothesis 
exists  at  present,  and  nothing  is  known  concerning 
parthenogenesis  in  mammalian  ova.  It  does  not  seem 
probable  that  the  development  of  these  tumors  is  due 
to  parthenogenesis,  since  the  latter  is  a  normal  process 
in  lower  animals  and  plants,  having  for  its  aim  the 
propagation  of  the  species,  and  the  development  of 
these  tumors  can  be  regarded  only  as  a  pathological 
process,  in  which  the  growth  and  differentiation  of 
tissues  and  organs  are  atypical  and  apparently  with- 
out a  definite  law.  In  favor  of  the  ovulogenous 
theory  of  origin  is  an  ob.servation  made  by  Lee  in  one 
case  in  which  the  minute  dermoid  maintained  the 
same  relationship  to  the  follicular  cavity  as  that  of  the 
ovum  to  the  follicle.  Steinlin  has  also  described  a 
case  in  which  a  small  dermoid  remained  as  an  intra- 
foUicular  growth  connected  with  the  follicle  wall  by  a 
delicate  vascularized  pedicle.  Sutton  made  a  similar 
observation  in  the  case  of  a  dermoid  cyst  in  the  ovary 
of  a  horse,  and  Kroemer  was  also  able  to  establish  a 
similar  relationship  between  the  dermoid  and  the 
follicle  in  two  cases  in  the  human  being.  From  these 
observations  it  would  appear  that  the  epidermal  cover- 
ing of  the  dermoid  is  derived  from  the  ectoderm  of  the 
ovum.  The  dermoid  is  sometimes  surrounded  by  a 
membrane  resembling  amnion. 

Bonnet,  on  the  other  hand,  regards  it  as  much  more 
probable  that  the  complex  ovarian  teratomata  arise 
from  one  or  more  blastomeres  which  during  the  early 
stages  of  developmeid  of  a  fertilized  ovum  are  delayed  in 
division,  and  later  give  rise  to  an  independent  forma- 
tion containing  elements  of  all  three  germ  layers;  or 
that  a  fertilized  polar  body  finds  its  way  between  the 
blastomeres  of  a  developing  ovum,  and  later  develops 
within  the  embrvo.  The  fertilization  of  the  polar  body 
has  been  demonstrated  in  vertebrates,  but  the  view 
that  complex  teratomas  may  arise  from  fertilized 
polar  bodies  is  given  little  consideration  at  the  present 
time.  The  first  assumption  seems  more  probable, 
and  the  ovarian  embryomata  and  embryoid  tumors 
mav,  therefore,  be  regarded  as  rudimentary  unioval 
twin  malformations,  and  are  to  be  placed  in  the  same 
category  with  the  fetal  inclusions  found  in  other 
organs.  The  origin  of  the  highly  complex  teratomas 
or  embrvomas  can  onlv  be  explained  as  taking  place 
from  totipotent  cells  (blastomeres)  formed  during  the 
first  stages  of  cell  division  of  the  fertilized  ovum  or 
from  primordial  germ-cells;  misplacement  of  the  latter 
during  autogenesis  mav  explain  the  location  of 
many  teratomas.  The  "fact  that  the  ovary  is  the 
favorite  seat  of  such  growths  may  be  dependent 
upon  the  fact  that  the  urogenital  anlage  forms 
relatively  such  a  large  part  of  the  embryonal  anlage, 
or  that  the  blastomeres  from  which  the  sexual  glands 
arise  take  on  more  easily  than  others  an  especial 
development  which  leads  to  the  formation  of  a  rudi- 
mentary twin.  Duplication  of  the  embryonic  area,  or 
of  the  "primitive  streak  or  medullary  groove,  with 
subsequent  inclusion  of  one  twin  (parasite)  by  the 
autosite  might  explain  the  formation  of  some  of  the 
o-^arian  eiiibryomata.  Wilms,  Pfannenstiel,  and 
Kroemer  are  the  chief  advocates  of  the  ovulogenous 
origin  of  these  tumors.  Bandler,  on  the  other  hand, 
has  recently  attempted  to  prove  their  congenital 
origin,  holding  that  they  arise  from  derivatives  of  the 
ectoderm,  which  hav'e  a  mesodermal  stroma,  viz.,  the 
Wolffian  bodies  and  ducts  (according  to  Spee,  the 
epithelium  of  the  Wolffian  body  and  duct  comes  from 
the  ectoderm).  Bandler,  therefore,  holds  that  the 
ovarian  dermoids  and  cystadenomata  have  a  closely 
related  histogenesis.  His  attempt  to  refer  the  em- 
bryomata of  the  sexual  glands  to  ectodermal  implan- 
tations occurring  accidentally  during  the  develop- 
ment of  the  urogenital  system  cannot  be  regarded  as 
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successful,  since  the  anlagen  of  many  structures  found 
in  these  tumors  (teeth,  thyroirl.  eye,  etc.)  cannot 
possibly  be  located  in  the  urogenital  anlage.  There 
is  an  increasing  number  of  writers  who  accept  the 
ovulogenous  origin,  but  the  majority  of  these  reject 
the  hypothesis  of  parthenogenesis.  The  etiology  of 
the  anomalous  development  of  the  ovum  is  not  yet 
known. 

Complex  Teratomala  of  the  Testicle. — Complex  tu- 
mors of  the  character  of  the  ovarian  dermoids  have 
been  found  in  the  testicles,  in  the  case  of  both  cliildren 
and  adults,  but  are  of  relatively  rare  occurrence.  Their 
structure  is  essentially  the  same  as  that  of  the  ovarian 
tumors.  Sohd  complex  teratomata  are  of  much  morn 
common  occurrence  in  the  testicles.  They  may  be  con- 
genital, but  are  found  more  frequently  in  early  adult 
life.  In  structure  they  differ  from  the  complex  ovarian 
teratomata  in  that  they  do  not  contain  so  great  a  va- 
riety of  tissues,  and  that  these  are  not  grouped  so  as  to 
form  easily  recognized  organs  or  systems.  The  tissue 
elements,  moreover,  are  more  embryonal  in  character 
and  attain  only  a  very  rudimentary  development. 
Ectodermal  tissue  is  present  usually  in  but  scanty 
amounts,  and  is  represented  by  pigmented  epithelium 
or  by  small  groups  of  cells  showing  cornification.  In 
some  tumors  it  may  be  entirely  absent,  or  at  least 
cannot  be  demonstrated.  The  cysts  are  lined  usually 
by  entodermal  epithelium,  but  the  character  of  the 
epithelium  may  vary  in  one  and  the  same  cyst.  Sim- 
ple cubical  and  cylindrical  epithelium,  either  with  or 
without  cilia,  stratified  cylindrical  ciliated  epithelium 
and  pigmented  epithelium  may  be  found.  Mucous 
glands  may  also  be  present.  Of  the  connective-tissue 
elements,  fibrous  tissue,  myxomatous  tissue,  cartilage, 
bone,  striped  and  unstriped  muscle,  are  most  fre- 
quently present.  All  these  present  a  more  cellular 
and  embryonal  character  than  the  tissues  found  in 
the  ovarian  teratomata.  .A.s  a  rule,  some  one  of  the 
tissues  predominates,  and  a  carcinomatous  or  sar- 
comatous proliferation  occurs  in  the  majority;  hence 
the  teratomata  of  the  testis  have  been  reported  under 
a  great  variety  of  names.  In  some  cases  an  endo- 
thelial or  perithelial  proliferation  predominates,  and 
the  tumor  assumes  the  character  of  an  endothelioma 
or  a  perithelioma.  Syncytioma  formations  have  also 
been  described  as  occurring  more  often  in  these 
growths.  In  some  cases  the  formation  of  cysts  with 
fluid  or  mucoid  contents  is  the  most  striking  feature 
of  the  tumor;  in  other  cases  the  growth  may  be  cystic 
only  in  part,  while  in  other  cases  it  is  solid  throughout. 
They  are  often  of  very  rapid  growth  and  those  in 
which  carcinomatous  or  sarcomatous  proliferation 
occurs  are  of  very  malignant  character,  giving  rise 
to  numerous  metastases  throughout  the  peritoneum, 
retroperitoneal  glands,  lungs,  etc.  The  metastasis 
in  the  majority  of  cases  is  hematogenous,  like  that  of 
sarcoma.  To  what  extent  the  teratomata  of  the 
testicle  are  to  be  classed  with  the  embrj'omata  as  of 
blastomere  or  primordial  germ-cell  origin,  or  to  what 
extent  they  are  due  to  tissue-implantations,  cannot 
at  present'be  determined.  Those  containing  tissues 
derived  from  all  three  of  the  germ  layers  may  be 
classed  with  the  embryomata  or  embrj'oid  tumors  as 
arising  from  blastomeres  or  primordial  germ-cells; 
those  consisting  of  single  tissue-formations  may  be 
explained  by  the  assumption  of  a  tissue-transplanta- 
tion or  inclusion,  but  it  is  probable  that  these  simpler 
forms  often  arise  in  the  same  way  as  the  more 
complex. 

The  complex  teratoid  cj'sts  and  solid  teratomata  of 
other  regions,  as  well  as  those  of  the  sexual  glands,  are 
in  many  instances  to  be  regarded  as  local  disturbances 
of  development,  due  to  a  misplacement  or  sep.aration 
by  constriction  of  tissue  anlage  or  tissue  within  a 
single  individual  {monogerminal  lissue-implantalion. 
autochthonous  teratoma).  The  hairy  polypi  of  the 
throat  and  mouth  cavity,  the  cystic  or  solid  terato- 
mata at  the  base  of  the  skull  or  in  the  hypophysis  may 


be  e.xplained  as  due  to  inclusiuas  of  ectoderm.  The 
presence  of  cartilage  and  mucou.s  glands  in  the  medi- 
astinal teratomata  may  be  explained  by  the  proximity 
of  the  trachea.  The  teratoid  ini.xed  tumors  of  the 
cervix  and  vagina  are  probably  due  to  inclusions  of 
the  myotome  or  sclerotome,  and  to  malformations  in 
the  development  of  the  Wolffian  duct ;  those  of  the 
kidney  are  due  to  proliferation  of  remains  of  the  Wolf- 
fian body,  and  to  mclu.sion.s  of  the  myotome;  tho.se  of 
the  lumbosacral  and  coccygeal  region.s  are  due  to  pro- 
liferations of  remains  of  the  neuroenteric  canal,  hmd- 
gut,  and  medullary  canal,  in  a.ssociation  with  ecto- 
dermal and  mesodermal  inclusions. 

In  other  cases  they  arise  from  a  rudimentary 
twin  (bigerminal  implantation).  Such  an  explanation 
receives  support  when  the  teratoma  in  question  con- 
tains fully  developed  or  rudimentary  organs  or  body 
parts,  or  tissue-formations  that  cannot  be  explained 
by  the  misplacement  of  ti.ssue  of  a  single  fetus.  The 
complex  teratomata  at  the  base  of  the  skull,  in  the 
sacral  region,  in  the  mediastinum,  and  in  the  abdom- 
inal region  are  regarded  by  the  majority  of  investigators 
as  bigerminal  implantations.  Such  teratoid  tumors 
are  then  to  be  interpreted  as  parasitic  twin  malforma- 
tions, and  are  to  be  classed  with  the  double  monsters. 
.\ll  possible  transition  forms  exist  between  those  com- 
posed of  rudimentary  tissue-elements  and  the  double 
monsters  with  symmetrically  developed  twins.  In 
those  cases  in  which  partly  or  fully  developed  extremi- 
ties or  organs  lie  within  the  tumor  mass  or  cyst  the 
diagnosis  of  bigerminal  inclusion  is  clear,  but  in  the 
case  of  a  more  rudimentary  development  of  tissues 
which  are  not  arranged  in  an  orderly  manner  it  is  not 
always  possible  to  differentiate  between  monoger- 
minal and  bigerminal  inclusions. 

Teratomas  have  been  produced  experimentally 
by  the  transplantation  or  implantation  of  embryonal 
cells  and  analage.  The  transplanted  cells  differen- 
tiate along  their  normal  lines  and  form  teratoid 
tumors.  Askanazy,  observed  the  spontaneous  devop- 
ment  of  a  malignant  blastoma  in  such  an  experi- 
mental teratoid. 

Malignant  Teratoma  (Teratoma  malignum). — Malip;- 
nant  changes  may  take  place  in  any  form  of  teratoid 
tumor  or  cyst,  the  simple  forms  as  well  as  the  more 
complex,  but  are  of  more  common  occurrence  in  the 
latter.  Of  the  simple  teratomat.i  the  epidermoids  and 
dermoids  most  frequently  take  on  a  malignant  activity 
of  growth  {hranchiogenic  and  subcutaneous  carcinoma), 
although  ectodermal  inclusions  in  any  part  of  the 
body  may  be  the  starting-point  for  an  epitheliomatous 
growth.  The  tumors  of  the  kidney,  vagina,  and 
cervix  that  contain  striped  muscle  and  m>-xomatous 
tissue  usually  behave  as  sarcomata.  The  mixed 
tumors  of  the  salivary  and  lacrymal  glands  become 
malignant  much  more  rarely.  Since  the  great  ma- 
jority of  other  forms  of  ter.itoid  tumors  are  usually 
benign,  the  term  malignant  teratoma  is  more  ap- 
propriately applied  to  the  malignant  embryomata 
and  embryoid  tumors.  The  complex  dermoids  not 
infrequently  became  malignant  (either  sarcomatous 
or  carcinomatous  proliferation  or  both).  Yamagiva 
h.is  reported  a  unique  case  of  a  dermoid  of  the  ovary, 
showing  adenocarcinomatous  changes.  The  patient 
was  a  woman  sixty-three  years  old,  dying  from  the 
effects  of  a  large  ovarian  tumor,  which  was  in  part  com- 
posed of  solid  mixed  tissues  and  cysts,  and  partly 
dermoid.  The  adenocarcinomatous  changes  present 
he  regarded  as  primary  in  a  mammary  gland  which 
was  found  upon  the  inner  surface  of  the  large  dermoid 
cyst.  Metastases  were  present  in  the  retroperitoneal, 
mesenteric,  and  right  supraclavicular  glands.  To 
Bierman  belongs  the  credit  of  having  recorded  the 
first  case  of  epidermal  cancer  arising  from  the  epi- 
dermal lining  of  the  cyst  cavity.  Similar  cases  have 
been  reported  by  Krukenberg,  Clark,  and  others. 
The  majority  of  "the  cases  have  been  in  women  at  or 
near    the    menopause.     The    metastases    are    found 
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cliiefly  upon  the  peritoneum.  In  two  cases  seen  by 
the  writer  squamous-cell  carcinoma  arising  in  der- 
moid cysts  of  the  ovary  in  young  women  caused 
death  by  general  metastasis.  Of  much  greater  fer- 
quency  is  the  development  of  carcinoma  or  sarco- 
matous changes  in  the  solid  complex  teratomata  of 
the  ovary,  testis,  and  mediastinum.  In  the  case  of 
the  malignant  teratomata  of  the  testis  the  metastases 
may  present  the  appearance  of  cystocarcinoma, 
cystosarcoma,  chondrosarcoma^  chondrocarcinoma, 
myosarcoma,  mj'xosarcoma,  endothelioma,  etc.  Oc- 
casionally the  metastases  show  differences  of  struc- 
ture, or  may  present  a  combination  of  tissue  elements. 
This  may  be  explained  by  the  metastasis  of  undifferen- 
tiated cells.  In  some  cases  the  tumor  presents  the 
appearance  of  a  mixture  of  sarcomatous  and  carcin- 
omatous proliferation  (sarcocarcinonia).  The  dis- 
tribution of  the  metastases  varies  somewhat  with 
the  character  of  the  malignant  changes.  In  the  case 
of  adeno-  or  cystocarcinoma  of  either  an  ovarian  or  a 
testicular  teratoma  the  metastases  are  found  chiefly 
upon  the  peritoneum;  in  other  cases  the  metastases 
are  usually  hematogenous,  and  are  found  chiefly 
in  the  lungs.  Malignant  syncytioma  or  chorioepithe- 
lioma  develops  most  frequently  in  the  teratomas  of 
the  testis. 

The  teratoid  tumors  appear  most  frequently  as 
nodular  encapsulated  cystic  growths ;  the  cysts  maj' 
be  small  or  large.  In  some  forms  the  growth  appears 
as  a  solid,  medullary,  sarcoma-like  mass  containing 
many  small  cysts  (cystosarcoma).  The  mixed 
character  of  the  tumor  can  often  be  recognized 
macroscopically  (fat,  cartilage,  bone,  teeth,  hair,  etc.). 
Many  of  them  are  benign,  growing  by  expansion,  and 
are  encapsulated;  others  are  malignant,  infiltrating, 
destructive,  and  producing  metastases.  Some,  after 
a  long  period  of  benign  growth,  take  on  a  carcinoma- 
tous or  sarcomatous  character.  The  prognosis  in 
the  case  of  malignant  teratoma  is  very  grave,  par- 
ticularly in  the  case  of  malignant  chorioepithelioma 
of  the  testis  and  ovary.  While  teratomas  may  develop 
at  any  age  they  are  especially  prominent  in  child- 
hood and  early  adult  life,  the  great  majority  of  the 
malignant  blastomas  of  childhood  being  of  teratoid 
origin.  Malignant  teratomas  of  ovary  and  testis 
develop  particularly  at  or  soon  after  the  age  of 
puberty.  It  is  a  striking  fact  that  teratomas  of  the 
sexual  glands,  pineal  gland,  and  hypophysis  may 
produce  hormones,  that  cause  precocious  sexual 
development,  functional  activity  of  the  mammary 
gland,  etc.  In  one  case  seen  by  the  writer  functional 
hypertrophy  of  the  male  breast  was  produced  by  a 
malignant  chorioepithelioma  of  the  testis.  He  has 
also  seen  three  cases  of  precocious  puberty  in  tlie 
female  associated  with  malignant  teratoma  of  the 
ovary.  In  two  cases  removal  of  the  tumors  caused 
the  premature  sexual  development  to  disappear. 

TREATifENT. — The  fact  that  a  large  class  of  tumors 
is  composed  of  tissue-formations  resembling  those  of 
the  normal  body,  and  derived  from  misplaced  anlage 
or  tissue,  or  from  fetal  inclusions,  throws  important 
light  upon  the  treatment.  Since  such  tumors  are 
manifestly  not  of  parasitic  origin,  their  treatment  by 
toxins,  antitoxins.  Roentgen  rays,  etc.,  is  naturally 
contraindicated.  Only  those  toxins  would  destroy  the 
mixed  tumors  which  would  at  the  same  time  destroy 
the  normal  tissues.  The  treatment  is  purely  oper.ative, 
and  even  here  the  knowledge  of  the  mixed  nature  of 
the  tumor  is  of  great  importance  in  modifying  the 
operation.  The  mixed  tumors  of  the  mamma  do  not 
set  up  metastases  in  the  axillary  glands;  and  since  the 
encapsulated  mixed  tumors  in  general  usually  give 
rise  to  hematogenous  metastases,  and  not  lymphogen- 
ous, a  more  conservative  operation  may  be  carried  out 
than  in  the  case  of  carcinoma.  In  the  case  of  the 
tumors  of  the  testis  the  greater  tendency  to  malig- 
nancy with  the  rapid  setting  up  of  metastases  in  the 
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peritoneum  in  the  case  of  carcinomatous  change,  and 
in  the  lungs  in  the  case  of  sarcomatous  or  endothe- 
liomatous  changes,  speak  for  the  necessity  of  early 
operation.  .\ldred  Scott  Warthin. 


Terebene. — Terebene,  CmHie,  is  a  liquid  hydrocar- 
bon, obtainable  by  the  action  of  strong  sulphuric  acid 
on  oil  of  turpentine.  It  is  a  colorless,  mobile  fluid,  of  a 
pleasant  pine-wood  odor  and  taste,  free  from  the 
acridity  of  oil  of  turpentine.  It  is  insoluble  in  water, 
but  dissolves  in  an  equal  measure  of  alcohol. 

Under  the  name  Terebenum,  Terebene,  the  United 
States  Pharmacopoeia  makes  official  "a  liquid  consist- 
ing of  dipentene  and  other  hydrocarbons,  obtained 
by  the  action  of  concentrated  sulphuric  acid  on  oil  of 
turpentine."  Terebene  should  be  kept  in  well-stop- 
pered bottles  and  in  a  cool  dark  place. 

Terebene  seems  to  affect  the  human  system  like  a 
mild  oil  of  turpentine.  It  has  been  taken  in  so  large 
quantities  as  a  teaspoonful  every  four  hours,  con- 
tinued for  a  week,  without  untoward  effects;  but  such 
quantities  are  unsafe.  Under  the  influence  of  the 
medicine  the  urine  acquires  an  odor  as  of  violets,  and 
may  increase  slightly  in  quantity.  Medicinally,  tere- 
bene has  been  found  of  service  for  the  alleviation  of 
cough  and  dyspnea  from  respiratory  disease,  and  of 
dyspepsia  with  flatulence  and  acidity.  The  drug  is 
commonly  given  in  doses  of  ten  drops,  or  thereabouts, 
in  emulsion  or  in  capsules.  It  is  not  at  all  unpleasant 
to  take,  clear,  washed  down  with  a  small  sip  of  water. 
In  respiratory  affections  the  vapor  of  terebene  may  be 
inhaled  in  addition  to  the  internal  administration. 
Eow-MiD  Curtis. 
R.  J.  E.  Scott. 


Terebinthina. — Turpentine,  N.  F. — Thus  ameri- 
canum{B.  P.).  A  concrete  oleoresin  obtained  from  Fi- 
nns palustris  Miller,  and  from  other  species  of  Finns 
(fam.  FinacecE  or  Coniferce).  The  species  of  pine  here 
referred  to  form  large  forests  in  the  Atlantic  and  gulf 
belts  of  the  Southeastern  United  States,  where  the 
turpentine  is  collected  on  an  enormous  scale.  The 
most  ruinous  methods  of  collection  long  prevailed 
and  seriously  threatened  the  destruction  of  the  indus- 
try, but  the  several  State  governments  have  become 
alive  to  the  danger  and  are  imposing  protective 
requirements.  By  the  ordinary  crude  methods,  deep 
gashes  are  cut  in  the  trunks  of  the  trees,  near  the 
ground,  and  hollowed  out  at  the  bottom  so  as  to 
hold  a  pint  or  more  of  liquid,  and,  above  these,  slight 
cuts  are  made  in  the  bark,  from  which  the  turpentine 
flows,  and,  running  down,  is  collected  in  the  "boxes," 
as  the  excavated  gashes  are  called;  from  these  it  is 
ladled  out  from  time  to  time  as  the  boxes  fill,  and 
fresh  hacks  are  occasion.ally  made  in  the  bark  above 
to  keep  up  the  flow.  The  freshly  collected  turpentine 
is  then  tilled  into  barrels  and  carried  to  the  still, 
where  the  oil  is  distUled  off,  being  the  spirit  of  tur- 
pentine, as  it  is  commonly  called,  of  commerce. 

Turpentine  is  described  as  occurring  in  yellowish, 
opaque,  tough  masses,  brittle  in  the  cold,  crumbly 
crystalline  in  the  interior,  of  a  terebinthinate  odor 
and  taste.  The  alcoholic  solution  has  an  acid 
reaction. 

As  indicated  in  its  definition,  turpentine  consists  of 
oil  of  turpentine  and  resin.  A  small  amount  of 
bitter  substance  is  also  present.  Its  properties, 
medicinally,  are  wholly  those  of  the  oil,  considered 
below,  which  is  present  to  the  extent  of  from  fifteen 
to  thirty  per  cent.,  weakened  by  the  resin,  also 
considered  laelow.  The  uses  of  all  three  of  the  articles, 
as  well  as  their  preparations,  are  considered  together 
at  the  close  of  this  article: 

Oil  of  Turpentine  {Oleum  Terebinthinoe,  U.  S.;  Br., 
Spirit  of  Turpentine)  is  defined  as  a  volatile  oil 
distUled  from  turpentine,  and  is  thus  described: 
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A  thin,  colorless  liquid,  having  a  characteristic 
odor  and  taste,  both  of  which  become  stronger  and 
less  plea-sant  by  age  and  exposure  to  the  air. 

Specific  gravity:  0.855  to  ().,S70  at  15°  C.  (59°  F  ) 

It  boils  at  155°  to  170°  C.  (311°  to  338°  F.). 

Soluble  in  three  times  its  volume  of  alcohol,  the 
solution  being  neutral  or  slightly  acid  to  litmus  paper; 
also  soluble  in  an  equal  volume  of  glacial  acetic  acid. 

Bromine  or  powdered  iodine  acts  violently  upon  it 

When  brought  in  contact  with  a  mixture  of  nitric 
and  sulphuric  acids,  it  takes  fire. 

If  a  little  of  the  oil  be  evaporated  in  a  small  capsule 
on  a  water  bath,  it  should  leave  no  more  than  a  very 
slight  residue  (absence  of  petroleum,  paraffin  oils 
or  resin).  ' 

There  is  a  rectified  form  of  it  (Oleum  Terehinthinm 
Reclificatum,  U.  S.,  P.  G.)  made  by  shaking  up  the 
crude  oil  with  six  times  its  amount  of  lime  water  and 
redistilling,  which  is  thus  described : 

A  thin,  colorless  liquid,  having  the  general  proper- 
ties  mentioned   under  oil   of  turpentine    (see  Oleum 
Terebinthinw,  above). 
Specific  gravity:  0.855  to  0.865  at  15°  C.  (59°  F  ) 
Boiling  point:  about  160°  C.  (320°  F.). 
Its  alcoholic  solution  should  be  neutral  to  litmus 
paper. 

If  about  10  c.c.  of  the  oil  he  evaporated  in  a  capsule 
on  a  water  bath,  no  weighable  residue  should  be  left. 
Upon  treatment  of  oil  of  turpentine  with  hvdro- 
chloric  acid,  and  some  similarly  acting  substances,  a 
kind  of  camphor,  closely  resembling  ordinary  cam- 
phor, can  be  produced. 

Rosix  (Resina,  U.  S.,  Br.;  Colophonium,  P.  G., 
Colophony,  Com?non  Resin,  or  Rosin)  is  defined  as  the 
residue  left  after  distilling  off  the  volatile  oU  from 
turpentine,  and  is  described  as  a  transparent,  amber- 
colored  substance,  hard,  brittle,  pulverizable;  frac- 
ture glossy  and  shallowly  conchoidal;  odor  and  taste 
faintly  terebinthinate.  Specific  gravity  1.070-1.080. 
Soluble  in  alcohol,  ether,  and  fixed  or  volatile  oils; 
also  in  .solution  of  potassium  or  sodium  hydrate. 
Rosin  varies  considerably  in  its  appearance,  according 
to  the  extent  of  its  distillation.  If  the  water  with 
which  it  was  distilled  has  not  been  entirelv  boiled  out, 
it  is  opaque  and  yellow;  if  it  contains  no"  water,  it  is 
clear;  if  overheated,  it  is  dark  brown  or  black,  if 
not,  it  is  bright  and  clear.  The  abietic  acid  in  the 
opaque  "thus"  is  a  product  of  hydration  of  rosin, 
and  may  be  produced  in  ordinarv-"  rosin  by  treating 
with  dUuted  alcohol. 

Action-  .\.n-d  U-ses. — Oil  of  turpentine  is  one  of  the 
most  irritating  of  its  series.  Applied  to  the  skin  and 
prevented  from  evaporating,  it  quicklv  causes 
smarting  and  r(>dness,  and  after  a  quarter  of  an  hour 
or  more  is  liable  to  destroy  the  surface  and  cause 
ulceration.  In  large  doses,  ton  or  fifteen  grams,  taken 
internally,  it  Ls  a  quick  irritant,  causing  prompt  action, 
but  Ls  unsafe.  Used  with  .suds  or  other  vehicle,  as  a 
rectal  injection,  it  is  promptly  rejected,  and  in  con- 
sequence is  a  useful  stimulating  evacuant  of  the 
lower  bowel.  Oil  of  turpentine  is  readilv  absorbed 
in  vapor  by  the  lungs,  as  well  as  in  its  liquid  condition 
by  the  stomach.  It  is  excreted  also  bv  the  lungs 
as  well  as  by  the  skin  and  kidneys,  the"  latter  prin- 
cipally in  the  course  of  its  elimination;  it  is,  if  in  large 
quantity,  an  irritant  to  the  whole  urinary  system, 
causing  -strangury,  frequent  micturition,  hematuria, 
etc.  The  urine  has  a  rather  pleasant  violet-like  odor. 
Like  all  essential  oils  it  is  an  anti.soptic.  In  small 
doses  (a  few  drops)  it  is  stimulant  and  hemostatic,  and 
is  frequently  given  with  good  effect  in  the  hemorrhage 
of  typhoid  and  jihthisis.  In  large  amounts,  two  or  three 
grams  and  upward,  there  are  mental  exhilaration,  in- 
toxication; and  in  poLsonous  doses  dulness,  coma,  and 
convulsions,  with  muscular  weakness  and  heart  failure. 

The  oil  is  frequently  employed  as  an  irritant  ap- 
plication (turpentine  stupe);  a 'flannel  pad  wrung  out 
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from  hot  water,  and  freely  sprinkled  over  the  surface 
with  oU  of  turpentine,  acts  the  same  as  a  mustard  paper 
It  IS  also  a  verj-  useful  injection  (fifteen  grams  m  a 
liter  or  less  of  warm  soapsuds,  and  stirred  in  while 
being  adminLstered).  Internally,  as  above  indicated 
It  may  be  given  in  doses  of  from  three  to  Urn  drops' 

Turpentine  it.self  is  not  much  employed  in  this 
country,  but  may  be  given  for  chronic  diarrhea 
ulceration  of  the  bowels,  chronic  rheumatic  joints, 
sciatica,  etc.,  as  well  as  in  leucorrhea  and  gonorrhea] 
under  conditions  indicating  copaiba,  over  which  it 
probably  has  no  advantages;  it  may  be  made  into 
piUs  and  a  gram  or  two  be  given  at  a  time. 

Resin  possesses  but  little  activity.  It  is  employed 
only  externally  and  occasionally. 

Preparations. — Of  turpentine  there  is  no  oflficial 
preparation  unless  the  oil  and  the  resin  might  be  so 
considered.  Of  the  oU  we  have  the  Linimenlum 
Terebinthinee  or  Turpentine  Liniment,  of  sixt  v-five  parts 
of  resin  cerate  dissolved  in  thirty-five  parts  of  the  oil. 
This  is  a verj- irritating  application.  ResinCerate  (Cer- 
atum  Resinee,  U.  S.)  Ls  made  of  thirty-five  parts  of  resin 
fifteen  of  yellow  wax,  and  fifty  of  "lard.  Renin  Plaster 
(Emplastrum  Resinw,  U.  S.)  is  made  of  fourteen  parts 
of  resin,  eighty  of  lead  plaster,  and  six  of  yellow  wax. 
Cantharides  Cerate  {Ceralum  Canthnridis,  "U.  S.)  con- 
tains 17.5  per  cent,  of  rosin,  with  the  same  amount  of 
yellow  wax,  fifteen  per  cent,  of  oil  of  turpentine,  twenty 
per  cent,  of  benzoinated  lard,  thirty-five  per  cent.  o"f 
cantharides  and  2.5  per  cent,  of  acetic  acid. 

Allied  Pla.\ts  ant)  Products. — The  genus  Pinus 
is  the  most  important  of  its  family  and  comprises 
about  seventy  living  species,  distributed  through 
the  cooler  regions  of  the  earth.  Turpentines  are 
found  to  some  extent  in  all  species,  and  they  agree 
closely  in  their  general  properties.  Simila"r  sub- 
stances, some  of  them  known  commercially  as  tur- 
pentines, are  found  in  related  genera.  Venice  Tur- 
pentine is  the  product  of  Larii  larix  (L.)  Karst. 
(Pinus  larix  L.;  Larix  euro-pwa  D.  C.)  of  southern 
Europe.  Strassburg  turpentine  is  obtained  from 
Abies  picea  (L.),  Lyons  (Pinus  picea  L.).  the  European 
Silver  or  Strassburg  pine.  Pilch,  Canada  and  Bur- 
gundy, as  well  as  their  turpentines,  have  been  con- 
sidered under  those  titles.  Tar,  cade,  and  juniper 
oils  have  also  been  duly  considered.  .A.11  agree  in  their 
general  composition  and  properties  with  the  subject 
of  this  article. 

Besides  these,  a  number  of  oleoresins  derived  from 
other  families   (copaiba,   Chian  turpentine,  etc.)   are 
commercial  and  medicinal  products  of  similar  nature. 
\\'.  P.  Bolles. 

Terpin  Hydrate. — When  a  mixture  of  turpentine 
oil  and  water  is  permitted  to  stand,  crystals  of  ter- 
pin hydrate,  C,oH,.(OH2)  -f-  OH.,  often  deposit.  For 
artificial  preparation  of  the  crystals  in  quantity,  a 
mixture  is  made  of  oil  of  turpentine,  nitric  acid, "and 
alcohol,  which  is  set  aside  in  shallow  vessels  for  crystal- 
lization to  occur.  The  substance  is  official  in  the 
United  States  Pharmacopoeia  under  the  title  Terpini 
Hydras,  Terpin  Hydrate.  Terpin  hydrate  is  in  the 
form  of  colorless,  lustrous  rhombic  crystals,  nearly 
odorless  and  having  a  slightly  aromatic  and  somewhat 
bitter  taste.  It  is  soluble  in"  about  200  parts  of  water 
and  in  10  parts  of  alcohol  at  25°  C.  (77°  F.);  in  32  parts 
of  boiling  water,  and  in  2  parts  of  boiling  alcohol. 
The  drug  is  claimed  to  possess  the  medicinal  "expec- 
torant" virtues  of  the  terebinthinates,  while  free  from 
the  deranging  influence  of  the  class.  The  pharma- 
copoeial  dose  is  2  grains  (0.125  gram). 

Edw.ujd  Ctrtis. 

R.  J.  E.  Scott. 

Terpinol  is  an  oily  liquid  of  hyacintliinc  taste,  ob- 
tained by  distilling  "terpin  hydrate  with  dilute  sul- 
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pluiric  aciil.  It  i-.>ii.sists  of  leTpineol,  CioHi;OH,  iiiixcd 
witli  thm'  torpoiu's,  C,„H,c,  iin<i  is  insoluble  in  water 
and  soluble  in  alcohol  and  ether.  Lazarus  employs  it 
like  terpin  hydrate  as  a  bronchial  stimulant  and  anti- 
septic in  dose  of  0.:?  c.c.  (tUv).  Janousky  gives  it  in 
hemoptysis,  three  drojis  freciuently  rei)eated.  It  is 
sometimes  added  to  iodoform  as  a  deodorizer.  Under 
the  name  of  "stomatol,"  a  mixture  of  terpinol,  soap, 
alcohol,  and  aromatics  is  sold  as  a  mouth  wash  and 
general  antiseptic  and  deodorizer, 

W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Testis  and  Epididymis,  Diseases,  Injuries,  and 
Anomalies  of  the.— Di.seases  of  the  testicle  proper 
include  inflatuniations,  growths,  cysts,  nervous  disturb- 
ances (neuralgia),  spermatocele,  hydrocele,  and  hema- 
tocele. Tlie  last  two  have  been  discussed  under  their 
own  titles  in  Vol.  V. 

OncHiTrs. — This  is  an  inflammation  of  the  testis 
proper.  It  is  rather  rare,  in  comparison  with  epididy- 
mitis, which  is  often  mistaken  for  it  and  associated 
with  it.  It  may  be  primary,  due  to  trauma,  hema- 
togenous infection,  or  extension  of  inflammation  from 
an  adjacent  focus  of  infection,  e.g.  po.sterior  urethritis. 
Secondary  orchitis  is  usually  due  to  an  extension  of  a 
primary  "epididymitis.  Trauma  may  involve  both 
testis  and  epididymis  simultaneously. 

Acute  Orehili.-<.'—((i}  Traumatic:  This  is  usually  the 
result  of  a  severe  blow,  a  kick  or  a  fall,  striking  some 
solid  object.  It  h.as  been  .suggested  that  the  strong 
upward  traction  of  the  cremasteric  muscle  on  the  testis 
against  the  external  inguinal  ring,  may  also  be  the 
cause  of  acute  orchitis. 

(b)  Hematogenous  Infection:  The  most  common 
infection  by  way  of  the  blood  is  seen  in  association 
with  mumps  (parotitis).  It  occurs  most  often  about 
the  age  of  puberty,  though  it  has  been  noted  earlier 
and  in  late  adult  life.  The  attack  may  be  unilateral 
or  bilateral.  The  testis  may  be  involved  in  advance 
of  the  parotitis,  and  in  epidemics  cases  have  been 
noted  in  \vhich  orchitis  occurred  without  apparent 
involvement  of  the  parotid.  The  epididymis  may  or 
may  not  be  involved.  Resolution  of  the  orchitis 
takes  place  within  ten  days  to  two  weeks;  occasionally 
there  is  a  urethral  discharge  before  the  appearance  of 
the  orchitis.  The  inflammation  seldom  goes  on  to 
suppuration,  but  atrophy  may  follow  in  severe  cases 
in  a  fairly  largo  jjrnportiim  of  ca.ses. 

.\part  from  hematogenous  infection  associated  with 
mumps,  the  testis  may  be  attacked  in  the  course  of 
variola,  scarlatina,  pyemia,  malaria,  and  leprosy.  It 
may  also  be  fouiul,  more  rarely,  as  a  complication  of 
typhoid  fever  (case  reported  by  Kocher),  gout  (re- 
ported by  Keyes),  and  rheumatism  (reported  by  sev- 
eral observers).  The  testis  is  attacked  through  the 
blood  stream  in  syphilis  and  tuberculosis,  but  the  in- 
flammation is  a  chronic  one  from  the  outset,  and  will 
be  discussed  in  the  foUow'ing  section  on  Chronic 
Orchitis. 

(c)  Extension  of  Posterior  Urethritis:  Usually  the 
epididymis  is  attacked,  but  there  are  instances  re- 
corded in  \yhich  the  testis,  on  one  or  both  sides,  was 
involved  in  the  indammatory  process,  the  epididymis 
remaining  unaffected.  In  such  cases,  the  vas  deferens 
may  also  escape  involvement. 

Pathology. — -There  is  a  serous  infiltration  with 
marked  hyperemia  resulting  in  more  or  less  tension 
within  the  tunica  albuginoa;  when  this  tension  be- 
comes very  great  suppuration  and  abscess  are  likely 
to  follow.  When  the  orchitis  is  the  result  of  trauma, 
gangrene  and  atrophy  of  the  organ  is  not  an  unusual 
outcome.  Mere  pressure  alone,  from  without,  may 
and  often  docs  bring  about  partial  or  complete  atro- 
phy. After  the  inflammatory  process  has  subsided, 
the  organ  usually  resumes  its  normal  shape  and  size. 
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When  an  abscess  has  developed,  it  may  result  in  ad- 
hesions being  formed,  which  in  turn  favor  the  develop- 
ment of  one  or  more  fistulous  openings  or  sinu.ses. 
These  may  be  large  enough  for  the  testis  to  break 
through,  constituting  a  hernia  testis.  The  exposed 
surface  of  the  testis  may  become  covered  with  granu- 
lations and  attached  to  the  scrotal  covering,  the  con- 
dition then  being  known  as  fungus  testis. 

Symptoms. — Whatever  the  etiology  of  acute  or- 
chitis may  be,  the  symptoms  are  practically  the  same, 
and  the  diagnosis  is  easily  made.  There  is  some  varia- 
tion in  degree  and  severity,  but  not  otherwise.  Or- 
chitis following  mumps  is  the  least  severe  and  that 
associated  with  gonorrhea  is  the  most  intense. 

The  pain  is  usually  severe,  sometimes  excruciating, 
lasts  a  week  to  ten  days,  and  then  gradually  subsides. 
Swelling  is  limited  by  the  tunica  albuginea,  and  it  is 
probably  the  tension  thus  produced  that  causes  the 
intense  pain.  Reflex  pains  shooting  up  along  the  cord 
and  toward  the  back  are  not  infrequent.  The  scro- 
tum may  be  congested  and  edematous.  Rupture  of 
the  tunica  albuginea  or  the  development  of  gangrene 
may  be  made  evident  by  the  sudden  cessation  of  the 
acute  pain. 

Associated  with  the  local  pain  may  be  found  marked 
general  weakness  and  prostration,  vomiting,  high  tem- 
perature, and  rapid  pulse. 

Differential  Diagnosis. — The  conditions  that  might 
be  mistaken  for  acute  orchitis  .are  epididymitis,  tuber- 
culosis, syphilis,  hydrocele,  and  new  growths.  All  of 
these  with  the  exception  of  epididymitis,  are  apt  to 
be  painless,  and  devoid  of  acute  constitutional  symp- 
toms. Tuberculosis  may  be  painful,  but  the  epididy- 
mis will  usually  be  found  affected,  the  testis  nor- 
mal. In  acute  epididymitis  the  testis  can  often  be 
found  unaffected,  adjoining  the  swollen  and  painful 
epididymis. 

Treatment. — -The  palliative  treatment  is  practically 
the  same  as  that  of  acute  epididymitis;  principally 
rest  in  bed,  elevation  of  the  testes,  hot  or  cold  local 
applications,  morphine  if  necessary.  Elevation  of  the 
organ  is  secured  by  a  bridge  of  adhesive  plaster  six 
inches  wide  connecting  the  thighs,  upon  which  the 
scrotum  and  testes  rest.  This  furnishes  an  excellent 
support.  A  wide  variety  of  local  applications  may 
be  employed.  Moist  heat,  in  the  form  of  a  poultice 
is  an  old  favorite  method.  Counterirritants  may  be 
painted  on  the  scrotum,  including  guaiacol  (twenty- 
five  per  cent,  to  the  pure  strength),  silver  nitrate 
(twenty-five  per  cent.),  and  combinations  of  guaiacol 
and  iclithyol  in  varying  strengths  (twenty-five  to  fifty 
per  cent.).  Small  multiple  punctures,  preferably  made 
with  a  tenotome,  relieve  the  tension  and  reduce  the  in- 
flammation. Suppuration  should  be  treated  by  early 
evacuation  of  the  pus,  always  guarding  against  an  in- 
cision so  large  as  to  encourage  a  hernia  testis.  Sinuses 
and  fistula;  are  treated,  as  elsewhere,  by  incision,  curet- 
tage, and  packing  with  iodoform  gauze.  If  healing 
fails  and  ordinary  surgical  measures  are  of  no  avail, 
castration  must  be  resorted  to.  It  goes  without  say- 
ing that  after  recovery  in  the  usual  manner,  the  testis 
should  for  a  long  time  be  supported  by  a  well-fitting 
suspensory  or  jock-strap  so  as  to  avoid  any  possibility 
of  recurrence. 

Chronic  Orchitis. — Under  this  head  are  included 
syphilis  and  tuberculosis  of  the  testis.  Acute  orchitis 
rarely  passes  into  the  chronic  type. 

Syphilis  of  the  Testicle.— -This  is  not  an  uncommon 
condition;  in  fact,  many  of  the  testes  removed  as 
"neoplasms"  are  found  to  be  syphilitic,  after  opera- 
tion. This  error  can  be  avoided  by  applying  more 
careful  diagnostic  methods;  hence  the  importance  of 
syphilitic  orchitis.  The  epididymis  may  be  likewise 
involved  in  the  process. 

Symptoms. — The  testis  becomes  gradually  and 
painlessly  enlarged,  and  it  often  takes  some  time  be- 
fore the  patient  is  aware  of  the  increase  in  size.  There 
is  no  tenderness  on  pressure,  the  surface  is  smooth, 
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and  the  enlargement  uniform  throughout.  Of  course 
there  are  exceptional  eases  in  which  there  are  some 
tenderness  and  inequality  in  the  enlargement,  and  the 
surface  may  be  nodular  or  otherwise  irregular,  but 
these  are  unusual.  Though  hydrocele  is  not  a  com- 
mon complication,  it  is  sometimes  encountered,  add- 
ing somewhat  to  the  difficulty  of  the  correct  diagnosis. 
In  such  cases,  the  fluid  should  be  tapped,  whereupon 
the  testis  and  epididjinis  will  be  brought  into  clearer 
outline. 

Treatment. — Antisj-philitic  measures  applied  con- 
stitutionally will  usually  bring  about  a  restoration  to 
the  normal,  unless  serious  damage  has  already  taken 
place  in  the  organ.  Atrophy  and  suppuration  will 
persist  in  spite  of  constitutional  treatment,  however 
vigorous.  Gummata  in  the  testis  respond  favorably 
to  treatment,  and  such  portions  as  have  not  been  in- 
jured by  the  intracapsular  pressure  are  restored  to 
normal  function. 

Salvarsan,  neosalvarsan,  mercurj',  and  iodide  of 
potassium  in  increasing  doses,  constitute  an  efficient 
and  satisfactory  treatment. 

Tuberculosis  of  the  Testicle  and  Epididymis. —  The 
testis  proper  is  rarely  if  ever  attacked  alone.  Usually 
it  is  associated  secondarily  with  primary  tuberculosis 
of  the  epididymis.  The  latter  is  quite  common,  espe- 
cially in  young  adults.  While  it  may  be  primary  as 
to  the  genito-urinarj-  system,  there  is  an  abundance 
of  evidence  which  points  to  its  being  the  result  of 
infection  from  the  pulmonary  or  gastrointestinal 
tracts  by  way  of  the  blood  or  IvTnph  channels.  The 
testis  is  usually  infected  as  the  result  of  an  extension 
from  the  epididymis.  The  latter  will  therefore  be 
considered  first. 

The  tail  of  the  epididymis  is  the  favorite  site  for 
the  original  infection,  but  the  head  may  suffer  first 
in  .some  cases.  Briefly,  it  may  be  stated  that  there 
is  an  active  cellular  proliferation  associated  with  the 
production  of  tj^jical  tuberculous  tissue.  Nodules 
are  formed  which  may  undergo  caseous  degeneration. 
When  the  testis  proper  is  involved  the  same  process 
takes  place,  with  the  added  complication  of  cavities 
forming,  with  greater  or  less  destruction  of  the  organ. 
The  entire  organ  may  be  converted  into  a  cheesy 
mass;  connective  tissue  may  also  be  deposited  at  the 
expense  of  normal  testicular  substance.  When  the 
tunica  vaginalis  is  involved,  it  becomes  adherent  to 
the  testis;  perforation  finally  results  in  external  sinus 
or  fistula. 

The  first  symptom  is  usually  a  painless  swelling  and 
hardening  of  the  tail  (sometimes  the  head)  of  the  epi- 
didymis or  in  the  testis  proper.  It  may  be  the  size  of 
a  pea  or  it  may  involve  the  larger  part  of  the  organ. 
In  the  latter  event,  the  epididymis  is  distinctly  nodu- 
lar, stony  hard,  and  rather  insensitive,  except  to  dis- 
tinct pressure.  When  the  vas  is  involved  it  will  be 
found  thickened  perceptibly,  hard  and  inflexible. 

In  a  second  and  perhaps  less  frequent  type  of  case, 
the  process  begins  as  an  acute  attack,  not  differing 
much  from  an  acute  gonococcus  infection.  The  pa- 
tient complains  of  severe  pain,  swelling,  inflammation, 
redness,  heat  and  tenderness.  The  testis  proper  can- 
not be  isolated  in  many  of  these  cases.  These  inflam- 
matory symptoms  may  disappear  within  a  week  or 
ten  days,  but  usually  they  persist,  but  less  acute  in 
character.  .Soon,  however,  areas  of  fluctuation  appear 
in  the  testis,  followed  shortly  by  the  appearance  of 
abscesses,  sinuses  and  fistulie,  which  open  and  close 
from  time  to  time. 

In  either  type  of  case,  the  vas  is  often  involved,  be- 
coming perceptibly  thickened,  hard  and  inflexible. 
In  the  usual  typical  case,  the  entire  epididymis  is 
thickened,  nodular,  liard,  insensitive,  clam-shaped, 
and  distinctly  separated  from  the  testis  (when  unin- 
volved)  by  a  groove,  which  readily  distinguishes  the 
two  bodies.  In  long  standing  cases,  suppuration  has 
already  taken  place,  with  adhesions  to  the  scrotum, 
resulting  in  one  or  more  fistula. 
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When  encountered  alone,  in  the  absence  of  consti- 
tutional tuberculous  symptoms,  the  diagnosis  can 
often  be  made  merely  by  the  size,  shape,  consistency, 
and  painlessness  of  the  epididj-mis.  With  e\-idences 
of  general  tuberculosis  present,  the  diagnosis  is  simple 
enough;  at  lea,st  everj'  slow  inflammation  of  the  epi- 
didymis or  testis  occurring  in  the  course  of  a  general 
tuberculosis  must  be  regarded  with  great  suspicion, 
until  the  peculiar  features  of  the  lesion  make  the  diag- 
nosis certain. 

Prognosis. — This  depends  in  a  great  measure  upon 
the  constitutional  conditions.  Given  a  strong  body 
resistance,  with  the  disease  limited  to  the  epididymis 
or  even  to  one  testis,  the  prognosis  is  quite  good. 
The  process  may  .spread  to  the  prostate  and  opposite 
testis,  and  eventually  involve  the  .seminal  vesicles  as 
well.  In  such  cases,  the  prognosis  is  distinctly  bad. 
On  the  whole,  it  may  be  said  that  the  prognosis  de- 
pends on  the  extent  of  the  tuberculous  involvement 
and  the  constitutional  resistance  offered  by  the 
patient. 

Treatment. — ^Broadly  speaking,  it  must  be  admitted 
that  the  treatment  of  tuberculous  epididymo-orchitis 
is  not  altogether  satisfactory.  There  are  conflicting 
opinions  as  to  the  merits  of  surgical  interference  (epi- 
didymectomy  and  orchidectomy),  both  of  which  are 
discussed  elsewhere  (see  Castration).  The  preponder- 
ance of  opinion  is  in  favor  of  these  operations,  when  it 
can  be  assumed  from  the  condition  of  the  patient, 
that  the  process  is  not  a  generalized  one.  Many 
authors  are  of  opinion  that  climatic  and  hygienic 
therapy  will  often  bring  about  results  as  satisfactory 
as  those  following  surgical  interference.  It  goes  with- 
out saying  that  abscess  formation.  fi.stulEP  and  sinuses, 
require  surgical  treatment  in  the  testis  as  elsewhere. 
It  is  in  the  primary  cases,  those  in  which  the  process 
has  not  extended  beyond  the  epididymis,  that  epididy- 
mectomy  offers  the  best  prospects;  the  same  is  true 
of  orchidectomy.  It  must  be  understood,  of  course, 
that  the  constitutional  disease  or  diathesis  must  be 
combated  in  the  usual  manner,  whatever  treatment 
may  be  decided  upon  for  the  local  manifestation  in 
the  testis. 

EpiDiDrNiiTis. — The  epididymis  is  a  fine  tube,  coiled 
upon  itself,  which  lies  upon  the  upper  and  posterior 
margin  of  the  testis,  in  close  contact.  Uncoiled  the 
tube  would  measure  about  twenty  feet  (six  meters)  in 
length.  The  larger  anterior  portion  is  known  as  the 
globus  major  and  the  posterior  portion  is  the  globus 
minor.  This  joins  directly  with  the  vas  deferens,  the 
line  of  junction  being  not  distinctly  appreciable. 

Acute  Epididymitis. — Pathology. — The  epididymis 
maj-  become  diseased  through  infection  or  trauma, 
often  both  combined.  The  inflammation  begins  at 
one  extremity  usually  the  globus  major,  and  gradually 
extends  to  the  entire  organ.  The  tubules  become 
swollen  and  infiltrated  with  serous  exudate,  usually 
with  the  formation  of  pus  and  occasionally  an  ab- 
scess. More  or  less  tension,  with  acute  pain,  fever, 
and  prostration  is  the  result.  The  inflammation 
ends  in  resolution  or  in  the  development  of  pus  foci. 
In  the  later  stages  there  is  a  deposit  of  connective 
tissue,  usually  permanent  in  character,  which  re- 
sult in  an  obstruction  to  the  passage  of  spermatozoa 
into  the  vas  deferens. 

Etiologj'. — The  most  common  cause  is  an  extension 
of  an  acute  posterior  urethritis  of  gonorrheal  origin. 

It  is  difficult  to  say  why  some  patients  with  acute 
posterior  urethritis  develop  epididymitis  and  others 
do  not.  Too  much  treatment  with  strong  irritating 
injections  is  probably  the  most  common  cause,  but 
it  is  also  to  be  observed  that  patients  who  have  gone 
without  any  treatment  whatever  also  develop  epididy- 
mitis. The  inflammation  is  evidently  an  extension 
from  the  posterior  urethra,  possibly  hematogenous 
in  character,  but  this  is  doubtful.  There  is  good  rea- 
son  to   believe   the   inflammation   passes    along   the 
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cjaculatory  ducts  into  tlie  vas  deferens  and  then  to 
the  epididymis. 

Cases  have  been  reported  in  which  tlie  epididymis 
was  involved  without  any  apparent  inflammation  in 
the  posterior  urethra,  but  this  is  probably  explained 
by  the  fact  that  "the  bacteria  which  have  reached 
the  ixistcrior  urethra  may  have  been  carried  away 
by  the  stream  of  urine,  while  those  already  in  the 
ojaoulatory  duet  are  safe  in  this  respect;  or  by  the 
inllainination  of  the  epididymis  the  catarrhal  process 
in  the  posterior  urethra  may  have  been  brought  to 
an  end  for  a  time  or  finally,  as  also  happens  in  the 
anterior  urethra"  (Jadassohn). 

This  may  also  explain  the  peculiar  fact  that  an 
acute  epididymitis  not  only  may  clear  the  urine  of 
pus  but  it  may  also  suddenly  cure  the  entire  gonor- 
rheal process.  Gonococci  lose  their  vitality  at  a 
temperature  of  39°  C,  and  are  totally  destroyed  at 
40°  C.,  or  over.  The  high  temperatures  often  en- 
countered in  acute  epididymitis  may  in  this  way 
account  for  this  phenomenon. 

The  testis  and  vas  deferens  usually  share  in  the 
inflammation.  The  vas  is  thickened  sometimes  to 
the  dimension  of  a  lead  pencil,  tender  to  the  touch, 
and  very  painful,  especially  in  the  region  of  the  groin. 
As  the  "testis  increases  in  size,  there  is  an  exudate  of 
fluid  into  the  tunica  vaginalis,  which  lays  the  founda- 
tion for  a  future  hydrocele. 

Symptoms. — Acut  epain,  swelling,  tenderness,  high 
fever,  general  malaise,  and  prostration  are  the  char- 
acteristic symptoms.  However  there  is  considerable 
variation  in  the  extent  to  which  these  symptoms  are 
present.  Some  men  remain  at  their  work  during  the 
entire  progress  of  the  inflammation;  others  are  seri- 
ously ill,  probably  due  to  the  formation  of  pus  foci 
with  greatly  increased  tension  in  the  tunica  vaginalis. 
Patients  may  lose  twenty  to  thirty  pounds  in  one 
week's  illness  with  acute  epididymitis.  Occasionally, 
the  inflammation  proceeds  to  distinct  abscess  for- 
mation. Resolution  usually  takes  place  within  a 
week  or  ten  days,  and  the  condition  gradually  returns 
to  the  normal,  leaving  a  more  or  less  markedly  in- 
durated nodule  at  the  head  or  tail,  which  may  per- 
sist permanently. 

Prognosis  and  Sequelie. — Prognosis  is  good  as  re- 
gards the  acute  attack,  but  permanent  damage  may 
follow  as  the  result  of  the  induration  which  may 
interfere  with  the  functional  activity  of  the  testis. 
Atrophy  of  the  testis  may  follow;  likewise  chronic 
tuberculous  epididymitis,  the  tuberculous  inflamma- 
tion being  superimposed  on  the  already  diseased 
epididymis,  or  vice  versa,  in  a  subject  predisposed 
to  tuberculosis. 

As  already  mentioned,  the  thickening  of  the  fine 
tubules  of  the  epididymis,  may  cause  their  total 
occlusion,  thus  preventing  the  emergence  of  the 
spermatozoa  from  the  testis  into  the  vas,  and  bring- 
ing about  total  sterility  if  both  epididymides  have 
been  involved.  There  Is  no  interference  with  sexual 
power — merely  an  absence  of  spermatozoa  from  the 
semen — azoospermia. 

Neuralgia  or  painful  testis  occasionally  results  from 
the  acute  inflammation,  particularly  in  neurotic 
persons. 

N nn-gnnoTTheal  Acute  Epididymitis. — This  is  usu- 
ally the  result  of  trauma — injury  or  strain.  In  view 
of  the  exposed  position  of  the  testes,  the  organs  are 
extremely  liable  to  trauma,  whether  in  labor  or 
athletic  pla\'.  A  well-fitting  suspensory  often  pre- 
vents the  development  of  these  injuries  by  providing 
proper  support  to  the  loosely  hanging  organs. 

The  pathology  and  symptoms  do  not  differ  much 
from  the  gonorrheal  type,  though  the  symptoms  are 
not  quite  so  severe.  The  duration  is  shorter  and  the 
acuteness  of  the  symptoms  not  so  great.  The  sub- 
acute type  should  always  be  considered  suspicious 
of  possible  tuberculosis,  even  though  it  was  preceded 
by  trauma.     In  a  recent  case  observed  by  the  author, 
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a  physician  while  playing  golf  slipped  and  fell.  Im- 
mediately the  left  epididymis  became  tender  and  a 
subacute  inflammation  developed.  At  no  time  was 
he  confined  to  bed.  Within  a  month  there  was  a 
large  hydrocele  which  masked  the  epididymis  entirely. 
When  the  fluid  was  aspirated,  we  found  a  large, 
thickened,  nodular  epididymis,  typical  of  tubercu- 
losis. Subsequent  examination  revealed  a  quiescent 
pulmonary  tuberculous  focus. 

In  another  instance,  a  middle-aged  gentleman  in 
excellent  health  while  playing  tennis,  also  felt  a  sub- 
acute pain  in  one  of  the  epididymides.  This  persisted 
several  weeks,  but  was  never  very  severe,  though  the 
swelling  was  quite  considerable.  When  the  inflamma- 
tion subsided,  the  epididymis  gave  the  typical  tuber- 
culous picture,  though  the  general  health  has  remained 
excellent  in  all  respects. 

Syphilis  very  rarely  attacks  the  epididymis; 
syphilitic  orchitis  is  quite  common  however.  If  may 
be  said,  though  there  are  exceptions,  that  syphilis 
attacks  the  testis,  while  tuberculosis  attacks  the 
epididymis. 

Treatment. — The  primary  indication  is  rest  in  bed. 
Usually  the  patient  does  not  have  to  be  urged  to  stay 
in  bed;  the  pain  is  severe  enough  to  keep  him  there 
most  willingly.  Elevation  of  the  testes  is  next  in 
importance.  A  T-bandage  will  give  exceflent  relief. 
Equally  effective  is  a  shelf  made  of  adhesive  plaster 
four  to  six  inches  wide  and  adherent  to  the  thighs. 
The  scrotum  and  testes  rest  on  this  shelf  and  the  drag- 
ging on  the  cord  is  eliminated. 

Local  applications  are  next  indicated.  Very  early 
in  the  attack,  it  might  be  possible  to  abort  it  by  paint- 
ing the  scrotum  over  the  affected  side  with  guaiacol, 
50  to  100  per  cent.,  with  a  camel's-hair  brush.  Some- 
times patients  declare  that  this  cure  is  more  painful 
than  the  disease.  If  it  does  not  succeed  within  twenty- 
four  hours,  other  measures  musL  be  resorted  to.  These 
divide  themselves  into  three  classes — local,  serum 
therapy,  and  operative. 

Local  Measures:  Moist  heat  and  cold  are  most 
commonly  employed.  The  hot  poultice  seems  to  be 
the  favorite  application,  though  the  ice-bag  is  also 
very  popular  in  this  condition.  The  writer  believes 
heat  is  the  more  soothing  of  the  two. 

Cold  is  applied  preferably  in  the  form  of  a  two  per 
cent,  solution  of  alum  acetate  cooled  with  ice  and 
applied  continuously  with  interruptions  of  a  half 
hour  every  two  hours.  Ice  applied  to  the  scrotum 
may  cause  gangrene. 

The  tobacco  or  linseed  poultice  is  the  common 
method  of  applying  heat.  The  surface  of  the  poul- 
tice may  be  spread  over  with  laudanum.  It  is  applied 
as  hot  as  can  be  borne  and  changed  as  soon  as  it 
tends  to  cool.  Results  with  this  hot  poultice  are 
usually  satisfactory.  If  they  are  not,  the  ice  appli- 
cation should  be  tried. 

If  resolution  takes  place,  the  poultice  may  be  re- 
placed by  an  ointment  containing  guaiacol  and 
ichthyol  aa  two  drams,  powdered  opium  one  dram, 
lanolin  or  petrolatum  up  to  one  ounce.  Such  an  oint- 
ment given  in  the  beginning  of  an  attack,  if  not  of 
undue  severity,  will  often  enable  the  patient  to  be 
up  and  about  at  his  business,  throughout  the  attack. 

A  saturated  solution  of  magnesium  sulpliate  in 
water,  applied  on  fifteen  to  twenty  layers  of  gauze 
and  kept  constantly  moist,  has  been  recommended 
and  the  writer  has  found  it  useful  in  some  cases. 

Still  better,  in  the  stage  of  resolution,  is  the  appli- 
cation of  gentle  pressure.  This  is  best  accomplished 
by  the  use  of  a  flat  rubber  elastic  band  about  three 
inches  wide  and  six  or  seven  inches  long.  To  one 
end  is  attached  a  strip  of  adhesive  plaster  half  an 
Inch  wide  and  three  or  four  inches  long.  The  gland 
is  isolated  and  the  rubber  bandage  is  applied  trans- 
versely using  as  much  gentle  pressure  as  can  be  com- 
fortably borne.  The  end  is  fastened  by  the  strip  of 
adhesive.     This  constant  yet   gentle  pressure  often 
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gives  immediate  relief,  and  tends  to  bring  about  a 
diminution  in  the  swelling  and  tenderness  of  the 
epididymis.  As  the  testis  grows  smaller  it  will  be 
necessary  to  apply  the  bandage  from  day  to  day, 
making  it  tighter  each  time.  The  bandage  should 
never  be  applied  until  at  least  a  week  or  ten  days 
after  the  onset  of  the  attack. 

Serum  Therapy. — Serotherapy  for  this  condition 
has  not  justified  the  great  expectations  which  were 
entertained  several  years  ago.  Occasionally  an  auto- 
genous vaccine  shows  some  benefit,  but  this  is  the 
exception  and  not  the  rule.  Vaccines  should  be  tried, 
however,  in  all  cases,  in  the  hope  of  some  benefit. 

Operative  Measures. — In  the  past  few  years  there 
has  been  a  growing  tendency  toward  resorting  to 
surgical  measures  immediately  after  the  onset  of 
the  acute  attack.  This  is  based  on  the  proposition 
that  wc  are  dealing  with  an  accumulation  of  pus  which 
should  be  opened  and  drained.  Excellent  results  are 
attained  by  these  measures  in  the  direction  of  mini- 
mizing the  pain  and  the  duration  of  the  attack.  Hag- 
ner's  operation  (epididymotomy)  is  the  most  popular 
of  these  methods.  General  anesthesia  is  necessary. 
An  incision  is  made  over  the  most  prominent  part  of 
the  diseased  organ,  preferably  wherever  fluctuation  is 
suspected.  The  tunica  vagin.alis  is  exposed  and  the 
testis  delivered.  Several  punctures  or  a  fairly  large 
incision  are  now  made  in  the  epididymis  proper, 
especially  where  there  is  most  swelling  and  edema. 
Pus  foci  are  opened,  cleansed,  and  drained.  Even  if 
no  pus  is  found,  the  punctures  and  incision  relieve 
the  edema  and  the  distress.  The  .surgical  wound  is 
treated  as  an  abscess  in  other  portions  of  the  body. 

Chronic  Epididymitis. — The  ultimate  results  of 
acute  epididymitis  are  usually  a  decided  chronic 
thickening  of  the  head  or  tail  of  the  epididymis,  with 
resulting  disturbance  of  testicular  function.  The 
development  of  azoospermia,  when  both  epididymides 
are  involved,  neuralgia  of  the  testes,  and  tuberculous 
epididymitis  have  already  been  mentioned  as  sequelae 
of  acute  infection  of  the  epididymis. 

Recvirrent  epididymitis  is  another  evidence  of 
chronic  disease  of  the  epididymis.  Irrespective  of 
the  existence  of  urethral  inflammation,  an  attack  of 
acute  epididymitis  is  liable  to  come  on  from  time  to 
time,  without  apparent  cause.  While  not  quite  as 
severe  as  the  original  acute  attack,  these  recurrences 
are  often  of  sufficient  severity  to  send  the  patient  to 
bed  for  a  week  or  so.  Usually  the  nodule  in  the  head 
or  tail  of  the  epididymis  simply  becomes  larger  and 
more  tender,  and  shortly  returns  to  its  usual  condition. 

Treatment. — Rest  in  bed,  elevation  of  the  testis, 
and  the  application  of  the  ointment  mentioned  above 
will  usually  suffice  to  relieve  the  inflammation. 
Patients  who  are  subject  to  these  recurrences  should 
wear  a  suspensory  constantly  and  avoid  any  violent 
jarring. 

Neoplaskls  of  the  Testes. — Tumors  of  the  testes  are 
apt  to  be  malignant  in  character,  though  benign 
tumors  are  occasionally  met  with.  The  most  common 
tumors  are  sarcoma  and  carcinoma,  with  the  former 
preponderating  as  to  frequency.  Testicular  growths 
may  begin  as  benign  and  become  malignant,  such  as 
adenoma,  which  by  a  free  proliferation  of  the  stroma, 
becomes  an  adenosarcoma.  Among  the  rare  benign 
tumors  encountered  may  be  mentioned  fitiroma, 
myoma,  cystoma,  osteoma,  lipoma.  Enchondroma  is 
■^pciken  of  both  as  benign  and  malignant.  Teratoma 
i^  also  encountered.  Generally  speaking,  it  is  prac- 
liially  impossible  to  determine  the  exact  character  of 
these  tumors  clinically.  Differential  diagnosis  can 
be  made  only  with  the  aid  of  the  microscope. 

Sarcoma. — Usually  originates  in  the  testis  proper. 
Practically  every  variety  of  sarcoma  has  been  founfl 
in  the  testis.  The  author  has  reported  (.Journal  Am. 
Med.  Ann'n,  April  f>,  1907)  a  case  of  ro\md-celled  sar- 
conui,  which  attained  a  great  size,  seven  inches  long, 


four  and  one-half  inches  wide,  and  thirteen  inches  in 
circumference,  after  remaining  quiescent  as  a  small 
tumor  for  ten  years;  also  [Medical  Times,  September, 
1913)  a  case  of  spindle-ccllcd  sarcoma  in  a  youth  of 
twenty-two  in  which  virulent  malignancy  was  ex- 
hibited, within  a  brief  period  of  six  or  seven  months. 
Both  cases  were  followed  by  metastasis  and  death  after 
removal  of  the  tumors.  Trauma  is  said  to  be  an 
etiological  factor  in  forty  to  fifty  per  cent,  of  aU  cases. 
Metastases  are  widely  dis.seminated,  being  found  in 
the  liver,  kidneys,  and  brain. 

Prognosis  is  distinctly  bad,  for  even  with  early 
and  radical  excision,  metastasis  results  with  fatal 
termination. 

Carcinoma. — Practically  all  that  has  been  said  of 
sarcoma  is  true  of  carcinoma.  It  is  a  growth  of 
middle  age,  though  cases  are  seen  in  early  and  in  late 
life.  There  are  two  varieties,  the  soft  (medullary) 
and  the  hard  (scirrhous).  The  former  is  the  more 
common  and  grows  more  rapidly  than  the  latter.  As 
with  sarcoma,  the  prognosis  is  bad,  owing  to  early 
metastasis.  Radical  operation,  involving  the  removal 
of  the  testis,  cord,  inguinal  lymph  nodes,  and  the  deep 
intraabdominal  glands,  may  occasionaOy  result  in  a 
cure,  if  performed  early  enough. 

Teratoma. — This  is  a  congenital  tumor,  like  the 
dermoid  cyst,  originating  in  the  three  blastodermic 
layers.  Quite  a  number  of  these  tumors  have  been 
reported  in  recent  years,  though  they  have  always 
been  considered  rather  rare.  The  diagnosis  is  made 
by  finding  chorioepithelium  in  the  growth.  Treat- 
ment consists  in  removal  of  the  tumor  and  testis,  as 
well,  if  the  former  is  incorporated  with  the  latter. 
They  are  malignant  in  character. 

Benign  Tumors. — Little  need  be  said  about  these 
growths,  except  that  they  are  apt  to  assume  malig- 
nancy at  any  time,  and  should,  therefore,  be  removed 
at  the  earliest  opportunity.  In  this  connection  it 
might  be  well  to  emphasize  the  possibility  of  all 
tumors  being  sj^^hilitic  in  character,  and  likewise  all 
tumors  might  become  malignant  though  primarily 
benign.  It  is,  therefore,  a  good  rule  to  give  antiluetic 
treatment  before  resorting  to  operation,  and  secondly, 
to  remove  the  growth  as  quickly  as  possible,  once  it 
has  been  found  to  be  nonluetic. 

Cysts,  Cystomala. — These  are  due  to  retention  of 
secretion  La  the  tubules,  either  of  the  testis  or  the 
epididymis.  They  should  be  differentiated  from 
cystic  degeneration  of  solid  tumors,  such  as  sarcoma 
or  adenoma.  They  are  usually  located  at  one  of  the 
extremities,  the  head  preferably,  of  the  epididymis. 
The  contents  are  fluid,  and  may  be  milky  white  (galac- 
tocele),  or  hazy  and  containing  numerous  spermatozoa 
(spermatocele).  They  are  often  encountered  as  a 
sequel  of  acute  or  chronic  epididymitis.  They  grow- 
slowly  and  attain  the  size  of  a  small  marble;  occasion- 
ally they  are  much  larger.  They  may  occur  on  the 
surface  of  the  testis  proper,  protruding  like  thin  sacs. 
They  may  be  single  or  multiple.  The  treatment 
consists  in  puncturing  them  with  a  pointed  bistoury. 
If  they  recur,  they  should  be  cut  down  upon  and 
excised. 

Neuralgia  of  the  Testis. — This  term  is  applied  to  a 
condition  in  which  pain  is  the  predominating  symptom 
without  any  evidences  of  inflammation  or  other  pos- 
sible cause.  The  etiology  is  unknown,  and  inasmuch 
as  it  occurs  in  neurotic  individuals,  it  is  usually  con- 
sidered a  neurosis.  Sexual  excess,  masturbation,  and 
ungratified  sexual  desire  are  all  said  to  be  etiological 
factors.  This  pain  is  entirely  different  from  the  acute 
sharp  pain  which  accompanies  a  renal  or  ureteral 
stone;  it  is  usually  of  a  dull,  dragging  character,  though 
at  times  it  may  cause  considerable  annoyance  to  the 
individual.  Occurring  in  a  neurotic  person  it  need  not 
necessarily  be  severe  in  character  to  assume  serious 
proportions  to  the  individual  affected.  Varicocele  is 
sometimes  considered  as  a  possible  cause. 

Treatment. — This  depends  in  great  measure  upon  the 
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ciiuse  of  the  disturbance.  Otherwise  tlie  therapy  is 
directed  to  the  Kcneral  betterment  of  the  pliysical  and 
mental  condition  of  the  patient.  Douching  the 
genital.s  with  hot  and  cold  water  alternately,  the 
p.Tssagc  of  a  cold  sound,  regidation  of  the  sexual 
function — all  of  these  may  be  tried  with  greater  or 
less  success.  Occasionally  the  wearing  of  a  well- 
fitting  suspensory  bandage  will  furnish  relief.  Inter- 
nallv,  tonics  and  sedatives  are  usefid. 

lii/ilrocele  and  hematocele  have  been  discussed 
elsewhere  (see  vol.  iv.).  Spermatocele  and  galacto- 
colo  have  also  been  briefly  mentioned  in  the  section  on 
Cysts. 

Injuries  of  the  Testis. — Owing  to  their  exposed 
and  loosely  hanging  position,  the  testes  are  subject 
to  frequent  trauma.  They  are  protected,  however, 
by  the  scrotum  and  its  loose  tissues,  so  that  actual 
injuries  are  not  as  common  as  the}'  would  otherwise  be. 

Contii.'iions. — These  probably  "constitute  the  most 
common  form  of  trauma  of  the  testis.  They  are  the 
result  of  kicks,  blows,  or  a  fall  astride  some  solid 
object.  Violent  bicycle  or  horse-back  riding  or 
gymnastics  may  produce  a  contusion  of  the  testis. 
The  injury  is  quickly  followed  by  an  ecchymosis  of  the 
scrotum  oven  though  the  trauma  be  slight  in  character. 
If  the  injury  has  been  a  severe  one,  hemorrhage  into 
the  testis  niay  occur,  with  the  formation  of  a  hema- 
toma; there  is  usually  great  pain,  and  occasionally 
syncope  or  convulsions.  Death  from  shock  following 
contusion  of  the  testis  has  been  reported  by  Kocher. 
A  contusion  involving  a  testis  already  the  seat  of 
dormant  tuberculous  disease  may  light  up  the  disease, 
and  on  the  other  hand,  a  tuberculous  testis  is  much 
more  liable  to  .serious  damage  even  as  a  result  of  a 
sliglit  injury.  The  writer  has  seen  a  case  of  tubercu- 
losis of  the  epididymis  precipitated  directly  by  a  mis- 
step made  while  golfing;  immediately  the  patient  felt 
an  acute  pain  in  the  testis  and  a  few  days  later,  the 
typical  clam-shaped  tuberculous  epididymis  made  its 
appearance.  Examination  revealed  an  old  tubercu- 
lous focus  in  the  lungs. 

Treatment. — Rest  in  bed,  the  testis  supported  and 
covered  with  a  thin  ice-bag,  will  be  sufficient  for  the 
average  case.  If  the  injury  is  of  such  a  character  as  to 
produce  an  acute  orchitis,  the  treatment  described 
under  that  heading  will  be  indicated.  If  suppuration 
should  supervene,  the  testis  should  be  inci-sed  and 
drained;  castration  may  be  necessary  in  very  severe 
injuries. 

Wounds. — These  are  not  frequently  met  with. 
They  may  be  incised,  or  punctured,  or  may  be  the 
result  of  pistol  or  gunshot.  Punctured  wounds  are 
often  made  in  tapping  a  hydrocele,  but  the  instrument 
being  sterile  as  a  rule,  nothing  but  bleeding  may  re- 
sult. This  bleeding  may  cause  the  formation  of  a 
large  or  small  hematoma,  or  it  may  cease  quickly  and 
leave  no  trace  behind.  When  the  wound  involves  the 
tunica  albuginea,  thus  permitting  the  testis  to  pro- 
trude into  the  scrotum  or  still  further  outside  of  it,  the 
wound  should  be  treated  along  general  surgical  lines 
by  suturing  the  tear  in  the  tunic  and  scrotum.  It 
may  often  be  necessary  to  snip  off  with  a  scissors  any 
protusion  of  the  testicular  tissue  through  the  tear  in 
the  tunic.  A  few  fine  sutures  properly  placed,  will 
readily  retain  the  testis  within  the  tunic.  The  outer 
wound  in  the  scrotum  is  then  closed  and  the  scrotum 
elevated. 

Gangrene. — Unless  torsion  of  the  cord  is  recognized 
early,  gangrene  of  the  testis  is  the  inevitable  result. 
This  is  not  a  rare  occurrence,  a  considerable  number 
of  cases  having  been  reported  from  time  to  time.  The 
exact  cause  is  unknown,  but  it  is  due  in  all  probability 
to  the  combined  action  of  a  sudden  physical  strain 
associated  with  a  malposition  of  the  testis.  The 
latter  is  probably  due  to  a  congenital  defect  in  the 
attachment  of  the  testis  to  the  spermatic  cord. 
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Symptoms  and  Diagnosis. — It  is  sometimes  difficult 
to  distinguish  this  condition  from  strangulated  hernia, 
from  which  it  can  be  difTerentiated  only  by  the  ab- 
sence of  intestinal  obstruction.  There  is  severe  pain, 
tenderness  and  swelling  in  the  inguinal  region  and 
along  the  canal;  the  scrotum  is  edematous,  swollen 
and  tender;  high  fever,  nausea  and  vomiting,  and 
.symptoms  of  shock  are  present.  As  already  stated, 
the  diagnosis  may  be  made  by  the  patency  of  the 
intestine;  but  there  are  many  instances  in  which  the 
diagnosis  can  be  made  only  at  the  operating-table. 
However,  the  extreme  shock,  nausea  and  vomiting  and 
pain  and  tenderness  along  the  cord,  all  combine  to  give 
a  strong  clue  to  the  correct  diagnosis  in  the  average 
case. 

Pathology. — On  operation  it  wUl  be  found  that  the 
cord  is  twisted  upon  itself  either  upward  or  outward ; 
the  testis  is  swoUen  and  congested,  there  are  evidences 
of  hemorrhage  and  necrosis  here  and  there,  and  if  the 
condition  has  persisted  for  some  time,  gangrene  may 
be  found  below  the  point  of  constriction.  If  this 
process  has  not  gone  far  enough  to  necessitate  extirpa- 
tion of  the  organ,  atrophic  changes  are  quite  certain  to 
follow. 

Treatment. — Occasionally  the  torsion  may  resolve 
itself  spontaneously,  with  a  gradual  disappearance  of 
the  symptoms.  In  such  cases,  rest  in  bed,  with 
elevation  of  the  testis  and  the  application  of  soothing 
wet  applications,  will  be  sufficient.  When,  however, 
the  torsion  persists,  extirpation  of  the  testis  is  impera- 
tive, unless  it  is  found  that  gangrene  has  not  yet  set  in 
and  that  there  are  chances  of  saving  the  organ  by 
attaching  it  to  the  scrotal  tissues  in  such  a  manner  as 
to  prevent  further  repetition  of  the  torsion.  Even  in 
such  cases,  atrophy  of  the  testis  will  probably  occur  in 
course  of  time.  When  gangrene  has  supervened, 
castration  is  indicated,  the  cord  being  cut  above  the 
point  of  constriction  (see  Castration). 

ANOMALrES  OF  THE  TESTIS. — Under  this  head  must  be 
considered  deviations  from  the  normal  in  respect  of 
number,  size  and  location  of  the  testes;  in  other  words, 
anomalies  in  development  (number  and  size)  and  in 
migration  (location).. 

Anoinalies  in  Number  and  Size. — Polyorchidism 
(more  than  two  testes),  anorchidism  (no  testes),  synor- 
chidism  (union  or  fusion  of  the  testes),  must  be  re- 
garded as  curiosities  which  are  rarely  encountered. 
iVIonorchidi-sm  (one  testis)  is  occasionally  met  with. 
Atrophy  of  the  testis  is  often  encountered  in  connec- 
tion with  retention  or  ectopia,  and  will  be  discussed 
later.  Hypertrophy  of  the  testis  is  perhaps  more 
common,  though  one  can  hardly  draw  a  sharp  line 
between  a  large  organ  and  one  that  may  rightfidly  be 
called  hypertrophic.  The  writer  has  frequently  en- 
countered patients  with  normal  testes  which  were  fully 
three  inches  in  their  long  diameter. 

Anomalies  in  Location. — Retained  Testis. — Cryptor- 
chidism is  the  term  used  when  both  testes  are  retained 
in  the  abdominal  cavity.  jMonorchism  applies  to  one 
testis  in  the  abdomen.  In  these  cases,  the  testis  lies 
either  in  the  lumbar  region  adjacent  to  its  original 
site,  near  the  internal  abdominal  ring,  in  the  inguinal 
canal  or  in  the  external  abdominal  ring.  There  is 
almost  always  a  defective  development  in  the  un- 
descended testis,  and  it  is  generally  believed  that  such 
testes  do  not  secrete  spermatozoa.  Experiments  on 
animals  have  shown  even  when  normal  testes  are 
replaced  within  the  abdomen,  they  undergo  degenera- 
tive changes,  become  soft  and  small,  and  spermato- 
genesis ceases. 

Retention  of  the  testis  is  apt  to  continue  for  life 
unless  the  descent  through  the  inguinal  canal  into  the 
scrotum  takes  place  within  the  first  two  years  after 
birth.  The  condition  itself  is  not  dangerous  to 
health,  except  in  so  far  as  the  organ  may  suffer  from 
acute  inflammation  as  the  result  of  pressure  from  with- 
out,  or  from    extensions   of   inflammatory  processes 
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from  the  urethra.  In  the  abflominally  retained  testis, 
tliese  inflammatorj-  symptoms  may  simulate  peri- 
tontis  and  it  is  quite  possible  for  actual  peritonitis  to 
follow  as  a  result. 

The  most  common  complication  of  undescended 
testis  is  hernia.  This  is  due  to  incomplete  closure  of 
the  peritoneal  sac  accompanying  it.  It  has  been 
stated  that  a  hernial  sac  is  found  in  seventy  per  cent, 
of  cases  of  undescended  testis. 

Another  aspect  of  retained  testis,  but  far  more 
serious,  is  the  increased  liability  of  the  misplaced 
organ  to  undergo  malignant  degeneration.  In  these 
cases,  the  disease  is  extremely  malignant  and  death 
takes  place  within  a  year  or  two  after  onset.  Sarcoma 
is  the  most  common  form  of  tumor,  and  it  may  assume 
enormous  size.  It  is  a  safe  statement  in  this  connec- 
lion,  that  atrophy  is  quite  certain,  malignancy  quite 
jirobable,  unless  the  testis  is  transferred  to  its  normal 
])osition  in  the  scrotum. 

Ectopia  Testis. — In  this  very  rare  condition,  the 
testis  wanders  about  outside  of  the  abdominal  cavity 
to  some  distant  location.  This  is  usually  beneath 
the  skin  of  the  abdomen,  in  the  perineum  or  beneath 
the  skin  of  the  thigh. 

Treatment. — The  treatment  is  essentiaOy  surgical 
in  character.  The  use  of  trusses,  pads  and  belts, 
should  never  be  recommended.  Operation  should  be 
performed  before  the  child  has  reached  puberty. 
This  consists  in  bringing  the  organ  downward  into  its 
proper  position  in  the  scrotum.  If  this  cannot  be 
done  castration  must  be  resorted  to,  in  order  to  avoid 
further  degeneration  and  possible  malignancy  of  the 
organ.  This  is  particularly  true  if  the  organ  is  the 
seat  of  pain  and  the  cause  of  annoyance. 

The  operation  of  choice  is  that  devised  by  Bevan. 
Briefly  it  ma}'  be  described  as  follows:  The  cord  is 
cut  down  upon  as  in  a  hernia,  its  membranous  cover- 
ings separated  and  the  peritoneal  cavity  closed  by 
ligature,  as  in  the  case  of  a  hernial  sac.  The  cord  is 
carefully  separated,  and  the  testis  drawn  downward 
into  the  sac  by  firm  yet  gentle  traction.  If  the 
spermatic  vessels  prevent  this  step  owing  to  their 
being  too  short,  they  are  divided  and  Hgated,  and  the 
testis  then  brought  down.  The  vas  deferens  must  be 
carefully  guarded  against  damage. 
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Tetanus. — Tetanus  is  an  infectious  disease  char- 
acterized clinically  by  tonic  spasms  of  the  muscular 
system,  with  very  great  increase  of  all  reflexes.  It  is 
due  to  the  Bacillus  ietani  described  by  Xicolaier. 
which  usually  finds  admission  to  the  body  through 
external  wounds. 

History. — This  disease  was  well  described  by 
Hippocrates  and  even  at  that  time  was  recognized  as  a 
disease  aff'ecting  especially  the  ner\-ous  system. 

The  infectious  nature  of  the  trouble  was  not  under- 
stood until  ISSO,  when  Sternberg  announced  that  he 
could  produce  the  disease  by  the  injection  into  ani- 
mals of  earth  and  gutter  water. 

In  1884  Carle  and  Rattone  produced  the  dis- 
ease by  injecting  animals  with  the  pus  from  human 
tetanus. 

Nicolaier  found  a  long  fine  bacillus  in  the  wounds 
of  tetanus  victims  and  was  also  able  to  find  it  in  the 
earth  from  certain  regions.  Injection  of  this  earth 
produced  the  disease,  but  not  if  heated  to  190°  C. 
for  one  hour.  He  was  able  to  obtain  the  bacillus  in 
culture,  but  never  to  isolate  it  in  pure  culture. 

Kitasato  isolated  the  bacillus  and  recognized  the 
marked  resistance  of  the  spores  to  heat  and  also  the 
fait  that  the  organism  belonged  to  the  strict  anaerobic 
chiss. 

Gumprecht  showed  with  reasonable  certainty  that 
the  toxins  attacked  the  spinal  cord  mainly  and  not  the 
peripheral    nerves,    and    Bruschettini    in     1892    dis- 


covered the  toxin  in  the  central  and  peripheral  nerv- 
ous systems. 

Brunner,  Marie,  and  Gumprecht  were  the  earliest 
champions  of  the  theor>'  that  the  toxins  reached  the 
cord  through  the  nerves  and  not  through  the  blood 
and  hinph  channels,  as  was  previously  supposed. 

Bacterioixjgy. — The  bacillus  of  tetanus  is  found 
in  the  earth  of  many  localities,  especially  about 
stables,  barn  yards,  gardens  and  cultivated  soil, 
where  the  earth  has  been  enriched  by  manure.  It  is 
a  normal  inhabitant  of  the  intestines  of  many  farm 
animals.  The  prevalence  of  tetanus  in  the  present 
war,  among  those  wounded  in  Belgium  and  Northern 
France,  is  probably  due  to  the  character  of  the  soil 
which  has  been  enriched  for  years  to  make  the  inten- 
sive farming  carried  on  in  those  regions  possible. 

In  its  general  characteristics  it  is  a  slender  motile 
bacillus  with  one  end  clubbed  to  contain  the  spore. 
These  spores  are  very  resistant  to  drj-ing  and  heat, 
more  so  than  any  other  known  species.  Semple  has 
reported  obtaining  living  cultures  in  1902  and  1909 
respectively  from  steel  points  dipped  in  a  culture  in 
1S91.  They  resist  heat  at  80°  C.  for  an  hour,  and 
strong  solutions  of  antiseptics  are  required  to  kill 
them. 

The  bacillus  is  a  strict  anaerobe  and  grows  best  at 
from  36°  to  .38°  C.  It  grows  in  all  ordinary  media  and 
liquefies  gelatin. 

ETioLor.T. — The  disease  in  this  country  is  most 
prevalent  in  the  Atlantic  States,  in  the  Hudson  Valley, 
and  on  Long  Island  (.\nders  and  Morgan). 

In  England  it  has  not  been  very  common,  though 
more  so  of  late  years.  The  disease  is  much  more 
frequent  in  tropical  countries  and  especially  so  among 
infants  where  the  infection  occurs  usually  at  the 
navel. 

In  Jamaica  and  Cuba  it  is  quite  frequent  and  about 
eight}-  per  cent,  of  the  deaths  from  the  disease  are  in 
infants.  Infants  are  frequently  attacked  in  other 
localities.  On  an  island  near  Iceland  all  the  infants 
died  of  this  disease,  and  in  St.  Kilda.  Osier  refers  to 
the  death, of  eighty-four  children  out  of  one  hundred 
and  twenty-five  within  fourteen  days  of  birth.  Proper 
care  of  the  umbilical  cord  has  practically  eliminated 
the  disease  in  the  new-born. 

In  the  United  States  the  infection  has  been  frequent 
following  wounds  from  caps  and  blank  cartridges 
formerly  used  very  extensively  on  Independence  Day. 
The  warnings  in  the  medical  press,  and  later  in  the 
lay  press,  and  the  laws  passed  against  the  sale  of 
those  dangerous  toys  to  children  have  greatly  reduced 
the  number  of  cases  due  to  this  cause.  Many  cart- 
ridges have  been  examined  to  determine  the  presence 
of  the  bacillus  in  the  wads,  but  the  results  have  been 
almost  uniformly  negative. 

Cases  have  resulted  from  vaccination  in  some  cases. 
McFarland  collected  ninety-five  cases,  sixty-three  of 
which  occurred  in  1901,  and  many  were  traced  to  the 
vaccine  prepared  by  one  firm. 

Gelatin  used  as  a  hemostatic  has  been  the  medium 
for  the  transmission  of  the  disease  in  some  cases. 
Levy  and  Bruns  found  the  bacillus  in  four  out  of  six 
specimens  of  gelatin. 

In  Mulkowal  in  1902  nineteen  cases  developed  after 
inoculation  against  the  plague,  due  to  contamination 
of  the  cultures.  The  disease  may  follow  any  wound 
no  matter  how  slight,  but  is  more  frequent  after 
lacerated  and  especiaDy  after  punctured  wounds. 

I  have  had  one  case  in  which  it  followed  the  scratch 
of  a  cat  on  a  child's  face.  If  the  wound  is  contam- 
inated by  dirt,  it  is  more  likely  to  follow,  as  in  a  case 
seen  by  me  in  which  the  skin  and  soft  structures  of 
the  arm  were  lacerated  and  the  dirt  ground  in  by  a 
wagon  wheel  passing  over  a  child's  arm  in  tlie  filth  of 
the  street.  There  are  some  cases  of  so-called  idiopathic 
tetanus  in  which  no  wound  can  be  demonstrated. 
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Morbid  Anatomy. — Tho  nerves  coming  from  the 
wound  are  often  found  to  be  injured  and  are  swollen 
and  reddened.  Areas  of  congestion  and  ex\idate  in 
the  perivascular  lymphatics  have  been  found  in  brain 
and  cord,  but  are  not  characteristic  of  tetanus.  The 
nerve  cells,  especially  of  the  anterior  horn,  may  show 
granular  changes. 

P.\Tnoix)nT. — The  experiments  of  Meyer  and  Ran- 
.som  proved  what  had  been  earlier  claimed  by  Brunncr, 
Mane,  and  Oumprocht  that  the  tetanus  toxin  pro- 
duced in  the  wound  was  carried  to  the  cord  through 
the  nerves  and  not  through  the  blood  and  lymph 
streams,  as  had  been  earlier  supposed.  They  also 
proved  that  it  was  carried  only  by  the  motor  fibers 
and  not  by  the  sensory  fibers,  and  that  the  posterior 
spinal  ganglia  offered  an  effective  barrier  against  its 
transmission  through  the  sensory  fibers.  They  also 
were  able  to  .show  that  it  traveled  not  by  the  lym- 
phatics and  capillaries  of  the  nerve  she.ath,"but  by  the 
protoplasm  of  the  neuron,  and  Marie  and  Morax 
were  able  to  show  that  the  axis  cylinder  must  be  in- 
tact for  the  transmission  to  occur.  The  toxins 
carried  to  the  cord  by  the  motor  nerves  affect  almost 
entirely  tho  motor  ganglia  and  spread  upward  from 
one  segment  to  another.  The  effect  of  the  toxins  on 
the  cells  of  the  motor  ganglia  is  to  set  up  a  condition 
of  hyperexcitability  which  accounts  for  the  spasm  of 
the  muscles  supplied  by  them  and  also  for  the  spasms 
of  a  clonic  nature  which  result  from  any  reflex 
excitation. 

Varieties. — The  cases  are  usually  of  traumatic 
origin,  but  a  few  of  unknown  cause  mav  be  due  to  the 
inhalation  of  infected  dust  or  the  eating  of  fresh  un- 
cooked vegetables,  which  are  contaminated.  These 
are  spoken  of  as  traumatic  and  idiopathic  cases  re- 
spectively. In  point  of  time  of  incubation,  cases  are 
divided  into  acute  and  subacute,  the  incubation 
period  in  the  former  being  under  ten  davs  and  in  the 
latter  over  that  period.  Chronic  cases  are  those 
which  run  a  protracted  course  without  regard  to  the 
period  of  incubation. 

Symptoms. — The  period  of  incubation  varies  from 
one  to  twenty  days.  I  have  seen  one  case  in  which  it 
was  twenty-one  days.  Hill's  cases  gave  a  little  less 
than  eighteen  per  cent,  developing  in  from  one  to 
five  days  and  a  little  more  than  half  in  from  five  to 
ten  days.  His  study  embraced  a  series  of  1,092 
eases  and  in  only  eight  cases  did  the  symptoms  begin 
as  late  as  the  twentieth  day. 

Usually  the  earliest  symptom  is  a  slight  feeling  of 
stiffness  in  the  neck  muscles  or  some  hypertonos  in  the 
muscles  of  the  jaw,  making  mastication  difficult. 
Gradually  the  stiffness  of  these  muscles  increases, 
giving  rise  to  a  variable  degree  of  lockjaw.  The 
groups  of  muscles  about  the  face  become  hvpertonic, 
drawing  back  the  corners  of  the  mouth  and  raising  the 
alae  nasi  and  eyebrows,  producing  the  so-called  sardonic 
grin  or  risus  sardonicus. 

Next  the  muscles  of  deglutition  become  involved 
and  this  gives  rise  to  difficulty  in  swallowing,  some- 
times to  the  extent  of  preventing  the  taking  of  fluids. 
I'rom  here  the  process  spreads  to  the  back  muscles 
and  the  other  muscles  of  the  trunk  and  limbs,  and  the 
body  is  held  rigid,  a  condition  known  as  orthotonos. 
I  he  least  excitation  will  produce  violent  spasms  of  all 
the  muscles.  A  touch,  a  jarring  of  the  bed,  a  sudden 
.sound  or  flash  of  hght,  a  fly  alighting  on  the  skin  will 
be  sufficient  to  produce  the  reflex  convulsions.  Dur- 
ing the  spasm  the  back  muscles  are  usually  the  most 
affected,  or  at  least  the  most  effective,  so  that  the  bod  v 
IS  often  arched  to  an  extent  when  only  the  back  of  the 
head  and  heels  touch  the  bed  (opisthotonos). 

That  the  abdominal  muscles  are  strongly  affected 
at  the  same  time  is  shown  by  the  fact  that  they  have 
been  ruptured  in  the  spasm,  and  also  though  rarely 
they  produce  a  forward  arching  of  the  body  (om"- 
prosthotonos).     Sometimes  the  body  may  arch  side- 
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ways  (pleurothotonos),  though  this  is  much  less 
frequent.  The  spasms  may  last  for  a  few  seconds 
only,  but  often  are  more  prolonged;  there  may  be  only 
a  few  during  the  day,  but  at  times  they  are  almost  con- 
tinuous, and  the  rigidity  is  maintained  between  the 
convulsions. 

The  paroxysms  are  accompanied  by  very  severe 
pain.  There  may  be  spasms  of  the  glottis  with 
asphyxia  or  the  respirations  may  be  very  rapid. 
Often  the  contractions  in  the  throat  are  so  severe  that 
the  patient  can  make  no  sound.  Profuse  sweating 
occurs  and  the  temperature  usually  rises,  but  may  re- 
main normal  throughout  the  disease.  At  times,  how- 
ever, the  attack  may  start  with  a  chill  and  the'  fever 
be  high  throughout,  ranging  from  104°  to  106°;  often 
just  before  death  it  may  reach  108°  or  110°. 

Spasm  of  the  sphincters  may  make  urination  and 
defecation  difficult.  Sleep  is  usually  out  of  the 
question  unless  the  spasms  are  allayed  by  drugs.  In 
most  cases  the  patient's  mind  is  clear  even  till  just  be- 
fore death,  thus  rendering  his  suffering  the  more  acute. 
_  Dea,th  usually  either  occurs  in  an  attack  from  car- 
diac dilatation  or  asphyxia,  or  else  is  due  to  exhaustion, 
the  heart  becoming  more  and  more  rapid  and  feeble 
in  its  action,  and  respiration  more  and  more  impeded. 
In  the  very  acute  and  severe  cases  death  often  comes 
within  three  days,  while  some  of  the  cases  that  live 
beyond  the  tenth  day  go  on  to  recovery.  When  this 
occurs  there  is  a  gradual  relaxation  of  the  rigidity  with 
less  frequent  spasms.  Cases  have  been  reported  of 
tetanus  confined  to  one  extremity  and  others  where 
the  rigidity  has  developed  in  the  wounded  member 
some  time  before  spreading  to  the  body  in  general. 

The  cephalic  tetanus  of  Rose  is  of  this  first  type,  the 
wound  being  in  the  head  and  the  spasm  being  confined 
to  the  jaw  muscles  with  paralysis  of  the  facial  muscles 
of  the  same  side  and  more  or  less  involvement  of  the 
pharyngeal  muscles. 

Tetanus  neonatorum  is  a  very  fatal  type  occurring 
mostly  in  hot  climates  though  liot  exclusively  and  the 
infection  occurs  at  the  umbilical  stump.  The  symp- 
toms are  much  the  same  as  those  already  described. 
Chronic  cases  show  much  the  symptoms  described 
but  the  spasms  are  less  frequent  and  the  patient  ob- 
tains much  more  chance  for  rest  and  sleep.  There  are 
often  recurrences  of  the  disease,  and  at  times  muscular 
rigidity  or  contracture  may  persist,  especially  in  the 
jaw  muscles.  This  has  been  observed  as  much  as 
five  years  after  the  attack  and  is  probably  due  to 
fibrous  myositis. 

Diagnosis. — The  acute  and  typical  case  can  hardly 
be  mistaken  for  anything  else,  especially  with  a 
definite  wound  at  the  point  of  entrance.  The  spasms 
of  strychnine  poisoning  very  closely  resemble  tetanus, 
but  the  rigidity  between  paroxysms  is  absent  or  much 
less  marked  and  trismus  is  not  an  eariy  or  marked 
symptom.  The  history  is,  of  course,  of  the  greatest 
importance. 

Tetany  is  not  nearly  so  severe  a  disease  and  the 
typical  spasm  of  the  extremities  is  diagnostic.  Hydro- 
phobia has  a  characteristic  history,  the  paroxysms 
are  more  distinctly  separated  and  are  confined  to  the 
muscles  of  respiration;  mania  is  usually  present. 

Prognosis. — This  is  bad  in  acute  cases,  better  in  the 
subacute  form.  If  the  patient  lives  ten  days  his 
chances  are  greatly  improved.  There  seems  to  be  a 
distinct  increase  in  the  mortality  as  the  incubation 
period  is  shortened,  and  conversely  the  longer  the 
period  after  the  wound  before  the  onset  of  symptoms 
the  better  the  patient's  chance.  E.  W.  Hill  records 
414  recoveries  out  of  1,264  cases.  Jacobson,  in  an 
analysis  of  203  cases,  records  a  mortality  of  8.3. 1  per 
cent,  in  acute  cases  and  of  43.6  per  cent,  in  subacute 
cases. 

Prophylaxis. — All  wounds  of  a  suspicious  nature 
should  be  thoroughly  cleansed,  enlarged  if  necessary, 
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and  then,  if  not  too  large,  cauterized  with  pure  car- 
bolic acid,  followed  by  alcohol.  A  prophylactic  dose 
of  500  to  1,000  units  of  antitetanic  serum  should  bo 
given  whenever  the  wound  is  contaminated  by  street 
or  garden  dirt  or  has  been  caused  by  blank  cartridge 
or  pistol.  The  dried  serum  in  the  form  of  a  powder 
may  be  used  in  dressing  such  wounds. 

The  value  of  the  prophylactic  injection  of  serum  has 
Ijeen  conclusively  demonstrated  in  the  present  war. 
In  July,  1915,  the  Royal  .-\rmy  Medical  Corps  pub- 
lished a  pamphlet  entitled  "Memorandum  of  the 
Treatment  of  Injuries  in  War  Based  on  Experience  in 
the  Present  Campaign,"  in  which  occurs  the  following: 

"Prophylactic  Use  nf  Tetanic  Antitoxin. — Since  in 
the  first  two  months  of  the  war  more  cases  of  tetanus 
occurred  than  had  boon  anticipated,  either  by  our- 
selves or  our  Allies,  it  was  decided  to  direct  that  a 
preventive  dose  of  serum  should  be  given  to 
every  wounded  man  in  place  of  leaving  this,  as  had 
been  done  at  first,  to  the  discretion  of  the  medical 
officer.  The  results  have  been  excellent,  and  in  the 
last  six  months  there  have  been  only  thirty-six  cases 
of  the  disease  among  those  who  received  a  preventive 
dose  of  serum  within  twenty-four  hours  of  being 
wounded.  That  this  is  not  due  to  possible  absence  of 
the  cause  of  infection  from  the  soil  is  clear  from  the 
following  facts:  (1)  Bacteriological  examination  of  the 
wounds  has  often  proved  the  presence  of  tetanus 
bacilli,  although  no  tetanic  symptoms  have  followed. 
(2)  Many  instances  of  slight  trismus,  or  of  localized 
tetanic  spasms  of  a  muscle  or  a  group  of  muscles,  have 
been  reported,  without  the  subsecjuent  development  of 
generalized  tetanus.  (.3)  Thirty-four  cases  of  severe 
tetanus  havebeen  reported  in  thisperiod  among  the  very 
.small  fraction  of  wounded  men  who,  for  one  reason  or 
another,  had  not  received  a  preventive  dose  of  the  serum 
within  twenty-four  hours.  (4)  A  considrable  number 
of  wounded  horses  continue  to  develop  the  disease. 

"The  general  use  of  preventive  inoculation  of  the 
serum  has  also  had  an  effect  on  the  severity  of  the 
symptoms  if,  in  spite  of  the  preventive  dose,  the  dis- 
ease should  subsequently  develop.  For  example,  of 
the  thirty-four  cases  mentioned  above  which  did  not 
have  a  preventive  dose  within  twenty-four  hours, 
thirty-two  died,  a  case  mortality  of  94.1  per  cent.: 
whereas  of  the  thirty-six  cases  which  occurred  among 
the  enormously  larger  class  of  wounded  who  had  re- 
ceived a  preventive  dose,  twenty-eight  died,  a  case 
mortality  of  77.7  per  cent. 

"The  preventive  dose  of  500  units  should  be  given 
subcutaneously  at  a  distance  from  the  wound  at  the 
earliest  possible  moment,  and  the  fact  of  inoculation 
-as  well  as  the  size  of  the  dose,  should  be  recorded  on 
the  'tally.'  In  severe  wounds  medical  officers  not 
.nfrequently  give  1,500  units;  there  is  no  objection  to 
this,  but  at  the  same  time  there  is  no  evidence  that  the 
smaller  dose  is  insufficient  if  given  promptly. 

"It  should  be  remembered  that  injuries  other  than 
those  caused  by  bullets  or  shells  may  also  become 
infected;  several  cases  have  followed  trivial  injuries, 
for  which  the  soldier  did  not  report  sick  at  the  time, 
and  others  have  followed  on  the  gangrene  due  to  frost- 
bite. It  would  be  wise  to  give  a  preventive  dose  in  all 
intances  in  which  the  danger  of  infection  of  a  wound 
with  contaminated  soil  may  be  presumed   to   exist." 

TRE.\T\rENT. — The  patient  should  be  kept  as  quiet 
as  possible  in  a  darkened  room  and  everything  done  to 
prevent  reflex  irritation. 

The  diet  should  be  as  nutritious  as  possible,  but 
usually  must  be  fluid  because  of  the  locked  jaws  and 
the  difficulty  in  swallowing.  .\t  times  it  is  necessary  to 
resort  to  rectal  feedingorby  catheter  through  the  nose. 

The  wound  should  be  treated  on  general  surgical 
principles,  but  radical  operations,  such  as  amputa- 
tions, are  almost  always  followed  by  fatal  results. 

As  much  rest  and  sleep  should  be  procured  as  possible, 
by  the  use  of  sedative  drugs.     Morphine,  chloral  and 


bromides,  chloroform,  cannabias  indica.  Calabar  bean, 
and  curare  have  all  been  used,  and  aid  in  reducing 
the  spasm  and  rendering  the  patient  more  comfortable. 

Meltzer  strongly  recommenrls  the  intraspinal  in- 
jections of  magnesium  sulphate  in  twenty-five  per 
cent,  solution,  1  c.c.  being  used  for  each  twenty-five 
pounds  of  the  patient's  weight.  He  also  uses  it  by  the 
intramuscular  and  subcutaneous  routes,  in  less  con- 
centrated form.  This  acts  by  relieving  pain  and 
spasm  and  producing  sleep. 

The  carbolic  acid  method  of  BacceUi,  in  which  about 
eighty  grains  of  the  acid  are  injected  in  a  one  per  cent, 
solution  in  twenty-four  hours,  enjoys  a  good  reputation 
in  Italy,  but  has  not  found  much  favor  elsewhere. 
The  mortality  reports  are  remarkably  low,  but  are 
only  for  comparatively  small  numbers  of  cases.  Arcoli 
has  collected  thirtj—three  cases  with  only  one  death, 
and  Symmers  forty-two  cases  with  sixteen  deaths,  a 
combined  mortality  of  22.6  per  cent. 

The  serum  treatment  now  has  become  almost  uni- 
versal with  or  without  the  combination  of  other 
methods.  The  serum  has  undoubtedly  strong  anti- 
toxic properties,  the  difficulty  being  to  get  it  into 
contact  with  the  toxins  which  have  already  combined 
with  the  nerve  cells.  The  intravenous  method  readily 
neutralizes  the  toxins  in  the  blood,  and  the  subcutane- 
ous and  intramuscular  methods  do  the  same  thing 
but  more  slowly.  The  intrathecal  or  intraspinal 
method  also  does  not  reach  the  nerve  cells  directh',  so 
that  a  combination  of  routes  is  best  used,  most  fre- 
quently the  intraspinal  and  intravenous. 

The  initial  dose  should  be  given  as  earlv  as  possible, 
and  should  be  from  15,000  to  25,000  units;  .3,000  to 
5,000  units  should  be  injected  into  the  spinal  canal  and 
10,000  to  20,000  units  intravenously.  Later  doses  can 
be  given  intramuscularly  or  intravenously  to  reinforce 
the  others.  The  result  of  serum  treatment  in  the  pres- 
ent war  among  the  British  soldiers,  is  well  given  in  the 
following  quotation  from  the  same  pamphlet  quoted 
in  the  section  on  Prophylaxis. 

"Tetanus  Antitoxin. — This  is  the  only  treatment  as 
to  the  employment  of  which  there  has  been  anything 
like  general  agreement.  It  has  been  used  in  one  form 
or  another  in  almost  every  case,  and  when  cure  has 
resulted  it  has  commonly  been  given  the  credit. 
Whatever  method  be  employed  it  is  clear  that  three 
general  principles  must  be  covered  to  obtain  the  best  re- 
sults: (1)  It  must  be  employed  at  the  earliest  moment 
possible;  a  dose  of  1,000  to  1,.500  units  given  at  a  time 
when  there  is  little  more  than  a  fear  that  tetanus  may 
develop,  may  influence  the  course  of  the  disease  favor- 
ably. (2)  It  must  be  given  in  large  doses  and  these 
should  be  frequently  repeated  until  the  symptoms  show 
definite  signs  of  amelioration.  (3)  It  must  be  kept  up, 
although  in  smaller  and  less  frequent  doses,  well  into 
convalescence,  in  order  to  obviate  the  tendency  to  re- 
lapse. The  most  favorable  results  appear  to  have  been 
obtained  by  the  employment,  in  the  first  instance,  of 
the  intrathecal  combined  with  the  intravenous  methods, 
the  subcutaneous  method  being  used  to  reinforce  the 
others  in  the  succeeding  days  or  to  replace  them  as 
the  symptoms  diminish  in  intensity. 

"Dosage. — .\n  initial  intrathecal  dose  of  3,000 units 
followed  by  the  intravenous  injection  of  doses  ranging 
between  5,000  and  20,000  units,  according  to  the 
severity  of  the  symptoms,  has  been  reported  in  many 
instances  to  have  had  a  favorable  effect.  In  severe 
cases  the  intrathecal  dose  of  3,000  units  may  be  re- 
peated the  next  day.  The  subsequent  indications  as  to 
dosage  depend  upon  the  progress  of  the  case;  if  this  is 
favorable  the  above  methods  may  be  supplemented  or 
replaced  by  the  subcut aneous  one,  doses  of  from  5.000  to 
10,000  units  being  given  every  day  orevery  second  day. 

"Anaphylaxis. — Symptoms  of  this  grave  condition 
are  well  known  in  animals  to  follow  the  administra- 
tion of  a  second  dose  of  the  same  serum  when  the  lapse 
of  time  between  the  two  doses  exceeds  ten  or  twelve 
days.     There  was  some  reason  to  fear  its  occurrence 
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in  men  who  had  received  a  preventive  dose  of  tetanus 
serum  after  being  wounded,  and  who,  on  account  of 
the  development  of  the  disease  after  an  interval  of 
twelve  days  or  more,  \ycrc  given  therapeutic  doses  of 
the  same  serum.  Again,  a  large  number  of  men  who 
have  returned  to  the  front  after  recovery  from  a  wound 
are  again  wounded,  and  the  question  has  been  raised 
as  to  the  possible  danger  of  giving  another  preventive 
dose  of  serum  after  an  interval  of  some  weeks  or 
months.  It  is,  however,  well  known  that  man  is 
much  less  sensitive  to  an.aphylaxis  than  the  guinea- 
pig  and  the  rabbit,  and  this  has  been  fully  borne  out 
by  the  experience  of  the  war.  In  spite  of  close  in- 
quiries on  the  subject  no  certain  instance  of  true 
anaphylaxis  has  been  recorded.  The  few  cases  which 
have  been  mentioned  in  reports  have,  on  investiga- 
tions, turned  out  to  be  instances  of  serum  sickness 
and  to  have  had  no  grave  results.  It  does  not,  there- 
fore, appear  to  be  justifiable  to  withhold  the  serum  in 
the  case  of  a  man  wounded  for  the  second  time;  at  all 
events,  it  appears  better  to  run  the  small  and  chiefly 
theoretical  danger  of  anaphylaxis  than  the  very  grave 
one  of  tetanus. 

"  In  cases  in  which  there  is  reason  to  fear  the  occur- 
rence of  anaphylactic  shock,  various  procedures  have 
been  recommended  to  lessen  the  danger.  The  ma- 
jority of  these  are  'fractional'  methods  of  administer- 
ing the  .serum,  a  preliminary  inoculation  or  two  or 
tliree  drops  of  the  serum  being  given,  in  dilution, 
followed  in  five  minutes  by  a  dose  of  0.5  c.c.  If  no 
untoward  symptoms  result  it  is  said  that  the  dose  may 
.safely  be  inoculated  ten  minutes  later.  A  similar 
fractional  method  has  been  advised  if  the  intrathecal 
methods  are  selected,  but  there  has  been  no  oppor- 
tunity of  judging  of  their  value.  Administration  of 
the  serum  under  chloroform  anesthesia  is  also  said  to 
lessen  the  danger.  If  symptoms  of  shock  should 
develop  in  spite  of  these  precautions,  adrenalin  has 
been  stated  to  be  useful,  given  intravenously  in  high 
dilution  if  the  symptoms  are  urgent,  hjijodermically 
in  less  urgent  condition  in  doses  of  a  few  minims  of  "a 
1  to  1.000  solution."  He.nry  L.  Woodwahd. 

Tetany  or  Tetanilla.— The  "little  tetanus"  is  a 
disease  characterized  by  attacks  during  which  there 
occur  bilateral  tonic  spasms  of  various  groups  of  mus- 
cles, most  frequently  of  those  of  the  upper  extremities- 
also  by  extreme  h^ijerexcitability  of  the  peripheral 
motor  nerves  m  response  to  mechanical  and  electrical 
stimulation. 

Hlstort.— In  1830  Steinheim  described  this  disease 
as  a  special  form  of  articular  rheumatism;  in  the  fol- 
lowing year  Dance  published  "Une  observation  sur 
une  espdce  de  tiStanos  intermittent,"  and  in  this  article 
expressed  the  view  that  the  intermittent  character  of 
the  spasms  proved  the  disease  to  be  of  the  malarial 
order.  In  1852  the  entire  subject  was  reviewed  by 
Lucien  Corvisart,  and  it  was  he  who  proposed  the 
name  tetany.  Previously  to  Corvisart,  the  great 
Trousseau,  as  early  as  1845,  had  observed  this  disease 
in  nursing  women,  and  supposed  a  connection  between 
tetany  and  the  function  of  lactation;  he  therefore 
termed  it  contracture  rhumatismale  des  nourrices  " 
but,  having  observed  the  same  trouble  later  on  in 
children  and  adults  .after  intestinal  obstruction,  he  was 
forced  to  abandon  his  "nourrice"  theorv.  It  was 
rrousseau  also  who  first  discovered  the  very  impor- 
tant fact  that  these  attacks  could  be  excited  bv 
compression  of  the  arteries  and  nerve  trunks  of  the 
affected  extremity. 

r..^-t^J  ?^  ^^^"^^  ^^^'^^  ^''^''«  regarded,  in  Germany 
particularly,  as  cases  of  professional  neuroses,  profes- 
sional spasms  until  Ku.ssmaul  showed  conclusivelvthat 
there  was  a  distinct  difference  between  this  affection 
and  the  ordinary  professional  neuroses.  Riegel  in- 
sisted on  the  causal  relation  between  the  disease  and 
the  presence  of  entozoa  in  the  intestines.     Erb  and   I 
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Chvostek    examined    the    electrical    behavior   of    the 
affected  muscles,  Chvostek  directing  particular  atten- 
tion to  the  increased  mechanical  excitability  of  the 
affected  muscles  and  nerves.     Hoffman  made"  especial 
mention  of  increased  sensory  response  to  electrical  and 
mechanical  stimulation.     In  1874  Langhans  jjublished 
the  first  case  of  tetany  in  which  a  careful  post-mortem 
examination  had  been  made,  and  in  1881  Nathan  Weiss, 
of    Vienna,   published   an   excellent     monograph     on 
" Tetany  "  (Volkmann's  Vortrage,  No.  189),  in  which  he 
described  the  disease  most  carefully,  reviewed  the  litera- 
ture of  the  subject,  and  showed  an  interesting  connec- 
tion between  tetany  and  the  surgical  removal  of  goiter. 
Etiology. — The   disease  is  most   apt  to   occur  in 
young  persons;  in  children  between  the  ages  of  four 
and  six  years;  then  again  at  the  age  of  pubertv:  while 
the  majority  of  cases  of  tetany  are  observed  inpersons 
between   the   ages   of   sixteen    and   thirtv-five   vcars. 
Pregnancy,  child-bed,  and  lactation  appear  to  be  pre- 
disposing causes.     It  is  now  well  established  that  it  is 
7Wl  one  of  the  professional  neuroses,  although  cobblers 
evince    an    unusual    predisposition    to    the    disease. 
Persons  who  have  been  exposed  to  cold  or  wet  seeni 
particularly  liable  to  attacks  of  tetanv.     Intestinal 
irritation  is  another  cause;  stubborn  constipation  or 
protracted    diarrhea    has  been   followed    by    tetany. 
Riegel  (£)eM(sc/i,e.5  Arch.  f.  khn.  Med.,  Bd.  xii.)  instances 
a  case  in  which  attacks  of  tetany  were  inhibited  by  the 
removal  of  the  ova  of  Twnia  mediocanellatn  and  Tri- 
chocephalus  dispar;  and  Weiss  makes  mention  of  a  case 
m  which  tetany  occurred  as  a  complication  of  tvphoid 
fever.  _    The    attacks    of   tetany    disappeared    as    the 
typhoid  (intestinal)  symptoms  subsided,  and  returned 
with  a  relapse  of  the  intestinal  symptoms.     Tetany 
has   also   been   observed   in   the   wake   of   smallpox, 
Bright's  disease,  malaria,  cholera,  and  in  children  dur- 
ing the  period  of  dentition.     It  has  also  been  observed 
after  severe  mental  shocks.     The  causal  connection 
between  extirpation  of  goiter  and  tetanv,  as  proven 
by  the  cases  of  Weiss,  has  been  referred  toabove.     The 
frequent  association  of  tetany  with  gastrointestinal 
disorders  has    led  to    a    belief   that  autointoxication 
ex-plains  some   of  the  cases.     Eulenburg  states  that 
non-malignant   stenosis   of  the   pylorus,   with   subse- 
quent dilatation  of  the  stomach,  "is  a  condition  par- 
ticularly   favorable   to    the    development    of    tetany. 
Of  late  years  :\IacCallum  and  Voegtlin  {Journal  af  Ex- 
penmnilal  Med.,  1909)  haveshown  that  tetanv  maybe 
produced  by  destruction  of  the  parathvroid  glands;"  the 
parathyroid   secretion   controlling   in"  some   way   the 
calcium  exchange  of  the  body.     And  finally,  it  is"  to  be 
noted  that  tetany  occurs  frequently  as  an  epidemic,  and 
that  it  is  of  much  more  frequent"  occurrence  in  some 
countries  than  in  others.     The  present  writer  observed 
a  number  of  cases  of  tetany  in  Vienna  and  London,  but 
has    seen    only    very   few   typical   instances,    in    this 
country,  among  a  large  number  of  neurological  cases 
of  every  description. 

Syjiptomatologt. — In  describing  the  symptoms  of 
the  disease  we  must  mention  the  symptoms  noticed 
during  the  attack  and  during  the  period  of  latency. 

The  attack  is  preceded  by  vague  tingling  pains,  by 
formications  in  the  hands,  forearms,  and  legs;  thes'e 
sensory  symptoms  are  followed  bv  a  feeling  of  stiffness 
in  the  hands  and  legs,  and  soon  afterward  the  spasms 
are  fully  developed.  These  tonic  spasms  occur  most 
frequently  in  the  upper  extremities,  and  give  rise  to 
such  a  marked  rigidity  of  the  muscles  that  passive 
movements  are  impossible.  The  position  of  the  hand 
vanes  according  to  the  groups  of  muscles  affected  by 
the  spasms,  whether  flexors  or  extensors.  It  is  "a. 
common  occurrence  for  the  hand  to  assume  the  shape 
ot  the  accoucheur's  hand  as  it  is  ready  to  be  intro- 
duced into  the  vagina.  Occasionally,  also,  the  thumb 
IS  so  hrmly  pressed  upon  by  the  flexed  fingers  that  the 
nails  are  buried  in  the  skin  of  the  palm  of  the  hand, 
in  some  rare  cases  there  is  complete  extension  of  all 
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fingers.  As  a  rule,  the  forearms  are  flexed,  the  upper 
arms  in  adduction;  it  is  exceptional  for  the  arms  to  be 
in  abduction  and  removed  from  tlie  trunk  of  the  body. 
According  to  Frankl-Hochwart  (1907)  tetany  is  never 
confined  to  the  lower  extremities. 

Mild  cases  of  tetany  are  apt  to  consist  only  of  a 
series  of  such  attacks  as  have  just  been  described;  and 
this  is  true  even  of  the  earlier  stages  of  severe  forms  of 
tetany.  In  a  large  majority  of  cases,  however,  and 
particularly  in  the  later  stages  of  the  disease,  spasms 
are  apt  to  affect  other  groups  of  muscles,  viz.,  the 
muscles  of  the  lower  extremities,  causing  adduction 
of  the  thighs,  with  extension  of  the  hip-  and  knee- 
joints,  and  plantar  flexion  of  the  foot,  the  toes  being 
bent  forcibly  toward  the  soles  of  the  feet.  The 
spasms  may  also  affect  the  muscles  of  the  abdomen, 
chest,  and  back.  The  tonic  contractions  of  the  ab- 
dominal and  thoracic  muscles  may  interfere  with  the 
movements  of  the  diaphragm  and  with  respiration, 
causing  severe  dyspnea  and  universal  cyanosis.  If 
the  muscles  of  the  neck  be  involved  additionally,  the 
return  of  venous  blood  from  the  brain  may  be  retarded, 
and  Weiss  reports  one  case  in  which  loss  of  conscious- 
ness was  the  result.  Opisthotonos  is  frequently  the 
result  of  spasms'  affecting  the  muscles  of  the  back. 
Trismus  is  occasionally  observed,  but  never  in  the 
beginning  as  in  tetanus.  In  other  (severe)  cases 
again,  spasms  of  the  ocular  muscles,  of  the  esophagus, 
of  the  larynx  (spasmus  glottidis),  and  of  the  muscular 
apparatus  of  the  bladder  (desire  to  urinate,  but  mic- 
turition impossible)  have  been  observed. 

During  the  attack  patients  complain  of  severe  pain 
in  the  affected  muscles;  there  is,  furthermore,  marked 
diminution  of  tactile  sensibility  in  the  extremities,  the 
pat  ient  snot  being  able  todistinguish  the  character  of  ob- 
jects placed  upon  the  skin,  and  having  the  feeling,  when 
standing  on  the  bare  floor,  as  though  they  were  walking 
on  velvet.     Paresthesia  of  all  sorts  are  very  common. 

In  a  few  cases  a  rise  of  temperature  to  104°  F.  has 
been  observed;  Weiss  observed  a  rise  in  only  one  case 
out  of  twelve. 

Headache,  vertigo,  tinnitus  aurium,  and  excessive 
perspiration  are  other  symptoms  which  are  occasion- 
ally observed  during  an  attack  of  tetany.  The  attacks 
may  last  only  a  few  minutes,  but  may  at  times  last 
for  hours  and  even  days.  Severe  attacks  of  tetany 
may  bear  a  striking  resemblance  to  genuine  tetanus; 
but  it  may  be  noted  that  there  is  no  initial  spasm  of 
the  masseters  in  tetany,  and  that  in  this  form  the 
spasms  spread  from  the  periphery  centripetally,  and 
not  centrifugally  as  is  the  case  in  tetanus;  and,  further- 
more, it  is  evident  that  the  reflex  excitability  is  not 
nearly  so  great  in  tetany  as  in  tetanus.  There  is  also 
this  further  distinguishing  characteristic,  that  in  cases 
of  tetany  the  patient  may  be  entirely  free  from  attacks 
for  hours,  days,  weeks,  and  even  months. 

A.  Westphal  has  called  attention  to  the  occasional  as- 
sociation of  epilepsy  with  tetany,  and  believes  that  toxic 
products  are  important  etiological  factors  in  both 
diseases. 

Symptoms  of  the  Latent  Period. — In  the  inter^'als  be- 
tween the  attacks  the  patient  may  be  entirely  well;  but 
some  exhibit  even  at  this  time  weakness,  with  rigidity 
of  the  afl'ected  muscles.  The  calf  muscles  are  par- 
ticularly apt  to  be  the  seat  of  slight  tonic  contractions. 
Weiss  observed  in  one  case,  during  the  latent  period 
of  the  disease,  tonic  rigidity  of  the  calf  muscles,  and 
fibrillary  as  well  as  fascicular  contractions  in  the 
quadriceps  cruris  and  the  vastus  e.xternus;  in  another 
case  Chvostek  observed  slight  contractions  of  the 
orbicularis  palpebrarum. 

The  intervals  between  the  attacks  of  tetany  may 
vary  in  duration  from  several  hours  to  a  few  days,  and 
even  a  few  months.  Of  course,  we  can  speak  of  a 
latent  interval  in  the  course  of  the  disease  only  in  case 
the  disease  can  be  proven  still  to  exist.  This  can  be 
done  by  proving  the  presence  of  Trousseau's  s>Tiiptom, 
and  of  increased  electrical  and  mechanical  excitability. 


Trousseau's  Symptom. — This  symptom  refers  to  the 
fact  discovered  by  Trousseau,  that  in  persons  afflicted 
with  tetany  a  characteristic  attack  can  be  elided  by 
pressure  upon  the  large  ner\-e  trunks  and  arteries  of 
the  extremities  usually  affected  during  an  attack. 
The  attacks  cease  as  soon  as  the  pressure  is  removed. 
Kussmaul  and  Quincke  maintain  that  in  some  cases 
pressure  on  arteries  only  is  necessary,  while  in  other 
cases  the  slightest  pressure  on  a  nerve  tnink  is  suffi- 
cient to  produce  contractions  of  all  the  muscles  supplied 
by  this  nerve.  Trousseau's  symptom  is  present  in  no 
other  convulsive  disease. 

Increased  electrical  excitability  is  another  symptom 
observed  during  the  latent  period.  Erb,  Chvostek, 
and  Weiss  show-ed  that  the  motor  nerves  of  the  ex- 
tremities and  of  the  trunk,  in  cases  of  tetany,  exhib- 
ited an  increased  response  to  both  the  faradic  and  the 
galvanic  currents.  They  could  not  only  obtain  the 
cathodal  closure  contraction  (CCC)  with  verj'  small 
currents,  but  were  able,  with  moderate  currents,  to 
obtain  CCT  (tetanus)  and  AOT,  which  had  not  been 
observed  in  any  other  condition;  while  Chvostek  re- 
ports having  obtained  a  COT — a  condition  unheard  of 
in  man.  Erb  failed  to  obtain  these  phenomena  in  the 
facial,  but  Chvostek  and  Weiss  claim  that  they  were 
as  well  able  to  obtain  these  phenomena  with  the  facial 
as  with  any  nerve  of  the  extremities.  J.  Hoffman 
found  an  increased  excitability  upon  mechanical  and 
electrical  stimulation  of  the  sensory  as  well  as  of  the 
motor  nerves.  Erb  found  the  electrical  excitability 
greatest  at  a  time  when  the  attacks  were  most  frequent, 
and  it  was  he  who  first  ventured  the  suggestion  that 
the  increased  electrical  excitability  might  be  used  as  a 
diagnostic  test  during  the  latent  period  of  the  di.sease. 

Increased  mechanical  excilabilily  is  another  well- 
marked  sjTnptom;  a  simple  tap  with  a  percussion 
hammer  upon  a  nerve  trunk  being  sufficient  to  pro- 
duce contractions  of  the  muscles  supplied  by  the  nerve. 
Pressure  with  a  lead-pencil  upon  the  focal  point  of  the 
pes  an.serinus  is  followed  by  contractions  similar  to 
those  'which  a  strong  faradic  current  applied  to  this 
point  would  have  produced.  Increa.sed  reflex  ex- 
citability of  the  ncrv'e  must  be  taken  as  an  explanation 
of  this  phenomenon.  At  all  events  this  should  be  the 
first  employed  diagnostic  test  during  the  latent  period 
of  the  disease,  as  it  certainly  is  better  to  try  this  test 
than  to  attempt  to  excite  an  attack  by  pressure  upon 
a  large  nerve  trunk  or  a  large  artery.  P.  Frankl- 
Hochwart  and  Kraepelin  have  insisted  on  the  occur- 
rence of  mental  sjinptoms  without  depicting  any 
definite  form  of  psychosis. 

Pathological  Anatomy. — In  spite  of  the  postmor- 
tem examinations  made  by  Langhans,  Weiss,  and 
others,  there  is  little  or  nothing  known  of  the  path- 
ology of  tetany.  Langhans  claimed  to  have  found  a 
periarteritis  and  periphlebitis  of  the  blood-vessels  of 
the  white  commissure,  and  of  the  anterior  horns  in  the 
cervical  portion  of  the  spinal  cord.  Weiss  found 
nothing  of  the  sort  in  his  case.  He  has  built  up 
an  ingenious  theory  of  the  disease,  according  to  which 
he  believes  that  the  attacks  of  tetany  are  due  to  an 
irritable  condition  of  the  gray  matter  of  the  medulla 
and  spinal  cord,  and  that  this  irritable  condition  is  due 
to  sympathetic  disturbances,  causing  irregularities 
in  the  vascular  innervation  of  the  blood-vessels  of  the 
spinal  cord:  but  this  is  mere  theory.  H.  Schlesinger 
is  of  the  opinion  that  tetany  is  a  disease  of  the  entire 
nervous  system;  that  some  of  the  symptoms  arc  due 
to  involvement  of  the  peripheral  nerves,  and  that  the 
spasms  and  Trousseau's  symptom  are  due  to  an  in- 
creased excitability  (of  vasomotor  origin?)  of  the 
central  nervous  system,  brain,  medulla  oblongata,  and 
spinal  cord.  A  satisfactory  pathology  of  the  disease 
has  not  been  established  although  the  modern  tend- 
ency is  to  connect  it  with  disease  of  the  parathyroid 
glands  (Escherich,  1909). 

DiFFERE.VTL\L  Dl\gxosis. — There  can   be  no  dilfi- 
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culty  as  to  this.  There  is  the  mere  possibility  of  con- 
founding an  attack  of  tetany  with  genuine  tetanus. 
It  is  necessar.v  to  remember  the  distinctly  centripetal 
character  of  the  attack  of  tetany,  the  fact  that  the 
disease  never  begins  with  trismus,  and,  above  all,  the 
shortness  of  the  attacks,  and  the  existence  of  a  latent 
period — all  of  which  differs  widely  from  what  is  observed 
in  real  tetamis.  During  the  latent  period  Trousseau's 
symptom  and  the  increased  electrical  and  mechanical 
excitability  help  to  establish  the  diagnosis. 

Prognosis  is  favorable  except  in  those  few  cases  in 
which  the  spasms  affecting  the  respiratory  muscles 
mav  lead  to  .serious  lung  trouble.  In  the  tetany  of 
Ijregnancy  the  prognosis  is  favorable,  Frankl-Hoch- 
wart  even  maintaining  that  in  later  pregnancies  the 
attacks  are  milder.  After  thyroid  operations,  tetany 
will  not  be  developed,  if  the  parathyroid  has  not  been 
removed.  The  prognosis  is  less  favorable  in  the  epi- 
demic variety  of  tetany. 

Treatment. — In  the  way  of  treatment,  it  is  neces- 
sary above  all  things  to  remove  the  active  or  predis- 
posing cause,  to  change  the  patient's  abode,  to  procure 
absolute  rest  for  him,  and,  if  there  is  suspicion  of 
intestinal  irritation,  to  look  to  this,  to  purge  the  bowels, 
and  to  remove  entozoa  that  may  happen  to  be  present. 
.Vccordingto  present  theories  thyroid  and  parathyroid 
preparations  must  be  exhibited  and  calcium  salts  may 
be  employed. 

During"  the  attack,  the  physican  will  have  to  resort 
to  the  hypodermic  use  of  morphine,  possibly  of  hyos- 
cyamine.  Applications  of  ice  to  the  back  of  the  neck 
lielped  to  iniiibit  an  attack  in  one  of  Weiss'  cases. 
As  soon  as  the  attack  is  over,  it  will  be  well  to  ad- 
minister chloral  hydrate  in  daily  dose  of  5i-3ij; 
or  the  combined  bromides  in  doses  of  5iss-5iiss. 
pro  die.  During  the  intervals  careful  electrical 
treatment  (stabile  currents  ascending  from  periph- 
eral nerve  trunks),  as  well  as  methodical  lukewarm 
baths,  deserves  a  trial;  but  it  is  gratifying  to  know  that 
the  majority  of  cases  will  get  well  without  any  treat- 
ment at  all.  By  way  of  warning,  we  would  suggest 
to  the  physician  not  to  employ  either  counterirrita- 
tion  or  the  faradic  current.  B.  Sachs. 

Tetramitidse. — A  family  of  flagellate  protozoans 
Three  or  four  fiagella  are  present.  Two  species  have 
been  recorded  as  intestinal  parasites.     See  Protozoa. 

A.  S.  P. 

Tetranychus. — A  genus  of  mites.  T.  moleslissi- 
mus  is  troublesome  in  Argentine  and  Uruguay  where  it 
causes  irritation  bv  attacking  the  skin.    See  Arachnida. 

A.  S.  P. 

Tetrasporocystidse. — A  family  of  sporozoans  in 
which  the  oocyst  has  four  spores.  A.  S.  P. 

Texas. — The  great  extent  of  this  State,  its  situation 
on  the  continent  in  relation  to  the  surrounding  land 
and  water,  and  the  diversity  of  its  surface  in  moun- 
tain, plain,  hill,  and  desert  naturally  produce  a  great 
variety  of  climatic  conditions.  The  area  of  the  State 
embraces  205,780  .sciuare  miles,  extending  over  nearly 
ten  degrees  of  latitude  and  thirteen  of  longitude.  It 
stretches  "from  a  parallel  very  nearly  coincident  with 
the  extreme  southern  portion  of  "Florida  to  one 
touching  the  southern  boundary  of  Virginia;  while 
cast  and  west  it  is  bounded  by  the  meridians  coinci- 
dent with  Sedalia,  Mo.,  and  Leadville,  Col."  On  the 
south  and  southwest  it  is  separated  from  Mexico  by 
the  Rio  Grande  River.  In  the  southern  portion,  on 
the  gulf  coast,  we  have  the  zone  of  tropical  cyclones, 
as  witness  that  of  September  7,  1900,  at  Galveston^ 
which  destroyed  over  6,000  lives  and  a  considerable 
portion  of  the  city;  while  on  the  northern  border  the 
arctic  blizzards  are  experienced. 
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The  eastern  and  southern  portions  of  the  State  are 
at  nearly  sea-level,  and,  as  one  goes  northwest,  the 
elevation  increases  until  an  altitude  of  7,000  feet  is 
reached  in  the  Chinanti  Mountains.  The  inter- 
mediate country  consists  of  "high,  wide  rolling  prairies 
and  river  bottoms."  The  vegetation  also  varies 
greatly,  according  to  the  altitude  and  topography  of 
the  surface.  The  eastern  border,  for  example,  is  heavily 
timbered,  while  in  the  west  the  land  is  barren  of  trees, 
and  only  the  cacti  and  the  stunted  mesciuite  are 
found.  In  the  extreme  south  we  have  a  subtropical 
flora,  and  in  the  central  portion  are  fertile  agricultural 
lands  where  various  cereals,  fruits,  and  flowers  of 
temperate  latitudes  are  cultivated.  The  climate  of 
such  an  extensive  area,  so  diversified  and  so  situated, 
cannot  well  be  considered  as  a  whole,  except  in  the 
most  general  manner,  and  it  is  only  by  taking  various 
portions  of  the  State,  each  representing  peculiar 
climatic  characteristics,  that  one  can  obtain  an  ade- 
quate and  intelligent  idea  of  the  climate,  or  rather 
climates,  of  the  whole  State.  For  this  purpose  the 
following  divisions  may  be  made :  Eastern  Texas,  the 
•gulf  district,  southwestern  Texas,  northwestern,  and 
central  Texas. 

Only  those  districts  which  offer  some  claim  as 
health  resorts  need  occupy  our  attention  to  any  great 
extent.  The  eastern  district  is  comparatively  level, 
has  no  elevations  much  above  500  feet,  and  is 
heavily  timbered  throughout.  Its  climate  is  a 
moist,  w-arm  one,  with  a  mean  relative  humidity  of 
seventy-four  per  cent.,  and  an  annual  rainfall  of  about 
forty-nine  inches,  with  exacerbations  in  the  form  of 
heavy  rains  and  floods.  The  annual  mean  tem- 
perature is  about  66°  F.  Yellow-fever  epidemics 
used  to  occur  in  this  section.  It  is  not  a  wholesome 
climate. 

The  gulf  district  has  a  coast  line  of  about  375 
miles,  and  its  surface  is  comparatively  level.  Its 
climate  is  of  a  subtropical  nature — hot,  moist,  and 
windy.  For  a  large  portion  of  the  year  the  winds 
are  from  the  sea.  The  annual  mean  temperature  is 
73.9°  F.;  the  rainfall,  forty-one  inches;  and  the 
relative  humidity,  7S.0  per  cent.  Away  from  the 
river  bottoms  it  is  said  to  be  generally  healthy, 
although  malaria  is  prevalent.  During  the  summer 
the  gulf  coast  is  said  to  offer  a  soft,  equable  tempera- 
ture and  excellent  surf  bathing,  the  heat  being  tem- 
pered by  a  pleasant  sea  breeze.  The  beach  at 
Galveston  is  a  fine  one,  and  is  a  very  popular  resort; 
the  accommodations  are  reported  to  be  good. 

Southwestern  Texas  is  higher  than  either  of  the 
other  districts  mentioned,  much  of  the  northern  portion 
being  at  an  elevation  of  2,000  feet.  This  district  is 
well  drained,  and  is  beyond  the  yellow-fever  line. 
The  climate  is  moderately  dry,  particularly  so  on  the 
Rio  Grande  line.  The  annual  mean  temperature 
is  68.1°  F.;  the  relative  humidity,  67.3  per  cent.;  and 
the  rainfall,  26.6  inches.  "The  possibility  of  outdoor 
employment,"  says  Taylor,  "during  the  whole 
year  makes  this  portion  better  suited  for  those  in 
delicate  health  who  wish  to  remain  a  length  of  time, 
and,  as  they  say,  'rough  it,'  than  any  other  portion  of 
the  State.  Life  on  the  ranches,  though  lonely  for 
many,  is  novel  and  interesting,  and  often  beneficial." 
One  should,  however,  bear  in  mind  the  wise  advice 
of  Hinsdale,  that  no  invalid  should  go  into  the  country 
districts  unless  he  is  able  to  endure  positive  hardships 
and  to  subsist  on  the  coarsest  food. 

While,  in  general,  the  summers  in  Texas  are  hot 
(and  the  invalid  from  the  North  is  advised  not  to  go 
there  at  this  season),  yet  in  the  southwestern  portion 
"the  heat  is  so  tempered  by  the  winds  that  its  in- 
tensity is  greatly  modified  .  .  .  and  the  nights  are 
always  cool  ancl  dry.  From  May  to  October  there 
is  rarely  any  dew,  so  that  persons  may  sleep  in  the 
draughts,  on  their  porches,  verandas,  housetops,  or 
under  the  trees  with  perfect  freedom  from  liability 
to  take   cold"    (Taylor).     The  same  authority   also 
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avers  ,'tliat  the  summer  nights  of  southwestern  Texas 
are  more  delightful  than  those  of  any  interior  region 
south  of  the  great  lakes."  The  two  health  resorts 
of  Boerne  and  San  Antonio  are  situated  in  this  dis- 
trict, and  the  reader  is  referred  to  the  article  in  this 
H.\NDBOOK  on  these  two  resorts  for  a  consideration  of 
their  climate  and  merits. 

Central  Texas,  which  contains  the  capital,  Austin, 
in  the  southern  portion,  ranges  from  600  to  2,000  feet 
above  sea-level,  and  embraces  the  best  agricultural  land 
in  the  State.  It  is  well  settled,  and  contains  several 
cities.  The  whole  district  has  an  annual  mean  tem- 
perature of  65.4°  F.,  and  an  annual  rainfall  varying 
from  twenty-three  to  forty-one  inches,  and  a  relative 
humidity  of  from  fifty-nine  to  sixty-seven  per  cent. 
The  most  desirable  portions  of  central  Texas  for  a 
winter  residence  are  those  centering  about  Dennison 
on  the  northern  border,  Corsicana  about  120  miles 
directly  south,  and  Austin  150  miles  south  of  the 
latter  town.  "The  general  aspect  of  the  country  is 
pleasing,"  says  Taylor;  "it  is  productive  and  of  easy 
cultivation,  and  for  one  seeking  a  home  in  a  mild 
and  healthful  climate  it  offers  advantages  scarcely 
surpassed  in  the  United  States."  The  average  maxi- 
mum temperature  at  Austin  is  99°  F.,  and  the 
average  minimum  19°.  The  annual  rainfall  is  about 
thirty-three  to  thirty-five  inches.  The  "northers" 
are  experienced  throughout  this  district,  especially  in 
the  northwestern  portions. 

The  northwestern  portion  of  the  State  is  dry,  more 
or  less  barren,  and  sparsely  settled,  and  its  climate  is 
characterized  by  great  dryness,  small  annual  rainfall, 
low  humidity,  and  almost  continual  sunshine.  In 
the  extreme  northwestern  portion  of  this  district,  not 
far  from  the  boundary  line  between  New  and  old 
Mexico,  is  the  health  resort  of  El  Paso,  a  citv  of 
39,279  inhabitants,  with  an  elevation  of  3,764  feet. 
The  surrounding  country  is  arid  and  barren,  except 
as  irrigation  has  been  instituted;  the  city  itself, 
however,  is  quite  attractive.  There  are  several 
hotels,  one  or  more  good  boarding-houses,  a  modern 
hospital,  and  a  sanatorium.  There  are  various 
churches,  good  public  schools,  and  a  military  fort — 
Fort  Bliss — near  by.  A  large  majortiy  of  the  exports 
from  Mexico  enter  the  United  States  by  way  of  El 
Paso.  From  the  middle  of  September  to  the  middle  of 
May  the  climate  is  suitable  for  tuberculous  invalids; 
after  that  time  it  is  too  hot  for -comfort,  at  least  in  the 
middle  of  the  day.  As  Hinsdale  remarks,  El  Paso 
is  a  good  place  in  which  to  begin  the  process  of  ac- 
climatization to  regions  of  greater  rarefactions  of  air. 
The  soil  is  dry  and  porous,  except  near  the  river 
(Rio  Grande),  where  it  is  adobe.  Water  can  be 
obtained  from  artesian  wells.  The  peculiar  climatic 
features  which  render  this  a  desirable  resort  are  the 
extreme  dryness  and  purity  of  the  air,  the  almost 
constant  sunshine,  and  the  mild  winter  temperature. 
The  moderate  elevation,  moreover,  adds  a  freshness 
and  tonicity  to  the  air.  There  is  no  malaria  or  fog, 
and  in  the  winter  the  winds  are  not  high,  though  there 
are  occasional  dust  storms.  The  rainfall  is  very  low. 
averaging  from  nine  to  thirteen  inches  during  the 
year,  falling  principally  in  the  summer,  and  some 
years  there  is  hardly  any  rain  at  all.  The  mean  rela- 
tive humidity  is  thirty-seven  per  cent,  for  the  year, 
and  for  the  season  from  September  to  May  forty- 
nine  per  cent.,  according  to  Hinsdale.  The  average 
monthly  mean  temperature  is:  For  January,  43.8°  F.; 
February,  47.9°;  March,  55.5°;  .\pril,  64.5°;  July, 
81.2°;  and  for  the  year,  63.3°.  There  are  evidently 
not  many  resources  for  the  diversion  of  the  visitor. 
El  Paso  is  reached  by  the  Atchison,  Topeka  and  Santa 
Fe  Railroad. 

In  conclusion,  a  few  words  as  to  the  "northers." 
They  are  cold,  dry  winds  sweeping  down,  as  their 
name  indicates,  from  the  north  or  northwest,  occur- 
ring during  the  winter  at  intervals  of  about  seven 
ilays,   and  lasting  twenty-four  to  forty-eiglit  hours. 


They  are  most  prevalent  and  severe  in  the  northern 
portion  of  the  State.  They  come  suddenly,  and  pro- 
duce a  sudden  marked  lowering  of  the  temperature, 
not  infrequently  reducing  it  from  summer  heat  to  ten  or 
fifteen  degrees  below  the  freezing  point  in  a  few  hours. 
Their  effect  has  been  thus  descnbed:  "Northers  are 
intensely  dry,  and  soon  drink  up  all  the  moisture  on 
the  surface  of  the  earth  and  of  the  objects  xipon  it 
capable  of  yielding  their  humidity.  Croat  thirst  of 
man  and  animals  is  experienced,  with  many  an  itching 
of  the  skin,  a  highly  electrical  condition  of  the  skin 
of  horses  and  cats,  a  wilting  and  withering  of 
vegetation,  even  when  the  temperature  would  not 
account  for  it."  Taylor  considers  their  influence 
invaluable  as  a  sanitarj-  flushing  of  the  country, 
and  that  the  air  following  in  their  track  constitutes 
one  of  the  chief  curative  agencies  in  this  climate, 
acting  as  a  vigorous  tonic.  Edward  O.  Otis. 

Thalassotherapy. — Under  the  broad  heading  of 
thalassotherapy  are  included  all  those  measures  which 
seek  to  utilize  sea-air  and  sea-water  for  remedial 
purposes;  more  specifically,  residence  or  sojourn  at 
the  seaside,  sea-bathing  and  sea-voyages.  The  use 
of  sea-walcr  for  injection  under  the  skin,  is,  perhaps, 
better  under  the  general  head  of  hypodermoclysis  (sa- 
line infusion),  or  that  of  subcutaneous  medication,  but 
for  convenience  may  be  given  brief  corusideration  in 
this  connection.  As  to  sojourn,  bathing,  and  voyages, 
it  is  obvious  that  numerous  factors  other  than  the 
waves  and  the  atmosphere  need  to  be  taken  into  ac- 
count; and  what  is  said  here  is  subject  to  modification 
by  these  factors,  whether  expressed  or  unexpressed. 

Sea  and  Coast  Climates. — From  the  therapeutic 
viewpoint,  sojourn  at  the  seaside  and  ocean  voyages  are 
to  be  treated  as  measures  of  dimntothempy.  We  are 
not  here  concerned  with  the  mere  vacations  or  recrea- 
tions of  the  healthy,  although  these  are  to  be  com- 
mended as  a  means  of  preserving  health.  In  picking 
out  a  suitable  seacoast  climate  or  a  sea  trip  for  inva- 
lids, we  have  to  take  into  consideration  all  of  the 
factors  concerned,  including  the  high  atmospheric 
pressure.  Especially  must  we  determine  whether 
on  the  whole,  the  particular  resort  or  route  under 
consideration  belongs  to  those  which  may  be  classed 
as  sedative  (or  protective)  on  the  one  hand,  or  as 
stimulating  (or  invigorating)  on  the  other.  This  is 
in  great  measure  a  question  of  temperature,  of  pre- 
vailing winds,  and  of  exposure  to  storms. 

There  is  nothing  mysterious  about  the  climate  of 
the  sea  and  coast.  During  the  day,  the  sun's  rays 
penetrate  deeply  into  the  water  and  the  total  amount 
of  heat  absorbed  is  greater  than  on  the  land.  The 
surface  of  the  sea,  however,  continually  loses  heat  by 
evaporation,  and  it  does  not  attain  to  the  temperature 
of  the  surrounding  atmosphere  or  to  that  of  the  sur- 
face of  the  land.  During  the  night,  as  the  uppermost 
layers  of  water  become  cool,  tlie  warmer  layers  be- 
neath rise  and  take  their  place,  and  thus,  by  convection, 
the  surface  of  the  sea  maintains  its  warmth  during  the 
absence  of  the  sun,  better  than  the  surface  of  the  land. 
In  addition,  th^  layer  of  vapor  above  the  sea  tends 
to  check  the  dissipation  of  heat  by  radiation,  and  as  a 
consequence  the  sea  air — that  of  the  oo.ast  to  a  less 
degree,  however,  than  that  of  the  open  sea — exliibits 
as  one  of  its  principal  characteristics  .a  relative  equa- 
bility. It  is  cooler  in  summer  and  warmer  in  winter, 
than  the  atmosphere  of  inland  regions  of  low  or  even 
moderate  altitude;  and  it  is  less  likely  to  exhibit 
violent  fluctuations.  It  is  affected,  however,  by 
storms,  and  shares  to  a  certain  degree  in  the  effect  of 
the  great  "hot  waves"  and  "cold  waves"  to  which 
the  gener.al  American  climate,  at  least,  is  subject. 

The  chief  features  of  a  purely  marine  or  ocean 
climate — that  met  with  upon  an  ocean  voyage — 
besides  equ.ability,  are:  moderate  humidity;  abun- 
dance of  light;  and  freedom  from  dust,  microbcjj  and 
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other  organic  uiui  inorganic  impurities.  The  mean 
relative  humidity  on  the  open  sea  is  73.5  per  cent,  of 
saturation,  and  "the  air  is  generally  less  moist  than 
at  most  seaside  re.sorts.  The  midday  temperature 
is  seldom  higher  than  85°  F.  The  breezes  are  refresh- 
ing, and  even  relatively  high  temperatures  are  less 
distressing  than  an  equal  degree  of  heat  on  the  land. 
It  is  .said  that  even  in  the  tropics  the  heat  at  sea  is 
seldom  felt  to  be  very  oppressive,  except  during  a 
total  calm.  I  have  frequently  observed  that  in 
cases  of  pulmonary  tuberculosis  with  a  tendency  to 
recurring  febrile  movement,  in  which  the  body  tem- 
perature is  easily  affected  by  the  environment,  a 
pyrexia  that  has  been  persistent  and  uncontrollable 
upon  the  land  will  quickly  subside  at  sea.  In  some 
such  cases,  particularly  in  a  voyage  of  some  months, 
the  benefit  is  permanent;  in  others,  more  especially 
when  the  voyage  has  been  short,  recrudescence 
of  high  temperature  may  ensue  shortly  after  returning 
to  terra  firma. 

The  climate  of  small  islands  in  the  midst  of  the 
ocean,  such  as  the  Scilly  Islands,  Puerto  Rico,  Ber- 
muda, and  the  Bahamas,  is  very  much  like  that  of 
the  open  sea.  Larger  islands  as  Hawaii  and  Cuba, 
partake  both  of  the  characteristics  of  the  open  sea 
and  of  those  of  the  coast.  Generally  speaking, 
coast  climates  are  characterized  by  greater  purity  of 
air,  greater  humidity,  and  a  nearer  approach  to  equa- 
bility than  inland  places.  According  to  the  force 
of  the  waves  and  the  character  of  the  shore,  the  air 
is  charged  with  a  varying  quantity  of  salt  spray. 
The  sunshine,  the  impact  of  the  waves  upon  the  beach, 
iind,  to  a  certain  extent,  the  influence  of  the  marine 
vegetation,  tend  to  ozonize  the  atmosphere,  and  in 
certain  regions,  especially  where  animal  life  (includ- 
ing man)  is  not  abundant,  a  distinct  odor  of  ozone 
can  be  recognized.  The  local  winds  are  of  consider- 
able importance.  Their  force  and  direction  vary 
with  the  season  and  many  other  conditions,  which 
cannot  here  be  discussed.  It  is  sufficient  for  present 
purposes  to  recognize  the  value  of  the  constant  move- 
ment of  the  air.  Some  authors  find  in  this  motion 
the  chief  explanation  of  the  stimulating  effects  of 
.seaside  health  resorts.  Beneke,  comparing  the  heat 
loss  of  warm  bodies  in  the  inland  town  of  Marburg, 
at  various  Swiss  mountain  resorts,  and  on  the  little 
island  of  Norderney  on  the  North  Sea  coast,  found  the 
dissipation  of  heat  to  be  most  rapid  at  the  seashore. 
This  eff'ect  is  attributed  in  part  to  the  movement  of 
the  coast  air  and  in  part  to  its  moisture.  Increased 
loss  of  he.at  from  the  human  body  necessitates  in- 
creased heat  production,  and  consequently  in  cool 
seaside  resorts  there  is  a  general  stimulation  of  the 
metabolic   activity. 

F.  Parkes  Weber  divides  seaside  health  resorts 
roughly  into  a  warmer  group,  visited  chiefly  during 
the  winter  (our  protective  climates)  and  a  colder  group, 
used  mainly  for  summer  residence  (our  invigorating 
climates).  The  warmer  group  presents  great  varia- 
tions in  humidity.  Among  the  more  humid  places 
are  Madeira,  the  Canary  Islands,  the  west  coast  of 
Corsica  (Ajaccio),  the  West  Indies,  Bermuda,  Santa 
Catalina  Island,  and  various  resorts-  on  the  coast  of 
Florida.  Among  the  dryer,  but  less  equable  resorts, 
are  San  Diego  and  Coronado  Beach,  and  the  resorts 
of  the  Western  Rivieria.  Among  the  colder  resorts 
are  those  of  the  northwestern  coast  of  Europe,  places 
on  the  Baltic  Sea,  Nova  Scotia,  Cape  Breton,  and 
the  New  England  coast,  especially  northern  Massa- 
chusetts and  Maine.  The  New  Jersey  seaside  resorts 
occupy  a  middle  position,  and  are  available  both  in 
winter  and  in  summer. 

Sojourn  at  the  Se.\side. — A  brief  or  prolonged  resi- 
dence at  the  seaside  may  be  sedative  or  stimulating, 
or  both,  according  to  the  characteristics  of  the  resort 
selected.  As  pointed  out  in  our  preliminary  discus- 
sion, the  warmer  and  more  humid  the  climate,  the 
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greater  will  be  its  sedative  and  protective  qualities; 
the  dryer  and  colder  the  climate,  the  greater  will  bo 
its  stimulating  and  invigorating  qualities,  but  tho 
more  certain  one  must  be  of  the  patient's  powers  of 
resistance  and  reaction.  It  is  also  necessary  to  take 
into  account  in  all  cases — and  particularly  in  cases  of 
kidney  and  blood  affections,  of  diabetes,  of  rheumatoid 
arthritis,  and  the  like — the  possibilities  of  medical 
supervision,  and  the  facilities  for  the  application  of 
the  various  measures  of  physiologic  therapeutics 
(heat,  light,  electricity,  massage,  etc.)  including  the 
dietetic  treatment.  Other  non-climatic  considera- 
tions, always  of  importance,  are  the  sort  of  accom- 
modations available  in  relation  to  the  patient's  means, 
the  character  of  the  company  likely  to  be  met  with  at 
hotels  or  elsewhere,  the  opportunities  for  wholesome 
and  desirable  sports,  recreations,  and  amusements. 

Indications. — Seaside  air  is  of  benefit  not  only  to 
poorly  developed  and  "pasty"  infants  and  children, 
but  also  in  most  conditions  of  debility,  malnutrition, 
and  secondary  anemia  at  any  age;  thus  in  cases  of 
fatigue  or  breakdown  from  overwork,  physical  and 
mental;  in  neurasthenia;  in  rachitis  and  scrofula;  in 
syphilitic,  malarial  and  other  cachexias;  in  tubercu- 
losis of  bones  and  joints,  in  glandular  tuberculosis, 
and  in  selected,  afebrile  cases  of  early  pulmonary 
tuberculosis;  as  well  as  in  convalescence  from  acute 
diseases.  According  to  the  cause  and  degree  of  the 
debility,  and  the  original  vigor  of  the  patient's  con- 
stitution, a  warmer  or  colder  resort  is  to  be  selected. 
In  chronic  affections  of  the  respiratory  tract,  other 
than  tuberculosis,  and  especially  in  aged  persons,  the 
warmer  climates  are  to  be  preferred,  at  least  until 
there  has  been  distinct  improvement.  In  subacute 
cases,  in  sufficiently  young  and  vigorous  persons, 
resorts  of  the  middle  type,  such  as  Atlantic  City,  may 
be  better.  A  "cold"  or  "cough"  that  has  hung  on 
for  weeks  may  disappear  after  a  few  day's  stay  at 
resorts  of  this  class.  In  whooping-cough,  while  all 
symptoms  are  ameliorated,  and  the  general  strength 
better  conserved,  the  course  of  the  malady  is  rarely 
shortened.  Nevertheless,  when  at  all  possible,  patients 
should  be  sent  to  the  shore  for  the  benefits  mentioned. 
Some  persons  enjoy  exemption  from  hay-fever  and 
asthma  at  certain  seacoast  places  and  suffer  at  others; 
while  other  individuals  are  not  benefited,  or  may 
even  be  made  worse  when  at  all  near  to  the  sea. 
Each  case  is  a  study  in  itself.  In  chronic  affections 
of  the  kidney  and  bladder,  and  in  severe  or  advanced 
diabetes  mellitus,  especially  in  persons  below  middle 
age,  the  warmer  and  relatively  dryer  resorts  are  best; 
but  persons  of  any  age,  with  but  a  moderate  degree  of 
saccharine  diabetes  may  visit  the  cool  resorts  in  sum- 
mer, and  the  resorts  of  medium  temperature  at  almost 
any  time  of  year — except  perhaps,  the  month  of 
March.  The  arthritic  affections  present  a  difficult 
problem.  Speaking  broadly,  gout,  rheumatism,  and 
rheumatoid  arthritis  are  all  exaggerated  at  the 
seashore;  and  the  colder  the  place,  the  worse  is  the 
exacerbation  likely  to  be.  But  there  are  many 
individual  exceptions  to  the  rule.  Certain  persons 
suffering  with  the  condition  that  J.  M.  DaCosta  called 
"half-gout"  or  "American  gout"  and  which  is 
frequently  termed  uratism,  uric  acid  diathesis,  or 
lithemia,  may  be  greatly  benefited  by  the  increased 
oxidation  and  excretion,  the  general  metabolic  quick- 
ening, of  seaside  residence;  and  even  by  sea  bathing, 
if  a  dry,  warm  or  medium  climate  be  chosen.  Rheu- 
matoid arthritis,  too,  may  be  improved  in  dry,  sunny, 
seashore  resorts.  The  individual  case  must  be  care- 
fully studied,  and  the  particular  resort  chosen  with 
due  regard  to  all  factors.  Both  sleeplessness  and 
excessive  somnolence,  considered  merely  as  symptoms 
and  apart  from  their  causes,  are  sometimes  relieved 
by  a  radical  change  of  climate;  and  for  some  persons 
a  seashore  resort  is  beneficial.  The  effect  is  not 
specific,  but  depends  on  the  general  heightening  of 
nutrition   and   nerve   tone,   and   upon   the  psychic- 
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stimulus.  As  to  nerve  disorders  and  affections  in 
general,  diseases  of  the  skin,  of  the  liver,  of  the 
gastroenteric  tract,  of  the  circulatory  organs,  of  the 
uterus,  etc.,  it  is  a  question  of  the  absence  of  counter- 
indications,  rather  than  of  direct  indication.  If  the 
particular  affection  is  not  one  of  those  aggravated  by 
sea-ai  ror  by  moisture  in  general,  and  if  the  patient  ex- 
hibits no  individual  intolerance,  then  seacoast  resorts 
may  be  taken  into  consideration  among  others,  when 
climatic  treatment  is  deemed  advisable.  A  warm  or 
cold,  a  relatively  dry  or  humid  climate  must  then  be 
selected  according  to  the  necessities  of  the  special  case. 
Counlerindications. — Certain  affections  are  always 
aggravated  and  certain  persons  always  harmed  by 
residence  at  the  seashore.  Benjamin  Franklin  long 
ago  pointed  out  the  difference  between  the  open  sea 
or  a  small  island  swept  by  seabreezes,  and  points  upon 
the  coast  sharing  both  sea  and  land  conditions.  He 
made  the  acute  observation  that  residence  upon  the 
north  Atlantic  coast  of  the  American  Colonies  (after- 
ward the  United  States)  invariably  injured  consump- 
tives. Early  tuberculosis  of  the  lungs  was  not  then 
commonly  recognized,  and  w-e  have  already  mentioned 
it  among  conditions  sometimes  ameliorated  at  the 
seaside.  But  when  there  is  fever,  or  a  persistent 
tendency  thereto,  or  when,  in  either  acute  or  chronic 
cases,  moist  rales,  signs  of  cavities,  or  any  other  in- 
dications of  active  pathologic  processes  in  lungs  or 
throat  are  present,  the  tuberculous  person  is  always 
made  worse  by  seacoast  air.  In  convalescents,  or 
persons  with  cjuiescent  lesions,  latent  tendencies  to 
activity  and  liquefaction  may  be  reawakened.  These 
facts  need  emphasis.  Florida,  Madeira,  the  Riviera, 
and  similar  resorts  are  responsible  for  the  death  or 
lingering  illness  of  manj'  consumptives  who  might 
have  recovered  at  suitable  inland  stations — warm  or 
cold,  high  or  low,  protective  or  invigorating — but 
at  all  events  dry.  Neuralgic  conditions,  neuritis,  rheu- 
matism, and  gout  are  commonly  made  worse  by  sea- 
air.  So,  too,  a  tendency  to  profuse  menstrual  flow  is 
often  aggravated.  In  most  cases  of  chronic  gastro- 
enteric affections  the  general  improvement  of  nutri- 
tion helps  recovery  from  the  local  trouble;  but  in  some 
cases  every  symptom  becomes  more  intense.  This 
exacerbation  is  especially  frequent  in  persons  of 
erethistic  temperament,  and  at  stimulating  resorts. 
Thus  certain  individuals  may  improve  in  Florida, 
who  would  become  worse  in  Maine.  On  the  other 
hand,  persons  of  sluggish  circulation  and  geneial 
apathism,  do  badly  in  the  warm,  sedative  resort  and 
find  the  necessary  impulse  to  recovery  in  the  colder 
and  more  invigorating  region.  This  is  the  great 
advantage  of  seaside  homes  for  convalescents  and 
seaside  sanatoria  for  children,  at  such  places  as 
Atlantic  City  on  the  one  hand  and  Ventnor  in  the 
Isle  of  Wight,  on  the  other.  The  selection  must  be 
made  carefuUj'. 

Sea  Bathing. — The  benefits  derived  from  surf 
bathing,  beyond  those  attributable  to  mere  sojourn 
at  the  seaside,  depend  in  the  main  upon  three  factors : 
(a)  immersion  in  brine  containing  about  three  to 
four  per  cent,  of  solids — chiefly  sodium  chloride,  with 
various  other  haloid  compounds  and  potassium  and 
magnesium  carbonates  and  sulphates  in  smaller  pro- 
portion; (6)  the  impact  of  the  waves  upon  the  surface 
of  the  body;  (r)  the  motion  (muscular  and  neural  ex- 
ercise) of  the  body  in  wading,  jumping,  swimming,  etc. 
In  addition,  there  are  the  psychic  effects  of  the  sport, 
especially  when  there  is  a  merry  company;  and  the 
physical  effects  of  exposure  to  sunshine,  and,  often,  of 
romiiing  ujjon  the  beach.  This  latter,  also,  is  attended 
with  mental  exhilaration. 

The  coinpositinn  of  sea  water  differs  widely  in 
different  places,  both  as  to  constituents  and  per- 
centages. For  example,  the  amount  of  saline  matti-r 
in  the  water  of  the  Red  Sea  and  that  of  the  Mediter- 
ranean Sea  is,  according  to  Lersch,  from  3.2  to  4.1  per 


cent.;  in  the  Atlantic  Ocean  from  3.0  to  3.7  per  cent.; 
in  the  North  Sea  from  3. 1  to  3.4  per  cent. ;  in  the  Black 
Sea,  1.7  per  cent.;  in  the  .Sea  of  Asov,  1.1  per  cent. 
Similar  qualitative  differences  exist. 

A  brine  solution  for  an  artificial  sea-bath,  lacking  of 
course  all  the  other  elements,  may  be  made  by  dissolv- 
ing from  eight  to  sixteen  pounds  of  sodium  chloride  or 
of  mixed  salts  such  as  arc  sold  under  the  name  of  "sea- 
salt"  in  an  ordinary  "bathtub-fuU"  (thirty  to  forty 
gallons)  of  water.     A  good  formula  for  "sea-salt"  is: 

Sodium  chloride,  4  kiloKram.s  (8  pounds) 
.Sodium  sulphate,  2  kilograms  (4  pounds) 
Calcium  chloride,  OS  kilogram  (1  pound) 
Magnesium  chloride,  1.5  kilogratns  (3  pounds) 

ffir  159  liters  of  water  (say  forty  gallons),  making  ap- 
proximately a  a.3  per  cent,  brine. 

The  temperature  of  the  water  must  be  taken  into 
consideration,  and  this  varies  not  only  with  the 
situation,  but  also  with  the  season,  the  day,  the  hour. 

At  Atlantic  City,  N.  J.,  the  mean  temperature  of 
the  surf  water  varies  .seasonallv  as  follows:  Januarv, 
.3.5.8°  F.  (2.1°  C);  March,  39.7°  F.  (4.3°  C);  MaV, 
56.2°  F.  (13.4°  C.) ;  Julv,  72.1°  F.  (22.3°  C.) ;  September, 
71.1°  F.  (21.7°  C);  November,  52.3°  F.  (11.3°  C). 

At  Coronado  Beach,  California,  the  water  of  the 
Pacific  Ocean  has  the  following  mean  temperatures: 
January,  .56.0°  F.  (13.5°  C.) ;  March,  60.0°  F.  ( 15..5°  C.) ; 
May,  68.0°  F.  (20.0°  C);  Julv,  74.0°  F.  (23.3°  C); 
September,  73.0°  F.  (22.5°  C);  November,  61.0°  F. 
(16.0°  C).  Maximum  78.0°  F.  (25.5°  C.)  in  August; 
minimum  46.0°  F.  (7.8°  C.)  in  January. 

The  Adriatic  water  at  Abbazia  has  a  mean  tem- 
perature of  64°  F.  (17.8°  C.)  in  May;  of  73.6°  F.  (23.1° 
C.)  in  June;  of  79.7°  F.  (26.5  °C.)"in  Julv;  of  77.3°  F. 
(25.2°  C.)  in  August;  of  68.2°  F.  (20.1°  C.)  in  Septem- 
ber; of  61°  F.  (16.1°  C.)  in  October. 

So,  too,  the  movement  of  the  water,  depending  upon 
the  ebb  and  flow  of  the  tide,  the  prevailing  winds, 
the  character  of  the  coast,  and  other  local  conditions, 
is  quite  different  at  different  places.  Thus  on  the 
shore  of  the  Baltic  Sea  and  that  of  the  Mediterranean 
Sea,  the  surf  is  less  active  than  that  of  bathing  resorts 
upon  the  North  Sea  and  upon  the  Atlantic  Ocean. 
But  again,  no  general  characterization  can  be  applied 
throughout.  One  part  of  a  given  coast  differs  from 
other  parts;  the  various  bays  and  sounds  differ  from 
the  open  sea  and  from  one  another;  and  the  conditions 
of  to-day  at  any  one  place  may  be  vastly  different 
from  those  of  yesterday. 

The  nature  of  the  beach  and  the  character  of  the  soil 
are  of  importance.  A  gently  sloping  beach  of  fine 
pebbles  or  sand  is  more  suitable  for  surf  bathing, 
especially  in  the  case  of  invjilids,  then  a  steep,  rugged 
coast.  This  characteristic  gives  to  the  sea-bathing 
resorts  of  middle  and  southern  New  Jersey  their 
deserved  popularity. 

Effects  of  Surf  Bathing. — The  temperature  of  the 
sea  water  being  always  less  than  that  of  the  body,  the 
fundamental  effects  of  the  sea-bath  are  those  of  an 
external  application  of  cold  water.  These  are 
brought  about  primarily  by  peripheral  stimulus; 
secondarily  by  a  complex  series  of  reactions,  mediated 
by  the  autonomic  nerve  system,  and  chiefly  by  the 
vasomotor  nerves.  So  long  as  the  duration  of  the  bath 
does  nt)t  exhaust  the  reactive  powei  of  the  organ- 
ism, the  summation  of  the  results  is  in  the  direction 
of  the  secondary  effects;  in  brief,  an  acceleration 
of  the  circulatory  and  metabolic  processes.  Too 
prolonged  immersion,  however,  is  followed  by  per- 
ipheral vascular  paresis  and  central  congestion,  with 
general  nutritional  depression.  The  cold  brine  bath, 
however,  can  be  endured  longer  than  the  bath  of 
ordinary  cold  water,  because  the  irritation  of  cutane- 
ous nerve-endings  by  the  salt  tends  to  heighten  and 
linilong  the  reactive  processes.  The  cold  sea-brino 
bath  h;vs  the  further  advantage  of  the  synercistic 
action  of  the  recurrent  mechanical  stimulus  afforded 
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by  tho  \v:ivi'-iinpacts ;  to  which  is  added  the  effect 
of  exercise  in  maintaining  the  augmented  blood  supply 
to  the  skeletal  muscles,  as  well  a^  the  increased  cardiac 
and  respiratory  activity.  The  psychic  stimulus 
moreover,  lowers  the  threshold  of  autonomic  excita- 
bility, and  thus  the  (juantitative  results  of  the 
other  factors  are  greatly  increased. 

Hence,  the  general  effect  of  surf  bathing  may  fairly 
be  described  as  follows:  On  entering  the  water  there 
is  a  brief  period  of  chilly  sensation,  characterized  by 
contraction  of  the  blood-vessels  of  the  skin,  with 
protective  dilatation  of  those  of  the  skeletal  muscles 
and  protective  clonic  muscular  contractions  (shiver- 
ing). The  reaction  quickly  follows.  It  is  charac- 
terized by  a  distinct  sense  of  well-being,  mental  and 
physical;  there  is  active  hyperemia  of  the  skin  with 
increased  vigor  and  volume  of  general  circulation. 
The  i)ul.se  rate  first  rises  and  then  falls.  Respiration, 
at  first  accelerated,  is  soon  slowed  and  deepened;  the 
gaseous  exchanges  are  augmented.  Increased  heat 
production  is  necessitated,  and  to  supply  this,  the 
general  processes  of  metabolism  are  accelerated. 
In  consequence,  appetite  is  stimulated  and  weight 
increases.  Finally  there  results  increased  urinary 
excretion,  both  of  water  and  of  solids,  the  increase 
affecting  chlorides,  sulphur  and  nitrogen  in  approxi- 
mately equal  degree,  while  phosphatic  excretion 
diminishes.  A  special  effect,  not  readily  explicable 
but  observed  with  sufficient  regularity  to  warrant  its 
.statement,  is  a  .stimulation  of  the  lymphatic  system, 
and  especially  of  its  "resolvent"  or  "absorptive" 
activities,  so  that  in  so-called  scrofulous  children, 
pathologically  enlarged  glands  are  much  diminished  in 
size,  and  may  even  cease  to  be  demonstrable. 

Precautions  in  Surf  Bathing. — -The  amount  of  heat 
abstracted  from  the  surface  of  the  body  by  a  cold 
sea-bath  is  much  greater  than  is  ordinarily  realized, 
owing  to  the  chemical,  mechanical,  muscular  and 
psycliic  stimuli  which  quicken  and  heighten  the  reac- 
tion, and  thus  obviate  or  overcome  the  sensation  of 
coldness.  According  to  Killer,  the  dissipation  of  heat 
exceeds  that  of  a  still  bath  at  the  same  temperature 
by  one-third  or  more,  according  to  the  velocity  of  the 
waves.  Zimmerman  found  a  reduction  of  0.3°  F. 
(0.1,5°  C.)  in  body  temperature  (previously  normal)  in 
a  resting  man,  twelve  minutes  after  a  surf  bath  at 
Heligoland,  where  the  average  temperature  of  the 
North  Sea  water  is  in  May,  48°  F.  (8.9°  C),  and  in 
August  only  63.1°  F.  (17.3°  C).  It  is  necessary 
therefore,  especially  in  places  where,  and  at  times 
when,  the  water  is  decidedly  cold,  not  only  to  limit 
the  duration  of  the  bath  to  a  very  few  minutes,  but 
also  to  be  cautious  about  beginning  a  course  of  surf- 
bath  treatment  for  children,  weak  or  delicate  persons, 
or  chronic  invalids.  These  persons,  or  timid  indi- 
viduals, should  indeed,  in  general,  begin  with  still 
baths  of  warmed  sea  water  in  the  house,  or  at  a  bath- 
ing establishment,  and  be  gradually  habituated  to 
lower  temperatures. 

Everyone  should  avoid  bathing  when  fatigued, 
overheated,  or  exhausted.  It  is  a  mistake  to  rush 
from  the  train  to  the  bath-house,  and  from  the  bath- 
house to  the  sea,  after  a  hot  day  in  the  city.  The 
best  time  to  bathe  is  in  the  morning,  and  not  for  at 
least  two  hours,  and  preferably  three  hours,  after  eat- 
ing. After  the  bath,  one  who  is  under  treatment 
should  not  dally  on  the  shore,  but  should  dry  the 
body  briskly  and  with  energetic  friction;  preferably  in 
a  bathing  room  where  the  nude  body  may  be  exposed 
to  direct  sunlight.  Persons  who  are  bathing  for 
sport  only,  or  those  who  are  well  advanced  in  con- 
valesence,  may,  under  suitable  climatic  and  weather  con- 
ditions, play  about  on  the  beach  for  a  reasonable  time. 

Some  individuals  also  react  poorly  to  surf  bathing 
under  any  circumstances,  and  should  not  attempt  to 
continue  it. 

Ivisch  states  that  one  "whose  skin  becomes  unusu- 
ally red"  is  in  special  danger,  and  should  leave  the 
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water  at  once,  and  abandon  the  treatment.  "The 
observation  of  sudden  death  following  a  sea-batli  on 
the  part  of  such  persons,  justifies  the  assumption 
that  the  intense  redness  of  the  skin  indicates  paralysis 
of  the  vasomotor  nerves,  and  that  shortly  after 
cessation  of  the  bath  there  occurs  suddenly  a  marked 
increase  in  the  supply  of  blood  to  the  brain,  with  con- 
sequent   cerebral    pressure    and    general    paralysis." 

Seasons. — The  season  for  courses  of  sea-baths  will 
depend  on  the  local  climatic  conditions  and  the  tem- 
perature of  the  water.  The  temperature  of  the 
atmosphere  should  not  be  less  than  that  of  moderate 
summer  heat;  and  this  should  have  been  present 
sufficiently  long  for  the  water  to  have  a  constant 
temperature  of  not  less  than  59°  to  60°  F.  (15°  C). 

Duration. — The  duration  of  a  bath  depends  upon 
the  temperature  of  the  air  and  water,  the  force  of  the 
waves,  and  the  age,  condition  and,  especially,  the 
general  vigor  of  the  individual.  The  colder  the  day 
and  the  water,  the  rougher  the  sea  and  the  weaker 
the  bather,  the  shorter  should  be  the  stay.  In  the 
more  northerly  resorts  of  Europe  and  America,  from 
three  to  five  minutes  is  enough  for  all  but  the  most 
robust  persons — certainly  for  invalids.  Sometimes 
a  very  brief  immersion — exposure  to  two  or  three 
waves — may  be  sufficient  to  induce  the  desired  reac- 
tion. In  some  cases  friction  with  the  cold  sea-w.ater 
is  preferable  to  the  surf  bath.  In  more  soutlierly 
resorts,  for  example,  tho.se  upon  the  Mediterranean 
coast,  during  the  warm  season,  half  an  hour  may  not 
be  too  long.  At  resorts  occupying  a  middle  position, 
as  Atlantic  City  and  Cape  May,  ten  or  even  fifteen 
minutes,  is  often  permissible. 

Frequency. — Strong,  resistant,  and  healthy  men 
may  bathe  in  the  surf  twice  daily  without  injury,  and 
sometimes  with  apparent  benefit;  but  invalids  should 
not  indulge  in  sea-baths  more  than  once  a  day,  and 
much  debilitated  persons  may  have  to  be  restricted 
to  one  sea-bath  in  two,  or  even  three  days. 

Indications. — Surf  bathing  is  indicated  as  a  stimu- 
lant and  roborant  measure  in  most  conditions  charac- 
terized by  debility  and  malnutrition,  including  even 
certain  milder  types  of  diabetes  mellitus.  The 
warmer  resorts  and  climates,  and  the  situations 
where  the  waves  are  of  only  moderate  force  are  the 
more  suitable  for  such  diabetics,  as  well  as  for  anemic 
individuals,  neurasthenics  and  hysterical  persons,  and 
scrofulous  children  with  enlarged  glands.  Warmed 
sea-water  baths  may  likewise  be  employed  for  such 
persons  in  any  climate,  and  are  especially  useful,  in 
lieu  of  surf  bathing,  in  the  treatment  of  much  en- 
feebled persons  with  impaired  nutrition  for  whom 
the  benefits  of  the  sea  air  are  also  desired.  The 
colder  climates  and  baths  may  be  prescribed  for 
persons  of  good  constitution  who  are  run  down  from 
overwork,  or  who  are  fairly  advanced  in  convalescence 
from  some  acute  disease,  which  has  induced  a  tran- 
sient debility.  The  "middle  type"  resorts,  well 
illustrated  by  Atlantic  City,  suit  both  classes  of 
patients  fairly  well;  the  needed  care  being  taken  as 
to  season  of  year,  duration  of  bath,  etc. 

Counterindications. — Sea-baths  of  any  kind  are 
counterindicated  by  extreme  debility;  by  rheumatic 
and  neuritic  affections  attended  with  pain;  by  uncom- 
pensated or  poorly  compensated  affections  of  the 
heart;  by  distinct  cardiac  myopathy  or  marked  val- 
vular or  arterial  disease,  even  if  fairly  compensated; 
by  advanced  disease  of  the  liver  or  kidneys;  by  many 
forms  of  tuberculosis,  especially  in  pulmonar_v  cases 
in  which  there  is,  or  has  recently  been  softening,  or 
in  which  there  is  a  tendency  to  recurrent  febrile  exacer- 
bation. They  should  also  be  avoided  just  before, 
during,  and  ju.st  after  menstruation,  and  by  women 
distinctly  advanced  in  pregnancy.  The  cold  baths 
are,  in  addition,  especially  counterindicated  in  the 
presence  of  conditions  predisposing  to  hemorrhage 
of  any  kind,  and  in  the  aged,  especially  when  there 
is  risk  of  cerebral  hemorrhage;  in  all  cases  of  valvular 
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disease  of  the  heart,  of  arteriosclerosis,  of  cholelithia- 
sis- and  in  persons  exhibiting  a  tendency  to  hepatic 
and  renal  congestion,  or  to  gastric  or  gastroenteric 
catarrh;  in  asthmatics,  and  in  many  of  those  who 
have  a  tendency  to  recurrent  attacks  of  bronchitis, 
especially  if  advanced  in  years.  They  are  also  to  be 
avoided  by  the  emaciated,  by  profoundly  anemic 
persons,  and  by  those  recently  convalescent  from 
severe  disease. 

StJBCUTAXEOCS       IxjECTION       OF      Sea-tvater. — The 
water  is  collected  under  aseptic  precautions,  from  the 
open  sea,  at  a  point  forty  or  more  miles  from  shore,  i.e. 
remote  from  rivers  and  other  sources  of  pollution.     It 
is  to  be  taken  from  a  depth  of  about  five  fathoms. 
run  through  a  bacteria-proof  (Berkefeld)  filter,  and 
placed  in  sterile  containers,  properly  sealed.     Heat  is 
inehgible  for  sterilization,  as  it  dissociates  the  bicarbo- 
natesanddestroysthenaturalequilibriumof  the  liquid. 
Also  upon  standing,  carbon  dioxide  is  lost  and  some  of 
the    salts    precipitated.      The    sea-water,    therefore, 
should  be  used  promptly  (within  a  week)  after  collec- 
tion.    It  may  be  injected  subcutaneously  uithout  dilu- 
tion if  the  quantity  employed  does  not  exceed  five  mils 
(cubic  centimeters) .    Larger  amounts  should  be  diluted ; 
and  for  this  purpose  potable  water  is  preferable  to 
distilled  water.     The  diluent,  of  course,  is  to  be  fil- 
tered, and  if  necessary,  sterilized  by  heat ;  or  the  sterile 
diluent  mav  be  added  on  ship-board,  and  the  mixture 
filtered  and  sealed  in  the  sterile  bottles.     The  pro- 
portion recommended  is  about  two  parts  of  sea-water 
to  4.50  or  five  parts  of  spring  water  (varying  somewhat 
with  the  location  and  depth  of  the  source,  and  with  the 
specific  gravity  of  the  diluent).     This  gives  a  fluid 
approximately  isotonic  with  physiologic  salt  solution. 
It  should  have  a  specific  gravity  of  about  1,008  to 
1,009  and  a  freezing  point  of  A  O..5o  to  0.56.     It  may 
be  emploved  in  the  same  quantities  and  for  the  same 
purposes  as  the  ordinary  saline  infusion  and  is  said  by 
its  advocates   to  be   far  superior  to  the  latter  in  all 
septic  cases — for  example,  puerperal  infection,  tjTjhoid 
fever,  pneumonia,  and  especially  the  enterocolitis  of 
infants.     It   is   chiefly   recommended  in  the  smaller 
doses  (3-5  mils   undiluted;   or  in  the  dilute  solution 
100-300  mils  for  adults,  and  for  infants  up  to  50  or 
100  mils)  in  the  treatment  of  acne,  eczema,  furuncu- 
losis,  and  other  chronic  and  obstinate  aff'ections  of  the 
skin,   and    as   a   corrective    of  metabolic  errors   and 
general  stimulus  to  nutrition  in  chronic  constipation 
with  enterointoxication,  rheumatism,  gout,  catarrhal 
affections,  arthritis  deformans,  neurasthenia,  diabetes 
mellitus,    tuberculosis,     scrofula,     rachitis,     delayed 
convalescence,  and  other  conditions  associated  with 
anemia  and  debility.     Both  quantity  and  frequency  of 
injection  depend  upon  the  character,  especially  the 
chronicity   of   the    case,    and   the    results    observed. 
In  acute"  infections  relatively  large  amounts  may  be 
given  once,  twice,  or  even  three  times  daily.     The 
smaller   quantities   are   used   in   chronic    conditions, 
once,  twice,  or  three  times  weekly.     Wliile  there  can 
be  no  question  as  to  the  advantage  of  the  treatment 
in  certain  cases — chiefly  of  infection  with  toxic  symp- 
toms,   and    of    sluggish    tissue    changes— the    great 
drawback  is  the  difficulty   of  obtammg  a   constant 
supply  of  the  fluid:  and  until  there  is  a  greater  demand 
for  it  in  the  United  States,  physicians  here  can  scarcely 
look  to  the  commercial  houses  for  that  supply.     The 
expense  of  procuring  a  special  supply  for  an  mdividual 
case,  once  in  a  while,  is  almost  prohibitive. 

Sea  Voyages.— Therapeutically,  sea  voyages  may 
be  divided  into  three  groups: 

1.  A  voyage  incidental  to  a  change  of  re.-^idence  or 
climate,  or  to  a  business  or  pleasure  trip.  Voyages  of 
this  class  are  usually,  though  not  always,  short,  and 
apart  from  perils  or  discomforts  of  the  particular 
voyage,  need  to  be  .studied  only  from  the  viewpoint 
of  "possible  counterindications  in  the  special  case  of  a 
weak  or  delicate  person,  or  one  who  has  borne  previ- 


ous sea  trips  badlj',  or  of  an  invalid  affected  with  some 
lesion  rendering  the  voyage  hazardous.  Such  counter- 
indications  will  be  mentioned  in  the  general  discu.ssion. 

2.  A  voyage  undertaken  as  a  restorative  mea.iure  in 
the  case  of  an  individual  patient.  Voyages  of  this 
class  are  to  be  studied  from  all  po.ssible  viewpoints, 
meteorologic,  geographic,  climatic,  epidemiologic, 
therapeutic.  The  time  of  year,  the  special  trip,  the 
ship,  the  disease,  the  patient  and  his  companions, 
must  be  given  careful  consideration;  and  indications 
and  counterindications  are  to  be  weighed  against  one 
another.  Thus,  voyages  around  Cape  Horn  in  the 
winter  of  the  southern  hemisphere  are  to  be  avoided 
for  invalids;  ports  in  which  bubonic  plague,  cholera, 
yellow  fever,  etc.,  are  likely  to  be  encountered,  must 
be  stricken  from  the  itinerary ;  and  similar  que-stions 
of  route  and  season  are  always  to  be  examined  in 
detail. 

In  this  article  space  will  not  permit  more  than  casual 
allusion  to  a  few  special  voyages. 

3.  A  voyage  forming  part  of  a  scheme  of  climatic  or 
other  treatment.  Voyages  of  this  class  stand  midway 
between  the  other  classes,  and  certain  discomforts  not 
otherwise  permissible,  or  other  more  serious  counter- 
indications,  may  be  outweighed  by  the  benefits 
expected  from  the  measures  to  which  the  sea-trip  is 
a  necessary  introduction. 

Factors  Other  than  Climatic. — The  prolonged  mental 
rests  and  the  complete  change  of  surroundings  inci- 
dent to  a  sea  trip  of  moderate  length  are  factors  of  no 
mean  value  in  the  sum  total  of  restorative  effects. 
On  the  other  hand,  in  very  long  voyages,  the  mono- 
tony mav  become  wearisome,  and  this  contingency 
must  be  "provided  against.  Ship,  time  of  year,  pro- 
posed voyage,  and  cost  may  not  always  correspond 
with  desire.  Light  and  air,  while  abundant  and  pure  on 
deck,  are  not  always  so  in  the  cabins.  The  food  may 
not  be  suited  to  the  needs  of  invalids,  and  the  absence 
of  fresh  milk,  fresh  fruits,  fresh  vecetables.  is  often 
a  serious  drawback.  Some  individuals  are  peculiarly 
susceptible  to  seasickness,  and  others  suffer  with 
deranged  metabolism  during  the  greater  part  of  the 
trip.  Women  generally  feel  the  duscomforts  of  life 
on  shipboard  more  than  men  do,  and  can  seldom  be 
advised  to  take  prolonged  voyages.  It  is  necessary 
in  everj-  case  to  exercise  great  care  in  the  selection  of 
ship,  master,  and  route,  to  inspect  the  sleeping  cabins 
and  general  accommodations,  and  to  be  sure  that  the 
dietetic  arrangements  are  good. 

Other  things  being  equal  (which  is  rarely  the  case), 
well-equipped  sailing  vessels  are  to  be  preferred  to 
steamers.  No  therapeutic  voyage  should  be  under- 
taken in  a  ship  that  lacks  a  trustworthy  doctor 
unless  the  invalid  be  himself  accompanied  by  a 
medical  man.  In  some  cases,  an  experienced  attend- 
ant, and  perhaps  a  personal  physician,  arc  nccessar>' 
even  when  the  ship  ha,s  a  good  medical  officer.  '\\  hen 
the  patient  owns  a  seagoing  yacht,  most  difl!iculties 
vanish;  and  Sir  H.  Weber  has  suggested  ships, 
specially  built,  equipped  and  officered  as  ocean  .tana- 
torium.'i,  to  be  sent  on  well-selected  voj-ages  according 
to  season. 

In  the  article  on  Xatipafhin,  the  general  precautions 
necessary  to  therapeutic  voyages  have  been  considered. 
Here  it  may  be  emphasized  in  repetition  that  the  pure 
air  of  the  deck  is  preferable  to  the  stuffy  atmosphere 
of  cabins;  that  exercise  is  necessary:  that  exposure  to 
the  sun  is  usually  beneficial;  that  the  skin  should  be 
cared  for  bv  regular  and  systematic  baths,  frictions, 
etc.  In  addition  to  the  care  necessary  in  choosing 
vessel  and  cabin,  regard  must  be  had  to  the  provision 
of  congenial  companionship  and  of  sources  of  intel- 
lectual interest  as  the  inclination  to  mental  activity 
returns.  ,       .     ^        » 

Indications. — Short  voyages  of  from  five  to  twenty 
days  are  useful  chiefly  to  "give  mental  and  physical  rest 
and  recreation,  and  "to  prevent  relapse  or  other  acci- 
dent after  convalescence  from  depressing  affections, 
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as  influenza.  Voyages  of  moderate  length,  twenty  to 
sixty  days,  are  "sometimes  followed  by  strikingly 
good  results  when  more  jjrolonged  rest  is  needed  as  in 
breakdowns  from  overwork,  in  irritable  conditions  of 
the  nervous  system,  even  in  actual  neurasthenia  when 
the  patient  has  good  resisting  power.  Such  voyages 
arc  often  beneficial,  too,  in  certain  cases  of  asthma,  in 
the  conditions  termed  "scrofulous,"  in  chronic  tend- 
encies to  "catching  cold,"  in  suspected  or  actual 
pulmonary  tuberculosis. 

In  chronic  catarrhal  conditions  of  the  upper  air  pas- 
sages, in  chronic  rheumatic  states,  and  sometimes  in 
gouty  conditions  and  even  in  chronic  rheumatoid 
arthritis,  voyages  to  warm  climates,  as  a  winter  trip 
to  Mediterranean  or  Caribbean  waters,  may  be 
advised.  It  is  said  that  hay  fever  has  been  observed 
at  sea,  but  the  occurrence  must  be  so  rare  that  its 
possibility  may  be  disregarded  and  the  general  tonic 
effect  of  the  ocean  climate  upon  those  susceptible 
to  this  affection  is  highly  desirable.  Some  chronic 
forms  of  diabetes  mellitus  in  middle-aged  or  elderly 
patients  are  ameliorated  by  ocean  trips,  especially 
those  to  warm  climates  in  the  winter. 

The  special  trips  of  three  and  four  months  to  north 
European  waters  in  the  summer  and  to  Mediterra- 
nean and  Oriental  waters  in  the  winter,  made  by 
well-equipped  vessels  and  including  in  their  itineraries 
stops  at  various  important  ports,  are  to  be  classed 
therapeuticalh-  with  voyages  of  moderate  duration, 
and  are  especially  to  be  commended  to  convalescents 
and  those  needing  rest   and  recreation. 

Prolonged  voyages  of  three  months  or  more  on  the 
open  sea,  are,  however,  to  be  advised  only  when  the 
patient  is  known  to  be  a  good  sailor,  is  not  too  severely 
ill  or  too  weak  to  undergo  some  discomforts,  and  has 
a  fair  degree  of  resisting  power,  as  well  as  good  diges- 
tive and   eliminative   functions. 

Such  a  voyage — that  to  Australia,  for  example — 
is  to  be  advised  chiefly  for  those  who  especially 
enjoy  the  sea,  for  dipsomaniacs  and  drug  slaves, 
and  in  certain  cases  of  pulmonary  tuberculosis.  It  is, 
indeed,  in  suitable  cases  of  pulmonary  tuberculosis 
that  well-chosen  voyages  are  most  to  be  urged;  some- 
times as  a  means  of  recovery,  sometimes  as  a  means 
of  palliation  and  of  prolonging  life.  It  must  be  re- 
peated, however,  that  the  open  sea  is  one  thing,  and 
the  seashore  another.  The  latter — at  least  the  Atlantic 
coast  of  the  United  States — is  to  be  avoided  like 
poi.son  in  every  case  of  pulmonary  tuberculosis  in 
■which  there  is,  or  recently  has  been,  excavation,  soft- 
ening, or  persistent  high  temperature,  or  in  which 
there  is  a  marked  tendency  to  active  tissue  changes; 
while  just  in  such  eases  a  sea-voyage  (or  sojourn 
on  a  small  island  open  to  sea  breezes  from  all  direc- 
tions, and  so  far  from  shore  that  no  land  breeze 
reaches  it — virtually  therefore,  a  big  boat  at  an- 
chor) may  be  helpful,  even  to  the  point  of  induc- 
ing recovery. 

There  must  be  a  careful  selection,  nevertheless,  of 
patients,  as  well  as  of  cases — of  persons,  as  well  as  of 
pathological  conditions;  and  likewise,  of  ships  and 
voyages.  Some  individuals  can  "rough  it"  on  sea 
and  land  with  benefit;  others  must  be  carefully  pro- 
tected. The  stage  of  disease,  too,  and  the  general 
characteristics  of  the  patient  make  considerable  differ- 
ence.    Hence  general  rules  cannot  be  laid  down. 

Certain  main  factors,  however,  may  be  presented. 
In  febrile  cases  the  temperature  usually  subsides  after 
a  few  days  upon  the  sea.  In  cases  which  show  much 
general  tendency  to  recovery,  but  in  which  limited 
areas  of  persistent  activity  remain,  the  local  processes 
diminish  and  finally  cease  under  the  influence  of  the 
aseptic  sea  air  and  the  general  stimulation  of  nutri- 
tive processes.  In  cases  of  erethistic  temperament, 
unsuitable  for  mountain  cures,  especially  those  with 
a  tendency  to  excessive  cardiac  action  "at  altitudes, 
the  sea  exerts  a  beneficial  sedative  influence.  No 
other  measure  is  of  equal  value  in  early  cases  in  robust 
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males,  especially  in  young  men  infected  by  chance, 
or  when  weakened  by  overwork,  worry,  or  acute 
disease.  In  quiescent  cases  of  a  more  advanced  stage 
the  general  health  and  hence  the  local  conditions  are 
usually  much  improved.  In  certain  far  advanced 
cases  with  extensive  softening  and  persistent  fever,  a 
voyage  in  equable  waters — say  upon  the  Pacific,  as 
from  San  Francisco  to  Japan  and  return  by  way  of 
Hawaii — has  been  known  to  mitigate  symptoms  and 
to  prolong  life.  Sometimes  such  patients  can  even 
benefit  by  excursions  into  cooler  regions,  as  to  Alaska, 
Iceland,  or  Spitzbergen.  When  patients  are  to  be 
.sent  to  a  special  land  climate,  as  from  Europe  to 
Colorado,  or  from  America  to  the  Alps,  or  from  either 
to  Australia  or  South  Africa,  the  sea  trip  may  be  made 
a  special  feature  of  the  cure;  and  similarly,  on  the 
return  home,  sea  trips  may  be  directed  to  well-chosen  ' 
objective  points,  invigorative  or  protective  as  may  be, 
where  the  patients  may  remain  for  a  longer  or  sliorter 
time. 

Counterindications. — ^Grave  lesions  of  the  heart  and 
blood-vessels  interdict  any  ocean  trip;  nor  should  a 
longer  voyage  than  the  week  between  Europe  and 
America  be  permitted  in  the  great  majority  of  cases 
of  far  advanced  tuberculosis,  chronic  gastroenteric 
disorders,  cholelithiasis,  or  chronic  diseases  of  the 
abdominal  viscera.  Gouty  patients  may  suffer  more 
severely  at  sea  than  on  land;  neuralgias  are  often 
aggravated;  hemorrhoids  may  become  troublesome. 
Among  other  conditions  necessitating  caution,  or 
even  the  prohibition  of  a  voyage,  are  a  marked  ten- 
dency to  hemoptysis,  great  general  weakness,  special 
liability  to  seasickness  or  loss  of  appetite,  epilepsy, 
maniacal  tendencies,  periodic  insanity,  suicidal  in- 
chnations,  marine  photophobia,  and  marine  insomnia. 
SoLOMox  SoLis   Cohen. 

Thallium. — This  is  a  rare  element  which  was  dis- 
covered in  1861  by  Sir  WiUiam  Crookes.  Its  atomic 
w-eight  is  204,  its  specific  gravity  11.8  to  11.9,  and 
it  fuses  at  294°  C. ;  its  symbol  is  Tl.  In  some  respects 
it  resembles  lead,  but  the  hydroxide  of  thaUium  is 
more  like  that  of  the  alkali  metals.  Thallium  is 
bluish-white,  is  very  soft,  and  is  almost  devoid  of 
tenacity  and  elasticity.  Its  salts  give  a  green  color 
to  the  Bunsen  flame.  Thallium  presents  but  little  of 
medical  interest;  this  may  be  due  partly  to  the  rare- 
ness_  of  the  element  and  partly  to  the  difficulty  of 
placing  it  in  a  suitable  chemical  classification.  One 
curious  effect  of  thallium  on  the  human  organism  is 
its  power  to  produce  alopecia;  the  hair  does  not  neces- 
sarily drop  during  the  period  that  the  drug  is  being 
used,  but,  certainly,  later  on.  The  iodide  of  thallium 
has  been  used  for  syphilis,  but  it  produced  digestive 
disturbances;  the  acetate  has  been  given  to  alleviate 
the  profuse  sweats  of  phthisis,  but  it  was  believed  to 
produce  severe  pains  in  the  lower  extremities.  BuUard 
has  reported  (m  the  previous  edition  of  this  H.\nd- 
BOOK,  vol.  vii,  page  731),  a  ease  of  poisoning  in  a 
male  of  twenty-seven  years  of  age.  The  symptoms 
were  those  of  a  multiple  neuritis  coming  on  with 
considerable  rapidity  and  continuing  for  several 
weeks.  There  were  loss  of  motion  in  the  lower  ex- 
tremities, diminution  of  sensation  in  a  portion 
of  the  legs  and  feet,  with  pain  and  extreme  tender- 
ness a,t  times  in  the  .same  regions.  The  knee-jerks 
were  increased.  The  patient  recovered  from  these 
symptoms  so  as  to  be  fairly  well  in  about  six  weeks, 
and  in  three  months  he  was  able  to  resume  work. 
About  six  weeks  or  two  months  after  the  beginning 
of  the  illness  his  hair  fell  out  eompletelv. 

R.  J."E.  Scott. 

Thecamoeblda. — The  order  of  rhizopods  which 
includes  the  shell-bearing  amoebas.  Chlamydophrys 
stercorea  is  found  in  human  feces.     See  Protozoa. 

A.  S.  P. 


REFERENX'E    HANDBOOK   OF   THE   MEDIC.\L   SCIENCES 


Thermomeiry,  Clinical 


Theobromine,  or  3.7  dimethylxanthine, 
HN C  =  O 


CH3N 


C  =  O  C  -  NCH3 
^CH. 


-C  -  N/' 


Theobromine  is  found  in  the  seeds  of  Theobroma  cacao 
from  which  chocolate  is  made.  It  is  slightly  diuretic. 
See  PuHnes.  F.  P.  U. 


Theocin,  CH2(CH3)2N402,  is  a  name  given  to  the 
synthetically  prepared  theophylline,  an  alkaloid 
found  in  verj-  minute  quantity  in  tea  leaves.  It  is 
prepared  from  urea  by  a  complicated  process  in 
twelve  reactions,  and  is  the  first  alkaloid  to  be  manu- 
factured synthetically  from  such  a  simple  substance. 
Chemically  it  is  di-methylxanthin,  a  member  of  the 
purin  group,  and  is  isomeric  with  theobromine.  It 
occurs  in  colorless  needles  and  is  soluble  in  one  hun- 
dred and  eighty  parts  of  cold  water,  more  soluble  in 
hot  water,  soluble  with  difficulty  in  alcohol,  and  insol- 
uble in  ether.  Its  .-imrnonium  and  potassium  com- 
pounds dissolve  readilv  in  water,  the  sodium  salt  but 
slightly. 

Minkowski  finds  that  the  diuretic  action  of  theocin 
is  greater  and  more  rapid  than  that  of  theobromine. 
and  that  while  it  has  little  if  any  effect  on  the  circula- 
tion, it  increases  the  excretion  of  both  solid  and  liquid. 
Given  on  an  empty  stomach,  however,  it  produced 
nausea  and  vomiting  unless  in  very  dilute  solution. 
The  dose  is  5  to  S  grains  (0.3-0.5  gram). 

W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Theophylline,   or   1..3   dimethylxanthine 


CHjN- 


-C  =  O 


C  =  O    C  -  NH 

I  II  \CH 

CH;C C  -  N/^ 


occurs  in  tea.     See  Purines 


F.  P.  U. 


Thermometry,  Clinical. — It  is  not  the  province 
of  this  article  to  consider  experimental  and  laboratory 
apparatus  for  measuring  minute  fluctuations  of  tem- 
perature. For  practical  bedside  work  a  mercury 
thermometor  is  used  which  has  a  scale  with  a  range  of 
18°  or  20°  F.  The  ordinarj'  Fahrenheit  thermometer 
is  graded  into  fifths  of  a  degree,  the  Centigrade 
naturally  into  tenths.  The  entire  instrument  mea.s- 
ures  four  inches,  the  length  of  the  scale  varying  with 
the  number  of  degrees.  Self-registration  is  made 
possible  by  various  devices  which  prevent  the  mer- 
cury in  the  bulb  from  entering  the  tube  in  an  unbroken 
column.  This  fact  that  the  mercury  cannot  expand 
uniformly  is  a  source  of  inaccuracy,  but  the  error  is  so 
slight  that  it  can  be  disregarded.  The  same  mechan- 
ism is  responsible  for  the  necessity  of  shaking  down 
the  mercury  column,  which  is  often  difficult  of  execu- 
tion, especially  in  the  lower  part  of  the  scale.  The 
chnical  thermometer,  therefore,  is  by  no  means  an  ideal 
instrument.  The  bulb  or  reservoir  is  long  and  nar- 
row, so  that  the  mercury  responds  more  rapidly  to 
heat  than  when  a  spheroidal  bulb  is  used.  The  tube 
is  triangular  in  cross-section,  or  rather  cuneiform,  the 
sharp  edge  being  over  the  scale,  so  that  the  mercurv' 
column  is  greatly  magnified.  Thermometers  are  sold 
with  guarantees  of  accuracy,  and  mention  of  correction 
required  under  certain  conditions. 

Thermometers  were  first  used  seriously  in  hospital 
practice  in  the  60's  of  the  past  century.     The  value  of 

Vol.  VIII. —U 


thermometry  had  been  recognized  for  many  j-ears  but 
many  technical  difficulties  had  to  be  overcome  before 
an  instrument  suitable  for  the  practitioner  could  be 
placed  on  the  market.  Early  in  the  70's  thermome- 
ters were  in  familiar  use  but  were  inaccurate  and  ex- 
pensive. The  technical  difficulties  of  manufacture 
were  gradually  overcome  until  a  seasoned,  standard- 
ized, guaranteeable  instrument  with  fixed  normal 
mark,  rapid  registry,  and  magnifying  front  could  be 
placed  on  the  market  at  a  low  cost.  Special  rectal 
thermometers  with  a  thick  tube  and  specially  colored 
reservoir  are  now  in  use.  In  addition  to  "the  low- 
priced  apparatus,  numerous  manufacturers  produce 
clinical  thermometers  which  are  represented  to  be 
specially  accurate  and  permanent  and  sell  at  a  relatively 
high  price. 

Gr.vduation-  of  THERMO\rETERfi. — In  addition  to  the 
Fahrenheit  and  Centigrade  (Celsius)  scales,  the 
Rdaumur  scale  should  be  mentioned.  The  Celsius,  or 
centigrade,  scale  is  used  exclusively  on  the  continent 
of  Europe;  the  Fahrenheit,  almost  as  exclusively  in 
the  United  States  and  Great  Britain;  whereas  that  of 
Reaumur,  at  one  time  preferred  in  France  and  in  some 
parts  of  Germany,  is  now  retained  only  in  Russia  and 
.Sweden,  and  not  exclusively  there.  The  relative 
position  of  fixed  points  in  the.se  scales  is  shown  in  the 
following  table  from  Wunderlich : 

Celsius 0      2.T       .TO      100 

Fahrenheit '     0       32       7"       122       212 

Reaumur 0       20         40         80 

The  subdivision  of  the  scale  between  the  fixed  points 
is  arbitrary;  hence  we  find  that  Celsius  divided  it  into 
100  parts,  or  degrees,  Reaumur  into  80.  and  Fahren- 
heit into  212.  The  zero,  centigrade,  corresponds  to 
the   thirty-second   degree   of   Fahrenheit ;    100°   C.  = 

212°F.;ldegreeC.  =  1.8°F.,or^    F.     If.  therefore,  it 

5 
is  required  to  convert  a  given  temperature  expressed  in 
terms  of  the  C.  scale  (e.g.  40°  C),  the  number  is  first 
multiplied  by  1.8.  or  multiplied  by  9  and  diWded  by  5. 
The  product  in  the  example  is  72.  To  this  32  is  added. 
in  order  that  the  degrees  may  be  counted  from  the 
same  fixed  point.  This  gives  us  104.  Therefore, 
104°  F.  =  40°  C. 

If,  therefore,  C  represents  a  given  temperature  ex- 
pressed in  the  centigrade  scale,  the  unknown  equiva- 
lent of  which  in  the  Fahrenheit  scale  is  F,  the  fonnula 
for  finding  the  latter  term  is: 

C  X  1.8  +  32  =  F;  or,  ?  C  -F  32  =  F. 

Conversely,  a  temperature  expressed  in  the  scale  of 
Fahrenheit  may  be  converted  into  the  Centigrade  scale 
bv  means  of  the  formula: 


In  the  same  manner  the  terms  of  the  Reaumur  scale 
may  be  converted   into  those  of  Fahrenheit  by  the 

formula: 


Con.se(iuontly.  to  convert  Fahrenheit  into  Reau- 
mur: 

F  —  32  4 

i-5^  =  R;or,^(F-32)  =  R. 

To  convert  degrees  of  the  R(?aumur  scale  into  their 
equivalent  in  the  centigrade  scale,  it  is  only  necessary 
to  multiply  them  by  1.25. 

The  following  table  gives  the  thermometric  equiva- 
lents within  the  range  of  physiological  and  patholog- 
ical temperatures: 
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36.11 

= 

97 

36.66 

= 

98 

37 

= 

98.6 

37.22 

= 

99 

37.77 

= 

100 

38 

= 

100.4 

38.33 

= 

101 

38.61 

= 

101. o 

38.  8S 

= 

102 

39 

= 

102.2 

39.44 

= 

103 

39.5 

= 

103.1 

41.11 

= 

106 

41.66 

= 

107 

42 

= 

107.6 

42,22 

= 

108 

42.77 

= 

109 

43 

= 

109.4 

43.33 

= 

110 

43.88 

= 

111 

44 

= 

111,2 

44.5 

= 

112.1 

45 

= 

113 

Application. — The  aim  in  clinical  thermometry  is 
to  obtain  the  temperature  of  the  blood  which  may  be 
done  atiproximately  by  keeping  the  reservoir  of  the 
bulb  for  a  certain  length  of  time  in  one  of  the  three 
generally  available  cavities — mouth,  rectum,  and 
axilla.  There  are  serious  drawbacks  to  each  of  these, 
so  that  thermometry  as  well  as  the  thermometer  itself 
is  not  ideal  in  efficiency.  The  early  morning  tempera- 
ture of  the  mouth — perhaps  as  a  result  of  mouth  breath- 
ing— is  often  subnormal  and  in  certain  individuals 
near  the  "collapse"  degree;  while  in  the  case  of  local 
inflammatory  processes  in  the  mouth  and  fauces 
it  is  higher  than  the  general  temperature.  Mouth 
thermometry,  unless  an  individual  instrument  is 
used,  may  be  repugnant  to  the  patient  and  in  theory 
at  least  is  insanitary.  The  axillary  temperature  is 
difficult  to  obtain,  is  often  lower  thean  the  blood  tem- 
perature and  in  general  shows  much  fluctuation. 
Rectal  thermometry  is  repugnant  to  many  patients 
and  the  readings  are  apt  to  be  high,  in  general  showing 
considerable  variation. 

Generally  speaking  rectal  thermometery  is  indis- 
pensable whenever  the  patient  cannot  cooperate  with 
the  physician  or  nurse;  in  very  young  children;  in 
extreme  weakness;  in  all  cases  in  which  the  patient  is 
mentally  irresponsible  as  in  delirium;  in  comatose  and 
stuporous  states;  and  even  in  ordinary  sleep.  It  is 
freely  employed  after  delivery  to  detect  the  onset  of 
fever  in  the  pucrpera.  Axillary  thermometry  is  used 
upon  the  fastidious,  and  by  practitioners  who  regard 
it  as  the  only  esthetic  and  sanitary  method.  It  is  to 
say  the  least  a  tactful  resource  for  the  bedside.  In  all 
other  cases  mouth  thermometry  is  the  resource.  It 
is  extremely  convenient  and  gives  prompt  and  accurate 
results.  The  bulb  must  be  placed  far  under  the 
tongue  (not  merely  behind  the  teeth)  and  the  lips 
must  be  closed.  In  theory  one  or  at  most  two 
minutes  suffice  for  a  reading;  but  since  sources  of  error 
may  creep  in — for  example  the  buccal  cavity  may  be 
unduly  cool  from  mouth  breathing,  conversation, 
drinking  cold  water,  etc. — the  nurse  is  instructed  to 
keep  the  instrument  in  place  for  five  minutes. 

The  taking  of  a  rectal  temperature  is  very  simple — 
it  is  only  necessary  to  in.sert  the  bulb  w-ithin  the  sphinc- 
ter— while  axillary  thermometry  is  correspondingly 
difficult.  The  custom  of  drying  the  armpit  in  advance 
is  of  doubtful  utility  for  the  perspiration  at  once  re- 
turns. However  it  should  not  be  omitted.  There  is 
often  difficulty  in  placing  and  maintaining  the  bulb  in 
the  warmest  recess  of  the  armpit. 

Classification  of  Tempera tuhes. — These  are  divided 
into  normal,  subfobrile,  mildly  febrile,  highly  febrile, 
hyperpyrexia,  fatally  high,  paradoxical,  subnormal, 
collapse,  fatal  collap.se. 

Normal  Temperature. — This  does  not  necessarily 
connote  a  single  mark,  but  rather  the  average  of  varia- 
tion within  normal  bounds.  For  all  practical  pur- 
poses, however,  the  normal  mouth  temperature  is 
98.6°  F.,  although  when  taken  with  extreme  and 
unusual  precautions  it  is  probably  a  few  tenths  higher. 
Rectal  and  axillar\'  normal  temperatures  are  computed 
by  cornparison  with  mouth  temperatures.  The 
former  is  never  less  than  the  buccal  temperature  and 
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is  usually  up  to  1°  F.  higher;  the  latter  is  never  more 
than  the  buccal  temperature  and  is  usually  up  to  1°F. 
lower. 

Induced  Variations  of  Normal  Temperature. — 
Violent  exercise  may  increase  temperature  in  the 
normal  subject  to  as  much  as  104°  F.  while  hot  vapor 
baths  in  certain  subjects  can  produce  one  of  107°  F. 
or  more  (a  fact  utilized  in  the  so-called  "fever  therapy" 
of  gonorrhea).  Diathermy  can  cause  very  high  local 
temperatures;  ordinary  exercise,  warm  baths,  the  act 
of  digestion,  nervous  states,  etc.,  may  cause  slight 
temperature  elevation.  In  general  a  normal  tem- 
perature may  be  said  to  vary  from  97.8°  or  98°  to 
99.5°  F. 

Subfebrile. — These  temperatures  begin  at  99. .5°  and 
extend  to  100.2°  or  100.5°  and  when  they  are  main- 
tained over  considerable  periods  without  going  higher 
they  first  of  all  suggest  tuberculosis  (in  over  fifty  per 
cent.);  next  in  order  comes  neura.sthenia  or  hysteria. 
They  are  not  rare  in  gastric  ulcer  and  in  delayed  con- 
valescence from  influenza. 

Mildly  Febrile. — Temperatures  up  to  103°  F.  are  not 
necessarily  serious  save  in  the  aged. 

HighlyFebrile. — A  temperature  of  104°  F.  is  serious 
because  in  many  diseases  with  high  mortality  such  a 
figure  is  common,  while  the  danger,  from  this  view- 
point, increases  with  each  degree.  High  temperatures 
also  occur  in  diseases  of  low  mortality  as  malaria  and 
acute  rheumatism. 

Hyperpyrexia. — This  begins  at  or  near  10(>°  F. 
and  if  persistent  or  increasing  means  death  save  in 
certain  diseases.  Recoverv  is  progressively  rare  after 
107°  F. 

Paradoxical. — The  occasional  very  high  tempera- 
tures of  tetanus  and  hysteria  are  not  amenable  to 
ordinary  laws. 

Subnormal. — These  temperatures  run  from  97. S' 
to  95°.  They  occur  in  normal  subjects  as  already 
stated,  and  are  common  after  sudden  defervescence 
and  in  convalescence. 

Collapse  Temperatures. — These  begin  at  95°  F.  anri 
are  of  graver  import  with  each  degree  of  reduction. 
Recovery  seldom  occurs  if  93°  F.  is  passed. 

Thermometry  in  Dise.\.se. — The  most  salient  fact 
in  pathological  temperatures  is  the  tendency  to  increase 
during  the  day  until  a  maximum  is  reached  in  the 
evening  and  then  after  a  stationary  period  to  decline 
until  they  are  at  a  minimum  in  the  morning.  This 
appears  to  be  based  on  a  slight  corresponding  variation 
which  is  present  in  health  which  may  amount  to  from 

;-,    to  1°  F.     Hence   any  morning  temperature  is  an 

incomplete  observation  and  necessitates  taking  another 
measurement  in  the  evening.  In  any  serious  derange- 
ment of  temperature,  records  must  be  m.ade,  prefer- 
ably in  a  chart  on  which  a  curve  may  be  plotted.  The 
influence  of  accidental  factors  (excitement,  indigestion, 
etc.)  and  of  treatment  must  be  borne  in  mind.  In 
childhood,  owing  to  the  lability  of  the  heat  center, 
there  are  sudden  rises  and  falls  which  have  no  direct 
bearing  on  the  seriousness  of  the  disease.  In  general 
sudden  aggravation  may  mean  a  complication,  while 
a  sudden  lowering  may  have  either  a  good  or  a  bad 
significance.  The  temperature  in  the  aged  need  not 
be  high  to  have  a  serious  import;  here  "mildly  febrile" 
may  be  equivalent  to  "highly  febrile."  In  nervous 
women  with  fever  high  temperatures  are  often  directly 
traceable  to  mental  excitement. 

Sterilization  of  Thermometers.- — The  literature  of 
clinical  thermometry  for  the  past  decade  is  made  up 
very  largely  of  discussions  as  to  the  possibility  of 
transmitting  disease  and  of  methods  of  preventing 
such  transmission  by  proper  steriliz.ation.  The  ther- 
mometer case  should  be  sterilizable  by  heat,  while  the 
instrument  itself  may  be  disinfected  by  ordinary 
cleanliness  and  the  use  of  alcohol.  As  already  men- 
tioned the  use  of  the  axilla  instead  of  the  mouth  is  a 
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good  application  of  the  principle  of  safety  first,  when- 
ever there  is  a  suspicion  of  transmissible  disease. 
The  use  of  the  individual  or  private  thermometer 
should  also  be  encouraged. 

SoRFAC-E  Thermometery. — A  Special  pattern  of 
thermometer  with  a  flattened  bulb  has  a  very  limited 
field  of  usefulness  in  differential  testing  of  the  surface 
temperature  of  the  two  halves  of  the  body.  Thus  in  a 
comatose  subject  it  is  sometimes  possible  to  determine 
thereby  whether  hemiplegia  has  occurred,  because  the 
paralyzed  side  will  have  a  lower  temperature. 

Edward  Preble 


Thiersch,  Karl. — Born  at  Munich,  Bavaria,  on 
April  20,  1822.  He  studied  in  Berlin,  Vienna,  and 
Paris,  and  received  the  degree  of  Doctor  of  Medicine 
from  the  University  of  Munich.  In  1854  he  was  called 
to  occupy  the  regular  Chair  of  Surgery  in  Erlangen; 
and  in  1867  accepted  the  same  chair  in  the  University 
of  Leipzig — a  position  which  he  held  during  the  follow- 
ing twenty-five  years.     He  died  on  April  28,  1895. 

Thiersch  held  a  high  rank  among  the  surgeons  of  the 
nineteenth  century.  He  made  vahiable  researches 
into  the  nature  of  epithelioma,  devised  aplastic  opera- 
tion for  the  relief  of  ectopia  of  the  bladder;  and 
improved  Reverdin's  method  of  transplanting  skin — 
now  commonh^  termed  "Thiersch's  method  of  skin- 
grafting." 

Of  Thiersch's  numerous  contributions  to  medical 
literature  the  following  deserve  to  receive  special 
mention:  "  Bildungsfehler  der  Ham-  und  Geschlechts- 
werkzenge  eines  Mannes,"  in  Ruhiier's  illustrirle 
medizinische  Zeitung,  i.,  1852;  "  Infectionsversuchc 
an  Thieren  mit  dem  Inhalte  des  Choleradarmes," 
Miinchen,  1856  (awarded  a  prize  in  1867  by  the  French 
Academy  of  Medicine);  "  Der  Epithelialkrebs,  nament- 
lich  der  Haut;  eine  anatomische  klinische  Unter- 
suchung"  (witli  atlas),  Leipzig,  1865;  "Die  feineren 
anat.  Veranderungen  nach  Verwundungen  der 
Weichtheile,"  1867;  and  "Klinische  Ergebnisse  der 
Listerschen  Wundbehandlung  und  iiber  den  Ersatz 
der  Carbolsiiure  durch  Salicylsaure,"  in  Volktnann's 
Sammlung .klin  ■  Vortrdge,  Nos.  84  and  85. 

A.  H.  B. 


Thigh,  The. — The  term  thigh  is  used  to  mean 
the  part  comprised  between  the  hip  and  the  knee.  In 
this  sense  it  is  limited  above  by  the  line  of  the  groin 
(Poupart's  ligament)  in  front,  and  the  gluteofemoral 
crease  behind.  The  patella  and  kneejoint  mark  its 
boundaries  below.  In  its  restricted  sense,  as  the 
regio  femoralis  of  regional  anatomy,  the  thigh  has 
more  artificial,  but  more  definite,  boundaries.  It  is 
limited  above  and  posteriorly  by  the  gluteofemoral 
crease  and  anteriorly  by  a  line  drawn  twelve  to  fifteen 
centimeters  under  Poupart's  ligament  (Lig.  inguinale) 
and  below  bj-  a  line  drawn  around  the  limb  from  three 
to  eight  centimeters  above  the  superior  boundary  of 
the  patella. 1 

In  this  restricted  sense  the  inguinal  region  (regio  sub- 
inguinalis)  lies  between  its  superior  boundary  and 
Poupart's  ligament.  However,  the  separation  into 
two  regions  at  this  point  is  entirely  artificial. 

Various  bony  prominences  aid  us  in  determining  the 
relations  of  tlie  .structures  of  the  thigh.  The  niost 
important  are  the  anterior  superior  spine  of  the  ilium, 
the  crest  of  the  pubis,  the  tuber  ischium,  and  the  groat 
trochanter  above.  Below,  the  patella,  the  internal 
and  external  condylar  processes  serve  as  guides.  _  The 
most  important  muscular  landmark  of  the  thigh  is 
formed  by  the  sartorius.  This  is  best  seen  when  the 
limb  is  raised,  and  it  helps  to  form  the  boundaries  of 
Scarpa's  triangle,  Hunter's  canal,  and  the  popliteal 
space. 

The  general  shape  of  the  thigh  is  that  of  a  truncated 


cone  with  its  base  above.  Its  contour  varies  with  the 
amount  of  muscular  development,  the  condition  of 
contraction  of  these  muscles,  and  the  thickness  of  the 
subcutaneous  fascia.  Its  median  surface  is  marked  by 
a  furrow  running  from  the  inguinal  fossa  (fossa  sub- 
inguinalis)  to  the  inner  side  of  the  knee.  This  groove 
marks  the  boundary  between  the  adductcjr  muscles 
and  the  vastus  internus  muscle  (M.  vastus  medialis). 
The  sartorius  lies  directly  external  to  this,  and  the 
larger  nerves  and  blood-vessels  of  the  thigh  are  ju.st 
median  to  this  upon  the  adductor  muscles.  On  the 
external  surface  (regio  femoris  lateralis)  it  is  possible 
to  see  a  furrow,  unless  the  amount  of  fat  is  so  thick 
that  it  is  hidden.  It  is  caused  by  the  intermuscular 
septum  (lig.  intermusculare  externum)  between  the 
vastus  externus  (M.  vastus  lateralis)  and  the  biceps 
(M.  biceps). 

On  the  median  surface  (regio  femoris  medialis)  the 
gracilis  muscle  is  assumed  as  a  dividing  line,  although 
it  does  not  form  an  easily  recognized  boundary. 

The  skin  covering  the  thigh  is  very  retractile,  due  to 
the  loose  subcutaneous  fascia.  It  is  relatively  thick 
and  covered  sparsely  with  hair.  Over  the  inguinal 
region  it  is  thinner,  and  in  new-born  children  and  very 
stout  people  the  secretion  of  the  glands  may  cause 
irritation.  It  is  attached  rather  firmly  at  Poupart's 
ligament  (lig.  inguinale). 

The  superficial  fascia  (fascia  subcutanea)  is  usally 
quite  thick  and  better  developed  in  women  thun  in 
men.  It  may  be  from  two  to  three  centimetersathick 
over  the  femoral  artery  (A.  femoralis)  in  stout  pe  sons, 
and  it  is  also  apt  to  be  the  favorite  seat  of  fatty  trmor, 
especially  over  Scarpa's  triangle.  It  is  nowhereuverj^ 
dense,  and  has  little  or  no  influence  upon  the  progress 
of  a  superficial  abscess,  as  is  seen  in  the  readiness  with 
which  pus  reaches  the  surface  in  inguinal  buboes. 
This  fascia  contains  the  superficial  ners'es,  veins, 
lymphatic  vessels,  and  glands. 

TheSuperficialLijmphGlaiidis. — -In  theinguinal  region 
(regio  subinguinalis)  there  are  from  nine  to  twelve 
superficial  lymph  glands  that  can  usually  be  felt  with 
the  finger.  From  three  to  five  are  arranged  in  a  row 
parallel  to  Poupart's  ligament  (glandula;  inguinales) 
and  the  others  at  right  angles  to  it  (glanduhr  crurales) 
(see  Fig.  4760).  The  glanduUc  inguinales  receive  the 
vessels  returning  from  the  abdominal  wall,  perineum, 
and  external  genitalia.  They  are  often  the  site  of 
inflammatory  processes  in  infections  of  the  genital 
organs,  and  when  they  are  enlarged  frofn  such  a  cause, 
they  are  known  as  buboes.  The  glandula;  crurales 
receive  the  vessels  of  the  lower  extremity.  Swelling 
of  the  different  sets  of  glands  serves  to  indicate  the 
region  of  infection  and  thus  are  an  aid  in  diagnosis. 
In  operating  upon  these  glands  for  suppuration  their 
intimate  relations  with  the  large  veins,  arteries,  and 
nerves  should  be  borne  in  mind.  The  deep  lymph 
glands  (usually  two  in  number)  lie  under  the  femoral 
vein  (V.  femoralis)  and  receive  vessels  from  the  limb. 
Most  of  the  large  lymphatic  vessels  which  supply  the 
thigh  and  leg  accompany  the  long  saphenous  vein 
(V.  sapiiena  magna)  as  shown  in  Fig.  4760. 

Superficial  Arteries. — The  superficial  arteries  of  the 
thigh  that  have  been  given  definite  names  are  all 
found  in  the  inguinal  region  (regio  subinguinalis). 
They  are  the  superficial  epigastric  (\.  cpigastrica 
superficialis),  the  superficial  circumflex  iliac  (A. 
circumflexa  iliaca  superficialis),  and  the  external  pudic 
(.\.  pudenda  externa  subcutanea).  Their  names 
indicate  sufficiently  well  their  position,  and  hemorrhage 
from  them  is  usually  easily  controlled  by  compression 
or  ligature. 

Superficial  Veins. — The  principal  superficial  veins 
are  the  long  saphenous  (V.  saphena  magna)  and  its 
branches  (see  Fig.  4760).  It  empties  into  the  femoral 
vein  (V.  femoralis).  after  passing  through  the  fossa 
ovalis.  The  three  superficial  veins  corresponding  to 
the  arteries  already  named  (V.  pudenda  externa,  V. 
epigastrica    superficialis,    and    ^ .    circumflexa    iliaca 
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superficiulisj  empty  into  the  vena  fcinoralis  as  it 
passes  under  the  fossa  ovalis,  or  one  or  more  of  these 
may  empty  into  tlie  vena  saphena  magna  by  separate 
openings.  These  veins  are  all  well  supplied  with 
valves.  The  vena  saphena  magna  is  occasionally 
double,  and  is  often  the  seat  of  varix,  and  is  then  very 
much  enlarged  and  tortuous.  It  is  also  ligated  at 
times  in  the  inguinal  region  as  a  curative  measure  for 
varix  at  a  lower  level. 


N.cutaneus 
femoris  lateralis. 


Regie  subinguinalis. 
V  il  '  ///.-N.ilioinguinalis. 


y.  saphena 

magna. 


Rami  cutanei 

femoris  anteriores 

egio  femoris  medialis. 


egio  genu  anterior. 
N   saphenus. 


Fio.  4760. — Superficial  Veins,  Nerves,  and  Lympliatica  on  the 
Front  of  the  Thigh.  Only  part  of  the  lymphatic  vessels  is  shown, 
in  order  not  to  make  the  figure  too  complicated.  Drawn  from  the 
dissection  and  from  photographs.  The  dissection  was  made  by 
A.  }.  Price,  Cornell  University  Medical  College,  Ithaca,  .\.  Y. 
The  regions  arc  taken  from  Spalteholz's  •'Atlas  of  Human 
.\natomy.*' 

Superficial  Neri'es. — The  principal  superficial  nerves 
of  the  re^io  subinguinalis  and  the  regio  femoris  are  the 
ileoinguinal  (N.  ileoinguinalis),  genitocrural  (N. 
lumboinguinalis  and  N.  spermaticus  externa),  the 
external  cutaneous  (N.  cutaneus  externus),  the  middle 
cutaneous  (N.  cutaneous  medius),  the  internal  cu- 
taneous (N.  cutaneus  internus),  and  the  cutaneous 
branches  of  the  obturator  (N.  obturatorius). 
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The  ilio-inguinal  nerve  receives  most  of  its  fibers 
from  the  first  lumbar  nerve.  It  emerges  from  the 
external  abdominal  ring  and  divides  into  terminal 
branches,  which  supply  the  skin  over  the  adductor 
longus,  and  that  of  the  scrotum  in  the  male  or  of  the 
labia  majora  in  the  female. 

The  crural  branch  of  the  genito-crural  nerve  (N. 
lumboinguinalis)  is  formed  principally  by  fibers  from 
the  second  lumbar.  It  is  distributed  to  the  skin  as  far 
as  the  middle  of  the  thigh. 

The  external  cutaneous  nerve  (N.  cutaneus  exter- 
nus) arises  also  from  the  second  lumbar.  It  ordinarily 
penetrates  the  fascia  lata  two  to  three  centimeters 
under  the  superior  anterior  spine  of  the  ilium  (spina 
anterior  superior  ossis  ilii),  and  divides  into  anterior 
and  posterior  branches.  The  differont  branches  often 
penetrate  the  fascia  lata  separately  (Fig.  47(30).  The 
anterior  branch  goes  to  the  side  of  the  thigh,  and  the 
posterior  branch  goes  to  the  skin  of  the  side  and 
back  of  the  thigh. 

The  middle  cutaneous  (N.  cutaneus  medius) 
supplies  a  large  area  of  skin  over  the  median  portion 
of  the  thigh  and  over  the  sartorius  muscle. 

The  internal  cutaneous  nerve  (N.  cutaneus  inter- 
nus) accompanies  the  great  saphenous  vein  (V. 
saphena  magna)  and  sends  branches  to  the  median 
part  of  the  thigh  as  well  as  the  inner  side  of  the  leg. 
The  cutaneous  branches  of  the  obturator  nerve : 
(N.  obturatorius)  supply  a  small  area  of  skin  just 
above  the  inner  condyle  of  the  knee. 

Fascia  Lata. — The  fascia  lata  is  the  deep  fascia  of 
the  thigh,  and  is  composed  of  very  strong  fibrous 
tissues  which  completely  envelop  the  thigh.  Most 
of  the  fibers  run  in  a  circular  manner,  but  toward . 
the  upper  and  outer  side,  where  the  fascia  is  thickest, 
the  longitudinal  fibers  are  especially  well  developed. 
The  whole  of  the  fascia  lata  forms  a  strong  cylin- 
drical tube  containing  the  muscle  of  the  thigh,  and 
if  it  is  broken  at  any  point,  the  muscles  project  out- 
ward in  a  hernia-like  fashion.  It  is  attached  above 
and  in  front  to  Poupart's  lig.ament  (Lig.  inguinale), 
on  the  outer  side  and  behind  to  the  outer  lip  of  the 
crest  of  the  ilium,  and  on  the  inner  side  to  the  tuber- 
osity and  ascending  ramus  of  the  ischium,  the  descend- 
ing ramus  of  the  pubis  and  the  symphysis  pubis. 
Below,  it  is  much  thinner,  and  is  continuous  with  the 
fascia  of  the  leg.  Above  and  to  the  side  the  fascia  is 
divided  into  two  layers,  which  enclose  the  tensor  vagina) 
femoris  muscle  (M.  tensor  fasciaj  latae).  At  this  point 
the  fascia  is  thickened,  and  runs  downward  like  a  tendon; 
to  the  external  tuberosity  of  the  tibia.  This  thickening 
is  known  as  the  iliotibial  band  (tractus  iliotibialis)  oi 
Maissiat's  band.  At  the  edge  of  Poupart's  ligament, 
the  structures  are  further  complicated  by  a  division  ol 
the  fascia  lata  into  two  layers  and  by  the  presence  oi 
the  fossa  ovalis.  The  fascia  also  divides  and  forms  a, 
sheath  for  the  sartorius  muscle.  Between  the  fascia 
lata  and  the  muscles  there  is  a  thin  layer  of  areolai 
connective  tissue,  through  which  phlegmonous  proc- 
esses may  extend  under  the  fascia.  From  the  inner 
side  of  the  tube  formed  by  the  fascia  two  strong  pro- 
jections penetrate  between  the  muscles  of  the  thigh 
and  are  attached  to  the  lips  of  the  linea  aspera  (Lig 
intermusculare  laterale  et  mediale)  to  form  the  inter 
muscular  septa.  The  lig.  intermusculare  laterahi 
follows  the  edge  of  the  origin  of  the  vastus  externu: 
muscle  (M.  vastus  lateralis),  and  is  inserted  into  th( 
outer  lip  of  the  linea  aspera.  The  groove  which  thi; 
forms  in  relatively  thin  subjects  has  already  beei 
mentioned,  and  it  separates  the  vastus  externus  mus 
cle  from  the  biceps  and  the  other  extensors.  On  thi 
posterior  side  of  the  thigh  there  is  also  a  slip  of  thi 
fascia  lata  that  runs  between  the  flexor  group  of  mus 
cles  and  the  adductors.  It  joins  the  ligamentun 
intermusculare  laterale,  and  is  inserted  with  it  into  thi 
external  lip  of  the  linea  aspera.  The  ligamentum  in 
termusculare  mediale  is  fastened  to  the  internal  H] 
of  the  linea  aspera,  and    divides  the  adductors  anc 


i! 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Tbigh 


'  A.  ciTcnmfl.  Ut. 


extensors.  A  part  of  it  also  enters  into  the  forma- 
tion of  Hunter's  canal  (canalis  adductorius).  The 
position  of  these  septa  is  of  surgical  importance  in 
the  operations  for  fracture  suggested  by  Lane  and 
Albee. 

These  fibrous  intermuscular  septa  divide  the  mus- 
cles  into   three   groups:    1.  An   anterior   and   lateral 
group,  which  includes  the  tensor  va£;ina?  femoris  (M. 
tensor  fascice  lata;),  the  sartorius  (M.  sartorius),  and 
the    quadriceps     femoris    (M.    quadriceps     femoris). 
2.  An    inner   or   medial    group,    which    contains   the 
adductors  and  the  gracile  (M.  gracilis).     The  femoral 
vessels  run  between  the  quadriceps  femoris  and  the 
adductors;  that  is,  between  the  anterior  and  inner 
divisions.     3.  A     posterior     group     containing     the 
flexors  (M.  biceps,  semimembranosus,  and  semitendi- 
nosus).     The  muscles  of  the  thigh  are  very  large  and 
strong.      Many  of  them  are  very  long,  and,  in  ampu-      »«■  «»rt<irtni 
tations  involving  them,  it  must  be  remembered  that, 
other  things  being  equal,  the  farther  from  its  origin 
the  muscle  is  divided  the  more  marked  will  be  its  re- ^Vim^uMd. ' 
traction.     So  in  amputations  of  the  lower  part  of  the    *•  profundi,  t 
thigh  more  must  be  allowed  for  retraction  than  in 
amputations  of  the  upper  part.     The  position  of  the 
limb  will  also  influence  the  retraction  of  the  various 
groups;  consequently  it  should  be  held  in  the  same 
position  during  amputation  that  it  is  to  rest  in  dur- 
ing healing.     The  muscles  on  the  posterior  and  inner 
aspect  of  the  thigh  usually  retract  the  most,  and  this 
difference  may  amount  to  five  to  seven  centimeters, 
and  in  amputations  by  the  circular  method  the  flaps 
should  be  cut  so  as  to  allow  for  this. 

An'terior  Group  of  Muscles. — Tensor  vagiiwe 
femoris  (^L  tensor  fasciae  lats). — It  is  on  the  outer 
side  of  the  hip.  Its  origin  is  on  the  anterior  superior 
spine  of  the  ilium  (spica  iliaca  anterior  superior) 
and  the  fascia  lata.  It  is  inserted  into  the  iliotibial 
band  (tractus  iliotibialis),  and  its  nerve  supply  is  the 
N.  gluteus  superior. 

Sartorius  (5l.  sartorius). — It  crosses  the  thigh  in  a 
spiral  manner  and  arises  from  the  anterior  superior 
spine  of  the  ilium  (spina  iliaca  anterior  superior). 
It  is  inserted  into  the  tuberosity  of  the  tibia.  Its 
nerve  supply  is  from  the  N.  femoralis. 

Quadriceps  Femoris  (M.  quadriceps  femoris). — This 
muscle  consists  of  four  portions  (M.  rectus  femoris,  vas- 
tus lateralis,  vastus,  intermedins,  and  vastus  medialis). 

Rectus  Femoris  (M.  rectus  femoris). — It  arises  from 
the  inferior  anterior  spine  of  the  ihum  (Spina  iliaca 
anterior  inferior).  It  is  inserted  in  common  with  the 
other  divisions  of  the  muscle  into  the  common  tendon. 

Vastus  Medius  (M.  vastus  intermedius). — It  arises 
from  the  anterior  surface  of  the  shaft  of  the  femur 
and  is  inserted  into  the  common  tendon. 

The  Vastus  Externus  (M.  vastus  lateralis)  arises 
from  the  intertrochanteric  line,  the  lateral  surface  of 
the  trochanter  major,  and  the  lateral  lip  of  the  linea 
aspera.     It  is  inserted  into  the  common  tendon. 

Vastus  Internus  (M.  vastus  medialis). — It  arises 
from  the  inner  lip  of  the  linea  aspera  (labium  mediale 
linea;  asperse  femoris)  and  is  inserted  in  common 
with  the  other  muscles  into  the  common  tendon  that 
is  attached  to  the  patella.  The  four  parts  of  the 
quadriceps  femoris  are  all  supplied  by  the  anterior 
crural  nerve  (N.  femoralis). 

The  Ixxer  Group  of  Muscles. — The  pectineus  (M. 
pectineus)  arises  from  the  superior  ramus  of  the  os 
pubis  and  is  inserted  in  the  pectineal  line  on  the  lower 
part  of  the  lesser  trochanter  of  the  femur.  It  is  sup- 
plied by  the  anterior  crural  ner\-e  (N.  femoralis)  and 
the  obturator  (N.  obturatorius). 

The  gracilis  (M.  gracilis)  arises  from  the  interior 
ramus  of  the  os  pubis  and  is  inserted  into  the  tuber- 
osity of  the  tibia.  It  is  supplied  by  the  anterior 
branch  of  the  X.  obturatorius. 

The  adductor  longus   (M.  adductor  longus)   arises 


from  the  superior  ramus  of  the  os  pubis  and  is  in- 
serted into  the  inner  lip  of  the  linea  aspera.  It  is 
supplied  by  the  anterior  branch  of  the  N.  obturatorius. 

The  adituclor  brevis  (M.  adductor  brevis)  arises  from 
the  anterior  surfaces  of  the  rami  of  the  os  pubis  and 
is  inserted  into  the  inner  hp  of  the  linea  aspera. 

Adductor  magnus  (M.  adductor  magnus)  arises  from 
the  anterior  surface  of  the  tuber  ischium  and  the 


Fig.  4761. — The  Surgical  .\natoroy  of  the  Nerves.  Veins,  and 
.\rteries  on  the  Anterior  Surface  of  the  Thigh.  (From  Merkel- 
Hcnle.) 

inferior  ramus  of  the  ischium.  It  is  inserted  into  the 
inner  lip  of  the  linea  aspera.  It  is  supplied  by  the 
posterior  branch  of  the  obturator  nerve  (N.  obtura- 
torius) and  the  internal  popliteal  ner\-e  (N.  tibialis). 
Scarpa's  triangle  (Trigonum  subingviinalo).— Scar- 
pa's triangle  is  bounded  above  by  Poupart's  liga- 
ment, externally  by  the  sartorius  muscle  and  in- 
ternally by  the  adductor  longus  muscle.  It  is 
important  surgically  on  account  of  the  number  of  im- 
portant structures"  which  it  contains.  Its  apex  is 
the  point  of  election  for  ligating  the  femoral  artery. 
It  is  here  that  digital  pressure  is  applied  in  treating 
popliteal  aneurysm,  and  that  a  tourniquet  is  applied  in 
amputations  involving  parts  of  the  limb   below;  a 
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psoas  abscess  usually  points  here  and  femoral  hernia 
appears  in  the  upper  part  of  it. 

From  the  apex  of  Scarpa's  triangle  (trigonum  sub- 
inguinale),  on  the  surface  of  the  upper  part  of  the 
adductor  magnus  and  piercing  the  lower  part  of  it, 
we  lunc  a  canal  formed  that  carries  the  femoral  ar- 
tery, the  femoral  vein,  and  the  long  saphenous  nerve. 
It  IS  known  as  Hunter's  canal  (canalis  adductorius). 
It  is  about  five  centimeters  long,  and  the  upper  open- 
ing is  a  crescent-shaped  tendinous  fold  of  the  adductor 
magnus  with  the  concavity  directed  upward.  The  in- 
ferior opening  lies  in  thefleshy  part  of  the  adductor 
magnus,  which  aids  in  forming  a  tendinous  border 
that  forms  a  foramen  known  as  the  "adductor 
foramen."  This  opening  serves  to  transmit  the 
vessels  to  the  popliteal  space. 

Femoral  arlcry  (A.  femoralis)  begins  at  the  lower 
part  of  Poupart's  ligament  (Lig.  inguinale)  and  ends 
at  the  adductor  foramen,  where  it  enters  the  pop- 
liteal .space.  For  convenience  of  description  the 
femoral  artery  is  divided  into  three  parts:  (1)  A 
superior  segment  in  Scarpa's  triangle;  (2)  a  middle 
portion  covered  by  the  sartorius  muscle,  and  (3)  an 
inferior  portion  in  Hunter's  canal  (canalis  adduc- 
torius). Its  general  direction  (see  Fig.  4761)  can 
be  mapped  out  by  a  line  drawn  midway  between  the 
sympliysis  pubis  and  the  superior  anterior  spine  of  the 
ilium  to  the  posterior  surface  of  the  intercondylar 
process  of  the  femur. 

Superior  Segment. — The  superficial  arteries  given  off 
from  this  division  of  the  femoral  have  already  been 
mentioned.  The  artery  is  covered  here  by  the  skin, 
the  subcutaneous  fascia  and  fat,  the  superficial 
lymph  vessels  and  glands,  and  the  fascia  lata.  The 
thickness  of  the  fat  in  this  region  varies  within  rather 
wide  limits,  and  this  should  be  remembered  in  liga- 
tion. At  the  apex  of  Scarpa's  triangle  the  artery  lies 
just  below  and  to  the  inside  of  the  sartorius  muscle, 
which  is  a  good  guide  to  its  location.  In  ligating 
near  the  base  of  the  triangle  the  femoral  vein  lies  to 
the  inside  of  the  artery,  but  gradually  comes  to  lie 
under  it  by  the  time  it  reaches  the  apex.  No  large 
nerves  accompany  this  portion  of  the  artery.  The 
femoral  nerve  passes  under  Poupart's  ligament  in  the 
sheath  of  the  iliopsoas  muscle.  "The  femoral  artery  is 
most  easily  compressed  just  where  it  emerges  from 
under  Poupart's  ligament.  The  pressure  should  be 
downward  and  slightly  upward  to  bring  it  against 
the  bone.  It  can  also  be  controlled  at  the  apex 
of  the  triangle,  and  here  the  pressure  should  be 
downward  and  outw-ard  to  bring  it  against  the 
femur. 

The  middle  segment  of  the  femoral  artery  is  the 
longest  and  is  covered  by  the  sartorius  muscle  through- 
out its  length.  The  long  saphenous  nerve  accom- 
panies it,  and  although  it  is  not  in  its  sheath  it  must 
carefully  be  separated  from  the  artery  in  ligation. 
The  femoral  vein  lies  under  and  to  the  outside  of  the 
artery.  The  position  of  the  artery  under  the  muscle 
makes  it  hard  to  control  hemorrhage  by  digital 
pressure. 

The  inferior  segment  lies  entirely  in  Hunter's  canal 
(canalis  adductorius).  The  femoral  vein  lies  behind 
and  to  the  outside  and  in  the  same  sheath.  The 
long  saphenous  nerve  accompanies  it  and  lies  above 
and  toward  the  inside,  but  not  in  the  sheath. 

The  points  usually  selected  for  ligation  of  the 
femoral  artery  are,  lirst,  just  below  Poupart's  liga- 
ment (ligamentum  inguinale);  second,  at  the  apex 
of  Scarpa's  triangle  (trigonum  subinguinale);  and, 
third,  in  Hunter's  canal  (canalis  adductorius).  In 
these  operations  the  avoidance  of  the  vein  is  the  most 
important  matter,  although  in  Hunter's  canal  the 
long  saphenous  nerve  must  also  be  borne  in  mind. 
The  muscular  landmarks  have  already  been  given. 
The  results  of  ligation  of  the  femoral  artery  have 
been  as  follows: ^  In  thirty-one  cases  in  which  the 
common  femoral  was  ligated  the  mortality  was  forty 
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per  cent.;  hemorrhage  sixty  per  cent.  The  superficial 
femoral  has  been  ligated  204  times  with  a  mortality 
of  fifty  cases. 

Collateral  Branches  of  the  Femoral  Artery. — The 
superficial  branches  of  the  artery  have  already  been 
described.  In  addition  to  those  enumerated  it  gives 
off  the  deep  external  pudic  (A.  pudenda  subaponeu- 
rotica),  but  the  largest  artery  supplying  collateral 
branches  is  the  profunda  (A.  profunda  femoris).  A 
knowledge  of  its  exact  position  is  very  important  in 
order  that,  in  ligating  the  femoral  artery,  this  branch 
may,  if  possible,  be  left  undisturbed.  It  springs  from 
the  lateral  and  posterior  side  of  the  femoral  artery 
from  three  to  ten  centimeters  below  Poupart's  ligament 
and  runs  parallel  with  and  outside  of  the  more  superfi- 
cial femoral  artery.  It  lies  upon  the  iliacus,  pectineus, 
and  adductor  brevis  muscles,  and  then  between  the 
adductor  longus  and  abductor  magnus.  It  finally 
pierces  the  latter  just  above  the  adductor  foramen  as 
the  fourth  perforating  artery  (A.  perforans  IV.).  A 
vein  that  empties  into  the  femoral  vein  accompanies 
it  for  a  short  distance.  It  branches,  soon  after  leaving 
the  femoral,  into  the  external  circumflex  (A.  circum- 
flexa  lateralis),  the  internal  circumflex  (A.  circumflexa 
lateralis),  the  internal  circumflex  (A.  circumflexa 
medialis),  and  the  three  perforating  arteries  (Aa. 
perforantes).  The  external  circumflex  arises  usually 
about  two  centimeters  from  a  point  where  tlie  profunda 
leaves  the  femoral  artery,  but  in  a  few  eases  it  may  come 
directly  from  the  femoral.  It  divides  into  an  ascend- 
ing and  a  descending  branch.  The  former  goes  to 
the  upper  part  of  the  femur  and  anastomoses  with  the 
inferior  gluteal  (A.  glutaia  inferior),  the  superior  glu- 
teal (A.  gluta;a  superior),  and  the  deep  circumflex 
iliac  arteries  (Aa.  circumflexa>  iliaca;  profunda*). 
The  descending  branch  supplies  the  vastus  externus 
(M.  vastus  lateralis)  and  the  vastus  medius  (M. 
vastus  medialis  intermedins). 

The  internal  circumflex  artery  (A.  circumflexa 
medialis)  winds  around  the  inner  side  of  the  femur  at 
the  heiglit  of  the  trochanter.  It  is  first  between  the 
psoas  and  the  pectineus  and  then  between  the  obtu- 
rator externus  and  the  adductor  brevis,  and  finally 
between  the  adductor  magnus  and  the  cjuadratus 
femoris.  In  this  latter  situation  it  anastomoses  with 
the  sciatic  artery  (A.  ischiadica),  the  external  circum- 
flex and  the  superior  perforating  to  form  the  crucial 
anastomosis.  It  also  sends  a  branch  that  pierces  the 
capsule  of  the  hip-joint  and  supplies  the  joint.  In 
case  of  intracapsular  fracture  it  is  this  branch  which 
furnishes  nutrition  for  the  superior  fragment. 

The  perforating  arteries  are  usually  three  in  number 
and  pierce  the  adductor  muscles  near  the  linca  aspera 
to  supply  the  muscles  on  the  posterior  aspect  of  the 
thigh.  "The  second  one  usually  supplies  the  nutrient 
artery  of  the  bone. 

The  inferior  division  of  the  femoral  gives  rise  to  the 
anastornotica  magna  artery  (A.  genu  suprema)  just 
before  it  pierces  the  adductor  foramen.  This  artery 
divides  into  a  superficial  and  a  deep  branch.  The 
former  runs  on  the  vastus  internus  (M.  vastus  media- 
lis) and  aids  in  forming  the  plexus  on  the  front  of  the 
knee.  The  deep  branch  penetrates  the  substance 
of  the  vastus  internus  and  anastomoses  with  the 
internal  inferior  articular  branch  of  the  popliteal  (A. 
articularia  genu  superior  lateralis)  and  supplies  with 
them  the  knee-joint. 

Tlie  obturator  artery  properly  belongs  to  the  pelvis, 
but  it  anastomoses  with  the  internal  circumflex  artery 
(A.  circumflexa  medialis),  and  through  the  sciatic 
with  the  inferior  gluteal.  Through  these  connections 
it  forms  one  of  the  most  important  channels  of  the 
circulation  after  ligation  of  the  femoral. 

Femoral  Vein  (V.  femoralis). — The  femoral  vein  lies 
to  the  inner  side  of  the  artery  (Fig.  4761)  and  in  the 
.same  sheath  as  it  emerges  from  under  Poupart's 
ligament  (L.  inguinale).  As  it  passes  through 
Scarpa's  triangle    (trigonum  subinguinale)   it   passes 
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Thigh 


spirally  around  the  artery  until  at  the  apex  it  Is 
directly  posterior  to  it.  In  the  lower  part  of  the  thigh 
it  is  below  and  somewhat  to  the  lateral  aspect  of  the 
artery.  Two  vena-  coniites  are  often  present,  and 
may   be  strongly   developed. 


Fig.  47tj2. — The  Relations  of  the  Nerves,  Blood-vessels,  and 
Muscles  of  the  Back  of  the  Thigh.  (Merkel-Henle.)  1,  Superior 
gluteal  artery  and  nerve:  2,  M.  gluteus  medius;  3,  M.  pyriformis: 
4,  M.  gluteus  niagnus;  5,  inferior  gluteal  artery:  6,  N.  ischiadicus 
(sciatic  nerve):  7, adductormuscles:  8,  A.perforans  II:  9,  M.  biceps 
(short  head) ;  10.  M.  biceps  (long  head);  11,  A.  perforans  II:  12, 
M.  biceps:  1.3,  N.  peronteus  communis  (external  popliteal);  14, 
superior  articular  branch  from  the  external  popliteal  nerve;  lo, 
inferior  articular  branch  from  the  internal  popliteal  nerve;  16,  X. 
cutaneus  surse  lateralis;  17,  N.  cutaneus  sur®  medialis;  18,  V. 
saphena  parva  (not  well  shown;  it  is  represented  by  a  part  of  the 
light  area  between  the  artery  and  nerve):  19,  popliteal  artery  and 
vein:  20,  N.  tibialis  (internal  popliteal);  21,  M.  Bcmimembranosus; 
22,  M.  seniitendinosus:  23,  X.  cutaneus  femoris  posticus  (small 
sciatic  nerve):  24,  M.  gluteus  magnus;  25,  pudic  artery  and  nerve; 
26,  inferior  gluteal  nerve. 

Braun'  ha-s  collected  the  following  figures  in  regard 
to  ligation  of  the  vein:  In  17  cases  with  the  vein  only 
ligated  just  under  Poupart's  ligament,  8  cases  recov- 
ered and  gangrene  resulted  in  none.  In  6  cases  in 
which  the  ligation  was  concomitant  with  a  removal  of 


part  of  the  vein,  recovery  resulted  in  3  cases,  gangrene 
in  2,  and  death  in  1  case.  In  a  series  of  15  cases  in 
which  both  the  artery  and  the  vein  were  ligated 
gangrene  followed  in  7. 

Anterior  Crural  Nerve  (N.  femoralis). — The  anterior 
crural  passes  below  Poupart's  ligament  to  the  outside 
of  the  femoral  artery  (Fig.  4761).  From  thus  it  is 
separated  by  the  strong  fascia  iliaca.  At  a  distance 
of  from  two  to  three  centimeters  under  Poupart's  liga- 
ment it  divides  into  a  nunilx-r  of  branches  to  suppl v  the 
skin  and  muscles  of  the  anterior  portion  of.the  thigh 
(Figs.  4760  and  4761).  The  superficial  branch  runs 
under  the  sartorius,  pierces  and  supplies  that  muscle, 
and  pierces  the  fascia  lata  as  the  middle  and  internal 
cutaneous  nerves.  The  deep  branches  supply  the  four 
portions  of  the  quadriceps  femoris  muscle,  and  a 
small  branch  accompanies  the  internal  circumflex 
artery  to  the  pectineus.  The  anterior  crural  nerv'e  also 
gives  rise  to  the  long  saphenous  nerve  which  accom- 
panies the  femoral  artery  through  Hunter's  canal. 

Obturator  nerve  (N.  obturatorius). — The  obturator 
ner\'e  reaches  the  inner  side  of  the  thigh  by  pa.«sing 
through  the  obturator  foramen.  It  divides  into  a 
superficial  and  a  deep  branch.  The  superficial  sends 
a  small  branch  also  to  the  pectineus,  which  thus  ob- 
tains a  nerve  supply  from  two  sources.  It  also 
supplies  the  adductor  brevis  and  the  abductor  gracilis, 
and  usually  supplies  the  cutaneous  branch  to  the 
skin  over  Hunter's  canal  and  the  lower  part  of  the 
adductor  longus  muscle.  The  deep  branches  supply 
the  obturator  externus  muscle  and  the  adductor 
magnus.  The  obturator  nerve  thus  supplies  all  of 
the  muscles  of  this  group  except  the  part  of  the  pecti- 
neus supplied  by  the  anterior  crural. 

PasTERioR  Side  of  the  Thigh. — The  skin  and  fascia 
are  sufficiently  like  those  on  the  anterior  side  to  need 
no  special  description.  The  small  sciatic  nerve  (N. 
cutaneus  femoris  posterior)  is  found  just  under  the 
fascia,  and  is  distributed  to  the  skin  and  fascia  of  the 
posterior  aspect  of  the  thigh,  popliteal  space,  and 
leg. 

The  muscles  found  on  the  posterior  side  of  the 
thigh  have  already  been  mentioned.  They  are  the 
MM.  biceps,  semitendinosus,  and  semimembranosus. 

The  biceps  (M.  biceps)  springs  from  two  heads. 
The  long  head  takes  origin  in  common  with  the  .semi- 
tendinosus from  the  tuber  Lschii.  The  short  head  has 
its  origin  in  the  middle  third  of  the  outer  lip  of  the 
linea  aspera.  The  two  unite  and  are  inserted  into 
the  head  of  the  fibula.  The  long  head  is  supplied  by 
the  internal  popliteal  ner\-e  (N.  tibialis),  and  the 
short  head  by  the  external  popliteal  (N.  perona?us 
communis). 

The  semitendinosus  (M.  semitendinosus)  has  its 
origin  on  the  tuber  ischii  and  is  inserted  into  the  inner 
tuberosity  of  the  tibia.  It  is  supplied  by  the  internal 
popliteal  ner\-e  (N.  tibialis). 

The  semimembrattosus  (M.  semimembranosus)  arises 
by  a  long  flat  tendon  from  the  tuber  ischii,  and  is 
inserted  into  the  inner  tuberosity  of  the  tibia  beneath 
the  semitendinosus.  It  is  supplied  by  the  internal 
popliteal  nerve  (X.  tibialis). 

The  great  sciatic  nerve  (X.  ischiadicus). — This  is  the 
largest  nerve  in  the  body.  It  emerges  under  the 
gluteus  maximus  muscle  and  nms  downward  to  the 
middle  of  the  popliteal  space  (Fig.  4762).  .\ftcr 
emerging  from  under  the  gluteus  maximus  it  is  covered 
by  the  long  head  of  the  biceps.  Between  tiiesc  flexor 
muscles  it  is  buried  in  loose  fatty  connective  ti.s.sue, 
which  forms  an  easy  path  for  burrowing  pus  from 
abscesses  that  have  their  origin  usually  in  the  pelvis. 
In  this  way  the  pus  may  reach  the  popliteal  space. 
\  line  drawn  from  a  point  a  little  toward  the  median 
side  of  the  center  of  a  line  drawn  from  the  great 
trochanter  to  the  tuber  ischii.  to  the  middle  of  the 
popliteal  space  will  lie  over  the  nerve,  and  it  is  avail- 
able as  a  guide  in  operations  below  the  gluteo-femoral 
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crease.  Tlie  nerve  divides  a  little  below  the  middle 
of  the  thigh  into  two  branches,  the  internal  (N.  tibia- 
lis) and  the  external  (N.  perona-us)  popliteal  branches. 
The  great  sciatic  nerve  supplies  the  muscles  of  the 
back  of  the  thigh,  as  has  already  been  described.  Its 
size  and  the  number  of  its  sensory  fibers  make  it  an 
important  nerve  in  causing  shock.  Operative  pro- 
cedures involving  this  nerve  may  be  made  less  serious 
by  the  use  of  cocaine  locally,  or  by  manipulations  that 
reduce  the  mechanical  irritation  to  a  minimum. 

Arteries  and  Veins. — The  superior  portion  of  the 
back  of  the  thigh  is  supplied  by  the  inferior  gluteal 
artery  (A.  gluttea  inferior)  (Fig.  4762).  It  anasto- 
moses with  the  internal  and  external  circumflex 
arteries  and  the  perforating  arteries.  The  perforat- 
ing arteries  (Fig.  4762)  are  usually  three  in  number 
and  supply  the  muscles  on  the  back  of  the  thigh. 
The  deep  Veins  of  the  posterior  side  accompany  the 
artery. 

The  Skeleton  of  the  Thigh.~Thc  shaft  of  the  femur  is 
bent  in  the  form  of  a  bow  anteriorly.  This  outward 
and  anterior  curve  gives  the  adductor  muscles  (the 
adductor  magnus  especially)  a  greater  angle,  and 
this  arrangement  of  the  muscle  is  the  cause  of  the 
lower  fragment  often  being  pulled  upon  the  inner  one 
in  fracture.  In  old  age  the  spongy  bone  in  the  neck 
of  the  femur  often  undergoes  fatty  degeneration  and 
disappears.  This  is  the  cause  of  the  increased  fre- 
quency of  fracture  at  this  part-  of  the  bone  in  old  age. 
It  occurs  oftener  in  women  than  in  men,  owing  to  the 
fact  that  the  angle  is  more  obtuse  in  women  than  in 
men,  and  so  the  strain  has  a  greater  mechanical 
advantage.  Mervin  T.  Sudler. 
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Thiocol,  guaiacol-potassium-sulphonate,  CeHj.- 
OH.OCH3.SO3K,  is  a  white,  odorless  crystalline 
powder  with  a  faintly  bitter  taste.  It  is  soluble  in 
water  or  diluted  alcohol,  but  not  in  strong  alcohol, 
ether,  or  the  fatty  oils.  Its  aqueous  solution  is 
turned  violet-blue  by  ferric  chloride. 

Thiocol,  being  a  soluble  compound  of  guaiacol,  has 
the  medicinal  properties  of  this  substance;  but  its 
taste  is  not  disagreeable,  it  is  unirritating  to  the 
stomach,  and  it  does  not  "repeat"  after  ingestion. 
Being  soluble  it  is  easily  administered  and  rapidly 
absorbed.  The  results  in  tuberculous  patients,  as 
noted  by  Mendelssohn,  Braun,  Moir  of  Edinburgh, 
and  many  others  are,  increased  appetite,  lessened 
cough  and  sputum,  disappearance  of  night  sweats, 
moderation  of  the  diarrhea,  and  general  improvement. 
The  employment  in  whooping-cough  and  respiratory 
troubles  other  than  tuberculosis  has  met  with  ardent 
advocates.  For  the  adult,  thiocol  may  be  adminis- 
tered in  capsule,  cachet,  tablet,  or  solution.  The  dose 
is  8  grains  (0.5  gram)  three  times  a  day,  gradually 
increased. 

A  ten-per  cent,  syrup  of  thiocol  is  marketed  under 
the  name  of  "Sirolin." 

W.  A.  Bastedo. 
R.  J.  E.  Scott. 


Thioform  is  a  basic  bismuth  di-thio-salicylate.  It 
is  a  yellow,  odorless  powder  containing  seventy-two 
per  cent,  of  bismuth  oxide,  and  is  used  as  a  dusting 
powder  or  ten-per  cent,  ointment  in  place  of  iodo- 
form. There  are  good  reports  of  its  employment  in 
eczema.  W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Thiol. — An  artificial  ichthyol,  prepared  by  treat- 
ing with  sulphur  the  hydrocarbons  having  a  specific 
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gravity  between  0.890  and  0.900,  that  are  obtained 
from  coal  tar.  The  latter  differs  from  ichthyol  by 
the  absence  of  much  organic  matter  that  supplies 
its  objectionable  qualities.  After  the  thiol  has  been 
separated  it  is  evaporated  to  an  extract — thiolum 
liquiilum,  or  to  complete  drv-ness — thiolum  siccum. 

Liquid  thiol  is  a  thin,  brownish,  neutral  liquid.  It 
has  a  feeble  bituminous  odor,  not  disagreeable.  It 
forms  a  clear  solution  with  water,  is  not  very  .soluble 
in  alcohol  or  ether.  Dry  thiol,  which  forms  forty 
per  cent,  of  the  liquid  form,  is  a  dark  brown  or  black- 
ish mass,  sometimes  formed  in  scales.  The  advan- 
tages claimed  for  thiol  over  ichthj"ol  are,  that  it  is 
really  a  purified  form  of  the  latter,  that  it  is  devoid 
of  the  disagreeable  odor,  and  does  not  stain  the  linen 
or  clothing,  is  less  irritating,  and  more  definite  in 
composition.  The  therapeutic  use  of  thiol  is  the  .same 
as  that  of  ichthyol.  Beaumont  Small. 


Thioresorcin,  C6H4(SH).,  is  a  yellowish-gray  in- 
soluble powder  made  by  fusing  together  resorcin  and 
sulphur.  It  is  a  substitute  for  iodoform,  and  has  been 
employed  in  skin  and  scalp  diseases  in  ten-per-cent. 
ointment.  W.   k.  Bastedo. 

R.  J.  E.  Scott. 


Thiosinamine  (AUyl-Sulpho -Carbamide). —  This 
long  known  chemical  compound  has  been  intro- 
duced as  a  drug  possessing  valuable  therapeutic 
properties.  It  is  obtained  by  the  action  of  alcohol 
and  ammonia  upon  the  ethereal  oil  of  mustard,  which 
forms  a  basic  compound  with  the  following  formula, 
C3H6,NH,NH2,CS.  It  forms  in  colorless  and  odorless 
prismatic  crystals,  having  a  bitter  taste,  and  is 
readily  soluble  in  water,  alcohol,  and  ether. 

Thiosinamine  has  attracted  attention  on  account 
of  its  reputed  resolvent  action  upon  scar  tissue. 
When  injected  into  tissue  causing  deformit_y  and  dis- 
ability by  contracture,  it  is  said  to  produce  a  soften- 
ing and  relaxation  which  allow  the  part  to  become 
free  and  pliable.  Numerous  cases  of  fingers  and  limbs 
that  were  beyond  the  use  of  the  knife  are  reported 
to  have  been  almost  perfecth'  restored.  This  effect 
was  announced  by  Dr.  H.  von  Hebra,  Jr.,  of  Vienna, 
in  1892,  at  the  International  Congress  on  Dermatology. 
It  has  been  used  with  success  for  the  purpose  of  relax- 
ing the  cicatricial  tissue  of  urethral  strictures.  It  has 
also  been  used  in  gj-necological  practice  to  relieve  the 
symptoms  arising  from  the  effects  of  perimetritis 
and  inflammatory  troubles  about  the  appendages. 
In  addition  to  its  action  on  cicatricial  tissue,  it  causes 
a  decided  increase  in  diuresis  and  diaphoresis,  and 
exerts  a  powerful  tonic  effect  upon  the  system,  in 
consequence  of  which  it  was  thought  to  have  a  bene- 
ficial resolvent  action  upon  local  tuberculosis.  More 
recently  it  has  been  employed  in  arteriosclerosis  with 
many  reports  of  decided  success.  There  has  also  been 
introduced  a  sodium  salt,  and  a  combination  with 
iodine,  for  internal  administration.  Upon  chronic 
enlargement  of  lymphatic  glands  its  effect  was  very 
marked.  In  a  number  of  cases  of  lupus  it  was  noticed 
to  exert  a  beneficial  action.  It  has  been  reputed  as 
acting  favorably  upon  corneal  opacities  and  deafness 
from  thickening  of  the  membranes.  The  injections 
are  made  in  the  interscapular  or  gluteal  regions.  No 
constitutional  effect  followed  the  injections,  but  a 
local  reaction  set  in  after  a  few  hours,  causing  redness, 
tension,  and  swelling  of  the  affected  part.  A  ten- 
per-cent.  solution  in  glycerin  and  water  may  be  used. 
The  do3e  is  from  one  to  three  grains  every  third  day, 
hypodermically.  For  internal  administration  one-half 
to  two  grains  three  times  a  day.        Beaumont  Small. 


Thirst. — 1.     Definition     and     Classification. — • 
Could  defines  thirst  as  "a  state  manifested  bv  a  desire 
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for  drink."  The  Century  Dictionary  defines  thirst  as 
"the  uncomfortable  sensation  arising  from  the  want  of 
liquid  nutriment;  the  uneasiness  and  suffering  occa- 
sioned by  want  of  drink;  vehement  desire  for  drink." 
From  these  definitions  it  becomes  clear  that  thirst,  as 
understood  by  the  lexicographers,  expresses  first,  a 
condition  of  body;  second,  a  sensation;  third,  a  desire. 
The  condition  is  the  need  of  water;  the  sensation  is  one 
of  dryness  of  the  mucous  membranes,  especially  those 
of  the  mouth  and  fosss.  Following  this  sensation 
there  is  a  natural  desire  for  the  needed  water  to  allay 
the  sensation. 

In  classifying  thirst  among  the  sensations,  it  is 
necessary  to  remember  that  all  sensations  may  be 
divided  into  objective  and  subjective,  the  objective 
sensations  being  those  which  arise  from  stimuli  caused 
by  natural  suljstances  or  forces  acting  upon  sensory 
nerve  ends;  while  subjective  sensations  are  the  re- 
experiencing  of  objective  sensations  without  any 
physical  basis.  Subjective  sensations  are  illusory  and 
are  experienced  in  dreams  and  in  certain  unusual 
conditions  of  the  nervous  system.  Objective  sensa- 
tions may  be  subdivided  into  two  classes:  First,  those 
caused  by  objects  or  forces  outside  of  the  body,  as 
vision  is  caused  by  light  entering  the  eye  from  with- 
out, or  hearing,  by  sound  waves  entering  the  ear  from 
without. 

The  second  class  of  objective  sensations  may  be 
called  indirect  objective  or  auto-objective.  This  class  of 
sensations  includes  hunger,  thirst,  suffocation,  pain, 
fatigue,  etc.  It  will  be  noted  tliat  these  auto-objec- 
tive sensations  all  arise  from  different  conditions  that 
exist  within  the  system,  the  first  three  named  being 
manifestations  of  needs  of  the  body  for  more  matter, 
the  last  two,  manifestations  of  overstimulation  or 
overwork. 

2.  Phtsiologicai,  CoxsmERATioxs. — In  order  to  get 
a  clear  idea  of  thirst,  it  is  necessary  for  us  to  consider 
briefly  the  need  of  the  system  for  water.  The  first 
need  arises  in  the  process  of  digestion  within  the  ali- 
mentary tract  and  absorption  from  the  alimentary 
tract.  Nearh'  all  of  the  digestive  processes  are  hy- 
drolytic  cleavages  which  involve  not  only  the  incor- 
poration of  molecules  of  water  into  new  combinations. 
but  these  combinations  take  place  far  more  readily 
in  the  jjresence  of  abundant  water.  Absorption  takes 
place  slowly  and  with  difficulty  if  the  digested  pro- 
ducts are  not  thoroughly  diluted  with  water.  Once 
the  food  is  absorbed  and  passes  into  the  circulation, 
the  proportiim  of  water  in  the  blood  must  remain 
fairly  constant,  otherwise  the  diffusion  of  blood  and 
lymph  plasma  carrying  nutrition  to  the  tissues  is  in- 
terfered with.  The  metabolic  proce.sses  in  general 
involve  either  the  incorporation  or  the  liberation  of 
water  molecules,  and  these  processes  take  place  freely 
in  the  presence  of  an  ample  supply  of  water  only. 
Secretion  and  excretion  from  glandular  epithelia  are 
scanty  unless  there  is  an  abundance  of  water  in  the 
blood. 

These  various  needs  of  the  system  for  water  are 
manifested,  first  and  most  apparently,  by  decreased 
water  in  secretion  and  excretion.  This  decrease  of 
the  water  contents  of  secretion  and  excretion  is  most 
noticeable  to  the  subject  in  the  drying  of  the  mucous 
membranes  of  the  mouth  and  throat.  This,  in  fact, 
is  the  .sen^tion  usually  experienced  in  thirst  and 
associated  with  that  term.  There  is  also,  however,  an 
increased  specific  gravity  of  the  blood  and  Ij-mph 
followed  by  what  may  be  termed  a  tissue  thirst,  or  a 
need  of  the  active  tissues  of  the  body  for  water.  Thi-; 
leads  to  a  classification  of  thirst  into  local  or  external 
thirst  as  experienced  in  the  mouth  and  throat  on  the 
one  hand,  and  general  or  internal  thirst  experienced 
by  the  tissues  of  the  body,  and  appealing  to  the  con- 
sciousness in  a  rather  vague  feeling  of  lassitude  diffi- 
cult to  describe,  but  quickly  relieved  by  a  copious 
draught  of  cool  water. 


The  nervous  mechanism  of  the  sensation  of  thirst 
is  obscure.  Sherrington,  in  his  chapter  on  sensation 
(Schiifer's  "Textbofik  of  Physiology,"  vol.  ii.,  p.  992) 
refers  to  a  thirst  center  located  in  tlie  medulla  in  asso- 
ciation with  the  nuclei  of  the  ninth  and  tenth  nerves, 
the  cerebral  connections  passing  from  this  center  up- 
\vard,  the  afferent  impulses  coming  from  the  distribu- 
tion of  the  glossopharyngeus  and  vagus  nerves  in  the 
mouth,  pharynx,  esophagus,  and  stomach.  If  we 
accept  this  theory,  we  are  driven  to  the  alt-ernative  of 
supposing  that  the  thirst  center,  wherever  that  may  be 
located,  is  influenced  by  the  blood  supplying  the  "cen- 
ter. This  theory,  while  it  might  account  for  general 
tissue  thirst,  could  not  account  for  the  local  thirst 
arising  from   the  dryness   of   mucous   membranes. 

Local  thirst  may  be  abated  or  allayed  by  local  appli- 
cation of  water  to  the  mucous  membranes  affect«d. 
If  the  local  thirst  is,  however,  a  local  manifestation  of 
tlie  general  condition,  thus  method  of  allaying  it  will 
only  be  temporary  and  the  sensation  will  recur  a  few 
moments  after  the  application. 

General  thirst  may  be  allayed  by  intravenous  injec- 
tion of  normal  saline  solution;  by  introduction  of 
water  into  the  stomach  through  a  stomach  tube,  or  by 
the  introduction  of  water  into  the  rectum.  In  all  of 
these  cases  the  water  is  rapidly  absorbed  and  trans- 
ported to  the  thirsty  tissues  and  general  thirst  is  thus 
a.ssuaged,  followed  rapidly  by  an  alleviation  of  local 
thirst.  Had  the  water  been  taken  in  the  usual  way  of 
drinking,  the  local  thirst  would  have  been  temporarily 
allayed,  incident  to  the  pa.ssage  of  the  water  over  the 
mucous  membranes,  and  this  would  have  been  fol- 
lowed presently  by  a  moistening  of  these  tissues  from 
within  by  the  more  copious  secretions.  Variations  of 
the  above  usual  conditions  may  be  noticed. 

Meteorological  conditions, such  as  a  high  temperature 
especially  when  this  is  accompanied  by  high  humidity, 
will  cause  a  profuse  perspiration  followed  by  a  general 
increased  demand  for  water.  Again  high  temperature 
with  low  humidity  will  cause  an  insensible  perspiration 
in  which  much  water  will  leave  the  surface  of  the 
body— evaporated  the  instant  it  leaves  the  sweat 
pores.  This  condition  is  sure  to  be  accompanied  by 
a  marked  sensation  of  thirst,  and  copious  drinking  of 
water. 

Muscular  exercise  will  have  a  similar  effect;  that 
is,  there  wiU  be  profuse  perspiration — sensible  or 
insensible,  according  to  humidity  of  the  air — followed 
by  sensation  of  thirst,  and  copious  drinking.  Diet, 
if  rich  in  salt-s  or  sugars,  will  lead  to  a  demand  for 
water  to  dilute  the  solutions  to  the  normal  specific 
gravity,  while  the  free  use  of  diuretic  diets,  ;is  lemons 
or  oranges,  will  lead  to  a  depletion  of  the  water  of  the 
system  and  be  followed  by  thirst. 

3.  Pathological  Con'sider.\tioxs. — In  its  patholog- 
ical relation  thirst  is  called  polydipsia,  dipsosis,  or 
dipcsis.  It  may  be  said,  in  passing,  that  polydipsia 
ebrioria  (thirst  for  intoxicants?)  is  not  real  thirst  in 
any  proper  use  of  that  term,  though  "thirst"  is  much 
used  to  express  a  desire  for  alcoholic  drinks.  Thirst 
proper  is  a  desire  for  water. 

Polydipsia  is  associated  with  many  diseases  as  a 
symptom. 

First,  in  such  diseases  as  diarrhea  or  cholera  (in 
which  diarrhea  is  a  prominent  symptom)  much  water 
is  carried  off  in  watery  stools.  In  diabetes  insipidus 
water  is  lost  in  polyuria.  In  hemorrhage  water  is 
lost  with  the  blood.  In  all  of  these  cases  there  is 
extreme  thirst  as  a  secondarj-  symptom  or  condition. 
This  extreme  thirst  may  be  abated  with  frequent 
draughts  of  cool  water  and  a  free  use  of  liquid  diet. 

Second,  in  diabetes  mellitus  the  thirst  is  a  secondary 
symptom  caused  by  the  increased  sugar  in  the  blood, 
which  in  turn  leads  to  a  demand  on  the  part  of  the 
tissues  for  water  to  lower  the  specific  gravity  of  the 
blood. 

The  polyuria  of  diabetes  mellitus  is  secondary  to  the 
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polydipsui,  wliile  the  polydipsia  of  the  diabetes  insipi- 
dus is  secondary  to  the  polyuria. 

Third,  in  another  class  of  pathological  conditions 
belongs  hysterical  polydipsia,  which  is  as  inexplicable 
aj)  are  other  symptoms  that  may  be  manifested  in 
hysieria. 

4.  Dietetic  and  Thehapeutic  Considerations. — 
The  adult  of  average  size  requires  about  two  liters  of 
water  each  twenty-four  hours  to  make  good  the  loss 
b,\  excretion  and  evaporation.  About  one-half  of  this 
reciuirement  is  supplied  by  the  average  diet,  leaving 
one  liter  (about  four  glasses)  to  be  taken  as  a  beverage. 
Many  adults  take  much  less  than  this  quantity.  But 
many  adults  take  too  small  an  amount  of  water;  few 
take'too  much.  There  is  a  growing  belief  in  the  medi- 
cal profession  that  water  is  a  most  valuable  agent  for 
flushing  out  accumulating  excretory  material  from  the 
tissues. 

The  sense  of  thirst  may  readily  become  perverted 
and  thus  fail  to  fulfil  nature's  plan  as  an  admonisher 
of  a  need  for  water.  Such  a  condition  results  in 
malnutrition.  Winfield  S.  Hall. 

Thomas,  Theodore  Qaillard. — Born  on  Edisto 
Island,  about  thirty  miles  southwest  of  Charleston, 
South  Carolina,  on  Nov.  21,  1831.  He  studied  medi- 
cine at  tha  Charleston  Medical  School,  and  received 
his  doctor's  degree  from  that  institution  in  1852.  A 
year  or  two  later  he  settled  in  New  York,  taught 
obstetrics  in  a  "quiz  class,"  and  was  soon  appointed 
Lecturer  on  this  branch  of  medical  knowledge  at  the 
University'  of  New  York.  For  a  number  of  years 
he  occupied  the  Chair  of  Obstetrics  at  the  College  of 
Physicians  and  Surgeons,  and  was  then  transferred 
to  that  of  Gynecology.  In  1873  he  was  appointed 
one  of  the  .attending  Surgeons  to  the  Woman's 
Hospital.     He  died  Feb.  28,  1903. 

Aside  from  a  few  brief  articles  Dr.  Thomas  made 
no  contributions  to  medical  literature  until  he  pub- 
lished his  treatise  on  "Diseases  of  Women,"  which 
was  immediately  recognized  as  the  most  complete 
work  on  the  subject  in  existence,  and  won  for  its 
author  a  lasting  reputation  as  a  gynecologist  of  the 
first  rank.  A.  H.  B. 


Thomasville,  Georgia. — This  place,  which  was 
formerly  a  popular  winter  resort,  is  situated  in  the 
southwestern  portion  of  the  State,  not  far  from  the 
Florida  line,  and  about  160  miles  from  the  Atlantic 
coast  and  fifty-three  miles  from  the  Gulf  of  Mexico. 
It  lies  in  the  great  southern  pine  belt,  and,  like 
Summerrille,  Aiken  and  other  resorts  in  this  belt,  is 
surrounded  by  pines,  on  sandy  soil  and  at  a  distance 
from  any  body  of   water.     It    has  an   elevation    of 


380  feet  above  sea-level,  which  is  the  highest  ground 
in  that  part  of  the  State. 

The  town  itself  is  an  attractive  one,  with  a  popu- 
lation  of  about  7,000,  with  broad,  shady  streets,  a 
park  among  the  pines,  many  attractive  residences, 
various  public  buildings,  good  schools,  etc. 

The  natural  drainage  of  the  town  is  excellent,  and 
there  is  a  system  of  sewerage.  The  city  is  supplied 
with  water  from  an  artesian  well  1,900  feet  deep. 

The  surrounding  country  is  undulating,  and  besides 
corn  and  cotton,  grapes  are  produced  in  abvmdance 
and  the  famous  "Le  Conte"  pear.  Many  other  fruits 
are  also  grown  here,  such  as  peaches,  plums,  apples, 
and  figs.     Flowers  grow  luxuriantly. 

Some  years  ago  Thomasville  was  a  much  frequented 
resort  in  winter  and  early  spring  and  a  favorite  stop- 
ping place  for  those  going  to  or  returning  from 
Florida.  At  the  present  time,  however,  the  journey 
to  or  from  Florida  is  seldom  broken  for  a  visit  to 
Thomasville,  and  it  has  ceased  to  be  a  winter  resort 
of  any  importance  and  its  deserted  hotels  have  been 
utilized  for  other  purposes.  The  same  attractions, 
however,  remain  and  the  climate  is  the  same,  a  mild 
winter  one  with  a  profusion  of  sunshine,  affording  an 
almost  constant  out-of-door  existence.  The  drives 
through  the  pine  forests  are  very  attractive,  over  good 
roads,  and  radiate  from  the  town  in  all  directions. 
There  are  also  opportunities  for  other  forms  of  out- 
door amusements,  such  as  golf,  etc. 

The  climate,  as  will  be  seen  from  the  chart,  is 
a  comparatively  dry  one;  its  winters  are  warm,  with- 
out the  enervating  influences  of  the  Florida  coast 
resorts:  "it  is  to  a  marked  degree  exempt  from  severe 
winds,  and  there  is  always  a  great  preponderance  of 
sunshine  and  of  days  which  admit  of  out-of-door 
exercise  on  the  part  of  the  invalid."  The  rainfall  is 
light  in  the  winter  months;  the  relative  humidity 
comparatively  low;  and  about  four-fifths  of  the  days 
during  this  season  are  fair  or  clear.  The  average 
monthly  temperature  for  December,  January,  Feb- 
ruary and  March,  is  respectively,  52.70°;  52.15°; 
.56.60°;  61.55°.  Undoubtedly  good  accommodations 
in  private  boarding-houses  could  be  obtained,  or 
cottages  rented. 

The  disease  for  which  such  a  climate  is  favorable 
are,  particularly,  the  various  catarrhal  affections  of 
the  respiratory  passages,  and  incipient  tuberculosis 
in  individuals  who  are  uncomfortable  in  resorts  of 
higher  latitude,  or,  for  one  reason  or  another,  do  not 
do  as  well  in  more  northerly  regions.  Moreover,  it 
is  a  favorable  winter  climate,  for  very  many  condi- 
tions which  require  a  mild  sunny  winter  climate, 
where  out-of-door  life  can  be  indulged  in  without 
great  demands  upon  one's  vitality.  The  feeble, 
young  or  old,  those  temporarily  weakened  by  sick- 
ness  or  hardship,   can   lead  a   comfortable  existence 


Climate  or  Thomasville,  Ga.  Latitode,  30°  50';  Lonoitode,  84°  10'.     Pebiod  of  Obsebvation,  Five  Yeabs  Ten  Months. 


July.       October.      Nov 


Temperature — (Degrees  Fahr.) 

Average  monthly 

Mean  of  warmest 

Mean  of  coldest 

Average  daily  range 

Highest  or  maximum 

Lowest  or  minimum 

Humidity- 
Average  mean  relative 

Precipitation — 

Average  in  inches 


Wind- 
Prevailing  direction 

.Average  hourly  velocity  in  miles 

.\verage  number  of  fair  and  clear  days. 


52.15° 

61 . 12° 

43.19 

17.93 

78.0 

14.0 

63 . 7  % 

3.41 

S.  and 
N.  W. 
5.0 
23.0 


56 . 60° 

66.52 

49.08 

17.44 

82.0 

28.0 

62.8% 

3.36 

S.  and 
N.  W. 
5.0 
22.0 


61.55° 

72.03 

54.0 

18.03 

88.0 

32.0 

62.3% 

3.92 


67.79° 

77.21 

61.97 

15.24 

91.0 

36.0 


82.35° 
91.03 
79.14 
21.89 
101.5 
66.0 


62 . 3  %       66 . 0  % 
5. 28  4.69 


8.0 
21.0 


69 . 18° 

58.56° 

77.23 

68.12 

63.32 

51.72 

13.91 

16  40 

94.5 

84.5 

37.0 

26.0 

68.2% 

66.6% 

5.19 

2.69 

S.  and 

S. 

S.  W. 

7.0 

8.0 

24.0 

24.0 

52 . 70° 

62.51 

45.18 

17. "33 

79.5 

10.0 

64.7% 

3.85 

S.  and 
N.  W. 
7.0 
24.0 


65.167, 

51.56 

S.  S.W., 

S.E..  and 

N.  W. 

5.8 

26.9 
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Tborarlr  l>uct.  Diseases  of 


and    outdoor    life    in    such    a    climate    witii    little 
expenditure  of  strength. 

Access  from  the  North  to  Thomasville  is  easy  and 
expeditions,  either  all  the  way  by  rail,  or  by  steamer 
from  Boston  or  New  York  to  Savannah  and  thence 
bv  rail.  Edward  O.  Otis. 


Thompson,  Sir  Henry.— Born  at  Framlingham, 
County  of  Suffolk,  England,  Aug.  6,  1820.  He  re- 
ceived his  doctor's  degree  from  the  London  University 
in  1S,51.  In  18.53  he  was  appointed  Assistant  Surgeon 
at  University  College  Hospital,  and  ten  years  later  he 
■was  made  a  full  Surgeon.  In  1866  the  same  in.stitu- 
tion  gave  him  the  position  of  Professor  of  Clinical 
Surgery.  In  1884  he  became  Professor  of  Surgery  and 
Pathology  in  the  Royal  College  of  Surgeons.  On  two 
previous  occasions  this  institution  had  awarded  him 
the  Jacksonian  Prize  for  an  essay  on  "Pathology  and 
Treatment  of  Stricture  of  the  Urethra"  (1852),  and 
for  one  on  "  Health  and  Morbid  Anatomy  of  the 
Prostate  Gland"  (1860).  He  was  knighted  in  1867 
and  made  a  Baronet  in  1899.  For  a  period  of  more 
than  thirty  years  he  devoted  himself  largely  to  the 
treatment  of  diseases  of  the  urinary  bladder  and 
urethra.      He  died  on  April  18,  1904. 

Of  Sir  Henry  Thompson's  published  writings  the 
following  deserve  to  receive  special  mention:  "The 
Pathology  and  Treatment  of  Stricture  of  the  Urethra" 
1852  (awarded  the  Jacksonian  Prize);  "The  Enlarged 
Prostate;  its  Pathology  and  Treatment,  with  Observa- 
tions on  the  Relation  of  this  Complaint  to  Stone  in 
the  Bladder,"  1857  (a  sixth  edition  in  1886;  that  of 
1866  was  awarded  the  Jacksonian  Prize);  "Practical 
Lithotomy  and  Lithotrity,"  1863;  "Clinical  Lectures 
on  Diseases  of  the  Urinary  Organs,"  1868  (an  eighth 
edition  in  1888);  "The  Preventive  Treatment  of 
Calculous  Disease  and  the  Use  of  Solvent  Remedies;  " 
and  "Lectures  on  Some  Important  Points  connected 
with  the  Surgery  of  the  Urinary  Organs,"  London, 
1884.  A.  H.  B. 


Thoracic  Duct,  Diseases  of  the. — The  thoracic 
duct  extends  from  the  second  lumbar  vertebra  up 
through  the  entire  length  of  the  thorax  to  empty  into 
the  left  subclavian  vein  near  its  junction  with  the 
left  internal  jugular.  Its  length  is  about  seventeen 
iiiclics.  At  the  level  of  the  seventh  cervical  vertebra 
it  forms  an  arch  to  the  left  and  forward  to  reach  the 
vein.  Throughout  the  rest  of  its  course  it  lies  upon 
the  vertebral  column  and  passes  through  the  dia- 
phragm with  the  aorta. 

At  the  beginning  of  the  duct  is  an  enlargement 
known  as  the  receptaculum  chyli  from  two  to  three 
inches  in  length.  The  entire  duct  is  very'  poor  in 
valves  by  comparison  with  other  lymph- vessels  but 
its  entrance  into  the  left  subclavian  vein  is  well 
guarded  by  two  valve  leaflets  which  prevent  the 
passage  of  blood  back  into  the  duct. 

The  thoracic  duct  receives  its  lymph  from  practi- 
cally the  whole  left  side  of  the  body  above  the  dia- 
phragm and  from  the  whole  of  the  trunk  below  the 
(liapluagm  except  the  upper  right  side  of  the  ab- 
dominal wall. 

The  lymph  from  both  legs  and  from  all  the  abdom- 
inal viscera  except  the  convex  surface  of  the  liver  also 
linds  its  way  into  the  left  subclavian  vein  through 
tills  duct. 

The  right  lymphatic  trunk  which  empties  into  the 
right  subclavian  vein  gathers  its  lymph  from  the 
remaining  portions  of  the  body,  the  right  half  of  the 
body  above  the  diaphragm  and  the  upper  right  side 
of  the  abdominal  waU  and  upper  surface  of  the 
liver. 

'  Diseases  of  the  duct  may  be  grouped  into  two  classes : 
those  in  which  the  symptoms  are  those  of  obstruction; 
and  those  in  which  the  duct  is  involved  without  symp- 


toms other  than  those  of  the  disease  process  in  which 
the  duct  is  usually  secondarily  involved. 

Obstruction  of  the  duct  may  be  due  to  pressure  upon 
it  from  without  by  thoracic  aneurysm,  enlarged  medias- 
tinal lymph  nodes,  whether  tuberculous,  carcinomat- 
ous, or  lymphadenomatous,  or  mediastinal  new 
growths. 

The  duct  may  be  pressed  upon  by  firm  tumors  of 
the  pancreas  or  compressed  by  cicatrices  or  adhesions. 
Very  rarely  it  may  be  obstructed  by  goiter.  The 
outflow  of  lymph  may  be  obstructed  by  the  damming 
back  of  blood  in  the  subclavian  vein  by  various  heart 
lesions  causing  tricuspid  incompetency,  or  by  throm- 
bosis in  the  innominate  or  subclavian  vein. 

Within  the  duct  itself  obstruction  may  be  caused 
by  an  adult  worm  in  filarial  disease,  by  tuber- 
culous thrombus  of  the  duct,  or  by  tuberculous, 
carcinomatous,  or  lymphomatous  disease  of  the  duct 
wall  itself. 

PATHOLoaT. — Disease  in  or  about  the  duct  may 
lead  to  obstruction  with  a  well-marked  train  of  symp- 
toms, but  it  is  possible  to  have  well-marked  disease 
of  the  duct  without  any  of  the  manifestations  of  the 
obstruction,  and  this  too  when  a  postmortem  exami- 
nation shows  the  duct  to  be  completely   occluded. 

The  lymph-channels  are  not  in  all  instances  dis- 
tinct vessels  but  more  often,  at  their  beginning,  at 
least,  have  no  distinct  walls  and  are  really  just  spaces 
between  the  tissue  cells.  As  they  become  better 
developed  the  w-alls  still  remain  a  good  deal  thinner 
than  in  the  veins  and  thus  are  more  readily  dilated. 

When  obstruction  to  the  duct  occurs  suddenly  it 
may  lead  to  rupture  of  the  receptaculum  chyli,  but 
when,  as  usually  happens,  the  obstruction  comes  on 
gradually,  there  is  a  gradual  rise  in  pressure  in  the 
lymph-vessels  beyond  the  obstruction  with  the 
formation  of  varices  and  gradually  in  many  instances 
the  establishment  of  a  more  or  less  complete  anasto- 
motic circulation. 

If  the  obstruction  is  high  up  the  small  ves.sels  which 
connect  with  those  flowing  to  the  right  lymphatic 
trunk  dilate  and  we  find  more  or  less  of  the  lymph 
diverted  to  this  channel. 

If  the  lesion  is  lower  down  in  the  duct  the  anasto- 
mosis may  occur  about  the  obstruction  so  that  the 
contents  of  the  duct  below  may  find  its  way  into  the 
upper  portion  through  branches  which  empty  into 
this  portion,  while  part  finds  its  way  into  the  right 
lymphatic   trunk. 

By  the  time  this  anastomotic  circulation  is  estab- 
lished the  distal  lymphatics  have  become  tortuous  and 
varicose  to  a  variable  extent. 

In  some  instances  the  anastomosis  is  so  complete 
that  no  symptoms  or  signs  of  obstruction  occur  but 
in  others  the  dilated  vessels  collect  together  to  form 
well-marked  lymphaugioraata  or  are  distributed 
through  the  tissues. 

The  walls  of  these  vessels  are  thin  and  at  times  may 
rupture  allowing  the  escape,  of  lymph  or  chyle.  Small 
aniounts  may  escape  by  transudation  without  demon- 
strable rupture  of  the  vessels. 

The  escajje  of  chyle  under  these  circumstances  may 
occur  in  different  locations  depending  upon  the  situa- 
tion of  the  ruptured  varix. 

It  may  find  its  way  into  the  peritoneal  cavity  where 
it  is  referred  to  as  chylous  ascites,  or  into  the  pleural 
cavity  where  it  is  called  chylothorax.  .\t  tinies  it 
escapes  into  the  bladder  (chyluria)  or  into  the  intes- 
tine (chylous  diarrhea).  In  the  tunica  vaginalis  it  is 
referred  to  as  a  chyloccle  and  when  varices  rupture 
externally  it  is  spoken  of  as  external  lymphorrhoa. 

As  regards  the  disease  of  the  duct  itself  numerous 
cases  have  been  reported  in  which  the  duct  has  be- 
come obstructed  in  filarial  disease  and  postmortem 
examination  has  shown  areas  of  dil.ation  of  the  duct 
below  with  comi)lete  obstruction  above,  due  to  inflam- 
matory reaction,  jirobably  about    the   site  of    lodg- 
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ment  of  an  adult  worm.  These  cases  are  usually 
associated  with  chyluria  or  elephantiasis  and  lymph 
scrotum. 

Carcinoma  of  the  duct  is  most  frequently  secondary 
to  carcinoma  of  the  stomach,  uterus,  or  testicle,  but 
may  also  come  from  the  rectum,  pancreas,  kidney,  or 
ovary. 

Tlie  duct  i.s  more  or  less  complete!}'  filled  with 
carcinomatous  masses  often  to  the  extent  of  complete 
obstruction  of  the  lumen  and  yet  in  numerous  cases 
there  has  been  no  resulting  lymphostasis.  Chylous 
ascites  has  resulted  in  some  cases  however. 

Dock  reports  a  case  of  lymphocj-toma  of  the  duct 
with  both  chylous  ascites  and  chylo thorax. 

Tuberculosis  of  the  duct  is  frequently  found  in 
cases  of  acute  or  subacute  miliary  tuberculosis  and 
is  believed  to  be  the  site  from  which  the  bacilli  find 
their  wav  into  the  blood  in  many  of  these  eases. 
Longcope  reports  distinct  disease  of  the  duct  usually 
with  caseous  nodules  in  twelve  out  of  seventeen  cases 
of  acute  miliary  tuberculosis  and  refers  to  numerous 
other  reported  cases.  The  disease  in  the  duct  is 
usually  secondary  to  disease  in  mesenteric  or  medias- 
tinal ivmph  nodes  or  in  the  peritoneum  or  pleura. 
Tuberculous  ulceration  of  the  bowel  is  also  of  frequent 
occurrence. 

Symptoms. — With  the  exception  of  those  caused  by 
obstruction,  the  symptoms  are  those  of  the  complicat- 
ing disease  and  the  diagnosis  of  involvement  of  the 
duet  can  be  made  only  by  implication. 

The  symptoms  of  obstruction  are  those  produced  by 
the  varicosities  of  lymph-vessels,  and  the  escape  of 
chyle  into  the  various  localities  already  mentioned. 

iExternal  varices  especially  in  the  skin  of  the  leg, 
scrotum,  or  abdominal  walls  can  readily  be  seen  and 
the  diagnosis  is  confirmed  by  the  temporary  escape  of 
chyle  from  ulcerations.  There  are  often  infiammator}' 
areas  about  the  varices. 

Chylous  ascites  can  be  differentiated  from  ordinary 
ascites  only  by  the  character  of  the  fluid  removed  on 
aspiration,  and  the  same  holds  true  of  chylothorax. 

The  presence  of  chyle  in  the  urine  and  in  the  fluid 
removed  from  the  tunica  vaginalis  (chylocele)  are 
usually  symptoms  of  filarial  disease  and  generally 
occur  in  the  tropics. 

Prognosis  and  treatment  are  those  of  the  causal 
disease  in  most  instances,  but  in  chylous  ascites,  the 
condition  itself  is  grave  because  of  the  constant  escape 
of  chyle.  This  is  especially  so  when  the  condition  is 
due  to  rupture  of  the  duct  below  an  obstruction  as 
an  anastomotic  circulation  can  hardly  be  established. 
In  other  cases  the  prognosis  has  a  direct  relation  to 
the  completeness  of  the  anastomosis  established. 
Henry  L.  Woodwakd. 


Thoracic  Surgery,  Technique  of. — To  prevent 
the  development  of  pneumothorax,  operations  by  the 
transpleural  route  must  be  performed  under  either 
positive  or  negative  pressure.  The  vast  amount  of 
experimental  and  clinical  work  upon  this  subject 
has  developed  many  admirable  operations  and  serv- 
iceable methods  in  technique,  a  few  of  which  only 
can  be  described. 

Differential  Pressure  Cabinets. — The  cabinet 
perfected  by  Willy  Meyer  permits  the  use  of  either 
positive  or  negative  pressure.  A  cabinet  of  approxi- 
mately 1,000  cubic  feet  contents  (16  X  8  X  8), 
large  enough  for  two  anesthetizers,  is  built  up  of 
wire  screens  and  made  air-tight  from  the  inside  by 
means  of  rubber  sheeting,  through  which  conversa- 
tion between  the  surgeon  and  the  anesthetizers  can 
be  carried  on.  The  anesthetizers  within  are  placed 
in  the  current  of  fresh  air,  the  exhaust  is  near  the 
head  of  the  patient,  so  that  the  vapors  of  the  narcotic 
are  absorbed  by  the  patient  only.     The  air  is  changed 
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once  every  minute.  Outside,  against  one  side  of  the 
cabinet  and  projecting  far  out  from  the  same,  a 
pyramidal  box  is  placed,  opening  inward  and  closed 
in  front  by  a  rubber  coOar  through  which  the  head  of 
the  patient  is  passed.  The  bottom  of  this  head  box 
or  hood  is  horizontal  and  serves  to  carry  an  adjustable 
support  for  the  patient's  head,  offering,  besides,  room 
for  instruments,  etc.  The  top  of  the  box  pitches 
downward  and  consists  of  a  large  pane  of  glass, 
below  which  the  patient's  head  can  be  seen  from  the 
outside.  Above  the  pane  is  placed  a  mirror  in  which 
the  anesthetizers,  glancing  up,  see  the  field  of  opera- 
tion reflected.  The  cabinet  has  an  air-lock  by  means 
of  which  the  anesthetizers  can  be  reached  without 
interruption  of  the  difference  in  pressure. 

In  the  development  of  the  negative  pressure  side 
of  the  cabinet,  Sauerbruch's  chamber  served  as  a 
guide.  A  new  departure  has  been  made  by  omitting 
in  the  wall  the  opening  for  the  patient's  head.  In- 
stead the  patient  is  placed  in  a  positive  differential 
pressure  cabinet  erected  within  the  negative  chamber. 
With  the  head  in  the  positive  cabinet,  the  patient's 
bod\'  rests  in  the  neg.ative  chamber  on  the  operating 
table  in  front  of  the  positive  cabinet.  Anesthesia  is 
here,  therefore,  given  the  same  as  in  the  positive 
cabinet.  The  cabinet  and  other  forms  of  differential 
pressure  apparatus  are  well  described  and  illustrated 
in  Keen's  Surgery,  Volume  VI. 

The  Mask  Apparatus. — The  more  cumbersome 
methods  of  positive  pressure  have  been  simplified  by 
the  introduction  of  an  air-proof  mask  for  the  mouth 
and  nose,  instead  of  the  cabinet  for  the  head.  The 
Tiegel  apparatus  consists  mainly  of  a  modified  mask 
fitted  closely  to  the  face,  into  which  is  conve>-ed  by  the 
insertion  of  a  pipe  a  continuous  stream  of  air  or 
oxygen.  A  second  pipe  fitted  to  the  mask  carries  off 
the  current  of  air  through  a  water-valve,  which  pro- 
duces and  maintains  a  certain  pressure  in  the  air. 
In  the  intermediate  pipe  small  chambers  are  inserted, 
in  which  by  means  of  a  dripping  apparatus  which 
can  be  regulated,  the  anesthetic  can  be  added  to  the 
air  breathed. 

The  pressure  is  derived  from  a  cylinder  of  oxygen, 
the  pressure  of  the  outgoing  gas  can  be  reduced  as 
desired  by  a  valve,  at  the  most  one-half  atmosphere. 
A  second  source  of  pressure  can  be  added  from  a  water- 
jet  blower,  or  a  little  air-compressor  worked  either  by 
electricity  or  by  hand.  The  large  rubber  balloon 
placed  in  front  of  the  mask  lessens  the  variation  of 
pressure  on  inspiration  and  expiration,  which  would 
otherwise  be  considerable  and  disturbing;  it  makes 
breathing  easier.  The  pressure  in  the  whole  system 
is  regulated  by  a  water  gauge  pipe  which,  according 
to  the  depth  to  which  it  descends  in  the  water,  allows 
the  establishment  of  difference  of  pressure  which  can 
be  measured  and  regulated  (ten  centimeters  for  the 
normal  inflation  of  the  lung). 

The  mask  apparatus  has  been  successfully  used  in 
practice.  Its  chief  advantage,  besides  the  simplicity 
of  its  construction  and  handling  is  its  handiness;  it 
allows  of  the  patient  being  placed  in  any  position, 
and  in  the  absence  of  the  troublesome  collar  enables 
the  operation  to  be  aseptic.  It  can  be  quickly  and 
easily  used  whenever  necessary,  and  at  any  moment 
while  the  operation  is  going  on  just  as  quickly  and 
easily  can  the  mouth  of  the  patient  be  set  free.  No 
special  knowledge  or  practice  is  required  before  using 
it. 

Intratracheal  Insufflation. — This  procedure  con- 
sists in  a  means  of  producing  anesthesia  and,  at  the 
same  time,  is  a  positive  differential  pressure  method. 
Its  perfection,  in  the  hands  of  many  surgeons,  indi- 
cates that  intratracheal  insufflation  has  supplanted 
the  more  cumbersome  positive  or  negative  pressure 
cabinets.  The  method  was  discovered  by  Meltzer 
and  Auer,-  who  noted  that  ventilation  of  the  alveolar 
air  can  be  accomplished  by  a  continuous  movement  in 
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one  direction,  the  air  being  driven  through  a  tube 
which  has  been  passed  into  the  trachea. 

The  intratracheal  tube  (catheter)  must  be  flexible 
and  elastic,  it  has  to  possess  some  degree  of  resistance, 
but  it  should  not  be  too  rigid.  The  diameter  of  the 
tube  should  be  rather  too  small  than  too  large,  it 
need  never  be  larger  than  eight  millimeters  with  a  lu- 
men of  four  millimeters  (No.  22  or  24  French).  In 
length  it  should  measure  from  thirty  to  thirty-five 
centimeters.  It  is  advisable  that  the  opening  should 
be  at  the  end  of  the  tube.  The  catheter,  one  of 
woven  silk  is  preferable,  should  have  two  marks  upon 
it;  one,  twelve  centimeters  and  a  second,  twenty- 
six  centimeters  from  the  tip.  If  the  intratracheal 
tube  is  twenty-six  centimeters  from  the  incisor  teeth, 
it  will  he  five  centimeters  or  less  above  the  bifurcation 
of  the  trachea  (Elsberg'). 

.-Vfter  the  patient  is  etherized  in  the  usual  way,  the 
tube  is  best  introduced  by  the  method  described  by 
Jackson:*  Remove  the  pillow  from  the  patient,  place 
the  thumb  of  each  hand  on  the  forehead  of  the  patient 
and  force  the  occiput  backward  as  far  as  possible. 
The  effect  of  this  is  to  raise  the  hyoid  bone  and  all  the 
tissues  of  the  neck,  including  the  larynx,  and  to 
elevate  the  tongue.  The  speculum  is  then  introduced 
in  the  usual  manner,  and  the  catheter  passed  between 
the  vocal  cords  into  the  trachea.  It  is  of  the  utmost 
importance  that  force  should  not  be  used.  The  tube 
is  gently  advanced  in  the  trachea  until  the  twenty- 
six  centimeter  mark  is  reached,  or,  in  order  to  be  sure 
that  the  tube  is  in  the  trachea,  Meltzer^  proceeds 
as  follows:  The  catheter  is  pushed  downward  until 
it  encounters  undoubted  resistance,  usually  about 
thirty-three  centimeters  from  the  incisor  teeth;  if  it 
can  be  pushed  more  than  one  or  two  centimeters 
further,  it  is  in  the  esophagus.  This  is  a  safer  plan 
than  inserting  the  tube  to  a  place  above  the  bifurca- 
tion. Air  will  now  be  heard  passing  in  and  out 
through  the  catheter.  The  speculum  is  -n-ithdrawn 
and  the  catheter  then  connected  with  the  insufflation 
apparatus  and  the  insufflation  of  ether  and  air  is 
begun.  By  means  of  a  stopcock  the  pressure  is 
regulated  so  that  the  manometer  registers  twenty 
millimeters,  and  full  ether  is  turned  on.  In  many 
patients  it  is  only  necessary  to  keep  the  ether  index 
at  fifty,  in  others  full  ether  is  required. 

If  the  patient  becomes  cyanosed,  the  tube  has  not 
been  introduced  far  enough  into  the  trachea,  or  too 
large  a  tube  has  been  used,  which  prevents  free  out^ 
flow  of  air.  There  should  be  several  interruptions 
psT  minute,  of  several  seconds  each.  There  should, 
Irowever.  never  be  marked  collapse  of  the  lung  after 
the  pleura  is  opened,  for  it  rec|uires  much  more 
pressure  to  redistend  a  lung  than  to  keep  up  the 
distention. 

Thoracotomt. — .\  simple  intercostal  incision  fol- 
lowed by  wide  rib  retraction  may  give  sufficient 
exposure  for  certain  operations  or  for  exploration  of 
the  thorax.  In  the  majority  of  the  pathologic  proc- 
esses encountered,  however,  it  will  be  found  neces- 
sary to  supplement  the  incision  with  resection  of  por- 
tions of  one  or  more  ribs. 

The  ciuestion  of  anesthesia  is  an  important  one, 
and  must  necessarily  depend  upon  the  condition  of 
the  patient,  the  extent  of  oper.ative  interference  and 
whether  differential  pressure  is  indicated.  Exten- 
sive operations  upon  the  thoracic  wall  can  be  done 
under  local  anesthesia  (novocaine  0.5  to  1  per  cent.\ 
but  general  anesthesia  must  be  used  when  manipula- 
tion of  the  pleura  or  lung  is  necessary,  for  resection  of 
the  lung  or  for  removal  of  foreign  bodies. 

Thor.icotomy  is  easily  performed  under  local  anes- 
the.sia  by  an  injection  proximal  to  the  field  of  opera- 
tion which  will  block  all  nerves  entering  the  area.  .\ 
long  needle  is  inserted  in  the  intercostal  space  until 
the  muscles  are  encountered.  The  nerve  which  lies 
near  the  lower  border  of  the  rib  is  reached  by  an 


injection  of  one  or  two  drams  of  the  solution.  The 
soft  parts  are  then  rapidly  infiltrated  and  the  incision 
can  be  made. 

The  non-irritating  effect  of  nitrous  oxide  gas  makes 
it  particularly  applicable  in  pulmonary  surgery,  and 
it  should  be  preferred  to  ether  or  chloroform  except 
when  operating  in  a  difference  of  pressure,  when  ether 
generally  is  used. 

WouN-DS  OF  THE  LuNG. — The  lung  may  be  injured 
subcutaneously  by  a  fractured  rib;  ruptured  by 
crushing  force;  and  punctured  by  stab  or  bullet 
wounds.  The  first  two  types  of  injury  call  for  con- 
servative non-operative  measures — rest,  opium,  etc. 
If  serious  comphcations,  such  as  hemorrhage,  emphy- 
sema or  pneumothorax  develop,  thoracotomy  must  be 
performed. 

There  is  stiU  much  debate  upon  the  question  of 
immediate  operative  interference  or  the  use  of  con- 
servative measures  in  the  treatment  of  penetrating 
wounds  of  the  thorax.  Both  sides  have  their  ardent 
advocates.  In  general  it  seems  to  be  accepted  that 
patients  with  penetrating  wounds  of  the  lung,  caused 
by  small  caliber  bullets  or  stabs,  and  not  developing 
dangerous  symptoms,  should  be  kept  under  close 
observation  and  treated  expectantly.  If  the  hemo- 
thorax increases,  or  a  pneumothorax  develops,  aspira- 
tion should  be  tried  before  resorting  to  thoracotomy. 
If  this  step  is  inevitable  or  sepsis  develops,  the  lung 
must  be  exposed,  preferably  under  differential  pres- 
sure. The  hemorrhage  may  be  arrested  by  suture, 
and  the  lung  wound  closed  with  interrupted  silk 
sutures.  The  thorax  is  closed  without  drainage 
unless  sepsis  is  already  present. 

Immediate  operation  is  indicated,  according  to 
some  surgeons,  to  prevent  hemorrhage  and  pneumo- 
thorax which  cause  death  in  a  large  number  of  these 
patients.  When  the  injury  is  caused  by  shrapnel  or 
fragments  of  shell,  the  lung  generally  is  badly  damaged, 
large  vessels  torn,  and  sepsis  is  almost  certain  to 
follow;  operation  is  urgent  in  this  type  of  injury. 
Thoracotomy  is  performed  in  the  region  of  the  wound, 
adequate  exposure  is  imperative  and  is  secured  by 
resection  of  one  or  more  ribs,  long  intercostal  inci- 
sions and  rib -spreaders.  The  damaged  lung  tissue 
should  be  removed  by  a  wedge-shaped  excision  and 
the  edges  brought  together  with  silk  sutures.  In  .some 
instances  suturing  is  so  difficult  that  the  wounded 
lung  has  to  be  drawn  into  the  thoracic  opening  and 
fixed  there  with  sutures. 

Emptem.\. — In  the  acute  stage  of  this  disease  drain- 
age must  be  established  by  thoracotomy,  with  or 
without  rib  resection.  Aspiration  may  be  used  in 
patients  who  are  desperately  ill,  and  is  to  be  followed 
by  thoracotomy  when  the  patient  regains  sufficient 
strength. 

Puncture  of  the  intercostal  space  by  means  of  a 
large  trocar  and  the  introduction  of  a  fenestrated  tube 
through  it,  is  advocated  by  Friedrich.'  A  piece  of 
rubber  drain  is  slipped  over  the  tube,  which  is  con- 
nected to  a  large  soft-walled  drainage  tube.  Thus  a 
valve-like  mechanism  is  established  which  permits 
pus  to  escape  but  prevents  the  aspiration  of  air  into 
the  thorax. 

Robinson'  accomplishes  the  same  purpose  by  tre- 
phining the  rib  and  screwing  a  metal  tube  into  the 
opening,  the  wound  is  closed,  an  air-tight  dressing 
applied  and  the  pleura  opened  through  the  tube, 
which  is  then  attached  to  a  suction  apparatus. 

The  majority  of  surgeons,  however,  find  that  resec- 
tion of  a  portion  of  rib  and  tube  drainage  give  satis- 
factory results,  the  'opening  permits  of  exploration 
and  the  removal  of  m;xsses  of  inspissated  pus.  Thor- 
ough exploration  is  accomplished  by  the  method  of 
I.ilienthal"  who  secures  wide  exposure  by  intercostal 
incision  and  rib  retraction.  When  the  adhesions  are 
gently  peeled  sacculations  of  pus  may  be  encountered. 
The  lobes  of  the  lung  are  carefully  separated  to  deter- 

173 


Thoracic  Surgery 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


mine  the  presence  of  purulent  collections.  The 
lung  is  mobilized  bv  incising  the  fibrinous  coating  of 
the  pleura  with  the  scalpel  under  visual  guidance,  and 
from  about  near  the  apex  to  the  base.  After  the  plane 
of  cleavage  is  found,  carefully  separate  the  plastic 
material  from  the  viscus  with  the  fingers.  Lateral 
cuts  into  the  loosened  membrane  will  free  the  lining 
more  completely.  The  wound  is  closed  with  drainage. 
This  operation  is  intended  to  prevent  the  develop- 
ment of  chronic  empyema  which  is  followed  by  thick- 
ening of  the  pleura  and  contraction  of  the  lung.  For 
this  condition  the  following  procedure  is  indicated. 

Visceral  Pleurectomy  (Decortication). — The 
operation  was  first  performed  by  Fowler'-  who  noted 
in  dissecting  out  the  scar  tissue  surrounding  the  fistula 
of  a  chronic  empyema,  that,  when  the  entire  mass  of 
fibrous  tissue  was  removed,  the  lung  immediately 
reexpanded.  The  exposure  must  be  sufficient  to  make 
every  portion  of  the  cavity  freely  accessible,  and  is 
accomplished  by  resecting  one  and  a  half  inches  of 
five  or  six  ribs  through  an  incision  which  ex-tends  up- 
ward and  forward  from  the  anterior  end  of  the  sinus. 
The  entire  cavity  is  cleansed  throughout  and  painted 
with  tincture  of  iodine  before  pleurectomy  is  begun. 
Mayo  and  Beckman'^  start  the  incision  through  the 
thickened  pleura  posteriorly  along  the  vertebrae,  as 
there  is  less  danger,  especially  on  the  left  side  of 
entering  the  pericardium.  The  thickened  pleura  is 
slit  down  to  the  healthy  lung,  the  bleeding  is  not 
excessive.  When  the  peeling  is  begun,  a  finger  is 
inserted  and  passed  to  and  fro  over  the  soft  surface 
of  the  lung,  pressing  outward  in  order  to  injure  the 
lung  as  little  as  possible.  At  this  stage  lung  expan- 
sion is  aided  if  the  patient  is  allowed  to  emerge  par- 
tially from  the  anesthetic.  Although  the  lung  is  torn, 
as  shown  by  the  escape  of  air  bubbles,  no  harm  has 
arisen  from  such  injury  and  apparently  no  extensive 
infection  to  the  lung  by  such  exposure  has  occurred. 
Abundant  drainage  to  the  lowermost  extent  of  the 
cavity  should  be  established  by  strips  of  rubber  dam 
in  order  to  prevent  reaccumulation  of  the  fluid. 

The  above  procedures  may  be  carried  out  in  several 
stages  if  the  patient's  condition  does  not  warrant  too 
prolonged  an  operation.  The  operation  may  cure 
such  a  chronic  process  by  obliterating  the  cavity. 
If  partial  expansion  of  the  crippled  lung  only  is 
reestablished,  the  cavitj'  will  be  so  diminished  in  size 
that  the  operative  measures  which  may  have  to 
follow  will  be  lessened  in,  extent  and  only  a  partial 
thoracoplasty  performed. 

TcBERCDLOsis. — Tuberculosis  of  the  lung  may  be 
treated  by  surgical  measures,  the  simplest  of  which 
consists  in  the  production  of  an  artificial  pneumotho- 
rax, the  technique  of  which  is  described  in  Volume 
VI.,  page  133. 

Linear  Chondrotomy. — This  operation  was  recom- 
mended by  Freund  who  found  an  abnormal  shortness 
of  the  first  rib  in  the  paralytic  thorax  of  many  phthisi- 
cal patients.  The  operation  is  performed  in  order 
to  promote  better  ventilation  in  apical  tuberculosis, 
and  has  been  proposed  as  a  prophylactic  measure  in 
those  who  are  predisposed  to  the  condition  by  reason 
of  this  anomaly  in  shape  and  rigidity  of  the  thorax. 
The  ribs  are  exposed  by  a  semicircular  incision  extend- 
ing from  the  upper  margin  of  the  sternum  to  the 
second  rib.  The  space  between  the  chwcular  and 
sternal  fibers  of  the  pectoralis  major  is  entered  and 
the  cartilage  of  the  first  rib  excised  for  a  distance  of 
two  or  three  centimeters,  and  a  flap  of  muscle  inter- 
posed between  the  divided  cartilage.  Occasionally 
the  cartilage  of  the  second  or  third  rib  may  require 
division. 

Operations  upon  diseased  tuberculous  foci  have 
been  attempted  but  with  results  so  discouraging  that 
such  procedures  have  been  abandoned  and  atten- 
tion directed  to  a  variety  of  thoracoplastic  operations 
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which  aim  to  promote  compression  and  cicatrization 
of  the  diseased  lung  upon  removal  of  the  rigid  thoracic 
wall. 

Thoracoplasty. — The  operation  devised  by  Fried- 
rich''  *  consists  in  a  subperiosteal  resection  of  the 
second  to  the  ninth  or  tenth  ribs,  from  their  sternal 
insertion  to  their  angle.  Great  care  must  be  exer- 
cised in  protecting  the  costal  pleura.  The  cases  best 
adapted  for  the  operation  are  those  of  a  unilateral 
fibrocavernous  type,  patients  between  fifteen  and 
thirty-five  who  are  not  anemic  and  who  have  no 
involvement  of  other  organs.  As  the  operation  is 
attended  with  much  shock,  it  may  be  performed  in  two 
stages,  first  resecting  the  fourth  to  the  eighth  rib, 
and  after  an  interval  of  several  weeks  or  months,  the 
first  to  the  fourth  rib  may  be  removed. 

Wilms'*  resects  three  to  four  centimeters  from  each 
of  the  first  to  the  eighth  ribs  in  the  region  of  the  pos- 
terior angle  of  the  rib.  Three  weeks  later  the  costal 
cartilages  are  divided  at  the  sternum  in  order  to  press 
the  movable  chest  wall  into  the  thorax.  The  opera- 
tion, performed  under  local  anesthesia,  also  allows 
division  of  the  first  and  second  ribs,  the  resection  of 
which  is  highly  important  to  promote  collapse  of  the 
apex  of  the  lung. 

Extrapleural  Filling. — In  those  cases  in  which 
collapse  of  the  lung  is  impossible  because  of  adhe.sions, 
or  in  which  extensive  thoracoplasty  is  contraindi- 
cated,  Sauerbruch'"  detaches  the  parietal  pleura  and 
fills  in  the  space  with  some  non-absorbable  substance 
such  as  paraffin.  The  operation  is  carried  out  without 
difficulty  by  resecting  a  portion  of  rib  directly  over 
the  cavity  and  completely  freeing  the  lung  from  the 
parietal  pleura  and  chest  wall.  The  wall  of  the  tuber- 
culous cavity  is  pushed  in  and  the  space  between  it 
and  the  costal  pleura  is  filled  with  paraffin,  wax  or 
vaseline. 

Ligation  of  the  Pulmonary  Arteries. — This  opera- 
tion may  be  done  as  a  preliminary  step  in  a  thoraco- 
plasty for  tuberculosis  and  has  also  proven  of  value 
in  bronchiectasis.  The  procedure  is  in  a  stage  of 
development,  both  experimentally  and  clinically,  and 
conclusions  as  to  its  real  merit  cannot  be  drawn  at  this 
writing.  The  technique  described  by  Meyer'^  is  as 
follows:  Right  intercostal  incision  in  the  fourth 
interspace:  incision  of  pericardium  (low  down)  to 
avoid  hemorrhage,  splitting  of  the  pericardium  up- 
ward until  the  ascending  aorta  and  the  superior  vena 
cava  are  properly  exposed.  These  two  vessels  a^ 
then  separated  with  blunt  retractors  or  the  fingers, 
the  right  auricle  being  held  down  and  its  fibrillation 
kept  under  control  with  a  small  gauze  mop,  the  trans- 
versely running  right  pulmonary  artery  becomes 
visible  and  can  be  surrounded  witla  a  ligature. 

A  little  peripherally  the  right  pulmonary  artery 
divides  into  a  superior  and  inferior  branch  which 
might  be  reached  either  from  within  the  pericardium 
by  pulling  the  main  trunk,  which  is  surrounded  by  a 
thread,  gently  forward  and  toward  the  median  line, 
retracting  at  the  same  time  the  superior  vena  cava 
outward,  or  outside  of  the  pericardium  through  an 
incision  of  the  pleura,  right  above  the  vena  azygos. 

Phrenicotomy. — This  procedure  represents  one  of 
the  most  recent  measures  employed  in  the  operative 
treatment  of  tuberculosis  and  bronchiectasis,  and 
although  it  has  been  used  in  a  comparatively  small 
number  of  cases,  it  has  been  followed  with  some  im- 
provement. The  rationale  of  the  operation  is  based 
upon  the  fact  that  in  cases  of  unilateral  paralysis  of 
the  diaphragm,  this  organ  is  pushed  upward  by  the 
abdominal  viscera  with  a  resulting  compression  of 
the  lung.  Section  of  the  phrenic  nerve  is  to  be  fol- 
lowed by  a  thoracoplastic  operation.  The  nerve  is 
exposed  by  an  incision  along  the  posterior  margin  of 
the  sternocleidomastoid  muscle,  and  when  the  nerve  is 
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found  on  the  scalenus  antious  muscle  it  is  either  crushed 
with  a  hemostat  or  resected. 

Bronchiect.\sis  (Lobectomy). — The  various  meas- 
ures used  in  the  treatment  of  this  disease  may  offer 
temporary  relief,  but  cure  is  accomplished  only  in  rare 
instances.  The  operative  procedures  have  been 
developed  quite  recently,  and  much  more  may  be 
expected  in  the  future,  with  improvement  in  operative 
technique. 

The  various  methods  of  causing  collapse  of  the  lung: 
Rib  resection,  artificial  pneumothorax,  extrapleural 
compression,  have  all  failed  to  effect  a  cure.  Robin- 
son'" concludes,  therefore,  that  collapse  therapy, 
though  of  unquestionable  value  in  certain  types  of 
pulmonary  tuberculosis,  is  useless  in  bronchiectasis. 

Excision  of  the  diseased  lung  tissue  is  regarded  as 
the  curative  treatment  of  the  condition,  in  properly 
selected  cases.  A  young  adult  with  a  basal  process 
confined  to  one  lower  lobe,  with  profuse  sputum, 
offensive  but  not  fetid,  with  slight,  if  any,  rise  m  tem- 
perature, with  loss  of  weight  but  without  emaciation, 
with  a  normal  heart  and  properly  functioning  kidneys, 
is  the  type  of  individual  in  whom  lung  resection  is 
attended  with  a  good  chance  of  cure. 

At  present  writing,  it  appears  safe,  according  to 
Robinson,  to  divide  lobe-resection  operations  into 
more  than  one  stage.  Artificial  aids  to  respiration 
:ire  regarded  as  unnecessary  and  ether  is  given  bj'  the 
drop  method. 

In  the  first  stage,  a  crescent-shaped  incision  is 
made  which  exposes  and  permits  the  subperiosteal 
resection  of  the  seventh,  eighth  and  ninth  ribs  from 
their  angles  to  the  anterior  axillary  line.  The  wound 
is  closed  and  compression  applied. 

The  second  stage  is  undertaken  about  one  week 
later.  The  skin  stitches  are  removed  and  the  pleura 
exposed  and  opened.  Adhesions  are  separated,  cut  if 
necessary,  the  lower  lobe  delivered,  and  amputation 
performed  as  follows :  A  long  curved  clamp  is  applied 
to  the  root  and  closed  to  the  last  notch,  the  lobe  is 
amputated  one-half  inch  distal  to  the  clamp.  The 
veins,  arteries  and  bronchi  are  picked  up  separately 
and  ligated  with  No.  2  chromic  catgut.  A  mass 
ligature  of  kangaroo  tendon  or  braided  silk  is  then 
placed  proximal  to  the  clamp  and  tied  as  the  clamp  is 
slowly  released.  The  clamps  may  be  left  in  situ  and 
removed  on  the  seventh  day. 

Either  method  is  followed  by  leakage  from  the 
bronchial  stump.  In  the  present  period  of  unde- 
veloped surgery  of  the  diseased  lung  it  would  seem 
more  proper  not  to  sacrifice  time  at  the  end  of  a  critical 
operation  by  any  finesse  in  the  treatment  of  the 
bronchial  stump,  which  in  its  pathologic  and  thick- 
ened condition  would  stubbornlj''  resist  any  technique 
of  closure.  The  minute  fistulre  formed  do  not  com- 
plicate convalescence,  the  pleural  space  is  rapidly 
obliterated  and  the  fistuUe  are  closed  later  by  a  plastic 
operation  consisting  in  covering  the  fistulous  opening 
with  a  pad  of  fat  and  skin. 

Intercostal  Lobectomy. — Intratracheal  insuffla- 
tion, alternating  at  opportune  moments  with  tracheo- 
bronchial aspiration,  is  advocated  by  Robinson.'" 
The  incision  follows  the  seventh  or  eighth  intercostal 
spaces  from  the  rib-angles  to  the  costochondral 
articulation.  The  skin  and  fat  are  dissected  away, 
muscles  divided,  and  the  vessels  ligated.  Both  layers 
of  intercostal  muscle  are  cut  a  distance  of  two  inches 
at  the  center  of  the  wound,  the  parietal  pleura  being 
thus  exposed.  The  pleura  is  opened,  the  muscles 
and  pleura  are  divided  to  the  ends  of  the  wound.  A 
rib  rpreader  is  introduced,  the  seventh  or  eighth  ribs 
being  divided  if  ready  access  to  the  diaphragmatic  and 
pericardial  regions  is  not  obtained.  The  lower  lobe 
IS  then  separated  from  the  adjoining  lobe,  the  dia- 
phragm, costal  pleura  and  pericardium.  If  the 
patient's  condition  warrants  it,  the  lobe  is  ligated  and 
amputated.     The  spreader  is  removed  and  the  wound 


closed  as  follows:  Pericostal  sutures  of  strong  silk 
threaded  in  long,  half-curved,  slender,  round  needles 
are  placed  one  and  a  half  inches  apart.  The  two 
adjoining  ribs,  intercostal  muscles,  and  pleural  edges 
are  enclosed  in  these  stitches.  Each  pair  of  suture 
ends  is  caught  in  a  separate  clamp  which  is  held 
aloft  in  such  a  manner  as  to  tighten  the  sutures  and 
approximate  the  ribs,  as  the  surgeon  ties. 

AB.SCESS  AND  Gangre.ne  OF  THE  LuxG. — Thoracotomy 
is  performed  in  the  region  of  the  diseased  focus  by  a 
flap  operation  or  resection  of  one  or  more  ribs.  The 
lung  being  expo.sed,  the  next  step  depends  upon  the 
presence  of  adhesions.  If  the  suppurative  process  is 
walled  off  and  there  is  no  danger  of  infecting  the 
pleura,  pneumotomy  can  be  performed  at  once.  If 
this  is  not  the  case,  adhesions  may  be  promoted  bj- 
gauze  packing  and  a  second  operation  performed 
several  days  later.  This  method  is  not  certain,  how- 
ever, and  as  delay  is  often  dangerous,  the  pleura  should 
be  adequately  protected  by  suturing  the  lung  to 
the  intercostal  muscles.  Pneumotomy  is  then  per- 
formed in  order  to  find  the  focus  and  provide  for  its 
appropriate  treatment.  Garrd-  uses  a  knife  if  indu- 
rated pulmonary  tissue  is  present  over  the  focus;  in 
the  case  of  soft  pulmonary  parenchyma,  the  Paquelin 
cautery  is  preferred.  If  the  cavity  is  not  readily 
found,  an  aspirating  needle  maybe  inserted  in  various 
directions;  if  pus  is  discovered,  follow  the  needle  in 
situ,  until  the  cavity  is  reached.  The  cavity  must  be 
carefully  explored,  loose  fragments  of  tissue  removed, 
and  secondary  cavities,  if  found,  drained  into  the  main 
one  by  puncture.  The  cavity  is  packed  with  gauze 
or  drained  with  a  tube  surrounded  with  gauze. 

When  the  cavity  is  of  long  standing,  healing  will  be 
delayed  or  rendered  impossible,  unless  collapse  or 
cicatrization  is  promoted.  This  is  favored  by  freely 
opening  the  pulmonary  tissue,  removal  of  indurated 
pleural  tissue  (decortication),  and  possibly  a  thoraco- 
plastic  operation  may  have  to  be  performed.  It  is 
obvious  that  th^se  various  measures  should  never  be 
carried  out  at  one  sitting.  After  the  cavity  is  drained, 
secondary  operations  can  be  undertaken  at  a  time 
when  the  patient's  condition  has  improved  by  reason 
of  the  drainage  of  the  diseased  focus. 

Tumors  of  the  Lung  and  Pleura. — The  primary 
tumors  originating  in  the  bronchial  lymph  nodes, 
Hodgkin's  disease,  and  primary  carcinoma  and  sar- 
coma of  the  lung,  are  scarcely  amenable  to  surgical 
treatment  as  the  disease  is  in  an  inoi)erable  stage, 
when  diagnosis  is  possible.  The  tumors  which  can 
be  extirpated  by  surgical  measures  are  the  primary 
neoplasms  of  the  pleura  (endothelioma,  sarcoma)  and 
those  secondary  or  metastatic  processes  which  extend 
to  the  pleura  or  lung  from  without,  particularly  cancer 
of  the  breast. 

The  operation  consists  in  resection  of  the  thoracic 
wall  and  removal  of  the  tumor  and  pleura.  The 
pleural  growths  can  usually  be  detached  without 
difficulty  but  when  adherent  to  the  lung  or  when 
metastasis  here  h:is  occurred,  excision  of  the  area 
involved  must  follow.  It  is  important  to  close  the 
pleural  defect  by  a  pl.astic  operation,  forming  a  skin 
flap  which  can  be  accurately  and  firmly  sutured  in 
order  to  prevent  the  entrance  of  air.  Differential 
pressure  is  indispensable  when  extensive  resection  of 
lung  tissue  is  necess.ary.  When  small  superficial 
tumors  are  encountered,  they  may  be  remo\ed  by 
drawing  the  lung  into  the  wound,  fixing  it  there  with 
sutures,  extirpation  of  the  tumor  is  then  performed. 

Freund's  Operation-  for  Emphysema. — Freund's 
operation  for  the  relief  of  emphysema  is  based  on  his 
belief  that  the  disease  is  primarily  due  to  a  congenital 
and  developmental  anomaly  of  the  costal  cartilages, 
and  the  lung  changes  are  secondary.  As  a  result  of 
these  cartilaginous  lesions,  the  ribs  and  sternum  are 
gradually  forced  out,  the  lessened  elasticity  of  the 
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thorax  favors  the  formation  of  the  barrel-shaped  and 
rigid  tliorax  which  is  characteristic  of  emphysema. 
The  treatment  consists  of  a  resection  of  a  portion  of 
the  thorax  wall  in  order  to  restore  its  normal  elas- 
ticity. 

An  incision  is  made  parallel  to  the  sternum,  the 
pectoral  muscle  pushed  aside,  and  the  cartilages  of  the 
second,  third  and  fourth  ribs  are  resected  for  a  dis- 
tance of  about  three  centimeters.  The  posterior 
perichondrium  must  bo  removed  or  destroyed  (cautery) 
or  regeneration  will  occur  and  the  inelastic  or  rigid 
condition  of  the  thorax  be  reestablished.  The  only 
danger  of  the  operation  lies  in  injury  to  the  pleura, 
which  is  avoitled  by  care  and  may  be  pushed  aside 
with  a  finger  introduced  through  a  small  incision  in 
the  intercostal  muscle.  Resection  of  the  first  costal 
cartilage  is  rarely  indicated.  Chondrectomy  is  gener- 
ally done  on  one  side  only,  although  when  imperfect 
results  are  obtained,  the  removal  of  the  cartilages  of 
the  opposite  side  may  improve  the  respiratory  excur- 
sion of  the  chest. 

Trendelenburg's  Oi'er.\tion  for  Pulmonary  Em- 
bolism.— For  the  relief  of  this  condition  Trendelen- 
burg' has  devised  an  operation  which  he  elaborated 
after  a  series  of  operations  on  animals  and  from  anat- 
omical studies.  He  states  that  the  emboli  can  be 
removed  by  a  comparatively  simple  and  safe  method, 
and  without  disturbance  to  the  heart's  action.  A  flap 
is  formed  at  the  level  of  the  third  rib,  exposing  the 
pericardium  which  is  opened.  Traction  on  a  tube 
passed  around  the  art-erv  arrests  the  circulation,  and 
the  pulmonary  artery  is  opened,  a  pair  of  curved 
forceps  is  introduced,  if  necessary  as  far  as  the 
branches  of  the  vessel,  and  if  an  embolus  is  felt  it  is 
grasped  and  withdrawn.  The  wound  in  the  artery 
is  temporarily  closed  with  forceps  in  such  a  way  that 
the  edges  of  the  wound  project  above  the  level  of  the 
blade  of  the  forceps.  The  constricting  tube  is  released 
and  the  circulation  to  the  lung  reestablished.  The 
arterial  wound  is  then  sutured,  the  forceps  removed, 
and  the  pericardium  closed. 

The  reports  of  operations  for  this  grave  condition 
indicate  that  the  operation  is  feasible  in  the  human 
subject.  To  insure  success,  the  condition  must  be 
promptly  recognized,  the  necessary  instruments 
should  always  be  in  readiness  so  that  the  operation 
can  be  undertaken  without  delay.       John  Speese. 
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Thorax,  Topographical  Anatomy  of.— For  con- 
venience of  localization  of  the  organs  of  the  thorax  upon 
the  body  surface,  several  vertical  and  transverse 
lines  are  drawn.     The  chief  vertical  lines  are  as  follows  • 

1.  The  midslernal  line  (Fig.  4763,  a)  is  drawn  from 
the  midsternal  notch  and  continued  upon  the  abdomen 
would  reach  the  symphvsis  pubis. 

2.  The  Inlernl  sternal  lines  (Fig.  4763,  b,h)  are  drawn 
o^V^''*  '^"^^  '''f*  borders  of  the  sternum. 

3.  The  midclavicular  (mammary)  lines  (Fig  4763 
c,c)  are  drawn  from  the  middle  of  the  clavicle  and 
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continued  upon  the  abdomen  would  join    the    niid- 
poupart  lines. 


I']<i.   1763.— Vertical  Lines  on  the  Ventral  Thoracii 
(Radasch's  Anatomy,  W.  B.  Saunders  Co.) 

4.  The  parasternal  lines  (2)  are  two  verti 
midway  between  the  midsternal  and  midc 
lines. 


cal  lines     i 
lavicular     I 


7  e\/e     7 


17lil.— llnriZMiit 
Wall.       lUi'da; 


5.  The  midaxillarrj  lines  (2)  are  drawn  from  the 
apex  of  the  axilla  with  the  arm  e.xtended  at  a  right 
angle  to  the  body.     Lines  drawn  from  the  anterior 
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posterior  axillary  folds  are  the  anterior  and  posterior 
axiltari/  lines,  respectively. 

0.  The  scapular  lines    (Fig.   4765,   b.h)   are  drawn 
vertically  tlirough  the  inferior  aiiKle  of  eacli  scapula. 


J 705— Lilies  unJ   Kegioiib  on  the   Doiaal  Tliuiaeic  WuU. 
(ItaUascIi's  Anatomy,  W.  B.  Saunders  Co.) 

7.  The  midvertebral  line   (Fig.    4765,   a)   is  drawn 
along  the  .spinous  processes  of  the  thoracic  vertebra;. 


Fig.  4700.— The  Main  Organs  Uuthned  on  the  Ventral  Wall  of  the 
Trunk.  ( Radasch's  Anatomy,  W.  B.Saunders  Co.)  1,  gall-bladder: 
2,  duodenum;  3,  ascending  colon;  4,  appendix;  5,  cecum;  6,  iliac 
colon;  7,  descending  colon;  8,  transverse  colon;  9,  area  of  cardiac 
dulness;  10,  heart;  11,  aorta. 

The  horizontal  lines  upon  the  ventral  surface  of  the 
thorax  are  as  follows  (Fig.  4764):  (a)  At  the  lower 
border  of  the  cricoid  cartilage;  (6)  through  the  clav- 
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ides;  (c)  through  the  third   chondrosternal  junction; 
{d)  through  the  sixth  chondrosternal  junction. 

These  lines  with  the  two  lateral  sternal  lines,  e,  e, 
form  the  following  regions: 

1,  Suprasltrnal  region,  containing  the  trachea, 
thyroid  gland,  and  esophagus. 

2,  2.  Supraclavicular  regions,  containing  the  apex  of 
each  lung  and  the  cervical  pleura. 

3,  Upper  sternal  region,  containing  the  thymus, 
arch  of  the  aorta,  and  medial  border  of  the  upper  lobe 
of  each  lung. 

4,  4.  Infraclavicular  regions,  containing  the  upper 
lobe  of  each  lung  (where  tuberculosis  and  broncho- 
pneumonia are  first  manifested). 

5,  Lower  sternal  region,  containing  the  ventral 
border  of  the  right  lung  and  the  uncovered  area  of 
the  heart. 

6,  6.  Mammary  regions  containing  the  bulk  of  the 
lungs  and  bulk  of  the  heart. 

7,  7.  Inframainmary  regions,  containing  the  lower 
portions  of  the   lung'''   and    the  co.stophrenic  sinu.scs. 


I  1.,     1707 —The  .Mam  Urgans  Outlined   npun   the    Oorid    Wall    ,,f 
the  Trunk.     (Radasch's  .\natomy,  \V.  B.  Saunders  Co  i 

These  regions  overlap  the  right  lobe  of  the  liver  upon 
the  right  side  and  upon  the  left  side,  the  left  lobe  of 
the  liver,  the  fundus  of  the  stomach  and  the  spleen. 
On  the  left  side  is  Traube's  semilunar  space. 

The  horizontal  lines  upon  the  dorsal  surface  of  the 
thorax  are  as  follows  (Fig.  4765):  (c)  .\t  the  upper 
borders  of  the  seapulx;  (d)  through  the  spines  of  the 
scapuhe;  (e)  through  the  angles  of  the  scapula". 

These  lines  in  conjunction  with  the  midvertebral 
and   two  scapular   lines  form   the  following  regions. 

1,  1.  •Suprascaj)ular  regions. 

2,  2.  Supraspinous  regions. 

3,  3.   Infraspinous  regions. 

4,  4.   Interscapular  regions. 

5,  5.   Infrascapular  regions. 

The  angle  of  Ludovic,  or  of  Louis,  is  a  transverse 
ridge  that  indicates  the  line  of  junction  of  the  first 
and  second  parts  of  the  sternum  and  the  attachment 
of  the  second  costal  cartilages  (Fig.  4704,/). 

The  outlines  of  the  lungs,  pleunr,  heart,  and  valves 
are  considered  in  the  articles  on  these  organs. 

H.  E.   Radasch. 
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Three  Springs. — -Huntingdon  County,  Pennsyl- 
vania. 

Post-office. — Three  Springs. 

Access. — Take  the  Pennsylvani.a  Railroad  (main 
line)  to  Mount  Union,  Pennsylvania;  thence  take 
East  Broad  Top  Railroad  to  the  Springs. 

The  village  of  Three  Springs  is  located  in  a  valley 
formed  by  .Jack's  Mountain,  2,220  feet  high,  and  Care 
Hill,  2,210  feet  in  altitude.  The  place  takes  its  name 
from  the  presence  of  three  mineral  springs,  situated 
about  one  hundred  feet  apart,  and  forming  the  corners 
of  an  equilateral  triangle.  The  springs  are  known  as 
"No.  1,"  "No.  2,"  and  "No.  3."  They  have  been 
known  and  used  for  many  years.  Spring  No.  1,  the 
most  important  of  tlie  group,  flows  about  one  thous- 
and gallons  of  water  per  hour,  having  a  temperature 
of  .5.5°  F.  It  is  used  commercially  under  the  name  of 
the  Hygieia  Natural  Mineral  Water,  and  is  shipped  in 
five-gallon  demijohns.  The  following  analysis  was 
made  in  1895  by  Prof.  G.  G.  Pond,  of  the  Pennsylvania 
State  College: 

Spring  No.  1  (Three  Springs).  One  United  States 
gallon  contains  (solids):  Calcium  bicarbonate,  gr. 
34;  calcium  sulphate,  gr.  53.63;  magnesium  sulphate, 
gr.  33.54;  sodium  sulphate,  gr.  5.91;  sodium  chloride, 
gr.  0.35;  lithium  sulphate,  gr.  0.02;  potassium  sul- 
phate; a  trace;  silica,  gr.  1.15.     Total,  128.6  grains. 

Gases:  Carbonic  acid,  cu.  in.  5.47;  oxygen,  cu. 
in.  1.72;  nitrogen,  cu.  in.  3.85.  The  water  is  bright, 
.sparkling,  and  palatable,  and  entirely  free  from  organ- 
ic impurities.  It  is  an  efficient  laxative  and  mild 
diuretic  and  has  been  found  beneficial  in  cases  in 
which  activity  of  the  emunctories  is  desirable.  The 
water  has  been  used  with  success  in  cases  of  obesity 
and  in  uremia  and  general  anasarca,  as  well  as  in 
local  dropsies.  In  habitual  constipation  a  systematic 
course  of  the  water  is  often  curative.  It  is  also  bene- 
ficial in  other  disorders  requiring  a  sulphureted  saline 
water.  Emma  E.  Walker. 


Thrombokinase. — According  to  Morawitz  the 
formed  elements  of  the  blood  contain  an  activator, 
kinase,  whereby  prothrombin  is  transformed  to  throm- 
bin.    This  kinase  has  been  called  thrombokinase. 

F.  P.  U. 

Thuya. — .Vrbor  Vit^. — The  fresh  tops  of  Thuja 
occidentalis  L.,  Fam.  Com'ferm.  This  is  a  North 
American  tree,  growing  abundantly  in  Canada  and 
the  Northern  States,  and  extending  at  higher  eleva- 
tions as  far  south  as  Pennsylvania  and  Virginia. 
It  is  a  middling  or  good-sized  evergreen  tree  with 
spreading  and  graceful  branches,  and  a  fine,  often 
large,  trunk,  which  supplies  a  close-grained,  durable 
wood.  It  is  occasionally  planted  here  for  ornament, 
but  more  often  abroad,  where  it  is  valued  as  a  garden 
tree;  the  arbor  vitte  of  our  gardens  is  usually  the 
smaller,  closer,  erect-branching  TInija  orientalis 
Linn,  of  Asia,  which  is  a  favorite  hedge  plant.  The 
genus  to  which  these  belong  is  a  small  one  of  only  a 
dozen  species. 

The  twigs  were  thus  described  in  the  Pharma- 
copoeia, edition  of  1880:  "Twigs  flattish,  two-edged, 
the  scale-like  leaves  appressed  and  closely  imbricate 
in  four  rows,  rhombic-ovate,  obtusely  po'inted,  with 
a  roundish  gland  upon  the  back;  of  a  balsamic,  some- 
what tercbinthinate  odor,  and  a  pungently  aromatic, 
camphoraceous,  and  bitter  taste." 

Arbor  vitre  contains  about  one  per  cent,  of  a  volatile 
oil,  something  like  that  of  juniper;  tannic  add  (pini- 
tannic);  a  minute  amount  of  glucoside  called  thujin, 
etc. 

Medical  Properties. — Astringent,  diuretic,  ex- 
pectorant, tonic,  etc.,  in  no  direction  of  much  value. 
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Sometimes  used  for  cough;  a  tincture  or  fluid  extract 
is  employed  occasionally  for  external  use  upon  ulcers 
especially  of  the  mucous  membranes,  warts  and 
epithelial  growths,  rheumatic  joints,  etc..  Dose 
oss-j.  (2.0-4.0).  The  alcoholic  fluid  extract  is  a 
suitable  preparation. 

The  volatile  oil  distilled  from  thuya  makes  an  ex- 
cellent spray  for  the  throat,  especially  when  combined 
with  one  of  the  citrus  oils.  W.  P.  Bolles. 


Thymacetin. — An  analgesic,  prepared  and  named 
by  Hoffman,  of  Leipsic,  and  brought  to  the  notice 
of  the  profession  in  1892  at  a  meeting  of  the  Berlin 
Association  for  Psychiatry  and  Nervous  Diseases, 
by  Prof.  F.  Jolly  {Cent.  J.  die  gesam.  Ther.,  February' 
1892).  It  is  closely  allied  to  phenacetin,  bearing  the 
same  relation  to  thymol  that  the  older  drug  does  to 
phenol.  It  occurs  as  a  white  crystalline  powder,  only 
slightly  soluble  in  water.  The  dose  ranged  from  three 
to  fifteen  grains.  No  toxic  action  was  noticed,  but 
it  produced  an  acceleration  of  the  pulse  and  a  com- 
plaint, in  some  cases,  of  a  fulness,  beating,  and  noises 
in  the  head.  Beaumont  Small. 

Thyme. — Thymus  (N.  F.),  Garden  thijmr.  The 
dried  tops  of  Thymus  vulgaris  L.  (Fam.  Lnhintw). 
The  common  garden  thyme  is  a  low,  slender,  more 
or  less  hairy,  much-branched  shrub,  a  foot  or  less  high, 
with  brown,  nearly  cylindrical  branches,  minute, 
opposite,  narrowly  oval  or  lanceolate  leaves,  and 
blunt,  interrupted,  spike-like  clusters  of  violet-colored 
flowers  terminating  the  branches.  Flowers  small. 
Calyx  and  corolla  both  labiate.  Stamens  four,  some- 
times short  and  equal,  at  other  times  long,  exserted, 
and  in  pairs.  It  is  a  native  of  southern  Europe,  but 
cultivated  there  and  elsewhere  for  centuries. 

Thyme  has  but  little  history  as  a  medicine,  being 
mostly  used  as  a  condiment  and  flavor  for  soups,  etc. 
It  has,  however,  far  more  important  medicinal  proper- 
ties than  others  of  its  class.  Since  these  are  almost 
wholly  due  to  the  volatile  oil  and  its  contained  thymol, 
they  are  considered  below  in  connection  with  those 
substances.  It  contains  about  two  and  a  half  per 
cent,  of  volatile  oil,  with  a  small  amount  of  tannin  and 
other  unimportant  constituents.  The  dose  of  thyme 
IS  gr.  xxx-lx  (2.0-4.0). 

Oil  of  Thyme  {Oleum  Thymi,  U.  S.  P.)  is  tluis  de- 
scribed  by  the   Pharmacopaia: 

A  colorless  liquid,  having  a  strong  odor  of  thyme, 

and  an  aromatic,  pungent,  afterward  cooling  taste. 

Specific  gravity:  0.900  to  0.930  at  25°  C.  (77°  F.). 

It  is  slightly  levogyrate;  not  more  than  —  3°  in  a 

100-millimeter    tube,   at    a   temperature    of    25°    C. 

(77°  F.). 

Oil  of  thyme  is  soluble  in  half  its  volume  of  alcohol, 
also  in  1  to  2  volumes  of  eighty  per  cent,  alcohol. 

With  a  drop  of  ferric  chloride  T.S.  it  yields  a  green- 
ish-brown color,  which  changes  to  reddish. 

If  1  c.c.  of  oil  of  thyme  be  shaken  with  10  c.c.  of 
hot  water,  and,  after  cooling,  the  liquid  be  passed 
through  a  wet  filter,  the  filtrate  should  not  assume, 
with  a  drop  of  ferric  chloride  T.S.,  a  bluish  or  violet 
color  (absence  of  official  phenol). 

It  must  yield,  when  assayed  by  the  U.  S.  P.  process, 
not  less  than  20  per  cent,  by  volume,  of  phenols. 

The  oil  thus  described  is  what  is  known  commer- 
cially as  the  white  oil,  besides  which  there  is  a  brown 
or  red  oil.  The  commercial  oil  varies  most  widely  in 
its  characteristics,  even  when  genuine,  and  the  official 
description  should  be  carefully  observed.  Although 
oil  of  thyme  is  of  complex  composition,  its  properties 
are  essentially  those  of  its  thymol.  Occasionally 
a  larger  or  smaller  part  of  this  is  naturally  substituted 
by  carvacrol.  Cymene  and  thymene  are  "also  present. 
The  dose  of  the  oil  is  one  to  five,  or  even  ten  minims. 

H.  H.  RusBY. 
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Thyme,  wild,  or  Serpyllum,  is  the  herb  Thymus 
seripyllum  L.,  native  of  the  Old  World  and  sparingly 
naturalized  in  the  United  States.  The  stems  are 
much  more  slender  even  than  those  of  garden  thyme, 
partly  prostrate,  and  usually  reddish  and  pubescent. 
The  leaves  are  shortly  petioled,  opposite,  scarcely 
one-fourth  of  an  inch  in  length,  and  about  half  as 
broad,  ovate,  the  flowers  small,  pale,  and  darker 
spotted.  Its  odor  and  taste  are  similar  to  those  of 
garden  thyme,  and  it  contains  a  volatile  oil  practically 
identical  with  that  of  oil  of  thyme,  with  which  its 
properties  agree.  It  is  very  serviceable  as  an  anti- 
spasmodic, in  relieving  the  paroxysms  of  whooping- 
cough.  Henry  H.  Rusby. 


Thymine,  or  o-methyl  uracile. 
HN C  =  O 

C  =  O     CCH3. 

HN CH 

Thymine  is  one  of  the  pyrimidine  bases. 

Thymine  is  obtained  as  a  decomposition  product 
of  certain  nucleic  acids.  It  crystallizes  in  clusters 
of  needles.  It  has  a  melting  point  of  321°  C.  and 
sublimes.  It  is  insoluble  in  alcohol,  difficultly  soluble 
in  cold  water  but  more  soluble  in  hot  water.  See 
Pynmidine. 


Thymoform  is  a  yellowish,  tasteless  powder  com- 
posed of  formaldehyde  and  thymol  and  smelling  feebly 
of  the  latter.  It  is  insoluble  in  water,  mineral  oils, 
or  glycerin,  but  dissolves  in  alcohol,  ether,  chloroform, 
and  olive  oil.     It  is  an  antiseptic  dusting  powder. 

W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Thymol  iodide,  C2oH2402l2,  was  introduced  under 
the  trade  name  of  arislol.  It  is  prepared  from  thymol 
by  acting  upon  it  with  iodine  and  sodium  hydroxide. 
It  contains  forty-five  per  cent,  of  iodine.  It  is  a 
light,  reddish-brown  powder,  with  a  very  faint  odor, 
insoluble  in  water  and  glycerin,  slightly  soluble  in 
alcohol,  soluble  in  ether,  collodion,  and  oils.  It 
should  be  carefully  preserved,  as  it  is  decomposed  by 
light  and  heat  with  the  liberation  of  free  iodine. 

This  substance  was  introduced  as  a  nearly  odorless 
iodine-containing  antiseptic  to  replace  the  odoriferous 
iodoform.  Its  action,  however,  is  not  that  of  iodo- 
form, but  rather  that  of  thymol,  a  substance  belonging 
to  the  phenol  group  and  its  antiseptic  value  bears  no 
relation  to  the  amount  of  iodine  present.  Its  chief 
use  is  as  an  antiseptic  dusting-powder,  and  a  decided 
objection  to  its  employment  as  such  is  its  tendency 
to  form  with  the  secretions  of  a  wound,  a  hard  inx- 
penetrable  pellicle.  W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Thymotal. — Thymol  carbonate — is  prepared  by 
passing  phosi^one  gas  (COCl)  through  a  twenty  per 
cent.  si.Uitiuii  of  sodium  hydroxide  in  which  thymol  is 
dissolved.  It  is  a  white,  nearly  tasteless  crj-stalline 
body  with  a  faint  thymol  odor.  It  passes  through 
the  stomach  unchanged,  but  probably  splits  uf)  in  the 
intestine.  It  is  employed  as  an  anthelmintic  in  dose 
of  8  to  15  grains  (0.5-1.0)  for  children,  and  30  grains 
(2.0)  for  adults.  Pool,  of  Dutch  Ciuiana,  says  it  is 
better  than  thymol  for  the  Ancylosloma  duodcnalc. 

Thymol  urethane  has  a  similar  use  and  dosage. 
W.  A.  Bastedo. 
R.  J.  E.  Scott. 


Thymus. — Introdcction. — The  thymus  gland 
(also  known  popularly  as  the  neck  or  throat  "sweet- 
bread") enjoys  the  unique  distinction  not  only  of 
being  a  transitory  organ  of  extrauterine  life  in  man, 
but  also  of  existing  in  three  or  possibly  four  distinct 
and  different  morphological  conditions  during  its  life 
history 

Comparative  Anatomy. — This  organ  is  not,  how- 
ever, peculiar  to  man,  being  present  in  all  vertebrata, 
including  the  lampreys  (cydostomata)  in  which  its 
existence  was  considered  doubtful  until  recently. 
Its  development  does  not  proceed  so  far  in  some  of 
the  lower  vertebrate  animals  as  in  mammals,  being 
often  arrested  at  the  epithelial  stage  as  seen  in  certain 
fishes  where,  during  life,  the  thymus  is  an  epithelioid 
organ,  or  rather  an  epithelial,  mucus-.secreting  gland. 
In  other  fishes,  in  reptiles,  and  in  birds  it  usually 
attains  the  condition  of  a  lymphadenoid  structure 
and  persists  through  life,  though  it  mav  undergo 
retrograde  metamorpho.ses.  In  mammals  the  thymus 
passes  through  certain  changes  leafiiiig  to  its  "com- 
plete transformation  into  indifferent  ti.ssue  before 
adult  life  is  attained,  but  to  this  rule  there  are  many 
exceptions,  as  one  may  discover  by  careful  dissection 
of  such  animals  as  the  rabbit,  guinea-pig,  dog,  cat, 
cow,  and  horse.  It  is  by  no  means  uncommon  to 
find  large,  well-developed  thymus  glands  apparently 
quite  like  the  "sweetbread"  of  the  calf  or  lamb 
among  adult  animals  of  the  varieties  mentioned. 
This  is  sometimes  the  case  in  man,  as  we  shall  see 
later. 

Embryology. — Until  comparatively  recent  years 
the  embryology  of  the  thymus  was  obscure;  but  the 
observations  of  Renaut,  Kcilliker,  Stieda.  Born, 
Rabl,  and  Mall  have  pretty  thoroughly  established 
the  developmental  history  of  the  organ.  The  gener- 
ally accepted  idea  now  is  that  in  the  higher  orders,  and 
probably  in  all  vertebrata,  the  thymus  develops  as  a 
paired  organ  from  the  third  pair  of  gill  clefts,  and 
according  to  most  authorities  from  the  endodermal 
lining  of  these  clefts,  though  His  first  held  that  the 
ectoderm  furnished  the  component  cells  of  the  thymus 
anlage,  and  Kastschenko  maintained  that  bothecto- 
and  endodermal  cells  participated  in  forming  the 
primary  organ.  The  anlage  of  the  thynuis  is  a  pouch 
of  endoderm  forming  in  the  third  gill  cleft,  and  in  a 
human  embryo  of  the  fifth  week  His  found  this 
pouch  open.  Originally  the  thymic  pouch  conununi- 
cates  with  the  foregut  or  pharynx,  but  this  connec- 
tion is  soon  lost  and  the  elongated  sac  with  thicken- 
ing epithelial  walls,  first  lying  transversely  across 
the  future  neck,  becomes  free  from  its  moorings  to 
the  gill  clefts  and  shifts  toward  the  tail,  the  larger 
dorsal  end  becoming  the  future  head  of  the  organ. 
The  lumen  of  this  cylindrical  sac  remains  open,  how 
long  is  still  unsettled,  though  the  twelfth  week  in 
man  is  the  period  usually  assigned,  after  which  the 
anlage  becomes  a  solid  cord  of  cells  with  numerous 
buds.  Thus  in  its  first  appearance  this  organ  is 
similar  to  a  secreting  tubular  or  acinous  gland.  A 
shifting  of  the  endodermic  anlage  continues  in  the 
direction  of  the  future  thoracic  cavity  along  the  vagi 
and  carotid  arteries,  reaching  almost  to  the  heart, 
finally  making  the  lobes  into  which  the  fully  formed 
organ  is  divided. 

But  the  anlage  does  not  long  enjoy  a  strictly  endo- 
dermal structure,  for  blood-vessels  push  in  from  the 
mesoderm  and  soon  after  round  cells,  presumably  also 
of  mesodermic  origin,  insinuate  thein.selves  into  the 
epithelial  cords,  while  others  gather  about  to  form 
investing  masses  which  soon  predominate.  -■Vs  we 
shall  see  later,  these  mesodermic  cells  form  the  larger 
bulk  of  the  fully  developed  thymus,  which,  even  in 
the  fetus,  attains  great  size. 

The  preceding  account  represents  the  most  widely 
accepted  \iews  relative  to  the  origin  of  the  thymus  in 
man,  though  such  points  as  the  possible  participation 
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of  other  (the  fourth)  gill  clefts  and  of  the  octodoriii 
should  be  luentioncd.  In  vertebrates  below  nianinials 
variations  are  seen,  the  second  litll  cleft  in  the  frog 
and  the  first  four  in  fishes  being  at  tinios  called  upon. 
The  questions  as  to  the  time  of  closure  of  the  lumens 
of  the  tubules  in  the  anlage  and  the  relation  of  these 
tubules  to  the  corpuscles  of  Hassall  (vide  infra)  are  still 
under  discussion. 

It  is  at  least  worthy  of  passing  notice  that  some 
similarity  exists  in  the  development  of  the  thymus 
and  several  organs  in  its  immediate  neighborhood, 
like  the  tonsils,  thyroid,  and  parathyroids,  though  the 
full  details  regarding  their  embryology  have  not  been 
established. 

Anatomy. — The  fully  formed  human  thymus  makes 
an  organ  of  considerable  size  lying  in  the  anterior 
mediastiiuim  at  or  near  the  median  line.  It  gener- 
ally consists  of  two  broad  and  flat  lobes  more  or  less 
closely  united  with  vascular  connective  tissue,  and 
enveloped  by  a  continuous  sheath  of  fascia  partly 
from  the  deep  fascia  of  the  neck  and  in  part  a  reflec- 
tion of  the  cephalic  portion  of  the  pericardial  sac. 
As  this  smooth  capsule  is  stripped  from  the  organ 
several  layers  of  loose  areolar  tissue  come  into  evi- 
dence, the  deeper  ones  of  which  send  offshoots  into 
the  substance  of  the  gland.  The  cephalic  extension.s 
of  the  thymus  bring  it  almost  in  touch  with  the  lateral 
lobes  of  the  thyroid,  to  which  it  is  united  by  a  cord- 
like mass  of  dense  connective  tissue  containing 
branches  of  the  inferior  thyroid  artery  and  some  veins. 
Downward,  the  thymic  lobes  reach  well  upon  the 
pericardium,  a  distance  of  two  or  three  finger-breadths, 
and  to  the  interval  between  the  second  and  fourth 
ribs.  Its  ventral  surface  is  separated  from  the  manu- 
brium .sterni  by  loose  areolar  tissue.  Dorsally,  its 
thoracic  portion  lies  in  relation  to  the  arch  of  the 
aorta,  the  aortic  branches,  and  the  left  innominate 
vein.  The  body  and  edge  of  the  right  lobe  adjoin 
the  innominate  artery,  superior  vena  cava,  and  right 
phrenic  nerve;  while  the  left  lobe  comes  close  to  the 
common  carotid  artery  and  left  phrenic  nerve.  Both 
vagi  and  the  recurrent  laryngeal  nerves  lie  well 
behind  the  lobes  of  the  thymus,  and  this  is  the  case 
with  the  carotids  in  the  cervical  region.  Here,  also, 
the  continuation  of  the  organ  brings  it  to  lie  beneath 
the  origin  of  the  sternohyoid  and  sternothyroid 
muscles,  and  in  front  of  the  trachea,  everywhere 
more  or  less  separated  by  loose  connective  tissue  and 
fat.  Thus  it  is  seen  that  the  thymus  lies  partly  in 
the  neck  and  partly  in  the  chest, "its  thoracic  portion 
being  the  expanded  leaflets  or  lobes,  its  cervical  por- 
tion consisting  of  the  narrow  finger-like  extensions 
of  these  lobes.  Its  close  proximity  to  the  trachea  and 
bronchi  now  becomes  evident,  a  point  of  great  prac- 
tical importance  particularly  with  reference  to  the 
location  at  which  the  organ  lies  between  the  sterno- 
clavicular junction  and  the  trachea,  for  here  is  the 
region  in  which  pressure  may  be  exerted  on  the  trachea 
by  the  enlarged  thymus.  (See  Stains  LymphaHcuK  ) 
The  organ  might  aptly  be  compared  to  two  small 
rather  thin  hands  in  the  index  attitude,  the  two  fingers 
lying  close  together  and  pointing  upward.  As  a 
whole  the  organ  is  loosely  held  in  position;  it  can  be 
easily  moved  sidewise  and  lifted  somewhat,  and,  after 
serving  its  thyroid  connections,  it  shortens  and  sinks 
into  the  chest. 

The  blood  supply  of  the  organ  is  derived  princi- 
pally from  the  mediastinal  branches  of  the  internal 
mammarj^  artery,  and  from  the  inferior  thvroid 
Its  dorsal  surface,  applied  to  the  pericardium  is 
penetrated  by  minute  branches  of  the  pericardial 
arteries.  All  its  arteries  are  comparatively  small 
thus  differing  from  those  feeding  the  thvroid.  On  the 
contrary  the  thymic  veins  are  large,  making  a  stem 
three  millimeters  in  diameter  lying  between  the  lobes 
and  terminating  in  the  left  vena  innominata. 

The  lymphatics  are  described  by  some  authorities 
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as  numerous  and  large,  by  others  their  existence  is 
denied.  They  are  said  to  enter  the  glands  of  the 
anterior  mediastinum  and,  according  to  Astley  Cooper, 
two  large  vessels  proceed,  one  from  each  lateral  lobe, 
to  open  by  one  or  more  oriiices  into  the  internal 
jugular  vein. 

\\'hen  fully  exposed  by  dissection  the  thymus,  in 
the  height  of  its  development,  is  a  soft,  smooth,  pink- 
ish, or  pinkish-gray,  bilobed,  flattened  organ,  slightly 
concave  dorsally  where  it  lies  against  the  heart's 
sac,  widest  below  and  tapering  above.  Because  of 
the  penetration  of  connective-tissue  bands  into  its 
substance  it  is  mapped  out  into  distinct  lobules  and 
sublobules,  giving  it  the  sweetbread-like  appear- 
ance, not  unlike  that  shown  by  the  pancreas  or  the 
salivary  glands.  Within  the  lobules  it  is  often 
possible  to  make  out  distinct  rounded  or  polygonal 
follicles.  A  milky  juice  has  been  described  by  the 
older  anatomists  as  coming  from  the  cut  organ,  espe- 
cially in  young  children  or  in  adults  in  whom  the 
organ  w-ns  persistent  and  enlarged,  and  this  circum- 
stance has  recently  been  alluded  to  as  possibly  of 
pathological  significance.  Probably,  however,  this 
condition  is  the  result  of  a  postmortem  softening; 
one  of  the  artifacts  to  which  the  organ  is  prone.  Of 
the  same  nature  is  the  central  canal  with  its  lateral 
branches,  or  the  "central  cavity"  so  persistently 
mentioned  in  descriptions  of  the  human  thymus  even 
in  some  present-day  treatises  on  anatomy. 

At  the  height  of  its  normal  growth  the  thymus 
attains  a  length  of  9.5  centimeters,  a  width  of  five 
centimeters,  a  thickness  of  one  centimeter,  and  weighs 
twenty  grams.  It  sinks  in  water  with  a  displacement 
of  21  c.c.  But  the  organ  may  depart  widely  from  the 
average  standard;  it  may  be  larger  or  smaller;  in  fact, 
Dudgeon,  among  other  more  recent  authorities,  asserts 
that  the  maximum  weight  of  seven  to  ten  grams  from 
birth  to  the  second  year  is  normal,  and  that  a  weight 
of  twenty  to  thirty  grams  must  be  taken  to  indicate 
a  pathologically  enlarged  thymus.  Bovaird  and  NicoU 
reach  approximately  the  same  conclusion  and  give  the 
weight  of  the  thymus  in  normal  infants  and  children 
to  the  age  of  five  years  as  about  six  grams.  Its  rela- 
tions will  vary  according  to  its  size,  and  it  may  lie  to 
the  left  or  right  of  the  median  line.  A  bridge  of  true 
thymic  tissue  may  come  in  direct  contact  with  the 
thyroid  gland,  or  three  or  four  centimeters  may  in- 
tervene between  the  thyroid  lobes  and  the  cephalic 
extensions  of  the  thymus.  Sometimes  the  distinct 
divisions  into  lobes  may  be  lost,  or  one  lobe  may  greatly 
exceed  its  fellow  in  size.  Multiple  lobes,  from  three 
to  seven  or  eight,  may  at  times  be  found.  Small 
lobes  or  islets  of  thymus  tissue  are  sometimes  found 
at  a  considerable  distance  from  the  organ  proper, 
making  accessory  thymuses,  as  also  seen  in  the  case  of 
the  spleen  and  thyroid. 

Histology. — The  connective-tissue  envelope  of  the 
active  thymus  sends  offshoots  or  septa  into  the  gland, 
dividing  the  lobes  into  lobules,  and  these  again  into 
secondary  lobules  from  four  to  eleven  millimeters  in 
size,  finally  separating  the  lobules  into  smaller,  roughly 
spherical  foci  of  solid  thvmic  tissue  termed  follicles  or 
acini,  from  0.4  to  0.7  millimeter  in  size.  Ordinary 
white  fibrous  tissue  mixed  with  elastic  fibers  makes 
the  principal  part  of  the  enveloping  sheath  or  capsule 
surrounding  the  thymus;  in  this  more  or  less  fat  is 
mixed,  depending  upon  the  proportion  of  adipose  tissue 
in  the  body  at  large.  In  the  finer  septa  isolating  the 
follicles  or  acini  only  loose  white  fibers  with  delicate 
clastic  fibrils  are  present  (Mall). 

The  follicles  consist  throughout  of  adenoid  tissue, 
giving  the  impression  made  bv  the  follicles  of  the 
lymph  glands,  even  to  the  extent  of  showing  a  lighter 
central  portion  and  darker  peripherv.  This  resemb- 
lance is  heightened  by  the  fact  that  the  vast  propor- 
tion of  the  elements  composing  the  thvmic  acini  are 
lymphoid  cells.     But  more  careful  examination  with 
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higher  magnifying  powers  brings  out  an  evident 
difference  between  the  central  portion  or  medulla, 
as  it  is  called,  and  the  germinal  center  seen  in  the 
follicle  of  lymph  nodes.  The  darker,  more  solid 
peripheral  portion  of  the  acinus  (cortex)  is  quite 
similar  to  the  bulk  of  tissue  composing  the  follicle  of 
a  lymph  gland. 

The  cortical  and  medullary  portions  of  the  thymic 
acini  are  not  sharply  circumscribed.  In  general  the 
reticulum  of  the  medullary  substance  forms  a  network 
or  framework  of  branching  cells  whose  processes 
communicate  with  each  other  and  with  the  walls  of 
the  blood-vessels.  The  nuclei  of  these  radiating  cells 
are  6-8  li  in  size  and  rather  poor  in  chromatin.  In 
the  meshes  of  the  network  lie  small  mononuclear 
leucocytes  with  nuclei  3-5  m  in  diameter  (lymphoc\'tes) ; 
larger  leucocytes  with  polymorphous  nuclei  are  more 
seldom  present,  along  with  the  eosinophilous  cells 
described  by  Schiifer,  which  are  also  found  along  the 
blood-vessels  of  the  interlobular  connective  tissue. 
Multinuclear  (giant)  cells  are  also  to  be  found  in  the 
medulla,  whicli,  according  to  Watney,  are  derived  in 
part  from  the  cells  of  the  framework.  But,  as  Schiifer 
finds,  there  are  also  multinuclear  cells  w"hich  are  united 
with  the  capillaries  at  the  ends  of  which  they  are 
located  and  with  whose  retrogression  they  are  related. 
At  certain  points  the  constituent  cells  of  the  frame- 
work press  closely  together,  making  flattened  poly- 
hedral objects  whose  arrangement  resembles  that  of 
stratified  epithelium.  Here  the  extraneous  (multinu- 
clear) cells  are  entirely  absent  or  only  sparingly  found. 
These  nests  or  cords  of  epithelium,  deprived  of  blood- 
vessels, show,  at  certain  places  where  they  adjoin  the 
connective  tissue,  a  layer  of  higher  cells  which  re- 
semble those  in  the  basement  layer  of  a  stratified 
epithelium.  That  the  medullary  substance  of  the 
thymic  follicle  arose  from  an  epithelial  anlage  cannot 
well  be  doubted  from  the  outspoken  epithelial 
nature  of  the  cells  just  described,  which  must  be  re- 
garded as  direct  descendants  from  the  anlage.  It  is 
more  difficult  to  decide  whether  the  radiating  cells  of 
the  medullary  framework  are  epithelial  in  origin.  In 
preparations  stained  after  Van  Gieson's  method  a 
portion  of  the  medullary  framework  shows  connective- 
tissue  fibers,  indicating  that  a  part  at  least  of  this 
network  is  mesodermic  in  origin. 

Besides  the  epithelial  islets  just  described  one  finds 
in  the  thymus  of  advanced  embryos,  in  greater 
numbers  in  the  fully  developed  organ  and  in  the  early 
stages  of  its  retrogression,  numerous  characteristic 
objects  varying  in  size  and  condition.  These  bodies 
are  known  as  the  concentric  or  lamellated  corpuscles 
of  Ecker,  Hassall's  corpuscles,  or  thymic  corpuscles. 
They  abound  in  the  medulla  exclusively.  In  the 
simplest  form  they  are  spherical  bodies  13-22  n 
in  diameter,  with  a  central  portion  feebly  refractive, 
homogeneous,  or  granular,  surrounded  by  shell-like 
flattened  epithelial  cells.  The  nuclei  of  the  epithelial 
cells  are  plainly  discernible,  or  they  may  be  swollen, 
with  their  chromatin  dispersed  or  even  entirely 
missing.  Here  and  there  between  the  constituent 
cells  leucocytes  appear  which  may  even  penetrate 
to  the  central  mass  of  the  corpuscle.  These  bodies 
closely  resemble  the  epithelial  cell-nests  or  pearls  seen 
in  epitheliomas.  Their  nature  and  origin  was  long 
obscure,  but  the  embryological  studios  of  His  and 
Stieda  have  thrown  light  on  the  question,  which  is  not, 
however,  even  now  definitely  .settled.  According  to 
the  authorities  just  quoted  the  formation  of  these 
bodies  is  due  to  the  separation  of  the  primarj-  thymic 
epithelium  into  isolated  portions  by  the  ingress  of 
mesodermic  elements,  the  pressure  apparently  pro- 
ducing their  spherical  contour,  after  which  a  degenera- 
tion of  the  central  cells  ensues,  though  this  degenera- 
tion does  not  follow  a  uniform  course.  Usually  a 
homogeneous  refractive  mass  appears;  at  other  times 
refractive  granules,  droplets,  or  flakes  form.  Whether 
the  homogeneous  substance  is  colloid,  or  not,  is  unde- 


termined, though  the  microchemical  test  of  Amman 
shows  the  same  color-reaction  as  that  given  by  the 
colloid  of  the  thyroid  gland.  The  substance  is 
compared  to  that  of  prostatic  stones  by  KoUiker.  It 
certainly  is  a  proteid  and  not  a  fatty  substance, 
though  both  fatty  and  calcareous  changes  occur  in 
Hassall's  corpuscles.  Frequently  concentric  corpus- 
cles are  seen  in  which  the  nuclei  have  entirely  di.sap- 
peared  and  the  cell  substance  has  become  reticulated ; 
or  it  undergoes  transformation  into  soft  masses  which 
give  a  mucin  reaction. 

Along  with  the  simple  concentric  corpu.scles,  bodies 
appear  with  multiple  centers  from  which  the  cell 
laj'ers  radiate.  Irregular  forms,  spindle-  or  club- 
shaped,  or  variously  bent  and  knotted,  also  abound. 
But  in  all  these  corpuscles  the  concentric  disposition 
of  the  component  parts  is  retained.  These  bodies  may 
reach  a  size  of  0.1  millimeter.  It  is  important  not  to 
confuse  with  these  true  thymic  corpuscles  epithelial 
cell-masses  devoid  of  the  concentric  arrangement, 
found  especialh'  in  individuals  of  advanced  age,  in 
which  the  thymus  is  well  along  in  its  retrogression; 
they  attain  a  diameter  of  0.2-0.3  millimeter,  and  may 
be  designated  epithelial  spherules. 

In  poorly  fixed  or  macerated  specimens  the  Hassall 
corpuscles  and  epithelial  spherules  readily  fall  out 
during  preparation;  and  where  several  of  them  have 
been  in  contact,  a  space  is  left  which  may  easily  be 
mistaken  for  a  central  canal.  The  loss  of  large  epithe- 
lial spherules  from  the  medulla  may  give  the  impre.s- 
sion  of  considerable  cavities  here,  but  these  artifacts 
are  not  to  be  confounded  with  cavities  clad  with 
ciliated  epithelium,  first  noticed  bj'  Remak,  which 
are  of  embryonic  origin  due  to  imperfect  closure  of 
the  primitive  epithelial  canals  of  the  thymic  anlage. 
It  is  also  advisable  to  have  in  mind  the  occasional 
presence  of  aberrant  parathyroids  which  may  find 
their  way  into  the  medulla  of  the  thoracic  portion  of 
the  thymus. 

The  cortical  portion  of  the  thymic  follicle  is  charac- 
terized by  the  possession  of  abundant  blood  capillaries, 
and  has  much  similarity  with  the  structure  of  lym- 
phatic glands.  It  has  a  delicate  reticulum  whose 
meshes  are  packed  with  cells  which  are  for  the  most 
part  small,  mononuclear  lymphocj'tes.  In  sections 
stained  with  nuclear  dyes  this  preponderance  of 
lymphocytes  lives  the  cortex  a  dark  hue,  plainly 
outlining  it  from  the  lighter  medulla.  As  to  the 
nature  of  the  reticulum,  whether  entirely  cellular 
or  partly  fibrillar,  it  is  a  question  still  undecided,  as 
is  the  case  in  reference  to  the  lymph  glands.  Watney 
holds  that  the  reticulum  is  a  dual  structure,  both 
cellular  and  fibrillar.  It  is  highly  probable,  however, 
that  it  does  not  develop  from  the  ectodermic  thymic 
anlage. 

In  conjunction  with  the  cortical  reticulum  and 
lymphoid  elements  one  finds  the  eosinophilic  cells, 
described  by  Schiifer  and  by  Sultan,  scattered  through 
the  whole  cortex,  especially  along  the  surface  and  in 
the  neighboring  connective  tissue.  Further,  there 
are  peculiar  round  or  branching  cells  reaching  a  diame- 
ter of  12-30  M  thickly  disposed  about  the  capillaries, 
and  containing  strongly  refractive  granules,  ditTcring 
from  those  of  eosinophilic  cells,  but  more  closely 
resembling  the  colloid-like  droplets  in  the  center 
of  the  Hassallian  corpuscles  because  of  their  insolu- 
bility in  acids  and  alkalies.  These  granules  vary  in 
size,  the  average  being  4  fi  in  diameter;  they  stain 
but  faintly  in  cosin  and  differ  from  fat  by  their  in- 
solubility in  ether.  These  colls  can  most  readily  be 
demonstrated  by  treating  sections  of  thymus  hardened 
in  alcohol  with  dilute  caustic  soda,  which  clears  the 
tissue,  bringing  out  the  granules  in  the  colls  that  lie 
along  the  capillary  walls  of  the  cortical  portion  only. 

Of  especial  importance  is  the  fact  pomtod  out  by 
Schaffer  that  in  smear  preparations  of  the  thymus 
nucleated  red  blood  corpuscles  are  to  be  found,  as  is 
the  case  in  the  spleen  and  bone  marrow.     They  are 
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hard  to  find  in  sections.     They  are  especially  abund- 
ant in  the  cortex,  though  present  in  the  medulla. 

As  first  pointed  out  by  KoUiker,  the  blood-vessels 
of  the  thvnuis  are  peculiar.  The  arteries  followuig 
the  central  cords  in  the  interior  of  the  lobules  pene- 
trate the  follicles  and  pass  into  a  network  of  capillaries 
along  the  inner  side  of  the  cortex.  The  central 
portion  of  the  medulla  is  largely  free  from  capillaries. 
The  branching  arterial  capillaries  at  the  border  of  the 
medulla  pass  into  capillaries  which  mostly  penetrate 
perpendicularly,  making  a  radial  network  with 
numerous  anastomoses.  Immediately  beneath  the 
connect ive-ti.ssue  envelope  this  radial  capillary  net- 
work becomes  a  narrow-meshed  plexus  of  rather  wide 
capillaries  which  surround  the  cortex  and  communi- 
cate with  numerous  venous  branches  passing  into 
interlobular  veins.  Together  with  venous  trunks 
coursing  along  the  surface  of  the  cortical  substance 
numerous  veins  and  arteries  are  found  in  the  medulla. 
In  consequence  there  exists  a  double  venous  .system,  a 
superficial  one  between  the  adjoining  cortices  and  a 
deeper  one  in  the  medulla;  there  is  also  a  double 
capillary  ])lexus,  one  superficial,  the  other  radial. 

The  lymphatics  of  the  thymus  are  still  but  little 
understood,  our  knowledge  remaining  practically 
where  it  was  after  His  completed  his  studies  upon  the 
thymus  of  the  calf,  supplemented  by  the  contributions 
of  Watney  and  Hetiaut.  .According  to  Ilis  the  larger 
blood-vessels,  which  run  along  the  central  cord  (calf's 
thymus)  are  accompanied  by  two  or  more  lymph 
vessels,  which  receive  one  or  more  rootlets  from  each 
acinus.  When  these  lymph  vessels  are  traced,  it  is 
seen  that  in  their  further  branching  in  the  interlobular 
septa  they  soon  lose  their  valves  and  muscular  coat 
and  become  delicate-walled  lymph  spaces.  These 
spaces  plentifully  surround  the" follicles.  The  lymph 
spaces  provide  an  easy  avenue  for  the  thymic"  cells 
which  are  numerous  iii  the  thymic  lymph. 

The  nerves  accompanying  the  thymic  arteries  are 
easily  discovered.  According  to  the  investigations 
of  Boveri,  who  employed  the  Golgi  method,  the  nerves 
form  a  fine  plexus  upon  the  vessels  and  in  the  inter- 
lobular connective  tissue,  from  which  some  fibrils 
penetrate  into  the  medulla,  terminating  there  with 
slightly  swollen  extremities  (A.  KoUiker). 

Retrogression  of  the  THTuros. — It  has  already 
been  mentioned  that  the  thymus  is  a  temporary 
organ  in  man;  that  is  to  say,  it  does  not  remain  in  its 
condition  of  morphological  (and  presumablv,  there- 
fore, physiological)  perfection  during  life.  That  the 
thymus  disappears  more  or  less  completely  in  adult 
life  has  long  been  known,  but  data  relative  to  the 
exact  time  at  which  it  passes  away,  and  as  to  the 
stages  leading  to  its  backward  metamorphosis,  were 
not  available  until  recent  years.  Indeed,  even  at 
the  present  time  authorities  are  far  from  being  in 
accord  on  all  these  points. 

The  views  of  Friedleben,  whose  work  now  over  half 
a  eenturj-  old  must  be  regarded  as  the  classic  on  the 
thymus,  are  most  generally  accepted.  He  held  that 
the  organ  reached  its  complete  development  at  birth 
remained  in  this  condition  (with  some  increase  in 
si;!e)  until  the  second  year  of  life,  then  gradually  al- 
tered and  atrophied,  the  retrograde  process  being" well 
advanced  by  puberty.  Variations  in  the  course  of 
these  changes  are  by  no  means  rare,  and  some  of  these 
are  still  misunderstood. 

Accepting  seven  to  ten  grams  as  the  ordinary  weight 
of  the  thymus,  tins  remains  fairly  con.stant,  under  nor- 
mal conditions,  throughout  life.  "But  even  with  the  un- 
aided eye  It  may  be  seen  that  there  is  a  marked  differ- 
ence between  the  thymus  of  a  young  child  and  that 
of  an  adult.  In  the  first  case  the  organ  has  a  solid 
Hash-  Ike  appearance,  a  uniform  pinkish  color,  with 
weU-defined  and  closely  approximated  follicles.  No 
l1f?t  f'^f''^'"^  °'  connective  tissue  is  present,  and  but 
little  fat  occurs  in  the  gland  proper.     In  the  case  of 
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the  adult,  however,  all  this  is  changed,  and  the  organ 
appears  as  a  fatty  mass  approximately  the  size  and 
shape  of  the  original  organ.  In  this  so-called  "thymic 
fat  body"  of  Waldeyer,  reddish  or  dark  yellowish 
foci,  more  or  less  discrete  are  to  be  seen  up  to  the 
thirtieth  year,  and  the  microscope  shows  these  foci 
to  be  reiiinants  of  the  once  voluminous  gland.  A 
marked  change  in  the  specific  gravity  of  the  thymus 
occurs  with  advancing  years,  as  Dwornitschenko 
has  shown,  it  being  higher  for  the  first  thirty  years 
and  then  becoming  less.  This  is  shown  by  its  sinking 
in  water  during  the  first  period  and  afterward  floating, 
the  fatty  alteration  being  largely  responsible  for 
this  variation.  Such  is  the  usual  conduct  under 
normal  conditions,  but  the  changes  in  the  gland  are 
profoundly  affected  by  the  general  state  of  nutrition, 
and  it  also  sometimes  happens  that  the  involution 
of  the  organ  is  retarded  so  that  one  finds  in  the  adult 
an  apparently  perfect  thymus,  a  solid  mass  of  thymic 
tissue  unchanged  by  fatty  overgrowth,  constituting 
the  so-called  "persistent"  thymus.  Persistent  thy- 
mus is  almost  invariably  an  accompaniment  of  the 
dyscrasia  known  as  status  lymphaticus. 

So  far  as  macroscopic  evidences  go  we  may  sum- 
marize by  stating  that  at  the  second  year  of  extra- 
uterine life  the  thymus  reaches  its  anatomical  perfec- 
tion, being  a  solid  mass  of  adenoid  tissue  about  seven  to 
ten  grams  in  weight  and  sinking  in  water.  From  this 
period  to  puberty  the  organ  gradually  becomes  smaller 
and  distinctly  tougher,  owing  to  the  increase  of  con- 
nective tissue  in  its  substance;  and  at  the  same  time 
its  pinkish  color  fades.  Between  puberty  and  the 
twentieth  j-ear  little  change  in  bulk  is  noted,  but 
it  may  be  seen  that  adipose  tissue  is  gradually  appear- 
ing in  the  thv-mus,  isolating  the  thymic  substance  into 
separate  masses.  This  fatty  alteration  becomes 
more  pronounced  during  the  next  two  decades,  the  foci 
of  thymic  substance  becoming  smaller  and  more 
widely  separated  until  finally  a  mass  of  yellowish  fat, 
preserving  the  shape  of  the  thymus,  is  all  that  the  eye 
can  detect — a  mass  that  equals  in  bulk  that  attained 
at  puberty,  but  that  floats  in  water  after  the  thirtieth 
year. 

Histologically  the  evidences  of  a  profound  structural 
change  during  the  retrogression  of  the  thymus  are  well 
marked,  and  differ  strikingly  from  what  has  been 
portrayed  as  the  microscopic  anatomy  of  the  thymus 
at  the  period  of  its  perfect  development.  These 
changes,  which  begin  at  the  second  year,  have  been 
particularly  studied  and  described  "by  Friedleben, 
Watney,  Waldeyer,  Schafer,  Sultan,  Dwornitschenko, 
Lochte,  and  others.  By  these  studies  it  has  been 
determined  that  several  distinct  metamorphoses 
manifest  themselves,  the  most  pronounced  being  the 
connective  tissue,  endothelioid,  and  fatty;  that  is  to 
say,  the  process  is  one  that  affects  both  the  framework 
and  the  i^arenchyma  of  the  organ. 

One  of  the  earliest  changes  is  the  increase  of  inter- 
lobular tissue  by  which  the  acini  become  more  widely 
separated,  and,  even  before  pronounced  alterations 
occur  in  the  acini,  fat  begins  to  make  its  appearance 
in  the  framework.  There  being  no  increase  in 
volume  of  the  organ,  it  follows  that  the  proliferation 
of  connective  tissue  produces  a  shrinkage  or  atrophy 
of  the  proper  thymic  elements,  and  in  this  the  fat  also 
plays  a  part,  as  Waldeyer  has  claimed.  But  while  it 
must  be  regarded  as  a  factor,  pressure  atrophy  is 
not  the  only  condition  incidental  to  the  retrogression 
of  the  thymus.  There  is  an  atrophic  change  seem- 
ingly inherent  in  the  cells  of  the  thymic  parenchyma. 
Sultan  has  directed  attention  to  the  other  important 
retrogressive  process — the  endothelioid,  which  seems 
to  be  present  at  some  stage  during  the  transforma- 
tion of  the  adult  thymus  in  all  individuals.  From 
the  endothelial  cells  lining  the  small  blood-vessels 
and  capillaries,  and  from  those  of  the.  adventitia, 
endothelioid  cells  proliferate  and  appear  both  at  the 
border  and  at  the  center  of  the  thymic  acini.     Sultan 
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believes  that  some  of  these  cells  undergo  a  metamor- 
phosis into  fat  cells.  Later,  spindle  cells  largely 
replace  the  endothelioid  elements.  A  distinctly 
glandular  or  epithelioma-like  appearance  may  be 
given  to  the  thymus  at  the  height  of  its  endothelioid 
transformation. 

Phtsiology. — The  function  of  this  organ,  whose  life 
history  is  so  peculiar,  is  still  much  in  the  dark.  Ap- 
parently its  functional  activity  continues  only  during 
the  stage  of  lymphadenoid  development,  though  even 
at  this  time  the  presence  of  the  thymus  does  not  seem 
es.sential  to  life  and  well-being,  since,  according  to  the 
testimony  of  Fricdleben  and  other  experimenters  who 
have  followed  him,  the  organ  may  be  extirpated  in 
young  animals  without  causing  any  serious  disturb- 
ance. Apparently  contradictor^'  to  this  conclusion 
are  the  results  obtained  by  Thiroloix  and  Bernard  in 
thymectomized  rabbits,  which  died  in  three  or  four 
weeks  with  hypopyrexia  and  convulsions.  A  relation- 
ship between  morbid  thymus  and  rickets  has  often 
been  mentioned  (see  Status  Lymphaticus)  and  Bash 
maintains  that  experimental  thymectomy  in  dogs 
causes  rachitis.  Konig  and  others  have  noted  florid 
rickets  in  children  following  operative  removal  of  the 
enlarged  thymus. 

A  number  of  authors  have  looked  upon  the  thymus 
as  a  blood-forming  organ,  and  Schaffer  is  the  most 
recent  advocate  of  this  view.  He  believes,  from  his 
studies  upon  cats  and  rabbits,  that  the  hematopoietic 
function  is,  like  that  of  the  spleen,  liver,  and  bone 
marrow,  a  temporary  one  corresponding  to  certain 
growing  periods;  and,  furthermore,  he  believes  that 
the  spleen  and  thj-mus  maintain  a  reciprocal  rela- 
tionship, in  that  a  rich  supply  of  nucleated  red  blood 
cells  in  one  is  attended  with  a  sparseness  in  the  other. 
Carbone  believes  that  the  hematopoietic  function  of 
the  thymus  is  limited  to  intrauterine  life. 

Since  Friedleben's  time  the  possibility  of  the  thy- 
mus influencing  the  growth  and  nutrition  has  been 
considered.  This  point  has  been  raised  anew  by 
Seydel.  who,  finding  the  thymus  much  atrophied  or 
absent  in  infants  dying  from  impoverished  nutrition, 
concludes  that  the  organ  supplies  blood  or  nutrient 
fluid.  More  lately  Baton  and  Henderson  claim  a 
reciprocal  relationship  between  the  thymus  and  testes 
and  that  castration  retards  retrogression  of  the 
thjinus  while  thj-mectomy  induces  increased  develop- 
ment of  the  testes.  Tarulli,  from  his  extirpation 
experiments,  believes  that  Increased  appetite  with 
augmented  ingestion  of  food  follows  the  operation,  in 
spite  of  which  the  growth  is  retarded.  There  is  also 
a  diminution  of  hemoglobin  and  of  red  blood  cells 
with  leucocj-tosis  and  eosinophllia.  Von  Braun- 
schweig concurs  with  Tarulli  in  so  far  as  denying  a 
leucocyte-forming  function  to  the  thymus. 

Experiments  with  extracts  of  the  thj-mus  have  been 
made,  particularly  by  Svehla,  who  used  a  ten-per- 
cent, aqueous  extract  of  the  organ  from  man,  dogs, 
swine,  and  cattle,  and  experimented  on  dogs  by 
injection  into  the  portal  vein.  He  noted  a  fall  of 
blood  pressure,  presumably  caused  by  paralysis  of 
the  vasomotors,  acceleration  of  the  pulse  due  to 
direct  action  on  the  heart,  and  death  in  narcotized 
subjects.  In  non-narcotized  animals  small  doses 
caused  restlessness  and  dyspnea,  while  larger  doses 
caused  death  with  pronounced  dyspnea.  Svehla 
compares  the  symptoms  of  experimental  thymus 
intoxication  with  those  of  thymic  sudden  death  (see 
Status  Lijmphaticus),  and  concludes  that  the  fatal 
ending  in  the  latter  affection  is  caused  by  hj^perthj'- 
raization  of  the  blood.  Before  accepting  fully  the 
conclusions  reached  bj-  Svehla  we  should  recall  the 
fact  that  Cunningham  has  found  that  the  toxicity  of 
thymus  and  thyroid  extracts  is  largely  determined 
by  the  postmortem  changes  in  the  glands  after  their 
removal  and  before  subjected  to  the  extractive 
process. 


Pathology. — Besides  various  anomalies  in  the  size, 
shape,  and  anatomical  location  of  the  thymus  or  por- 
tions of  it,  the  organ  may  be  completely  absent.  A 
typical  example  of  this  congenital  abnormality  has 
been  reported  by  Clark  in  a  baby  of  eight  months;  and 
while  this  reporter  concluded  from  liis  observation 
that  no  serious  nutritive  disturbance  followed  the 
anomaly,  he  endeavored  to  show  a  relationship  be- 
tween the  absent  thymus  and  a  form  of  hemophilia 
from  which  the  infant  was  suffering. 

Circulatory  disturbances  as  part  of  general  vascular 
disease  occur  in  the  thymus.  \'enous  hyperemia  is 
particularly  prone  to  occur  in  the  well-developed 
thjinus  with  its  large  venous  trunks,  and  has  been 
repeatedly  observed  in  asphj-xia  of  the  new-born. 
Punctate  hemorrhages  are  found  in  some  cases  of 
sudden  death  in  victims  of  status  Ij-mphaticus,  and 
in  the  persistent  thj-mus  of  lymphatic  epileptics  dying 
of  asphjTcia.  They  have  also  been  noted  in  some 
cases  of  ordinary  suffocation  and  in  fatal  phosphorus 
poisoning. 

Atrophy  of  the  thymus  is  a  coincidence  of  general 
wasting  of  the  body  like  that  accompanj-ing  exhaust- 
ing acute  diseases  or  various  chronic  diseases  attended 
by  cachexia  and  marasmus.  A  well-developed 
thymus  in  an  infant  or  a  persistent  one  in  an  adult  may 
shrink  until  little  more  than  a  fibrous-tissue  mass 
remains  to  mark  the  place  it  once  filled.  This  fact 
is  important  in  connection  with  the  anatomical 
diagnosis  of  status  IjTnphaticus,  a  condition  in  which 
persistent  thymus  is  associated  with  general  lymph- 
adenoid  hyperplasia;  for,  under  the  conditions  just 
mentioned,  the  organ  atrophies  and  practically  dis- 
appears, and,  as  a  rule,  the  other  lymphadenoid 
accumulations  suffer  the  same  fate. 

H>-pertrophy  with  hyperplasia  of  the  thymus, 
which  has  had  an  overwhelming  amount  of  attention 
in  the  literature  concerning  diseases  of  this  organ,  is 
almost  invariably  associated  with  the  general  condition 
known  as  status  lymphaticus  (see  Status  Lymphatictix)^ 
and  should  not  be  regarded  as  an  independent  affec- 
tion. Even  in  the  several  cases  in  which  the  th\Tnus 
has  been  reported  as  enlarged  in  Basedow's  disease, 
myxedema,  Addison's  disease,  and  acromegaly, 
other  evidences  of  status  Ijinphaticus  have  usually 
been  disclosed. 

Acute  non-suppurative  inflammations  of  the  thy- 
mus are  not  common,  and  while  the  organ  may  par- 
ticipate in  an  inflammatory  affection  involving 
contiguous  anatomical  structures,  it  usually  escapes. 
Biedert  has  reported  a  case  of  primary  acute  in- 
flammation of  the  thymus  unknown  in  origin.  In 
general  hematogenous  infections  the  specific  micro- 
organism may  find  its  way  to  the  thymus;  and  in 
certain  pyemic  affections  metastatic  abscesses  may 
occur  in  the  thymus.  There  are  also  several  cases  on 
record  in  which  single  or  multiple  abscesses  of  the 
organ  were  found,  with  no  evidence  of  a  primary 
suppurative  process  elsewhere.  In  the  cases  of  this 
character  reported  by  Schlossman.  Demme.  and  Helm, 
the  enlarged  thymus  with  its  abscesses  was  apparently 
responsible  for  the  sudden  death. 

Primarj-  tuberculosis  of  the  thj-mus  is  unknown, 
unless  the  questionable  case  of  Carpenter's  is  so  con- 
sidered; but  a  number  of  instances  of  secondary 
infection,  either  in  the  form  of  miliary  tubercles  or  in 
that  of  caseous  tuberculous  foci,  have  been  noted. 

The  thjTnus  is  the  seat  of  various  kinds  of  timiors, 
and  is  the  starting-point  of  a  considerable  number  of 
the  neoplasms  located  in  the  anterior  mediastinum. 
Various  teratomas  have  been  found  in  connection 
with  it,  the  most  common  one  being  a  dermoid  cyst 
with  hair,  epithelium,  and  fatty  contents  similar  to 
the  dermoids  of  the  ovary.  \  more  frequent  variety 
of  thymic  tumor  is  one  taking  a  lymphoid  structure 
and  designated  lymphoma  or  lymphosarcoma,  de- 
pending on  its  extent  and  the  production  of  metastases. 
However,  since  the  h-mphatic  glands  in  the  anterior 
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inediastiiiiini  and  about  the  bronchi  may  also  become 
the  seat  of  these  tumors,  it  often  becomes  difficult  to 
decide  whether  the  thymus  has  been  primaril}^  or 
secondarily  affected.  The  question  may  at  times  be 
determined  histologically  by  the  discovery  of  Hassall's 
corpuscles  in  the  primary  tumor.  Besides  the  small- 
celled  lymphosarcoma,  other  varieties  of  sarcoma  may 
occur,  and  carcinoma,  presumably  originating  from 
the  remaining  foci  of  epithelial  tissue,  is  occasionally 
encountered. 

E.Ktensive  lymphoid  infiltration  and  enlargement 
of  the  thymus  may  attend  leucemia  and  pseudo- 
leucemia. 

Peculiar  cy.sts  of  the  thymus,  probably  at  one  time 
misunderstood  and  consei|uently  designated  Dubois's 
nbsces.ses,  have  been  carefully  studied  by  Chiari,  who 
regards  them  as  originating  from  a  growth  of  thymic 
tissue  into  the  corpuscles  of  Hassall.  Besides  these 
spurious  abscesses  there  arc  cavities  with  softened 
contents,  properly  called  Dubois's  abscesses,  due  to 
the  softening  of  syphilitic  nodules  (small  gummas). 
Syphilitic  infection  of  the  thymus  may  also  manifest 
itself  by  a  hyperplasia  of  the  organ,  or  by  a  diffuse 
connective-tissue  overgrowth  with  consequent 
induration.  Albert  P.  Ohlmacheh. 


Thyreoglobulin  is  a  protein  obtained  from  the 
acjucous  extract  of  the  thyroid  gland  by  precipitation 
with  ammonium  sulphate.  It  lias  the  properties  of 
a  globulin  but  in  addition  contains  a  significant  amount 
of  iodine.     See  Thyroid.  F.   P.   U. 


Thyroid  G  land. — .Vn atomy. — There  arc  few  organs 
in  tlie  bfidy  tliat  show  normally  so  many  and  so  great 
variations  in  structure,  botli" gross  and  minute,  as 
the  thyroid.  This  is  to  be  explained  by  the  fact  that 
it  has  its  origin  in  three  indeijcndent  embryonal 
structures,  so  that  in  their  fusion  there  are  many 
opportunities  for  variations.  The  definite  thvroid 
parenchyma  comes  entirely  from  tlie  median  of  these 
three  anlagc;  the  two  lateral  atrophy  and  disappear 
entirely  except  for  some  connective-tissue  remnants 
or  cysts,  but  incomplete  involution  of  these  elements 
may  give  rise  to  anomalous  conditions.  Again,  the 
absence  of  any  excretory  duct  probablv  permits  of 
wider  variations  than  might  otherwise  occur,  for  no 
matter  how  arranged  or  where  located  the  gland  can 
accomplish  its  entire  function,  provided  only  that  it 
has  proper  circulation.  Ordinarily  it  presents  two 
lateral  lobes  connected  by  an  isthmus,  which  latter 
lies  across  the  trachea  from  the  second  to  the  fourth 
tracheal  rings,  inclusive.  This  isthmus  is  absent  in 
from  ten  to  fifteen  per  cent,  of  individuals.  When 
present,  it  may  merely  consist  of  a  mass  of  fibrous 
tissue  containing  a  minimum  of  gland  tissue,  or  it 
may  form  the  largest  of  the  three  lobes,  with  all 
possible  intervening  variations.  Quite  rarely  i  e 
in  about  one  per  cent.,  the  Isthmus  exists  as  an  in- 
dependent lobe.  Wlien  the  isthmus  is  absent  the 
lateral  lobes  are  often  so  closely  applied  that  the 
absence  of  the  isthmus  may  be  completely  overlooked 
At  the  level  of  the  isthmus,  the  recurrent  laryngeal 
nerve  lies  in  the  angle  between  tlic  esophagus  and 
the  trachea,  being  covered  externally  by  the  lateral 
lobe  on  each  side.  In  front,  the  gland  is  covered  by 
the  sternohyoid,  the  sternothyroid,  and  the  omo"- 
hyoid  muscles.  Laterally,  the  lobes  extend  outward 
in  front  of  the  common  cartotid  arteries.  The  lower 
end  of  each  lateral  lobe  is  usually  at  the  fifth  or  sixth 
ring  of  he  trachea  and  the  u|,per  end  is  at  the  middle 
of  the  t hyroKi  cartilage.  Tlie  lower  edge  is  embedded 
in  a  mass  of  fatty  connective  tissue,  which  is  of  some 
surgical  importance,  since  it  passes  without  any 
demarcation  into  the  anterior  mediastinum.  Behind 
It  _u>  attached  by  tough  fibrous  tissue  to  the  larynx 
and  trachea,  so  that  it  moves  with  them  in  swaUowing 


When  the  head  is  thrown  back,  the  distance  of  two 
millimeters  that  lies  between  the  lower  border  and  the 
sternal  notch  is  doubled  (Sappey). 

Frequentl}'  a  conical  process,  called  the  "pyramid 
of  Lalouette,"  extends  upward  to  be  attached  to  the 
hyoid  bone,  thyroid  cartilage,  or  thyrohyoid  mem- 
brane. This  may  arise  from  the  isthmus  or  from 
either  or  both  lateral  lobes,  its  shape  and  size  also 
presenting  wide  variations.  Its  frequency  varies 
greatly  according  to  different  observers.  Marshall 
found  it  in  twenty-six  out  of  sixty  thyroids,  or  forty- 
tliree  per  cent.;  Streckeisen  in  104  out  of  153;  Zoja "in 
109  out  of  147,  or  seventy-four  per  cent.;  while  the 
writer  found  it  with  thirty-six  of  sixty  thyroids,  or  sixty 
per  cent.  In  ten  of  these  last  it  arose  from  tlie  right 
lobe,  in  tw-elve  from  the  left,  in  eight  from  the  isthmus, 
in  five  from  both  lobes,  and  in  one  from  the  left  lobe 
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Fio.  4768.— The  Thyroid  Gland  and  its  Relations.  (Testut.) 
1,  Right  lobe;  2,  left  lobe;  3.  isthmus;  4,  pyramid  of  Lalouette; 
5,  hyoid  bone;  6,  thyroid  cartilage;  7,  trachea;  8,  carotid  artery; 
9.  internal  jugular  vein;  10',  superior  thyroid  vein;  10,  thyrolingual- 
faseial  vein;  U,  superior  thyroid  artery;  12,  inferior  laryngeal  ves- 
sels; 13,  median  thyroid  vein;  14,  subclavian  artery:  1.5,  inferior 
thyroid  artery;  16,  lateral  inferior  thyroid  veins;  17,  median  inferior 
thyroid  veins;  18.  left  brachiocephalic  vein;  19,  arch  of  the  aorta; 
20,  pneumogastric  nerve. 

and  from  the  isthmus.  In  twenty-one  it  was  attached 
to  the  thyroid  cartilage  or  thyrohyoid  membrane, 
and  to  the  hyoid  bone  in  fifteen.  In  one  instance  the 
pyramid  was  split  up  into  a  chain  of  isolated  masses  of 
gland  tissue,  which  would  have  to  be  classified  as  acces- 
sory thyroids.  In  structure  the  pyramid  generally  con- 
sists of  regular  gland  tissue  near  its  base,  but  tlie  col- 
loid material  disappears  as  it  ascends,  and  the  vesicles 
become  mere  groups  of  epithelial  cells,  which  are  gradu- 
ally replaced  by  fibrous  and  muscular  tissue,  until  near 
the  upper  part  of  the  pyramid  they  disappear  entirely. 
If  the  muscle  fibers  are  numerous  the  upper  part  is  con- 
sidered a  separate  muscle,  called  the  levator  glandula; 
Ihyroidece.  The  pyramids  are  considered  bv  Bland 
button  to  represent  part  of  the  original  thyfoglossal 

In  proportion  to  its  weight  the  thyroid  has  perhaps 
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the  largest  blood  supply  of  any  organ  of  the  body, 
the  blood  reaching  it  through  the  superior  and  in- 
ferior thyroid  arteries  on  each  side,  and  occasionally 
from  the  thyroidea  inia.  Following  the  trabecular 
these  vessels  break  up  into  a  rich  meshwork  of  capil- 
laries about  the  vesicles.  In  some  places  these 
capillaries  even  penetrate  the  basement  membrane 
and  come  into  direct  contact  with  the  secreting  cells. 
In  proportion  to  its  weight  more  blood  passes  through 
the  thyroid  than  any  other  gland.  So  great  is  the 
vascularity,  that  when  an  active  dilatation  of  its 
vessels  occurs  the  gland  increases  noticeably  in  size, 
and  in  this  condition  a  distinct  pulsation  can  be  felt 
throughout  the  gland.  The  veins  unite  to  form  the 
superior,  middle,  and  inferior  thyroid  veins,  the  two 
former  of  which  empty  into  the  internal  jugular  vein, 
the  last  into  the  innominate.  They  are  devoid  of 
valves,  and  a  rich  plexus  surrounds  the  gland,  often 
causing  much  bleeding  in  operations.  Some  authors 
have  described  collections  of  a  colloid-like  sub- 
stance in  the  veins  of  the  gland,  and  suggested  that 
this  was  the  method  by  which  the  gland  disposed  of 
its  secretion,  i.e.  directly  into  the  circulation.  How- 
ever, these  appearances  are  probably  due  to  accidental 
extravasations  occurring  in  the  handling  of  the  gland. 
It  seems  most  probable  that  the  excretion  of  the 
colloid  substance  occurs  through  the  lymph  channels, 
which  are  very  numerous  in  the  thyroid  and  lie  in 
direct  contact  with  the  basement  membrane  of  the 
vesicles,  sometimes  even  with  the  gland  cells  them- 
selves. However,  the  presence  of  thyroid  secretion 
in  the  lymph  from  the  gland  has  not  been  demon- 
strated (Carlson  and  Woelfel).  After  free  anas- 
tomosis the  lymph  vessels  leave  the  gland  and  pass 
through  the  superior  and  inferior  deep  cervical 
glands.  (See  description  of  lymphatics  under  "Tu- 
mors of  the  Thj-roid.") 

The  nerves  of  the  thyroid  come  from  the  middle 
and  inferior  cervical  sympathetic  ganglia,  and  pass 
into  it  with  the  blood-vessels.  The  recurrent  and 
external  laryngeal,  the  hoypoglossal,  and  the  vagus 
all  send  filaments  to  the  gland,  but  these  all  seem  to 
lie  vasomotor  or  secretory,  that  is  to  say,  they  are 
all  of  sympathetic  origin  (Kolliker).  The  branches 
run  to  the  bases  of  the  epithelial  cells,  but  the  actual 
endings  are  not  exactly  determined. 

The  weight  of  the  thyroid  seems  to  vary  greatly  in 
different  countries,  since  most  German  authors 
(\'irehow,  Rauber)  place  it  at  from  thirty  to  sixty 
grams;  Schafer  in  England  gives  it  as  thirty  to 
forty  grams;  Poirier  and  Charpy  in  France  give  the 
average  as  twenty-two  to  twenty-four  grams.  In  sixty 
thyroids  removed  in  this  country,  I  found  the  average 
weight  but  twenty-two  grams.  It  would  seem  that  in 
goitrous  countries  the  normal  gland  is  larger  than  in 
non-goitrous  countries.  The  thyroid  shows  the 
effects  of  senility  sooner  and  more  than  any  other 
organ  that  is  not  essentially  reproductive.  In  mj' 
series  in  persons  over  forty-five  years  of  age  the 
average  weight  was  but  sixteen  grams,  while  in  people 
between  twentj'  and  forty-five  years  it  averaged 
twenty-five  grams.  Differing  from  the  other  organs, 
it  is  larger,  as  a  rule,  in  women  than  in  men — a  fact 
which,  together  with  its  early  atrophy,  indicates  its 
close  relation  to  the  reproductive  organs.  Castrated 
male  animals  have  less  thyroid  tissue  than  normal 
males  (Fenger).  It  is  relatively  larger  in  infants 
than  in  adults;  in  the  former  the  proportion  to  the 
body  weight  being  1  to  700  or  1,000,  in  the  latter 
1  to  1,500  or  2,200.  According  to  Huschke  there 
is  even  a  decrease  in  size  after  birth,  followed  by  a 
rapid  growth  at  puberty.  In  the  adult  the  trans- 
verse measurement  is  usually  fifty  to  sixty  millimeters, 
anteroposterior  thickness  of  the  lateral  lobes  eighteen 
to  twenty  millimeters,  of  the  isthmus  six  to 
eight  millimeters;  length  of  the  lateral  lobes  fifty  mil- 
limeters; height  of  the  i.sthmus,  five  to  fifteen  milli- 
meters.   The  right  lobe  is  slightly  larger  when  a  con- 


siderable number  of  cases  is  averaged,  although  often 
in  individual  glands  the  opposite  is  true. 

Development. — Three  separate  "anlagen"  unite 
to  form  the  human  thyroid.  1.  A  median  diverticu- 
lum of  the  pharyngeal  hypoblast  pushes  its  way 
downward,  and  forms  a  tube  that  is  connected  with 
the  base  of  the  tongue.  Subseciuently  it  becomes  solid, 
its  upper  end  forming  the  foramen  cecum,  from  its 
lower  end  developing  the  Lsthmus,  part  of  tlie  lateral 
lobes,  the  pyramids  (when  they  are  present),  and 
occasionally  accessory  thyroids.  It  sometimes  hap- 
pens that  this  .structure  remains  in  the  adult  as  the 
"ductus  lingualis."  2.  From  the  fourth  visceral 
cleft  on  each  side  .spring  pouches  which  pass  in  front 
of  the  larynx  and  unite  with  the  lower  end  of  the 
median  diverticulum,  ultimately  becoming  surrounded 
by  lateral  outgrowths  from  the  median  aniage, 
forming  a  horseshoe-shaped  structure  encircling  the 
embryonic  larynx,  and  separated  from  their  origin 
in  the  hypoblast.  At  first  the  gland  consists  merely 
of  rod-like  columns  of  epithelial  cells,  resulting  from 
the  division  and  branching  of  its  original  rudiments. 


Fig.  4769. — Thyroid  of  Fetus  at  Term.  The  lobular  outlines  are 
more  prominent  than  in  the  adult;  there  is  no  colloid  in  the  acini. 

The  ingrowing  connective  tissue  divides  these  cords 
of  cells  into  short  segments,  which  form  the  vesicles 
later,  when  colloid  is  secreted.  Colloid  formation 
begins  in  intrauterine  life,  but  the  vesicles  are  not 
generally  filled  until  some  time  after  birth,  section  of 
the  gland  of  a  new-born  child  showing  but  few  of 
the  acini  containing  colloid.  Because  of  the  method 
of  formation,  in  the  fetus  a  lobular  structure  is  dis- 
tinct, but  in  the  adult  this  is  generally  absent  or 
indistinct. 

Histology. — Fully  as  great  variations  are  seen 
microscopically  in  the  thj-roids  of  persons  who  die 
of  diseases  that  have  no  known  effect  on  the  thyroid, 
as  have  been  noted  in  the  gross  anatomy.  Stvidy 
of  the  thyroids  from  consecutive  autopsies  shows 
such  a  variety  of  conditions  as  to  suggest  that  per- 
haps this  organ  suffers  much  more  in  disease  than  we 
have  reason  to  suspect  from  any  clinical  evidences. 
What  may  be  considered  the  normal  structure  is 
described  most  briefly  by  saying  that  it  differs  from 
other  tubular  glands  chiefly  in  having  the  tubules 
closed  and  filled  with  colloid  to  varying  degrees 
of  distention.  The  arrangement  of  capsule,  septa, 
basement  membrane,  vessels,  and  nerves  is  that 
common  to  glandular  organs  in  general.     By  recon- 
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st ruction  methods  Streiff  has  shown  that  the  vesicles 
are  not  always  splicrical  sacs,  but  often  are  tubular,  and 
frequently  arc  sacculated.  The  size  of  the  vesicles 
varies  greatly,  some  being  quite  without  lumen,  while 
others  are  more  than  half  a  millimeter  in  diameter. 
As  the  epithelial  cells  are  modified  by  the  pressure  of 
the  colloid  in  the  lumen  of  the  acinus,  they  vary  much 
in  size  and  shape  from  those  that  are  distinctly 
columnar  in  empty  acini  to  those  flattened,  in  dis- 
tended sacs,  to  the  nature  of  an  endothelial  cell.  For 
the  mo.st  part  they  are  cuboidal,  with  a  small  spherical 
nucleus  that  stains  more  intensely  than  that  of  most 
epithelial  cells.  They  were  described  by  Langendorfl 
as  of  two  kinds — the  chief  cells  and  the  colloid  cells. 
The  chief  cells,  which  form  by  far  the  greater  part,  are 
clear  or  with  very  fine  granules  and  have  no  distinct 
membrane,  but  seem  to  blend  with  one  another, 
their  outer  ends  resting  on  the  basement  membrane, 
the  inner  lying  in  the  colloid  substance.  The  colloid 
cells  are  characterized  by  a  more  granular  and  opaque 
appearance,  obscuring  the  nucleus,  and  they  arc 
lower  than  the  chief  cells,  from  which  they  seem  to 
be  derived.  There  is  a  perfect  gradation  between 
tlie.se  colloid  cells  and  the  chief  cells  on  the  one  hand 
and  the  obviously  degenerating  cells  of  the  follicle 
on  the  other,  which  seems  to  indicate  that  they  con- 
stitute merely  a  late  stage  in  the  cytomorphosis  of 
chief  cells  (Bensley).  The  granules  .stain  like 
colloid,  and  they  seem  to  become  converted  into  this 
substance,  to  be  replaced  by  new  cells  from  the  chief 
cells.  All  stages  between  these  forms  may  be  found. 
Acidophile  granules  are  also  described,  which  are 
considered  analogous  to  the  zymogen  granules  of 
other  glands. 

Bensley  has  described  a  secretion  antecedent  in 
the  form  of  vacuoles,  occurring  exclusively  in  the 
outer  pole  of  the  cell,  differing  from  the  colloid  in  the 
follicles  only  in  density.  He  considers  that  this 
colloid  is  secreted  into  the  vascular  channels  directly, 
without  first  passing  into  the  lumen  of  the  follicle's! 
The  colloid  in  the  follicles  perhaps  represents  an 
excess  secretion  stored  in  condensed  form. 

Mitochondria  are  present  in  abundance  in  the  cyto- 
plasm and  it  is  probable  that  some  of  the  fuchsino- 
philc>  granules  described  are  of  this  nature. 

The  colloid  content  of  the  alveoli  stains  a  clear 
pink  with  eosin,  and  is  usually  structureless.  Often 
however,  nuclei  or  entire  cells  are  present,  but  tlie 
frequently  observed  total  exfoliation  of  the  epithelial 
cells  into  the  colloid  is  probably  to  be  interpreted  as 
a  postmortem  occurrence,  quite  the  same  as  the 
desquamation  of  the  endothelium  of  blood-vessels 
Ked  corpuscles  are  frequently  found,  apparently 
normally,  and  it  is  stated  that  they  will  retain  their 
form  and  staining  properties  for  a  very  long  time  in 
the  colloid.  However,  pigment  from  this  source  is 
frequently  present.  The  vacuoles  that  often  fringe 
the  coUoid  are  probably  for  the  most  part,  if  not 
entirely,  the  result  of  shrinkage  in  the  hardening 
process.  Ernest  considers  the  orange  or  yellowish- 
brown  color  assumed  by  the  colloid  when  stained  by 
\an  Uiesons  method  to  be  characteristic,  but  this 
IS  by  no  means  constant;  sometimes  it  gives  a  good 

Zt  r"l\.  ^;f*  '«.  «''"*^t'*nt,ly  fo""d  in  the  epithelial 
cells  of  the  thyroid  as  well  as  the  parathyroids  and 
hypophysis,  increasing  in  amount  with  age  (Erdheim). 
Ihe  .stroma  of  the  gland  is  scanty  in  the  adult,  but 
more  abundant  both  in  infancy  and  in  old  aee 
Larger  septa  of  very  dense  fibrous  tissue  separate  the 
original  obules  of  the  gland,  while  bands  that  a  c 
often  extreme  y  thin  separate  individual  acini.  In 
it  are  the  wide  coUoid-filled  lymphatics,  the  abun- 
dant vessels  and  the  nerve  fibers,  which  are  mostly 
non-medullated  There  are  no  intrathyroid  ganglia 
but  simple  ganglion  cells  of  very  irregular  form^yh1ch; 
as  a  ma  ter  of  fact,  are  not  fully  distinguished  fron 
nZt^^  eonnoctiye-tissue  corpuscles  (Poirier  an 
Charpy).     Between    the    follicles    are    often    found 

186 


groups  of  cells  that  seem  to  indicate  undeveloped 
follicles,  even  to  the  extent  of  sometimes  containing 
colloid  droplets.  What  are  considered  to  be  em- 
bryonal rests  are  found,  especially  under  the  capsule. 
The  colls  lie  with  little  order  in  the  stroma,  and  have 
large,  chromatin-rich  nuclei  and  little  cytoplasm.  ! 
Their  exact  nature  is  not  settled.  Bozzi  found  no 
alter.ations  in  embryonal  rests  present  in  small  stumps 
of  gland  tissue  remaining  after  removing  the  greater 
part  of  the  gland,  nor  did  their  presence  prevent  the 
death  of  the  animal,  suggesting  that  perhaps  they  are 
not  really  embryonal  rests. 

Parathyroids. — -These  organs  are  composed  of 
columns  of  epithelial  cells,  with  large,  deeply  stain- 
ing nuclei,  and  a  rather  small  amount  of  cytoplasm. 
They  resemble  the  carotid  glands  in  structure,  but  the 
thyroid  not  at  all,  and  it  is  considered  by  Prenant  that 
they  are  derived  from  the  fourth  inner  branchial  cleft, 
from  which  the  thymus  and  the  lateral  rudiments  of 
the  thyroid  are  also  derived.  Gley  believed  that  they 
represented  embryonic  rudiments  of  the  thyroid,  but, 
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Fia.  4770.— Parathyroid,  Tliymic  Vesicle,  and  Thymic  Lobule 
of  New-born  Guinea-pig.  (Poirier  and  Charpy.)  Ih,  External 
thymic  lobule;  c,  thymic  vesicle;  g.t,  external  parathyroid. 

as  will  be  shown  later  under  Physiology,  this  interpre- 
tation IS  not  correct.  For  further  description  of  these 
organs  see  the  article  on  Parathyroids. 

Thymic  Lohules.— As  a  rule  these  little-known  bodies 
are  four  in  number,  but  sometimes  there  are  but  two, 
and  m  some  animals  they  are  lacking  (Nicolas), 
there  are  two  external  lobules,  usually  on  the  pos- 
terior surface  of  the  lateral  lobe;  and  two  internal 
lobules,  in  the  center  of  the  lateral  lobes,  surrounded 
on  all  sides  by  glandular  tissue,  or  sometimes  they 
are  near  the  tracheal  face.  They  possess  the  struc- 
ture of  the  thymus,  even  to  the  concentric  epithelial 
corpuscles,  but  they  are  often  mistaken  for  lymph 
nodules.  They  are  ascribed  to  the  common  origin 
f  JXu  '^te^'al  lobes  of  the  thymus  and  thyroid  in  the 
fourth  branchial  clefts.  They  seem  to  occur  infre- 
quently in  man  (Muller).  Besides  these  normal  struc- 
tures not  rarely  rests  of  thymus  tissue  are  found  in 
the  thyroid  gland,  or  about  it. 

Ciliated  Fesides.— Vesicles  lined  with  ciliated  epithe- 
lum  are  occasionally  found,  not  only  in  the  thyroid, 
?~„;n  the  parathyroid,  or  thymic  lobule  (.see  Fig. 
■1/70;,  or  in  the  thymus;  they  may  give  rise  to  cysts. 
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Their  content  is  a  clear  fluid,  ciuite,  different  from  the 
colloid.  The  are  probably  derived  from  the  original 
pharyngeal  or  branchial  diverticulum,  and  persist 
as  does   the  thyroglossal   duct. 

Chemistry. — Even  before  1896  the  thyroid  was 
studied  frequently  to  learn  something  of  its  chemistrj-, 
because  as  a  gland  with  internal  secretion  it  seemed 
possible  that  this  unknown  secretion  might  be 
found.  It  was  learned  that  it  was  rich  in  the  various 
extractives,  indicating  metabolic  activity,  and  that 
it  contained  a  nucleoprotein  and  a  globulin  of  some 
interest.  Fraenkcl  thought  he  had  isolated  an  active 
principle  in  a  crystalline,  alkaloid-like  body,  appar- 
ently belonging  to  the  guanidin  series.  Baumann  in 
189G  succeeded  in  isolating  the  real  active  principle 
in  the  iodine  compound,  Ihyroiodine  or  iodothijrcin. 
This,  according  to  Baumann,  is  a  brownish,  amor- 
phous compound,  remarkable  for  its  resistance  to 
chemical  and  physical  agencies;  it  can  be  boiled  for 
days  with  ten  per  cent,  sulphuric  acid  or  undergo 
prolonged  digestion  with  gastric  juice  without  altera- 
tion. This  explains  its  successful  use  per  os  thera- 
peutically. It  is  almost  insoluble  in  water;  in  alcohol 
it  dissolves  with  difficulty.  It  manifests  no  protein 
reactions,  and  in  the  purest  specimen  that  Baumann 
was  able  to  obtain,  he  found  9..3  per  cent,  of  iodine, 
which  is  probably  below  the  true  proportion.  Work- 
ing with  Baumann,  lloos  subjected  it  to  physiologic 
and  therapeutic  tests  that  showed  it  to  be  the  active 
principle  of  the  gland.  There  seem  to  be  no  essen- 
tial differences  in  the  substance  as  obtained  from 
either  human  glands  or  from  the  lower  animals. 
However,  the  variations  in  the  amount  of  iodine  found 
in  the  glands  of  individuals  in  health  is  great,  but  it 
may  be  stated  that  in  goitrous  districts  the  amount 
of  iodine  is  much  less  than  in  the  places  where  goiter 
is  rare.     This  is  shown  by  the  accompanying  table. 


Place. 

Dry 
weight  of 
glands. 

Iodine  per 

gram  in 
milligrams. 

Total 

milligrams 

iodine. 

Frequency 
of  goiter- 

Freiburg 

Hamburg 

Berlin 

8.20 
4.60 
7.40 
5.37 

4.47 
.5.41 
4.49 

0.33 
0.83 
0.90 
2.10 

2.64 
2.36 
2.40 

2.50 
3.83 
6.60 
10.79 

11.80 
12.76 
10.77 

Endemic. 
Not  endemic. 

Chicago 

Boston         and 
New  York.. 

Baltimore 

Montreal 

Not  common. 

Not  common. 
Not  common 
Not  common. 

The  manner  in  which  the  iodine  is  combined  in  the 
thyroiodine  has  been  the  subject  of  active  investiga- 
tion since  Baumann's  discovery.  Early  investiga- 
tions showed  that  it  is  united  to  aromatic  groups 
(Oswald),  and  it  was  also  found  that  the  iodine  is 
combined  in  a  non-protein  body,  the  thyroiodine. 
which  in  turn  is  combined  with  a  protein,  forming  the 
thyroglobulin.  This  thyroglobulin  contains  1.6  per 
cent,  of  iodine,  and  is  found  entirely  in  the  colloid 
of  the  gland,  but  it  is  not  the  sole  ingredient  of  the 
colloid,  which  contains  a  nucleoprotein  also.  Oswald 
believes  that  the  iodine  is  united  with  the  globulin 
either  just  as  it  is  excreted  from  the  cells  or  after  it 
is  in  the  acini;  a  thyroglobulin  devoid  of  iodine  may 
be  found  under  some  conditions.  Females  have  more 
iodine  in  the  thyroid  than  males,  corresponding  to  the 
greater  size  and  activity  of  the  gland  in  females. 
The  variation  in  iodine  content  with  age,  sex,  and 
disease  are  shown  in  the  following  table  of  glands 
analyzed  in  Sweden  bj-  John.  The  thyroid  of  new- 
born infants  is  either  devoid  of  demonstrable  cjuan- 
tities  of  iodine  or  contains  but  traces,  and  in  them  a 
colloid  containing  globulin  free  from  iodine  is  found. 
The  fetuses  of  domestic  animals  have  more  iodine  in 
the   thyroid    than     human   fetuses     (Fenger).     It    is 


present  in  the  thyroids  of  all  species  of  animals,  .sea- 
fish  having  the  largest  amount,  presumably  because 
of  the  abundance  of  iodine  in  sea-water   (Cameron). 


Number  and  condition  of  glands. 


Dry  wt., I  Mg.  iodine     Total 
grams      per  gram,     iodine. 


1.52  glands  from  persons  over  10  yr. 

old  (44  not  normal) 7.04 

2S  glands  from  children  (1  month 

folO  yr.) 0.54 

108  normal  glands  from  adults  only 

(both  sexes) I     5.38 

67     normal     glands     from     adults 

(males)    '     5 .  07 

41     normal    glands    from    adults 

(females) 5.90 

38  glands  from  chronic  diseases.  .  .       4.29 

29  glands  from  acute  diseases 5.54 

21  glands  from  sudden  death 6.88 

10  glands  showing  marljed  goiter.  .     23.09 

25  colloid  rich  glands i     8.25 

34  glands  from  persons  receiving      5.79 

iodine. 


11.20 

0.145 

8.05 

7.83 

8.40 
7.81 
8.11 
8.45 
26.49 
18.20 
15.06 


Many  experiments  have  shown  that  the  functional 
activity  of  the  thyroid,  whatever  it  may  be,  is  due 
entirely  to  this  iodine  compound,  acting  not  as  iodine 
or  as  an  iodide,  but  specifically  as  thyroiodine.  What- 
ever effects  can  be  obtained  by  administration  of  the 
entire  thyroid  can  be  as  well  obtained  with  the  pure 
thyroiodine,  although  this  preparation  is  not  nearly 
so  efficient  in  proportion  to  its  iodine  content  as  the 
dried  gland  or  thyroglobulin  (F.  C.  Koch).  According 
to  Kendall  the  specific  iodine  compound  of  the  thy- 
roid is  a  di-iodo-di-hydroxy  indole,  which  he  has 
isolated  in  crystalline  form;  it  causes  increased 
metabolism  and  nervous  irritability.  There  is  also 
iodine  in  the  thyroid  in  some  other  form,  which 
produces  no  toxic  effect  but  improves  myxedema  and 
cretinism  in  man,  but  not  in  cretin  rabbits  (Basinger). 
There  is  no  evidence  of  any  function  on  the  part 
of  the  nucleoprotein,  and  proteins  artificially  com- 
bined with  iodine  do  not  have  the  specific  effects  of 
thyroglobulin.  There  maj'  be  a  little  iodine  in  the 
thyroid  combined  with  lipins,  and  possibly  a  trace  as 
iodides  (Blum  and  Grutzner).  What  becomes  of 
the  thyroiodine  after  it  is  eliminated  from  the  gland  is 
unknown,  but  it  is  thought  that  the  iodine  is  returned 
to  the  gland  after  it  has  performed  its  functions,  to  be 
rebuilt  into  thyroiodine.  Iodine  cannot  be  found  in 
the  other  organs  in  appreciable  ciuantities,  including 
the  parathyroids,  although  infinitesimal  quantities 
are  said  by  some  observers  to  lie  C|uite  widespread. 
If  large  quantities  are  administered  to  animals 
iodides  appear  in  the  urine  (Blum),  but  according  to 
Oswald  physiological  doses  do  not  lead  to  its  appear- 
ance in  ciuantities  that  can  be  detected.  Nor  is  it 
known  in  what  manner  it  is  taken  up  by  the  gland, 
whether  from  unknown  tissue  iodides,  or  organic 
iodine  compounds,  or  from  minute  traces  that  exist 
as  iodides  in  the  water  and  air.  It  is  known  that  when 
iodides  are  administered  therapeutically  the  colloid 
becomes  richer  than  normal  in  iodine,  but  it  is 
questionable  if  the  iodides  are  converted  into  thy- 
roiodine before  exerting  their  effects.  .Administration 
of  bromides  does  not  influence  the  iodine  content  of 
the  thyroid,  and  there  is  no  storage  of  bromine  in  the 
gland.  Administration  of  pilocarpine  does  not  in- 
crease the  thyroiodine.  Domestic  animals  have  much 
more  iodine  in  the  thyroid  bet  ween  June  and  November 
than  between  December  and  .May.  Wasting  diseases, 
are  accompanied  by  a  marked  decrease  in  size  of  the 
thyroid,  and  a  reduction  in  its  iodine  content, 
especially  in  tuberculosis. 

The  colloid  seems  to  vary  greatly  in  its  composition, 
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hut  as  a  rule  the  more  colloid  there  is  in  a  gland  the 
loss  the  i)riip'>rtion  of  iodine,  so  that  the  total  iodine 
content  is  kept  nearlv  constant  under  normal  con- 
ditions. This  is  far  from  true  in  the  goiters,  for  some 
arc  nearly  devoid  of  iodine,  while  others  contain 
much  greater  quantities  than  normal.  In  goiters, 
while  in  a  way  the  amount  of  iodine  increases  with 
the  amount  of  colloid,  yet  this  is  only  partly  true, 
for  the  greater  the  amount  of  colloid  the  less  its  pro- 
portional amount  of  iodine.  Oswald  has  found  that 
in  colloid  goiters  this  is  due  to  the  accumulation 
in  the  colloid  of  a  globulin,  that  differs  from  thyro- 
globulin  in  not  possessing  any  iodine.  In  the 
parenchymatous  form  of  goiter,  in  which  micro- 
scopically the  enlargement  is  due  to  the  development 
of  enormous  amounts  of  epithelium  with  very  little 
colloid,  the  amount  of  colloid  in  each  part  of  gland 
tissue  is  much  lower  than  normal,  altho\igh  the  total 
amount  will  usually  approximate  that  found  in  the 
normal  gland.  The  scanty  presence  of  iodine  is  not 
due  to  an  inability  of  the  gland  to  combine  it,  for  in 
the  goitrous  thyroids  of  people  who  had  received 
iodides  before  death  the  amount  of  iodine  has  been 
found  to  be  large.  Marine  and  Lenhart  state  that 
administration  of  iodides,  thyroiodine,  or  dried 
thyroid  causes  glands  of  the  hyperplastic,  colloid- 
poor  type,  to  return  to  the  colloid  type  as  the  iodine 
is  deposited  In  the  gland.  Excessive  amounts  of 
iodides  may  cause  thyroiditis.  In  exophthalmic 
goiter  the  proportional  amount  of  iodine  has  generally 
been  found  to  be  small,  although  here,  too,  the  gland 
has  been  found  by  Oswald  to  be  capable  of  utilizing 
iodine  administered  therapeutically.  The  colloid 
from  goiters,  so  far  as  it  contains  iodine,  possesses 
the  same  physiological  properties  as  the  thyroglobulin 
from  normal  glands,  but  in  less  quantity.  If  free 
from  iodine  it  Ls  entirely  inactive  (Oswald). 

,\ccording  to  Gautier  the  thyroid  contains  about  0.75 
milligram  of  arsenic  in  each  100  grams  of  substance, 
and  is  the  richest  in  arsenic  of  any  of  the  tissues  of  the 
body.  He  considers  that  it  is  bound  to  the  nucleo- 
protein  of  the  colloid,  perhaps  substituting  for  phos- 
phorus, and  that  it  is  of  physiological  importance, 
especially  in  relation  to  sexual  phenomena.  The 
amount  of  arsenic  is  too  small  to  cause  confusion  in 
medicolegal  matters. 

Physioudgy. — Most  of  our  knowledge  of  the  action 
of  the  thyroid  gland  is  based  upon  the  changes  ob- 
served in  man  and  animals  when  they  are  under  one 
of  two  conditions,  which  are: 

1.  When  the  animal  is  receiving  less  than  the  usual 
amount  of  secretion  from  the  thyroid,  as  in  extirpation 
experiments. 

2.  When  the  amount  of  secretion  in  the  body  is 
above  normal,  as  when  thyroid  extract  is  being 
administered. 

These  observations  include  not  only  the  results 
obtained  by  experiments,  but  also  those  obtained 
from  clinical  observations,  since  here  the  symptoms 
are  due  sometimes  to  hypoactivity,  e.g.  myxedema 
and  cretinism;  or  to  hyperactivity,  as  sometimes  in 
therapeutic  use  of  thyroid,  or  after  operations,  and 
possibly  in  exophthalmic  goiter. 

In  the  first  case  when  tlie  subject  is  receiving  less 
than  the  full  influence  of  the  thyroid  gland,  we  ob- 
serve symptoms  that  may  be  divided  into  nutritional 
and  nervous. 

(a)  The  mUritional  changes  seem  to  be  of  such  a 
nature  that  the  metabolic  changes  throughout  the 
body  do  not  proceed  to  their  full  extent,  or  are  reduced 
in  rate,  and  the  power  of  cellular  reproduction  is 
altered.  As  a  result  of  the  first  the  connective  tissues 
stop  in  their  metabolic  processes  just  short  of  com- 
pletion, leaving  them,  as  Semon  suggested,  in  an 
embryonic  condition,  that  is,  in  the  form  of  myxomat- 
ous tissue,  which  is  their  embryonic  representative. 
From  this  results  the  condition  of  the  skin  seen  in 
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my.xedema.  Because  of  the  failure  of  complete  cell 
reproduction,  or  an  alteration  in  the  process,  we  ob- 
serve a  change  in  young  thyroidectomized  animals, 
quite  analogous  to  cretinism  in  children.  There  is 
histological  evidence  of  degenerative  changes  in  the 
tissues,  especially  the  heart  and  the  skeletal  muscles 
(Tatum).  Besides  this,  there  is  a  decrease  in  the  gas 
exchange  of  the  blood,  for  in  thyroidectomized  animals 
the  amount  of  carbon  dioxide  is  increased  and  the 
oxj'gen  diminished  until  the  arterial  blood  may  be 
below  the  normal  venous  standard.  The  urine  in- 
dicates that  all  metabolic  changes  are  lessened. 
Oligocythemia  is  usually  marked.  Specific  poisonous 
substances  have  not  been  demonstrated  in  the  blood 
after  thyroidectomy.  The  characteristic  myxedema 
from  thyroid  deficiency  in  man  is  not  always  repro- 
duced by  thyroidectomy  in  adult  animals  (monkeys, 
dogs,  rabbits,  sheep),  possibly  because  of  the  freciuent 
occurrence  of  accessory  thyroids. 

(6)  The  nervous  system  is  apparently  greatly 
affected,  the  most  marked  symptoms  from  this  source 
being  those  due  to  the  excitation  of  the  muscular 
fibers,  viz.,  twitching,  tremors,  and  spasms.  The 
nervous  symptoms  (tremors,  spasms,  tetany)  de- 
scribed by  the  earlier  investigators  as  following  com- 
plete thyroidectomy,  are  now  known  to  be  due  to 
the  loss  of  the  parathyroids,  and  not  to  hypothy- 
roidism. These  seem  to  proceed  from  the  lower 
centers,  for  Horsley  has  observed  them  in  monkeys 
subjected  to  ablation  of  the  motor  cortex,  and 
Munk  found  that  they  were  not  affected  by  division 
of  the  cord,  while  Schiff  showed  that  they  were  not  of 
peripheral  origin  by  finding  that  section  of  the  motor 
nerves  stopped  them.  Degenerative  changes  have 
been  found  in  the  anterior  horn  ganglion  cells  of 
thyroidectomized  dogs.  Later,  these  symptoms  are 
followed,  if  the  animal  survives,  by  a  lessening  of  the 
power  of  voluntary  action,  as  well  as  by  loss  of  sensa- 
tion. The  thermotaxic  apparatus  is  also  affected, 
so  that  the  body  temperature  falls  three  or  four  degrees 
below  normal.  Lorraln  Smith  has  observed  that 
the  reaction  of  thyroidectomized  animals  to  changes 
of  temperature  is  abnormally  rapid,  so  that  if  such 
an  animal  is  exposed  to  cold  the  production  of  car- 
bonic acid  is  increased  immediately,  instead  of  being 
delayed  for  some  time  as  in  normal  animals..  More- 
over, many  of  the  symptoms  of  athyreosis  'are  alle- 
viated by  artificial  heat. 

The  clinical  picture  resulting  from  the  above- 
described  changes  is  referred  to  as  cachexia  strumipriva, 
or  thyroid  cachexia. 

When  the  thyroid  preparations  are  administered 
to  animals  experimentally,  or  to  man  therapeutically, 
opposite  effects  are  produced. 

(a)  Nutritional. — Metabolism  throughout  the  body 
undergoes  an  increase,  shown  best  by  the  urine.  This 
is  considerably  increased  in  quantity;  it  contains  a 
greater  amount  of  urea  as  well  as  chlorides  and  phos- 
phates. At  the  same  time  the  weight  of  the  patient 
decreases,  particularly  if  it  is  above  normal  on  aocciunt 
of  fat  deposition.  This  decrease  in  weight  is  constant 
and  considerable,  and,  according  to  Wendelstadt, 
but  one-sixth  can  be  attributed  to  destruction  of 
protein,  as  indicated  by  the  urinary  nitrogen,  the 
rest  being  due  to  loss  of  water  and"  of  fat  through 
increased  oxidation.  In  young  individuals  of  stunted 
growth  the  height  is  often  increased,  and  excessive 
height  may  be  associated  with  thyroid  hyperfunction 
(Holmgren).  When  thyroid  is  fed  to  young  tadpoles, 
their  differentiation  into  frogs  is  hastened  but  the  rate 
of  growth  is  decreased  (Gudernatsch).  Rcid  Hunt 
found  that  mice  fed  thyroid  have  an  increased  resist- 
ance to  poisoning  with  aceto-nitrile,  but  this  is  not  a 
general  reaction,  for  in  rats  the  opposite  effect  is  ob- 
tained. Attempts  to  demonstrate  a  detoxicating  action 
within  the  thyroid  itself  have  not  been  successful. 

(fe)  Nervous. — Of  these,  palpitation  of  the  heart  is 
often   one   of   the   most   prominent.     With   it   come 
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headache,  nausea,  and  vomiting,  if  the  dose  is  very 
excessive,  and  the  lieart  may  weaken  to  a  dangerous 
degree.  The  patient  is  excitable,  irritable,  and  often 
sleepless.  Diarrhea  often  sets  in,  and  in  some  pa- 
tients taking  thyroid  extract  continuously  in  myxe- 
dema and  cretinism  the  condition  of  the  bowels  is 
found  a  good  guide  to  the  amount  of  the  extract  to 
be  administered.  Sometimes  glycosuria  is  pro- 
duced, which  in  a  few  instances  is  said  to  have 
developed  into  a  true  diabetes  mellitus.  Excessive 
doses  of  thyroid  may  even  cause  amblyopia.  Schacfer 
has  also  shown  that  if  thyroid  extract  is  injected  into 
the  veins  of  healthy  dogs  there  follows  an  immediate 
fall  of  blood  pressure  due  to  general  vascular  dilata- 
tion. Rise  of  blood  pressure  has  also  been  described. 
Both  effects  are  probably  not  specific  for  the  thyroid, 
as  similar  results  are  produced  by  tissue  extracts  in 
general,  depending  on  the  methods  of  preparation. 
Different  species  of  animals  vary  greatly  in  their 
tolerance  to  thyroid  administration.  Man  appears 
the  most  susceptible.  The  complete  syndrome  of 
spontaneous  hyperthyroidism  in  man  (Graves'  disease) 
has  not  yet  been  produced  by  administering  thyroid 
to  animals  (Carlson).  Prolonged  stimulation  of 
the  thyroid  nerve  decreases  the  iodine  content  of  the 
gland,  evidently  by  the  vascular  changes  (Watts). 

It  is  to  be  noted  tliat  the  symptoms  that  are 
attributed  to  the  thyroid  may  be  due  in  part  to  the 
parathyroids,  which  according  to  some  experiments 
seem  to  be  really  more  essential  ot  the  individual 
than  the  thyroid  itself.  There  is  a  tendency  to  at- 
tribute much  of  the  nervous  manifestation  to  the 
parathyroids,  while  the  metabolic  processes  are 
credited  to  the  thyroid.  According  to  Hutchinson, 
removal  of  the  thyroid  alone  jjrobably  causes  cretinism 
and  myxedema,  while  removal  of  the  four  parathy- 
roids causes  the  acute  tetanic  symptoms.  (See 
article  on  Parathyroids.) 

From  the  facts  noted  above  have  been  developed 
two  theories  to  explain  the  action  of  the  thyroid.  One 
assumes  that  the  thyroiodine  that  has  been  excreted 
by  the  gland  neutralizes  a  toxic  material,  either  while 
passing  through  the  thyroid  in  the  blood,  or,  more 
probably,  while  circulating  in  the  blood  stream  of  the 
body  as  a  whole.  This  hypothetical  toxic  substance 
may  come  either  from  alimentary  absorption,  or 
from  metabolism,  as  an  abnormal  or  normal  inter- 
mediary or  end  product.  The  other  theory  advocates 
the  idea  that  thyroiodine  is  essential  in  normal  met- 
abolism. It  suggests  that  thyroiodine  may  be  essential 
for  certain  of  the  normal  cell  processes,  much  as 
calcium  salts  are  involved  in  the  coagulation  of  the 
blood.  Either  of  these  theories  may  be  applied  to 
most  of  the  known  facts,  but  neither  is  entirely 
satisfactory. 

That  there  is  a  close  relation  between  the  thyroid 
and  the  reproductive  functions,  particularly  in  the 
female,  is  Iseyond  question.  This  is  shown  by  its 
enlargement  during  menstruation  and  pregnancy, 
its  early  atrophy  after  the  menopause,  its  greater 
size  and  larger  iodine  content  in  the  female,  its  tend- 
ency to  develop  goiter  during  pregnancy,  and  the  loss 
of  sexual  appetite  in  many  of  the  thyroid  diseases. 
It  is  stated  that  from  eighty  to  ninety  per  cent,  of  all 
cases  of  goiter  and  eighty-six  per  cent,  of  the  cases 
of  myxedema  are  in  women,  and  Graves'  disease 
occurs  chiefly  in  females.  Halsted  observed  that 
bitches  that  had  lost  part  of  their  thyroids,  but  not 
enough  to  give  rise  to  symptoms,  when  impregnated 
showed  evidences  of  atiiyreosis  as  the  time  of  par- 
turition ajjproached,  which  disappeared  soon  after 
the  litter  was  born.  Further,  in  all  the  pups  of  these 
litters  the  thyroid  glands  were  matiy  times  the  normal 
size  of  the  glands  of  pups  of  the  same  weight.  Bitches 
with  active  thyroid  hyperplasia  during  pregnancy 
always  give  birth  to  pups  with  greatly  enlarged 
thyroids  (Carlson).  Just  what  part  the  thyroid 
plays  in  pregnancy  is  unknown.     It  may  be  that  it 


hypertrophies  to  supply  the  needs  of  the  fetus,  which, 
as  we  have  noted,  may  have  little  thyroiodin  in  its 
thyroid,  and  whose  needs  must  be  great  if  thyroiodin 
is  nece.ssary  for  cell  growth.  As  to  the  hypertrophy 
of  menstruation,  Gautier  claims  to  have  demonstrated 
both  iodine  and  arsenic  in  menstrual  blood  as  well  as 
in  the  thyroid,  and  he  believes  that  the  latter  supplies 
the  former.  It  has  been  thought  by  some  that  the 
thyroid  may  play  a  role  in  the  production  of  puerperal 
eclampsia.  Thyroid  hyperplasia  without  any  other 
abnormal  symptom  is  a  frequent  occurrence  in 
dogs.  Such  hyperplasia  has  been  produced,  ex- 
perimentally, in  various  animals  by  unsuitable  diets 
(Marine,  Bensley).  Marine  believes  that  all  types  of 
thjToid  hyperplasia  are  compensatory;  that  is,  the 
th3'roid  growth  is  in  response  to  an  increased  need 
of  thyroid  secretion  in  the  body.  Thus  a  piece  of 
normal  thyroid  transplanted  into  an  animal  with 
thyroid  hyperplasia,  becomes  hj^perplastic,  and  ince 
I'ersa. 

The  marked  atrophy  of  the  thyroid  in  old  age  has 
been  regarded  as  indicating  some  possible  influence  on 
senility.  More  probably  it  is  related  to  the  decline  of 
sexual  life.  It  is  interesting  to  note  that  the  thyroid 
arteries  are  prone  to  show  very  early  sclerosis,  often 
before  other  vessels  are  at  all  affected.  The  decrease 
in  red  corpuscles  after  thyroidectomy  is  probably 
the  result  of  the  decreased  activity  of  the  blood-mak- 
ing organs,  or  it  is  dependent  upon  an  increased  de- 
struction by  toxic  substances.  The  decrease  is  not, 
as  was  once  thought,  an  indication  of  hematopoietic 
properties  of  the  thyroid.  Another  old  theory  was 
that  the  thyroid  was  a  reservoir  into  which  the 
carotid  blood  might  be  shunted  to  produce  cerebral 
anemia  and  thus  favor  sleep. 

Biedl  summarizes  his  views  as  to  the  function  of  the 
thyroid,  in  the  following  statement:  "The  thyroid 
is  a  secretory  organ  which  discharges  its  secretion 
eventually  into  the  blood,  in  the  form  of  an  iodine- 
containing  protein.  This  secretion  acts  as  a  hormone 
in  that  it  modifies  the  activities  of  remote  tissues. 
As  far  as  we  now  know  the  thyroid  plays  the  role  of  a 
'disassimilatory'  hormone,  in  that  it  causes  an  in- 
creased disassimilation  and  increase  of  normal  activity 
in  many  tissues.  This  effect  is  exemplified  by  the 
augmented  metabolism,  the  activity  of  the  heart  and 
many  parts  of  the  sympathetic  nervous  system,  and 
of  a  series  of  internal  secretory  organs  (adrenals, 
hypophysis).  In  other  tissues  are  found  evidence 
of  the  action  of  an  inhibitory  and  assimilatory  hor- 
mone, as  shown  in  the  increase  in  gro^\-th  of  bone, 
development  of  the  sex  glands,  and  decrea.sed  internal 
secretion  of  the  pancreas." 

Pathology. — Malformations. — Because  of  its  man- 
ner of  development  the  form  of  the  thyroid  is  very 
inconstant,  and  this  matter  has  been  in  part  discussed 
under  the  subject  of  anatomy.  The  commonest  altera- 
tions from  the  usual  form  are  absence  of  the  pyramids, 
or  of  the  isthmus;  the  latter  may  also  be  of  peculiar 
shapes,  and  it  has  been  known  to  pass  between  the 
trachea  and  the  esophagus.  Hypoplasia,  and  even 
total  absence,  may  be  observed  in  cretinism,  and  it  is 
usually  absent  in  acephalics.  Hcktoen  has  reported 
a  case  of  dwarfism,  related  to  the  type  of  achondro- 
plasia fetalis,  in  which  the  very  small  gland  was 
nearly  devoid  of  epithelial  elements,  and  contained  no 
demonstrable  iodine.  Unilateral  glands  are  uncom- 
mon. Many  abnormalities  of  form  are  produced  by 
the  formation  of  colloid  cysts,  and  by  the  cicatricial 
contraction  of  healed  cysts. 

The  thyrolingual  duct  may  fail  to  become  obliter- 
ated, remaining  as  a  canal  which  extends  for  a  loiiger 
or  shorter  distance  from  the  foramen  cecum;  occasion- 
ally residual  portions  of  this  duct  become  dilated 
into  cysts  of  varying  size.  These  cysts  may  open  and 
form  a  median  cervical  fistula,  usually  opening  below 
the  cricoid  cartilage,  and  lined  either  with  stratified 

189 


Thyroid  (iland 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


or  with  columnar  epithelium.  Lingual  dermoids 
and  tumors  at  the  base  of  the  tongue  have  been  traced 
to  this  origin.  .         •     ,     -., 

Accessory  thyroids  are  of  a  structure  identical  with 
that  of  the  thyroid,  although  they  sometimes  repro- 
duce rather  the  fetal  than  the  adult  type.  They  are 
far  from  constant  in  occurrence,  or  location,  or 
numbers.  In  general  they  are  located  in  an  isosceles 
triangle  which  has  its  base  at  the  lower  jaw  and  its 
apex  at  the  aortic  arch.  The  most  frequent  loca- 
tion is  in  the  vicinity  of  the  hyoid  bone,  and  they  have 
bei-n  found  within  the  bone  itself.  Many  of  thorn 
are  attributable  to  remnants  of  the  diverticulum 
that  ordinarily  forms  the  pyramids,  often  replacing 
this  structure.  Of  particular  practical  importance 
are  those  found  within  the  laryn.x  or  trachea,  for  these 
mav  give  rise  to  marked  symptoms.  Thiesen  found 
in  the  literature  10  positive  and  2  doubtful  cases  of 
this  .sort,  8  of  which  occurred  in  Germany.  Of  91 
benign  intratracheal  growths  which  Bruns  in  1898 
collected  from  the  literature,  7  were  of  thyroid  origin. 
The  structure  is  usually  the  same  as  that  of  normal 
thyroid,  and,  like  it,  contains  colloid.  Accessory 
tliyroid  may  be  the  result  of  inclusion  of  an  accessory 
thyroid  lobiile  in  the  larynx  or  trachea  in  intrauterine 
life,  or  the  membrane  between  the  rings  of  the  trachea 
may  be  penetrated  by  adherent  thyroid  tissue  during 
later  life.  Usually  tiie  growth  is  located  on  the  pos- 
terior or  on  the  lateral  wall,  being  attached  by  a 
pedicle  to  the  thyroid.  Seven  of  the  ten  cases  were 
in  women,  and  were  detected  usually  between  the 
fifteenth  and  thirty-third  years.  In  Thiescn's  case 
dyspnea  was  increased  by  pregnancy.  In  only  two 
cases  did  goiter  coexist.  Accessory  thyroid  tissue  about 
the  thyrolingual  duct  may  give  rise  to  "lingual  goiters," 
of  which  seventy-one  cases  were  found  reported  to 
1912  by  Walther,  most  of  them  being  in  females. 
Some  cases  of  thyroid  tumor  at  the  base  of  the  tongue 
are  of  particular  interest,  in  that  removal  was  fol- 
lowed t)y  symptoms  of  myxedema,  which  were  re- 
lieved by  thyroid  therapy  (Shurley).  Here  it  would 
seem  probable  that  atrophy  of  the  gland  proper  had 
resulted  in  a  compensatory  hypertrophy  of  the 
remnants  of  the  thyrolinguaf  duct. 

Circulatory  disturbances  of  the  thyroid  are 
prominent  because  of  its  great  vascularity,  but  they 
cause  relatively  little  trouble  unless  the  gland  is 
already  enlarged,  wlien  the  added  size  may  be  of 
importance. 

Passive  congcsHim  may  occur  in  heart  disease  and 
from  pressure  on  the  cervical  veins,  but  it  is  rarely 
evident,  has  no  apparent  effect  on  the  function  of  the 
organ,  and  it  seems  not  to  cause  structural  changes 
of  moment. 

Aclire  hyperemia  is  frequent,  usually  physiological, 
and  It  is  held  responsible  for  the  visible  enlargement  of 
tlie  gland  in  menstruation,  pregnancy,  sexual  excite- 
ment, and  at  puberty.  However,  it  is  not  always 
ca-sy  to  determine  how  much  of  the  enlargement  "is 
due  to  the  vascular  dilatation,  and  how  much  to 
hypertrophy  of  the  gland  elements  or  to  increased 
production  of  colloid,  since  all  these  may  go  together 
At  times  It  may  be  so  great  that  a  distuict  bruit  caii 
be  heard  over  the  gland;  this  is  particularly  the  case 
in  draves'  disease.  In  various  forms  of  goiter  (o  c  ) 
hyperemia  is  present;  in  fact,  a  vascular  form  has 
often  been  mentioned  in  the  literature,  although  it  is 
verj'  doubtful  that  there  is  such  a  thing  as  a  real 
goiter  produced  solely  by  vascular  enlargement. 
ITobably  the  active  hyperemia  of  sexual  origin  is 
the  same  as  that  of  other  glands  during  physiological 
activity.  Sudden  hyperemia  may  cause  severe,  even 
fatal  attacks  of  dyspnea  when  the  glands  are  goitrous 
.V)  in  pregnancy  dyspnea  is  always  increased  if  it 
existed  previously,  or  it  may  appeaf  first  at  this  time 

Infarction  does  net  seem  to  occur,  the  circulation 
being  too  free.     If  emboli  lodge  there  they  seldom 
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seem  to  cause  effects,  for  even  in  pyemia,  miliary 
tuberculosis,  and  vascular  dissemination  of  malig- 
nant growths  the  thyroid  escapes  more  often  from 
secondary  lesions  than  do  most  other  organs,  particu- 
larly if  the  great  amount  of  blood  that  it  receives  is 
considered. 

Hemorrhage  is  a  prominent  feature  of  the  goiters, 
but  it  also  seems  to  occur  even  in  the  normal  gland. 
The  red  cells  are  preserved  for  a  long  time  in  the 
colloid,  but  eventually  give  rise  to  accumulations  of 
pigment  and  cholesterin  crystals,  which  latter  may  be 
very  abundant.  Any  trauma  of  the  thyroid  is  likely 
to  give  rise  to  hemorrhage,  either  into  the  vesicles 
or  into  the  periglandular  tissues.  Large  intra- 
glandular  hemorrhages  may  soften  and  lead  to  cyst 
formation,  or  become  infected. 

Progressive  Changes. — Thyroid  tissue  has  great 
vitality,  and  there  is  no  other  gland  that  can  be  trans- 
planted so  successfully.  As  the  secretion  is  removed 
by  the  circulation  any  transplanted  portion  can  func- 
tionate, at  least  for  a  time,  and  the  treatment  of 
myxedema  was  first  successfully  accomplished  by 
grafting.  At  first,  the  graft  undergoes  considerable 
necrosis  and  is  partly  absorlsed,  but  some  cells  remain 
alive,  and  from  these  may  develop  thyroid  tissue  in 
response  to  the  needs  of  the  body.  Grafts  removed 
after  four  and  one-half  years  have  been  found  of'the 
same  structure  as  normal  or  hyperactive  thyroid, 
but  usually  the  results  are  transient.  Even  trans- 
plantation with  vascular  anastomosis  has  not  been 
permanently  successful  in  man.  Autografts  give 
permanent  results  under  proper  conditions. 

During  hyperactivity,  whether  compensatory  or 
not,  the  gland  shows  a  decrease  in  the  amount  of 
colloid  in  the  vesicles,  as  if  it  were  being  absorbed 
as  fast  as  formed.  The  epithelial  cells  increase  in 
size,  either  because  of  lack  of  pressure  from  colloid 
or  because  of  formative  or  secretory  stimuli,  and  the 
walls  are  thrown  into  folds  so  that  the  secreting  sur- 
face is  increased.  Such  changes  as  this  were  observed 
by  Halsted  in  remnants  of  glands  left  after  partial 
thyroidectomy,  and  they  are  seen  in  many  cases  of 
exophthalmic  goiter,  supporting  the  theory  of  the 
origin  of  this  disease  in  thyroid  hyperfunction.  But 
a  small  remnant  of  the  gland  needs  to  be  left  in  most 
cases  to  enable  the  demands  of  the  body  to  be  met, 
and  not  only  normal  gland  tissue,  but  accessory 
thyroids,  and  even  tumor  metastases,  may  functionate 
adequately. 

Hypertrophy  of  a  simple  nature  seems  to  be  the 
process  which  causes  many  goitrous  enlargements, 
and  it  is  undoubtedly  physiological  in  many  instances, 
in  response  to  some  unknown  demand  of  the  body  for 
increased  activity.  It  is  probably  in  such  cases  that 
operation  is  particularly  likely  to  be  disastrous.  In 
acromegaly,  associated  with"  disease  of  the  hypo- 
physis, the  thyroid  is  often  enlarged,  as  it  also  is  in 
many  cases  of  giantism.  The  hypertrophy  of  preg- 
nancy is  undoubtedly  physiological. 

Retrogressive  Changes. — Atrophy  occurs  promi- 
nently in  old  age,  and  is  accompanied  by  a  relative  in- 
crease of  the  connective  tissue,  and  a  decrease  in  the 
amount  of  both  colloid  and  epithelial  elements.  This 
is  without  evident  effect  on  the  individual,  and  seems 
to  be  secondary  to  decreased  needs  of  the  organism. 
It  has  been  suggested  that  it  may  have  a  relation  of 
primary  importance  to  senility.  In  this  connection 
it  is  to  be  noted  that  sclerosis  of  the  thyroid  arteries 
seems  to  occur  particularly  early  in  lif"e.  In  youth 
atrophy  sometimes  gives  rise  to"  cretinism,  while  in 
adults  it  may  lead  to  myxedema.  However,  one  may 
find  very  small  thyroids  in  individuals  who  show 
no  evidences  of  any  thyroid  deficiency.  The  gland 
has  been  found  atrophied  in  scleroderms  (Hektoen), 
and  in  various  forms  of  dwarfism  that  were  quite 
different  from  cretinism.     Katzenstein  found  section 
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of  the  nerves  of  the  thyroid  to  be  followed  by  marked 
atrophic  changes. 

Parenchymatous  Degeneration. — Studies  of  the  his- 
tology of  the  gland  in  various  intoxications  by  different 
observers  have  been  reported  as  showing  many  changes 
in  the  way  of  epithelial  proliferation  or  desquamation, 
increase  of  stroma,  etc.,  but  the  results  have  been  so 
inconstant,  and  the  structure  of  the  thyroid  is  so 
variable,  that  little  importance  can  be  attached  to 
them.  It  may  be  that  in  infectious  diseases  injury 
to  the  thyroid  leads  to  detrimental  effects  to  the 
individual,  but  if  this  is  so  there  are  no  clinical  or 
anatomical  evidences  to  show  it.  Slight  changes  have 
been  described  in  the  thyroid  following  experimental 
operations  in  the  bile  ducts  (Wiener,  Mijller,  Hiirthle). 

Amyloid  deposition  occurs  in  either  the  normal  gland 
or  in  goiters  as  a  part  of  general  amyloidosis,  affecting 
here  as  elsewhere  the  arteries  and  stroma  chiefly. 
In  118  autopsies  in  which  amyloid  disease  was  found 
at  St.  George's  Hospital,  amyloid  was  noted  in  the 
thyroid  but  once,  but  this  is  probably  to  be  attributed 
to  lack  of  search  for  it  there.  In  goiter  occasionally 
local  deposits  of  amyloid  may  cause  wax-like  nodes, 
similar  to  local  amyloid  deposits  that  have  been  found 
in  the  larj-nx. 

Hyaline  degeneration  is  frequent  in  the  stroma  of 
goiters,  in  senility,  and  in  tumors.  It  frequently  is 
followed  by  calcification. 

Fatty  degeneration  is  not  prominent  in  the  thyroid, 
but  may  accompany  the  same  changes  in  other 
organs.  According  to  Erdheim.  there  is  normally 
some  fat  in  the  epithelium  of  the  thyroid. 

Calcification  of  the  stroma  and  arteries  may  occur  in 
senility,  and  sometimes  earlier  in  life.  It  is  very  com- 
mon in  goiters,  especially  in  the  walls  of  old  cysts, 
which  may  be  entirely  enclosed  in  a  shell  of  calcified 
material.  Rarely  ossification  follows.  The  finding 
of  areas  of  calcified  materials  in  goiter  is  a  frequent 
occurrence  in  autopsies. 

Infections. — Acute  inflammation  of  the  thyroid  is, 
on  the  whole,  very  infrequent.  It  is  much  more  likely 
to  occur  in  goitrous  glands,  which  condition  is  some- 
times called  strumitis,  to  distinguish  it  from  inflamma- 
tion of  non-goitrous  glands,  or  thyroiditis.  It  would 
seem  that  the  normal  gland  possesses  in  a  marked 
degree  the  power  of  resisting  infections,  a  characteris- 
tic that  is  perhaps  due  in  part  to  its  great  vascularity, 
which  is  lost  in  the  goiters  with  their  frequent  areas  of 
degenerated  tissue.  When  acute  inflammation  does 
occur  it  is  often  suppurative,  and  the  pus  may  burrow 
in  disastrous  ways  in  the  tissues  and  organs  of  the 
neck.  Infection  may  come  through  the  blood  stream, 
which  is  most  frequent,  or  from  extension  from  sur- 
rounding structures,  or  from  direct  external  injuries, 
as  in  attempts  at  suicide  by  cutting  the  throat.  Of 
20  cases  Lancereaux  found  that  4  occurred  in  the 
puerperal  state,  3  in  typhoid,  2  in  nephritis,  2  in 
pyemia,  2  in  pneumonia,  1  in  acute  articular  rheu- 
matism, and  6  were  independent  of  other  diseases. 
Later  observations  have  shown  that  of  the  febrile 
diseases  thyroid  infection  is  particularly  frequent  in 
typhoid,  Schudmark  having  collected  13  authentic 
cases.  Termination  is  most  frequent  by  rupture  and 
cicatrization,  when  the  infection  is  not  a  complication 
of  a  mortal  disease,  although  gangrene  has  resulted 
in  several  cases.  In  goiters  the  pus  may  accumulate 
in  cystic  spaces  until  large  accumulations  result.  Of 
particular  interest  are  the  few  reported  cases  in  which 
myxedema,  cretinism,  and  Graves'  disease  have 
followed  the  healing  of  such  destructive  inflammations. 
Acute  non-suppurative  thyroiditis  is  probabh'  more 
common  than  has  been  appreciated,  and  Hagen,  who 
has  reviewed  the  literature,  found  that  tonsillitis  or 
polyarthritis  often  accompanies  or  causes  it. 

Chronic  interstitial  inflammation  with  formation  of 
connective  tissue  may  occur:  little,  however,  is  known 
about    such    a    process.     Probably    certain    cases    of 


myxedema,  and  perhaps  of  cretinism,  are  produced 
in  this  way.  Often  at  autopsy  thyroids  are  found 
that  show  so  much  fibrous  tissue  that  the  suspicion  of 
an  interstitial  thyroiditis  is  warranted,  but  as  no  re- 
sults seem  to  have  been  produced  by  the  lesion,  and 
as  there  is  no  apparent  cause,  the  condition  is  of 
no  evident  practical  interest.  Sometimes  the  de- 
gree of  fibrosis  is  so  great  as  to  lead  to  a  tv-pe  of 
"woody  thyroiditis,"  thirteen  cases  having  been 
collected  bj*  Delore  and  Alamartine. 

Tuberculosis  occurs  most  frequently  in  generalized 
miliary-  tuberculosis,  but  naturally  is  overlooked 
clinically,  and  often  at  autopsy.  Chiari  found  lesions 
in  the  thyroid  in  seven  per  cent,  of  his  cases  of  pul- 
monary tuberculosis,  and  in  twelve  per  cent,  of 
Fraenkel's  fifty  cases  they  were  present.  Hedinger 
found  traces  of  tuberculosis  in  ten  of  659  goiters  re- 
moved surgically,  not  associated  with  active  tubercu- 
losis elsewhere.  Arnd  found  reports  of  forty-four  cases 
of  thyroid  tuberculosis  independent  of  generalized 
miliary  tuberculosis.  Miliary  tubercles  are  much 
more  frequent  than  the  larger  caseous  nodules.  They 
generally  start  in  the  interacinous  connective  tissue. 
Tuberculosis  of  the  cervical  glands  seems  to  be  trans- 
mitted to  the  thyroid  much  less  often  than  might 
be  expected.  According  to  Roger  and  Gamier 
sclerotic  changes  are  constant  in  the  thjToid  in 
chronic  phthisis. 

Syphilis  might  be  expected  to  spare  the  thyroid  in 
view  of  the  large  amount  of  iodine  that  the  gland  con- 
tains, but  it  cannot  be  said  that  syphilis  is  propor- 
tionately less  frequent  than  other  infections  of  this 
organ.  Gummata  have  been  occasionally  observed, 
although  scar  formation  of  the  irregular,  deforming 
t}-pe  seen  in  other  organs  is  perhaps  as  frequent. 
1  have  observed  one  case  of  gumma  in  the  thyroid,  and 
Davis  collected  reports  of  eleven  other  cases.  During 
the  stage  of  into.xication  the  thyroid  often  participates 
in  the  general  glandular  enlargement.  In  congenital 
syphilis  thj-roid  gummata  are  not  rare,  although  a 
diffuse  sclerosis  is  more  frequent,  and  cases  of  cre- 
tinism have  been  attributed  to  the  thyroid  sclerosis 
of  congenital  syphilis.  Myxedematous  symptoms 
have  resulted  from  syphilis  of  the  thyroid  in  a  few 
instances;  they  were  relieved  by  antisyphilitic 
treatment. 

Actinomycosis  may  result  from  extension  by  way 
of  the  cervical  fascia,  and  a  number  of  such  cases 
have  been  reported.  Metastatic  actinomycotic  infec- 
tion does  occur,  although  verj'  infrequently. 

Cytotorins. — In  connection  with  the  general  study 
of  the  formation  of  toxins  for  different  animals  by 
immunizing  them  against  various  tissues  from  a 
different  species  attempts  have  been  made  with  the 
thyroid.  Beebe  reported  the  production,  by  im- 
munizing with  nucleoproteins  from  the  thyroid,  of  an 
antithyroid  serum  of  specific  properties  and  thera- 
peutic value,  but  his  work  has  failed  of  confirmation 
by  Portis  and  others.  Hauser  and  others  have 
reported  in  dementia  precox  patients  the  finding  of 
specific  antithyroid  ferments  (Abderhalden  reaction) 
in  the  blood,  but  at  the  time  of  this  writing  the  whole 
status  of  this  reaction  is  undetermined,  and  hence 
the  relation  of  the  thyroid  to  this  disease  cannot  be 
discussed. 

In  this  connection  may  be  mentioned  the  trials 
of  the  serum  and  of  the  milk  of  goats  in  the  treatment 
of  exophthalmic  goiter.  These  have  been  made  on 
the  assumption  that  this  disease  is  due  to  hyper- 
activity of  the  thyroid,  and  that  the  serum  and  milk 
of  goats  contains  an  excess  of  the  substance  that  the 
thyroid  should  neutralize.  Lanz,  and  also  Moebius, 
have  tried  this  treatment,  and  both  consider  it  of 
positive  benefit,  but  this  opinion  is  not  generally 
shared. 

TcMons. — Benign  tumors  of  the  thyroid,  if  of  epi- 
thelial    nature,     may    be    diflScult    to    differentiate 
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from  hypertrophy  of  compensatory  or  functioiml 
nature. "  Benign  inesoblastic  tumors  are  rare,  although 
fibromas,  teratomas,  chondromas,  and  osteomas  have 
been  described.  They  present  no  special  peculiarities 
because  of  their  origin  in  the  thyroid. 

Malignant  7'unior.s.— Trustworthy  reports  were  found 
by  Khrhardt  of  about  1,")0  carcinomas  and  100  sarcomas 
iri  1902.  There  have  been  many  more  cases  reported 
since  that  time,  Kochcr  alone  having  reported  400 
malignant  thyroid  tumors,  but  Ehrhardt's  analysis 
of  the  literature  was  so  thoroughly  done  that  it  still 
stands  as  a  good  picture  of  thyroid  cancer.  Of  the 
carcinomas  of  Ehrhardt's  series,  65  occurred  in 
men  and  85  in  women ;  of  the  sarcomas  40  were  in  men 
and  59  in  women,  these  results  agreeing  with  the 
general  prevalence  of  thyroid  diseases  in  women. 
The  following  table  shows  the  age  status  of  the 
malignant  tumors. 


Years. 

Carcinoma. 

Sarcoma. 

""3 
13 
33 

3S 
40 
19 
3 

1 

Ten  to  twenty 

Twenty  to  thirty 

Thirty  to  forty 

Forty  to  fifty 

Fifty  to  sixty 

Sixty  to  seventy 

Seventy  to  eighty 

Eighty  to  ninety 

2 
9 
12 
2S 
26 
20 
2 

It  will  be  noted  that  the  usual  earlier  occurrence  of 
sarcoma  is  not  the  rule  in  thyroid  tumors,  for  which 
fact  there  is  no  evident  explanation.  Trauma  seemed 
to  be  the  starting-point  of  the  tumors  in  3  cases, 
while  in  3  others  acute  infectious  disease  preceded 
the  growth,  and  in  2  it  accompanied  pregnancy.  Out 
of  200  reports  it  is  expressly  stated  that  goiter  pre- 
ceded the  tumor  in  104;  in  but  21  was  the  absence  of 
goiter  specifically  noted,  while  in  the  remainder  this 
point  was  not  mentioned.  In  view  of  the  great  fre- 
quency with  which  nodules  are  found  in  thyroid 
glands  that  are  not  enlarged,  it  is  possible  that  in 
even  some  of  the  21  ca.ses  in  which  there  was  no  goiter 
some  small  goitrous  nodules  existed.  A  location  of 
the  goiter  behind  the  sternum  seems  favorable  to 
malignant  transformation,  probably  because  of  irri- 
tation. Naturally,  thyroid  cancer"  is  more  frequent 
in  goitrous  than  in  non-goitrous  districts,  and  in 
Chicago,  where  most  of  the  dogs  have  goiters,  thev 
exhibit  thyroid  cancer  frequently. 

Anatomical  Features. — Carcinoma  is  not  to  be  dis- 
tinguished from  sarcoma  bv  any  clinical  features 
and  anatomically  also  these  two  varieties  of  new- 
growth  resemble  each  other  more  closelv  when  thev 
are  located  in  this  organ  than  when  they  develop  iii 
almost  any  other  organ  in  the  body.  'Occasionallv 
the  growth  is  so  diffuse  from  the  start  that  its  origin 
cannot  be  determined.  For  some  time  the  capsule 
seems  to  offer  a  barrier  to  extension,  but  invasion  of 
both  blood  and  lymph  vessels  occurs  early.  Although 
.sometimes  of  enormous  size,  especially  when  the  seat 
of  cystic  and  hemorrhagic  dilatations,  yet  occasion- 
ally scirrhous  carcinomas  are  formed  of  such  small 
size  that  it  may  be  impossible  to  palpate  them  In 
such  cases  as  this,  careless  autopsies  mav  fail  to  ex- 
plain, or  may  explain  incorrectly,  the  origin  of  the 
metastases  found.  The  greater  part  of  the  growth 
in  the  thyroid  results  from  fusion  of  secondary  growths 
rather  than  from  a  process  of  infiltration.  Histologic 
diagnosis  is  particularly  difficult,  not  only  between 
sarcoma,  carcinoma,  and  endothelioma,  but  especially 
between  carcinoma  and  benign  adenomas.  Medull'irv 
carcmoma  Ls  the  most  frequent  form  of  carcinoma, 
although  adenocarcinoma  and  cylindrical-celled  forms 
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are  not  infrequent.  Associated  with  papuliferous 
tendencies  cyst  formation  often  occurs,  resulting  in 
a  growth  described  as  cysladenoma  ■papilliferum,  ma- 
lignum  scu  carcinomatodcs.  The  cases  of  scirrhus, 
in  Ehrhardt's  report,  number  but  six,  the  growth 
in  them  being  chiefly  at  the  periphery,  while  the  center 
had  been  replaced  by  a  mass  of  scar  tissue.  The  rare 
instances  of  primary  squamous-celled  carcinoma  are 
probably  to  be  explained  as  originating  from  mis- 
placed emVjryonal  remnants  rather  than  as  growths 
due  to  metaplasia.  The  sarcomas  are  composed 
chiefly  of  round  and  of  spindle  cells.  They  are  rarely 
encapsulated.  Generally  they  infiltrate  the  gland 
diffusely;  sometimes  they  entirely  replace  its  struc- 
tures. Much  less  frequent  are  cavernous  and  giant- 
cell  sarcomas,  while  there  are  a  few  instances  of 
osteoplastic  sarcoma.  Tumors  of  the  type  of  the 
peritheliomas,  with  cells  radiating  about  vascular 
channels,  are  not  uncommon,  the  simpler  endothe- 
liomas being  much  less  frequent.  While  a  case  of 
primary  melanosarcoma  exists  in  the  literature,  the 
report  of  this  case  makes  it  seem  probable  that  the 
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growth  was  really  secondary.  Other  malignant 
tumors  described  are  chondro-osteoid  sarcoma  and 
teratoma  malignum. 

Secondary  tumors  of  the  thyroid  are  but  rarely 
found.  Some  of  these  are  of  vascular  implantation, 
and  some  ow-e  their  origin  to  an  extension  from  neigh- 
boring growths,  especially  of  the  larynx  and  esoph- 
agus. Kaufmann  notes  that  melanosarcomas  often 
metastasize  to  the  thyroid. 

Extension  and  Metastasis. — After  the  growth  once 
penetrates  the  capsule  it  usually  grows  rapidly  and 
involves  the  surrounding  tissues  extensively,  oft«n 
fusing  with  the  regional  lymph-gland  metastases. 
Often  the  trachea  is  infiltrated,  twenty-two  such  cases 
being  reported  in  Ehrhardt's  series.  In  these  the 
growth  took  place  either  by  direct  extension  from  the 
thyroid  or  by  transference  by  way  of  the  tracheal 
lymphatics.  The  esophagus  is  oft"en  also  involved, 
as  also  is  the  sternum.  While  the  large  veins  of  the 
neck  are  often  invaded  and  plugged  by  the  growth, 
the  arteries  seldom  are.  The  vagus  and  sympathetic 
usually  resist  invasion,  but  the  recurrent  laryngeal 
is  often  involved.  Invasion  of  the  muscles  and  otjier 
tissues  of  the  neck  is  not  particularly  common. 
Metastasis  usually  takes  place  early  in  all  varieties 
of  sarcoma  and   carcinoma  except  "the  papuliferous 
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cystadenomas.  Of  94  bodies  tlioroiiKtily  examined 
but  14  were  devoid  of  metastases.  Of  4(5  carcinomas 
23  had  metiistases  by  the  blood  stream  alone,  9  by 
the  lymphatics  alone,  and  in  14  the  metastasis  was 
by  way  of  both  these  channels.  Of  34  sarcomas  the 
transmission  was  by  the  blood  in  24,  in  7  by  lymph 
alone,  and  in  3  by  both.  This  great  relative  fre- 
quency of  dissemination  of  the  carcinomas  by  way 
of  the  blood  is  explained  by  the  great  vascularity  of 
the  gland,  the  early  invasion  of  the  large  veins  of  the 
neck,  and  the  resistance  to  lymphatic  transportation 
that  the  capsule  of  the  gland  seems  to  offer.  Of 
131  carcinomas  and  107  sarcomas,  metastases  were 
found  in  the  lymph  glands  in  49  of  the  former  and  18 
of  the  latter.  Ehrhardt  has  made  an  extensive  study 
of  the  lymphatic  system  of  the  thyroid,  both  in  health 
and  in  relation  to  tumor  transportation,  the  main 
features  of  which  are  as  follows: 

The  lymphatics  of  the  lateral  lobes  anastomose  to  a 
slight  extent,  much  less  so  than  has  been  generally 
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supposed.  This  fact  explains  the  relative  infre- 
quency  of  transportation  of  carcinoma  from  lobe  to 
lobe,  in  contrast  to  the  frequent  direct  extension  of 
sarcomas.  The  greater  part  of  the  lymphatics  are 
collected  into  a  few  large  stems  on  the  lateral  and  pos- 
terior sides  of  the  gland,  where  what  appear  to  be 
lymph  reservoirs  containing  large  quantities  of  colloid 
can  be  found.  These  vessels  pass  to  the  glands  about 
the  large  vessels  in  the  neck,  which  are  first  and  almost 
constantly  involved  when  there  is  lymphatic  dis- 
semination. Then  follows  infection  of  the  inferior 
and  deep  cervical  glands  below  and  behind  the 
clavicles.  These  are  in  turn  connected  with  the 
axillary  and  mediastinal  glands,  which  are  accordingly 
next  involved.  The  isthmus  is  connected  chiefly 
with  the  glands  lying  between  the  esophagus  and  the 
larynx,  whose  involvement  is  important  because  of 
the  serious  pressure  effects  that  are  certain  to  result. 
These  glands  communicate  with  a  retroesophageal 
plexus.  There  are  some  lymph  vessels  that  pass 
directly  from  the  upper  poles  of  the  lateral  lobes  to 
the  submaxillary  and  sublingual  glands,  which  are 
occasionally  infected  in  early  stages.  Similar  direct 
branches  pass  from  the  lower  poles  to  the  mcdia.stinal 
glands.  After  the  usual  routes  have  become  plugged 
with  tumor  growth  the  flow  may  pass  in  any  con- 
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ceivable    way,    with    corresponding   location    of    the 
metastases. 

In  the  following  table  is  shown  the  order  of  fre- 
quency of  location  of  the  vascular  metastases. 


Lungs    . .  ,  , 

Bones 

Liver 

Kidney. . . . 

Pleura 

Brain 

.Scattering. 


The  great  frequency  of  osseous  metastasis  in  thyroid 
tumors,  similar  to  what  occurs  with  prostatic  cancer, 
is  well  known.  At  the  same  time,  no  satisfactory 
explanation  seems  to  be  forthcoming.  Such  meta.s- 
tases  are  most  often  located  near  the  epiphyses,  and 
often  lead  to  spontaneous  fracture,  which  differs 
from  that  resulting  from  primary  bone  tumor  in  that 
sometimes  the  bone  revmites  because  of  the  formation 
of  abundant  osteophj-les.  Iodine  has  been  found  in 
the  bone  metastases.  A  table  of  the  frequency  of 
involvement  of  the  bones  is  of  interest. 


Skull 

...30 

Humeru 

Inferior  maxilla.. .  . 

...30 

Pelvis. . 

Sternum 

...18 

Scapula 

\ertebrie 

...11 

Malar. . 

Ribs 

.  .  .    11 

Palate.  . 

Femur 

...10 

Cla\'icle 

Symplomatolngy. — The  mere  fact  that  a  thyroid 
increases  rapidly  in  size  is  hardly  an  indication  of  the 
presence  of  a  malignant  growth,  since  such  an  in- 
crease in  size  so  often  happens  either  in  goitrous  or 
in  non-goitrous  glands.  The  relative  frequence'  of 
non-malignant  enlargements,  as  compared  with  those 
which  are  malignant,  is  apt  to  divert  suspicion,  par- 
ticularly when  goiter  previously  exists.  Probably 
the  most  important  of  the  symptoms  is  immovability 
of  the  gland  during  the  act  of  swallowing,  which  was 
noted  in  forty  per  cent,  of  the  collected  cases.  How- 
ever, this  symptom  is  sometimes  present  in  benign 
goiter,  and,  since  in  cancer  it  usually  is  the  result  of 
extracapsular  extension  of  the  growth,  binding  it  to 
the  neck  tissues,  it  is  not,  as  a  rule,  a  very  early  sj-mp- 
tom.  Dyspnea  also  is  of  slight  value,  because  the 
goiter  that  commonly  precedes  it  usually  causes  this 
symptom  to  be  wrongly  attributed,  although  in  the 
case  of  a  malignant  growth  the  dyspnea  is  particu- 
larly severe.  Deformity  of  the  larynx  and  trachea 
may  be  observed  by  laryngoscopic  examination  when 
the  dyspnea  is  not  too  great.  Occasionally  hemo- 
ptysis results  from  intratracheal  extension.  Ob- 
struction of  the  esophagus  is  sometimes  severe,  with 
symptoms  much  the  same  as  in  .stricture  from  other 
causes;  the  obstruction  is  usually  located  about  twenty 
centimeters  below  the  teeth,  and  phlegmon  may  result 
from  the  tissues  becoming  infected.  The  superficial 
veins  are  prone  to  be  more  distended  than  in  simple 
goiter,  and  sometimes  they  may  be  jialpated  when  filled 
by  tumor  growth,  from  which  metastases  with  their 
resulting  symptoms  may  develop.  Occlusion  of  the 
carotid,  with  the  consequent  loss  of  pulsation,  is  of 
significance  as  regards  malignancy,  but  still  more  so 
is  the  direct  entrance  of  the  vessel  into  the  tumor  mass, 
a  condition  which  can  be  made  out  without  difficulty. 
Paralysis  of  the  recurrent  laryngeal  is  of  great  im- 
portance, for  although  it  may  occur  in  goiter,  it  does 
so  rarely.  Of  twenty  cases  of  this  complication,  in 
seventeen  the  involvement  was  unilateral,  in  three 
bilateral.  The  vagus  usually  escapes  and  the  in- 
stances of  tachycardia  and  arrhythmia  from  this  cause 
are  rare.  The  sympathetic  is  involved  a  little  more 
often  than  the  vagus;  it  is  indicated  by  a  pin-point 
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Dupil.  a  narrowed  palpebral  opening,  and  local 
vascular  dilatation  with  local  sweating  and  local  heat. 
Only  in  the  latest  stages  does  involvement  of  tlie 
hypoglossal  and  sjiinal  accessory  occur,  with  paralysis 
of  the  tongue  and  dropping  of  the  shoulder.  -Neu- 
ralgic pains,  that  radiate  to  the  ear,  shoulder,  and 
occiput,  often  develop  in  the  growth,  and  sometimes 
at  quite  an  early  stage.  Fever  of  mild  grade,  inde- 
pendent of  complications,  is  not  rare.  It  is  important 
to  note  tliat  cachexia  is  not  a  common  accompaniment 
of  the  disease;  it  was  observed  in  only  twenty  out 
of  150  cases.  The  destruction  of  the  gland  does 
not  lead  to  manifestations  of  cachexia  strumi- 
priva,  partly  because  of  the  slowness  of  the  process, 
but  probably  more  because  the  tumor  is  able  to 
form  colloid"  itself.  In  six  reported  cases  the  fea- 
tures of  exophthalmic  goiter  were  present,  and  in 
three  the  symptoms  were  relieved  by  operation. 

Tlie  average  duration  is  about  two  years,  with  no 
great  differences  between  carcinoma  and  sarcoma, 
although  the  most  acute  growths  are  usually  sarcomas, 
the  most  chronic  being  the  scirrhous  carcinomas. 
Deatli  rarely  results  from  cachexia  because  of  the 
location  of  the  growth,  which  most  often  kills  by 
involvement  of  the  air  passages  (either  from  asphyxia 
or  from  pneumonia).  The  asphjrxia  may  result  from 
edema  of  the  glottis,  from  kinking  of  the  trachea 
or  from  sudden  swelling  of  the  tumor  through  hemor- 
rhage or  congestion.  Fatal  hemorrhage  is  rare;  the 
blood  may  escape  into  the  air  passages  or  even  into 
the  tissues. 

Operalii'e  treatment  is  difficult,  first  because  suspicion 
of  malignancy  in  the  goitrous  neck  comes  late,  and 
also  because  of  the  respiratory  complications  that  are 
usually  present  at  the  time  operation  is  sought. 
Narcosis  is  usually  extremely  dangerous,  and  Ehrhardt 
advises  that  operation  be  begun  under  local  anesthesia, 
and  that  chloroform  be  given  if  the  operation  becomes 
too  painful.  In  the  early  stages  it  may  be  possible 
to  enucleate  the  entire  gland  with  success,  but  this  is 
probably  done  oftenest  when  the  growth  is  in  a  goiter 
that  has  not  shown  its  malignant  change  clinically. 
O}  course,  thorough  clearing  out  of  the  neck  is  the 
only  operation  possible  when  the  capsule  has  been 
penetrated  and  the  glands  are  involved.  The 
cachexia  strumipriva  is  to  be  combated  by  thyroid 
medication  as  the  lesser  of  the  two  evils.  Recur- 
ring growths  are  usually  diffusely  infiltrating  and 
inoperable,  frequently  requiring  tracheotomy. 

Mizi'J  Malignant  7'»mor.s-  of  the  Thyroid. — In  report- 
ing a  case  of  a  malignant  tumor  in  the  thyroid  of  a 
dog  in  1901,  which  was  remarkable  in  that  the  primary 
growth  consisted  of  a  mixture  of  sarcomatous  and 
carcinomatous  elements,  and  had  produced  metastases 
of  each  kind  of  tumor  tissue,  as  well  as  of  the  mixed 
variety,  I  searched  the  literature  for  other  instances  of 
mixed  malignant  tumors.  I  was  able  to  find  only  t^o 
such  instances,  both  of  which  were  in  the  thyroid. 
Since  that  time  several  additional  cases  of  similar 
character  as  to  mixture  of  sarcoma  and  carcinoma 
have  been  described  in  the  thyroid  of  both  man  and 
animals,  although  witliout  the  three  possible  types  of 
metastasis  as  seen  in  this  case.  The  same  intimate 
relation  of  sarcoma  and  carcinoma  has  not  been  ob- 
served so  frequently,  if  at  all,  in  any  other  organ,  a 
fact  for  which  no  satisfactory  explanation  has  been 
advanced. 

Metastasis  of  normal  thyroid  tissue  and  of  benign 
thyroid  neoplasms  has  been  reported  in  a  number  of 
instances.  This  apparent  exception  to  the  rules  of 
tumor-  and  tissue-growth  would  seem  to  be  best  ex- 
plained, in  the  light  of  the  latest  studies,  as  due 
entirely  to  misinterpretation  of  histological  pictures 
or  to  inaccurately  studied  cases.  An  example  is  the 
report  of  Oderfeld  and  Steinhaus  published  in  1901. 
This  report  concerned  an  instance  in  which  a  growth 
had  developed  in  the  left  frontal  bone,  haying  the 
structure  of  normal   thyroid   gland,   and   it  did  not 
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recur  after  removal.  In  the  absence  of  any  evidence 
of  disea.'ie  in  the  thyroid  itself,  this  growth  \yas  believed 
bv  the  writers  to  be  the  result  of  metastasis  of  normal 
th.\Toid  tissue,  which  had  proliferated  in  its  new  loca- 
tion as  does  a  thyroid  graft.  A  similar  case  had  been 
reported  by  Riedel.  In  less  than  two  years  the 
authors  named  above  were  obliged  to  report  an  en- 
tirely different  explanation.  The  patient  had  died 
in  tlie  meantime  with  multiple  metastases,  all  of  which 
had  a  structure  that  resembled  normal  thyroid.  The 
thyroid  itself  showed  no  growth  except  a  small  encap- 
sulated nodule,  which  also  was  of  the  structure  of 
normal  thyroid.  They  were  obliged  to  conclude  that, 
after  all,  their  case  was  one  of  carcinoma  of  the 
thyroid  with  metastases,  remarkable  chiefly  for 
the  resemblance  of  the  structure  of  the  tumor  to  that 
of  the  gland.     A  study  of  many  cases  of  thyroid  car- 


FlQ.  4773. — Primary  Mixed  Tumor  (sarcoma  and  carcinoma)  of 
the  Thyroid.  The  sarcomatous  tissue  is  seen  extending  obliquely 
across  the  section. 

cinoma  shows  that  the  metastases  have  a  decided 
tendency — which  is  particularly  true  of  adeno- 
carcinoma— to  reproduce  the  structure  of  normal 
thyroid-gland  follicles.  It  is  highly  probable  that 
the  above-mentioned  facts  are  sufficient  to  explain 
the  supposed  instances  of  transportation  of  normal 
gland  tissue  or  adenomas,  and  that  it  is  safe  to 
assume  that  when  any  structure  of  the  thyroid  pro- 
duces metastases  it  is  to  be  considered  prima  facie 
evidence  of  the  malignancy  of  that  structure. 

Tumors  of  the  thyroid  in  lower  animals  are  by  no 
means  infrequent,  especially  in  dogs,  in  which  goiter 
is  common.  They  have  also  been  described  in  horses. 
They  seem  to  differ  not  at  all  from  those  observed  in 
man.  Of  the  five  sarcocarcinomas  reported,  one  was 
in  a  dog,  and  another,  that  of  Loeb,  was  in  a  white 
rat.  It  may  be  recalled  that  Loeb's  work  on  the 
transplantation  of  tumors  was  done  with  a  thyroid 
sarcoma,  from  a  rat.  Apparently  the  wild  animals 
suffer  little  from  thyroid  diseases,  even  when  in 
captivity,  for  in  3,126  autopsies  Fox  found  only  twenty 
animals  with  marked  thyroid  changes;  of  these  five 
were  tumors,  one  being  a  carcinoma  sarcomatodes. 
H.  Gideon  Wells. 
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Many  of  the  matters  pertaining  to  the  pathology  of  the  thyroid 
are  discussed  elsewhere  under  the  topics  of  Goiter,  Cretinism. 
Myxedema,  and  Organotherapy,  to  which  the  reader  is  referred. 
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Thyroid  Gland;  Goiter. — The  term  simple  goiter 
is  applied  to  any  appreciable  and  persistent  enlarge- 
ment of  the  thyroid  gland,  not  manifesting  thy- 
rotoxic symptoms  and  not  due  to  inflammation 
or  malignancj'.  It  must  be  borne  in  mind,  how- 
ever, that  all  simple  goiters  are  potentially  toxic. 
It  is  not  unusual  in  thyroid  growths  to  see  either 
symptoms  due  to  overactivity  of  the  gland — 
hjTJerthyroidism,  or  the  effects  of  under  secretion — 
hv-pothyroidism. 

Classification. — Kocher  divides  simple  goiter 
into  two  classes:  (1)  diffuse  goiter,  involving  the 
whole  gland,  and  (2)  nodular  goiter,  in  which  only 
a  part  of  the  gland  is  affected. 

Diffuse  goiter  occurs  in  the  following  varieties: 
(1)  hypertrophic  follicular  goiter,  an  enlargement 
of  the  whole  gland,  with  an  increase  in  the  follicles 
(both  in  number  and  size),  the  colloid  material,  the 
blood-vessels  and  the  stroma;  (2;  parenchymatous 
goiter,  in  which  the  epithelial  cells  are  increased  in 
number  and  size,  and  the  relative  amount  of  colloid 
is  diminished;  (3)  colloid  goiter,  in  which  there  is 
an  increase  in  the  colloid  material  with  enlargement 
of  the  follicles.  This  is  the  most  frequent  t>-pe  of 
diffuse  goiter;  (4)  vascular  goiter,  in  which  there  is 
an  increase  in  number  and  size  of  the  blood-vessels, 
overshadowing  the  changes  in  the  other  elements 
of  the  gland;  (5)  fibrous  goiter,  rare,  and  secondary 
to  inflammatory  changes  and  excessive  connective- 
tissue  h\-perplasia,  in  one  of  the  above-mentioned 
varieties  of  diffuse  goiter;  and  (6)  recurring  adeno- 
matous goiter,  characterized  by  the  formation  of 
new  follicles  and  resembling  adenoma.  Such  growths 
have  a  malignant  tendency.  They  are  exceedingly 
rare. 

Nodular  goiter  is  characterized  by  changes  analogous 
to  those  occurring  in  diffuse  goiter,  but  such  changes 
occur  in  one  or  more  portions  of  the  thyroid  and  not 
throughout  the  whole  gland.  The  prohferation  of  the 
gland  elements  is  irregular  and  unequal.  The  un- 
affected part  of  the  gland  becomes  diseased  but 
rarely,  and  when  secondary  changes  do  occur,  they 
are  usually  due  to  pressure  atrophy.  The  nodular 
thj'roid  tumor  may  show  a  combination  of  the  vai;ious 
tjijes  of  goiter  and  is  designated  according  to  the 
change  which  is  most  characteristic.  The  most  fre- 
quent tj-pe  is  that  in  which  the  colloid  material  pre- 
dominates, as  for  example,  in  cystic  goiter.  Cysts 
may  also  develop  in  adenomata  or  may  result 
from  hemorrhage.  Single  isolated  nodules  are  rare. 
Various  degrees  of  hyaUne.  fatty,  and  calcareous 
degeneration  may  occur  in  any  of  the  tj-pes  of  simple 
goiter. 

Etiology. — The  specific  cause  of  goiter  is  unknown, 
but  for  many  years  the  belief  has  been  held  that  it  is 
due  to  some  peculiarity  of  drinking  water,  probably 
a  qualitative  change  in  the  iodine  content,  derived 
from  the  soil  tlirough  which  it  passes.  The  functions 
of  the  thyroid  gland,  the  cliief  of  which  is  to  take  up 
and  elaborate  iodine  for  the  system,  are  thought  to 
be  deranged  by  certain  waters.  In  regions  where 
goiter   is    common,    special   goiter-producing   waters 
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liave  been  found  to  show  bacterial  contamination, 
prlncipallv  with  strains  of  the  colon  bacillus.  The 
work  of  NIcCarrison  in  the  military  schools  of  India 
has  proved  of  great  interest.  He  has  shown  that 
boiling  drinking  water  and  administering  intestinal 
antiseptics  will  prevent  goiter  formation  in  locahties 


4774  — 
Patient   becunie    I' 
appeared. 


where   the   disease   is   prevalent,   and    will   produce 
improvement  in  patients  already  affected. 

Goiter  occurs  sporadically  all  over  the  world  and 
endemically  in  certain  mountainous  districts.  Both 
.sexes  are  affected,  but  the  female  much  oftener  than 
the  male.  It  may  develop  at  any  age,  but  occurs  most 
frequeiitly   during   tlio   second    and    tliird   decades   cif 


4775. — Simple   Goiter  without  Symptoms  for  many  Years,  iji 
which  Thyroid  Bone  Metastasis  appeared  on  the  Skull. 

life.     In  goitrous  districts   congenital   goiter  is   not 
uncommon. 

Di.\f;.\osis. — The  diagnosis  of  simple  goiter  offers 
no  difficulties.  It  appears  as  a  diffuse  swelling  or 
nodular  growth  in  the  front  of  the  neck,  below  the 
larynx  and  between  the  sternomastoid  muscles;  it  is 
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freely  movable  except  when  fixed  by  inflammation, 
or  when  situated  behind  the  sternum  or  within  the 
thorax;  it  has  an  up-and-down  movement  during 
deglutition,  deep  breathing  or  coughing.  In  intra- 
thoracic goiter  percussion,  auscultation,  and  the  i-ray 
are  useful  in  establishing  the  presence,  the  size,  and 
the  position  of  the  growth. 

.Symptoms. — A  simple  goiter  presents  no  symptoms 
save  those  of  a  mechanical  nature,  due  to  pressure 
on  important  structures.  If  thyrotoxic  symptoms 
develop  the  goiter  can  no  longer  be  classed  as  simple. 

Pressure  on  the  trachea  is  apt  to  produce  narrow- 
ing or  distortion  or  softening  of  the  tracheal  rings. 
There  may  be  dyspnea  on  slight  exertion,  or  par- 
oxj'smal  dyspnea,  or  tracheal  stridor.  Pressure  on 
the  recurrent  laryngeal  nerve  or  nerves  may  cause 
hoarseness  or  aphonia.  Pressure  on  the  great 
vessels  may  produce  giddiness,  vertigo,  headache, 
sleeplessness,  etc.  Pressure  on  the  pneumogastric 
nerve  and  the  great  vessels  produces  what  Kocher 
has  termed  goiter  heart.  A  deeply  seated  goiter  may 
make  pressure  on  the  esophagus  and  cause  dysphagia, 
but  this  is  rare. 

Course  and  Prognosis. — A  simple  goiter,  unin- 
fluenced by  treatment  tends,  as  a  rule,  to  grow  in- 
definitely, though  in  many  instances,  after  the  patient 
passes  middle  age,  it  may  remain  stationary  or  even 
decrease  somewhat  in  size.  Some  growths  reach 
enormous  proportions.  Sudden  increase  in  the  size 
of  a  goiter  is  strongly  suggestive  of  hemorrhage  or 
malignancy.  Sudden  death  from  suffocation  may 
be  due  to  hemorrhage,  or  death  may  result  more  slowly 
from  pressure  stenosis  of  the  trachea.  Severe  infec- 
tion or  malignancy  are  other  possibilities  that  may 
arise  in  the  course  of  simple  goiter.  All  influences 
which  tend  to  increase  the  thyroid  circulation,  such 
as  prolonged  physical  or  mental  strain,  depressing 
emotional  excitement,  puberty,  pregnancy,  etc., 
favor  the  further  growth  of  a  goiter  once  started. 

Treatment. — The  treatment  of  simple  goiter  is 
(1)  palliative  and  (2)  operative. 

Palliative  treatment  includes  the  following  measures: 
(1)  The  use  of  pure  drinking  water;  (2)  systematic 
rest;  (.3)  drugs;  (a)  laxatives,  (6)  intestinal  antiseptics, 
and  (c)  specific  thyroid  medication  (thyroid  extract, 
iodine,  serum);  (4)  x-ray,  radium,  etc.  Early  cases 
of  diffuse  goiter  are  amenable  to  appropriate  medical 
treatment.  Kocher  considers  iodine  the  one  reliable 
drug  in  its  management.  Nodular  goiter  is  unin- 
fluenced by  any  known  medical  treatment.  Realiz- 
ing that  all  simple  goiters  are  potentially  toxic  it 
should  be  our  aim  to  arrest  further  thyroid  growth 
and  to  prevent  the  development  of  toxic  symptoms. 
While  not  proper  to  take  it  up  here,  the  interesting 
and  highly  instructive  studies  of  Du  Bois  (Clinical 
Calorimetry,  Metabolism  in  Exophthalmic  Goiter, 
Archives  of  Internal  Medicine,  June,  1916)  in  exoph- 
thalmic goiter,  with  the  Sage  calorimeter,  should  be 
read  by  every  physician  interested  in  the  treatment 
of  thyroid  disease.  In  exophthalmic  goiter  there  is 
a  greater  increase  in  basal  metabolism  than  in  any 
other  disease,  while  in  cretinism  and  myxedema  it  is 
lower  than  in  any  other  condition. 

Operative  Treatment. — Indications  for  operation 
are  as  follows:  (1)  All  simple  goiters  -which  do  not 
respond  to  medical  treatment;  (2)  Nodular  goiters; 
(3)  goiters  producing  pressure  symptoms;  (4)  abnor- 
mally situated  goiters,  especially  those  which  project 
into  the  thorax;  (5)  goiters  developing  suddenly  and 
growing  rapidly;  (6)  painful  or  sensitive  goiters. 

Operation  is  contraindicated  when  serious  cardiac, 
pulmonary,  or  renal  disease  exists. 

The  following  surgical  procedures  are  employed 
in  the  treatment  of  simple  goiter:  (1)  excision  of  one 
lobe  and  the  isthmus;  (2)  enucleation  of  growths  or 
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cysts;    (3)    resection;    (4)    combined    methods;    (5) 
exenteration;  (6)  ligation  of  thyroid  arteries. 

The  most  useful  and  the  most  frequently  applicable 
operation  is  the  method  of  excision,  as  practised  by 
Kocher.  Enucleation  can  be  recommended  in  selected 
instances,  for  the  removal  of  single  encapsulated 
growths  or  cysts.  Resection  is  indicated  in  large 
diffuse  goiters,  when  for  curative,  as  well  as  cosmetic 
reasons,  the  removal  of  one  lobe  is  not  sufficient. 
In  nodular  goiter,  involving  both  lobes  of  the  gland, 
excision  of  one  lobe,  with  enucleation  of  the  growths 
in  the  other  lobe,  or  enucleation — resection  of  both 
lobes,  is  the  method  generally  employed.  Exentera- 
tion is  practised  in  inflamed  or  deeply  seated,  or  inaces- 
sible  growths,  where  complete  removal  is  unwise  or 
r  impossible.  It  may  be  followed  by  profuse  hemor- 
rhage, and  is  never  resorted  to  when  other  methods 
are  applicable.  Ligation  of  the  thyroid  arteries 
alone  is  rarely  ever  done  in  cases  of  simple  goiter, 
as  the  more  radical  operations  can  usually  be  carried 
out. 


Fig.  4776. — Congenital  Goiter  with  Marked  Evidences  of  Hypo- 
thyroidism. 

Under  no  circumstances  should  the  whole  thyroid 
gland  be  removed.  Every  effort  should  be  made  to 
preserve  the  parathyroid  glandules.  The  removal  of 
too  much  or  all  of  the  gland  will  be  followed  by 
myxedema,  and  if  the  parathyroids  are  removed  at 
the  same  time  tetany  and  death  will  ensue.  The 
choice  of  the  anesthetic  in  simple  goiter  need  cause 
no  debate,  for  operation  can  be  performed  safely 
with  any  of  the  well-established  methods.  The 
selection  of  an  anesthetic  in  a  given  case  will  depend 
on  the  "idiosyncrasy  of  the  surgeon,  rather  than  that 
of  the  patient."  Ether  is  the  anesthetic  of  choice. 
Local  anesthesia,  intratracheal-insufflation  anesthesia, 
or  oil-ether  rectal  anesthesia  may  be  indicated  in 
special  cases.  An  injection  of  morphine  and  atro- 
pine, or  morphine  and  scopolamine,  should  always 
be  given  as  a  preliminary  to  anesthesia  in  goiter 
operations. 

Operation. — The  patient's  head  should  be  raised 
somewhat  and  extended,  in  order  to  render  the  goiter 
])riimincnt.  The  low  curved  "collar"  incision  of 
KcH'hcr  gives  a  good  approach  to  the  thyroid  gland 
and  is  followed  by  the  best  cosmetic  result.  The 
skin  and  platisma  are  turned  up  and  the  sternohyoid, 
sternothyroid,  omohyoid,  and  sternomastoid  muscles 
are  expo.sed.  The  sternohyoid  and  sternothyroid 
muscles  are  bluntly  separated  in  the  midline  and  are 


retracted  laterally.  It  is  seldom  necessary  to  cut 
them,  but  when  it  is  required,  in  order  to  obtain  more 
room,  they  should  be  divided  high,  .so  as  not  to  inter- 
fere with  their  nerve  supply.  The  loose,  fibrous 
capsule  of  the  thyroid  gland  is  opened  and  peeled 
away,  carefully  avoiding  injury  to  the  large  veins, 
which  enter  the  gland.  The  affected  lobe  is  dislocated 
and  brought  up  into  the  wound.  The  superior  thyroid 
vessels  are  next  identified  and  securely  ligated.  The 
lobe  is  pulled  over  toward  the  other  side  of  the  neck. 
Next  locate  and  ligate  the  inferior  vessels,  carefully 
avoiding  injury  to  the  recurrent  laryngeal  nerve. 
In  order  to  lessen  the  chance  of  removing  or  damaging 
the  parathyroids,  the  posterior  capsule  should  be 
incised,  stripped  off  and  left  in  place,  as  recommended 
by  Mayo.  _  Crush  and  tie,  or  lock  suture  the  isthmus, 
after  dividing  it,  in  order  to  prevent  bleeding  at  this 
point.  Ligate  all  bleeding  points,  suture  separated 
or  cut  muscles,  and  drain  the  wound  with  a  cigarette 
or  tube  drain,  for  forty-eight  hours.  In  closing  the 
wound,  accurately  bring  together  the  edges  of  the 
platysma  with  fine  catgut  and  suture  the  skin  with 
fine  silk,  linen,  or  horsehair.  After  operation  the  pa- 
tient's head  should  be  supported  on  pillows  in  order 
to  lessen  the  strain  on  the  neck  wound.  Give  water 
freely.  After  forty-eight  hours  dress  the  wound  and 
remove  the  drain.  The  patient  can  then  be  allowed 
to  sit  up  out  of  bed,  unless  there  is  some  contra- 
indication. 

The  mortality  in  operations  for  simple  goiter,  in  the 
hands  of  experienced  surgeons,  is  insignificant;  it  is 
probably  not  more  than  one  per  cent.  A  goiter 
will  occasionally  recur.  "  Recurrence  depends  on 
whether  the  operator  has  removed  the  factors  which 
influence  the  growrth  of  the  tumor"  (Kocher).  On  the 
whole  the  results  of  operation  are  most  satisfactory. 
Edward  W.  Peterson. 


Tics. — As  to  the  origin  of  the  word  tic,  it  is  thought 
probable  that  it  originated  in  the  sound  produced  by 
a  sudden  sucking  movement,  due  to  contraction  of 
the  tongue,  hence  came  into  use  to  express  a  sudden 
muscular  contraction  in  general. 

In  the  classification  of  the  various  involuntary 
muscular  movements,  considerable  confusion  has  pre- 
vailed and  especially  has  there  been  confusion  between 
the  terms  tic  and  spasm.  The  word  spasm  implies 
particularly  a  drawing  or  contraction  and  is  limited 
to  one  which  occurs  involuntarily.  Now  a  spasm  is 
the  result  of  the  action  of  a  single  muscle  or  of  a 
limited  group  of  muscles,  usually  supplied  by  a  single 
nerve  and  does  not  represent  a  definite  and  purposive 
reaction.  A  tic  on  the  contrary,  is  the  definite  motor 
response  of  a  group  of  muscles  not  always  of  the  same 
nerve  territory,  but  often  quite  complex,  and  making 
up  a  purposive  movement,  originally  voluntary,  but 
later  having  escaped  from  the  control  of  tlie  will. 
Spasm  is  due  to  some  irritation  either  central  or 
periplieral,  frequently  reflex.  Characteristic  of  tic  is 
the  element  of  compulsion  which  underlies  it.  Its 
victims  are  neurotics  par  excellence,  and  it  is  in  fact, 
quite  jjroperly  considered  as  a  psychoneurosis.  Tic 
occurs  almost  always  in  persons  having  a  neurotic 
inheritance  and  not  infrequently  appears  in  several 
generations.  For  its  production  a  particidar  mental 
make-up  seems  essential,  a  certain  infantilism  being 
noted  in  most  of  its  victims.  These  are  not  neces- 
sarily hysterics  or  neurasthenics  though  in  the  pro- 
duction of  the  abnormal  movement-s  a  feeling  of  irre- 
sistible impulse,  yielding  to  which  gives  the  greatest 
sense  of  relief,  wliile  resistance  is  accompanied  by 
a  feeling  of  great  ilistrcss,  plays  the  most  impor- 
tant part,  resembling  the  obsessive  idea  of  severe 
neurasthenia. 

Tlie  muscular  movement  in  tic  is  originally  a  defi- 
nite reply  to  some  need,  but  has  persisted  long  after 
tlie  need  for  it  has  ceased  to  exist.     For  instance,  a 
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forciijii  boilv  ill  the  eve  may  set  up  a  contraction  of 
the  Uel,  which  is  a  natural  response,  and  in  the  normal 
in.lividual  ceases  with  the  removal  of  the  foreign 
botlv  and  the  relief  of  the  resulting  conjunctivitis;  in 
the  future  tiqueur,  however,  the  winking  persists  long 
after  the  need  for  it  has  passed  away,  hence  becomes 

"  A^'  Charcot  has  put  it,  "The  complex  movement 
of  the  tic  is  not  absurd  in  itself.  It  is  absurd  and 
illogical  when  it  occurs  without  need  or  apparent 
motive;  as  for  instance  a  scratching  movement  when 
there  is  no  itching,  a  winking  when  tlicrc  is  no  foreign 
body  While  the  original  movements  are  complex, 
automatic,  phvsiological  in  nature,  and  adapted  to  an 
end,  those  of  the  tic  may  be  regarded  as  a  caricature 
of  the  natural  acts  and  gestures."        .  .      ^,  , 

It  is  hence  evident  that  in  its  origin,  the  motor 
manifestation  of  the  tic  is  under  the  influence  of  the 
will  though  this  may  be  difFicult  to  demonstrate  as  the 
victim  mav  have  forgotten  how  it  started  or  cannot 
describe  its  mechanism.  Again,  in  time,  the  move- 
ment may  have  become  distorted  though  upon 
analysis,  its  essential  traits  can  perhaps  be  brought 

For  example,  a  tight  and  frayed  collar  irritates  the 
neck  at  one  point,  the  neck  is  drawn  to  the  other  side, 
a  plain  defense  reaction.  Now  the  subject  having 
experienced  the  irritation  wishes  to  avoid  it,  he  in- 
clines the  head  to  the  opposite  side,  a  voluntary 
movement.  This  is  no  tic,  but  it  may  become  one 
in  a  person  predisposed.  How?  Another,  non-irri- 
tating collar  is  put  on  the  next  day.  The  subject 
wishing  to  learn  whether  the  irritation  is  still  present, 
presses  his  neck  against  its  former  site  and  withdraw;s 
It.  There  is  no  longer  any  reason  to  repeat  this 
gesture  and  the  normal  person  represses  it  by  an  act 
of  the  will.  Not  so  the  candidate  for  tic;  he  tries 
out  over  and  over  again  the  pressure,  then  the  defense 
movement,  until  by  strong  enough  pressure  he  has 
produced  the  original  sensation  and  cut  it  short  by 
making  the  corrective  movement.  In  time  he  forgets 
the  original  cause  though  reiterating  the  movement 
which  has  become  a  habit  and  automatic.  "Logical 
yesterday,  superfluous  to-day.  This  is  a  tic"  (Meige 
and  Feindel). 

In  the  causation  of  tic,  the  mental  make-up  of  the 
individual  plays  a  most  important  role.  The  tiqueur 
belongs  to  the  class  of  the  "ill-balanced"  (dfeequili- 
br6s)  and  presents  a  certain  infantilism  of  character. 
He  is  usually  the  child  of  too  tender  or  too  severe 
parents,  has  never  learned  proper  self-control  and 
shows  a  certain  motor  as  well  as  mental  instability. 
He  cannot  keep  still,  but  is  constantly  making  some 
unnecessary  movement.  His  affectivity  is  high,  he 
is  often  timid  and  afraid  of,  or  having  a  repulsion  for 
certain  persons,  or  of  an  exaggerated  tenderness,  espe- 
cially to  animals.  A  tendency  to  obsessive  ideas  is 
found  in  many  tiqueurs.  The  tic,  in  fact,  shares  with 
the  obsession,  the  characters  of  "irresistibility,  con- 
comitant anguish  and  relief  after  yielding  and  ac- 
complishment of  the  act." 

There  may  be  other  mental  peculiarities,  ranging 
all  the  way  to  pronounced  defect.  In  the  feeble- 
minded tic-like  movements  are  common  enough.  It 
would  be  an  error,  however,  to  think  that  all  tiqueurs 
are  defective  in  intelligence,  for  many  are  very  bright. 
It  has  been  already  indicated  that  some  local  irritation 
may  be  the  exciting  cau.se  of  tic,  but  this  is  not  always 
easy  to  trace  and  sometimes  the  patient  fabricates 
one,  consciously  or  unconsciously.  Tics  may  appear 
at  any  age  though  puberty  is  a  favorite  time  for  their 
outbreak.  Sex  has  no  influence.  Trauma,  infectious 
diseases  and  intoxications  may  sers^e  as  the  occasion 
of  the  beginning  or  of  the  disappearance  of  a  tic. 

Imitation  [)lays  a  great  role  in  the  predisposed, 
especially  in  children,  and  in  this  connection,  the  in- 
fluence of  ill-balanced  parents  or  educators  may  be 
very  disastrous.     Professions  demanding  the  frequent 
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repetition  of  the  same  movement  may  undoubtedly 
determine  the  localization  of  a  tic,  but  on  the  other 
hand,  "idleness  is  the  motherof  all  evils." 

Since  tic  is  a  psychoneurosis,  we  can  hardly  speak 
of  its  pathological  anatomy.  At  any  rate,  we  do  not 
know  one. 

Its  pathogeny  has  been  in  the  main  already  traced, 
though  it  may  be  added  that  the  adherents  of  the 
Freudian  school  have  naturally  not  neglected  to  assert 
that  the  motor  manifestations  of  tic  had  their  origin 
in  a  mental  conflict  between  unfulfilled  and  unhar- 
monized  desires,  long  since  forgotten  and,  of  course,  of 
a  .sexual  character,  through  a  process  of  "conversion" 
or  "substitution." 

The  motor  reaction  of  tic  may  be  of  tonic  or  of 
clonic  form.  The  clonic  contraction  is  quick  and 
sharp  and  is  followed  by  a  period  of  relaxation, 
though  cases  in  which  it  is  quite  slow  are  occasion- 
ally observed.  It  may  affect  the  muscles  of  the  face, 
the  neck  or  the  limbs  and  is  by  far  the  most  frequent 
form  of  tic. 

There  is  also  a  tonic  form  of  tic,  however,  the  best- 
known  localization  of  which,  is  in  the  muscles  of  the 
neck,  the  so-called  mental  torticollis'.  The  head  is 
drawn  toward  one  shoulder  and  is  held  in  this  position 
for  a  variable  period.  A  mental  trismus  has  also 
been  described.  A  study  of  these  tics,  has  shown  in 
their  origin,  similar  mental  factors  to  those  observed 
in  the  clonic  variety.  They  are  called  by  French 
authors  "attitude  tics." 

Tics  are  often  complicated  by  the  fact  that  the 
tiqueur  in  attempting  to  correct  one  tic  by  an  antago- 
nistic movement,  sets  up  another  tic,  so  that  he  may 
have  in  time  a  series  of  tics. 

The  movements  of  the  tic  after  being  repeated  a 
variable  number  of  times  cease  for  a  longer  or  shorter 
period,  then  to  recur.  This  period  varies,  not  only 
in  different  individuals,  but  in  the  same  individual, 
from  time  to  time.  The  movements  are  usually  in- 
creased by  emotions  or  by  fatigue,  while  attention  or 
distraction,  may  lengthen  the  period  between  accesses 
or  hold  them  in  check. 

A  patient  may  sit  quietly  through  a  theatrical  per- 
formance, a  child  may  tic  only  in  school,  etc.  The 
movements  cease  during  sleep. 

The  tic  movements  may  involve  but  one  muscle 
but  in  the  great  majority  of  instances,  a  number  of 
muscles  enter  into  play,  and  these  may  be  synergists 
or  antagonists.  The  attitude  tics  are  examples  of 
the  last.  It  is,  however,  the  movement  which  con- 
stitutes the  tic;  for  example,  in  patients  afflicted  with 
rotary  tic  of  the  head  due  to  contraction  of  the  sterno- 
mastoid,  the  movement  has  persisted  after  section  of 
this  muscle,  being  carried  out  by  the  other  rotator 
muscles.  The  location  of  the  tic  movement  may  vary 
from  time  to  time,  particularly  in  children. 

The  reflexes  are  unaltered  in  uncomplicated  tics, 
and  there  are  no  objective  changes  of  sensibility, 
though  sensations  of  fatigue  and  paresthesias  in  the 
affected  muscles  are  not  rare.  Vasomotor  and  secre- 
tory troubles  occur  not  infrequently  in  tiqueurs  as 
they  do  in  neurotics  in  general. 

Localization  op  Tics. — Naturally  it  is  impossible 
to  describe  all  possible  tics.  Those  of  the  face  are 
most  frequent  and  distressing  since  in  no  part  of  the 
body  is  the  functional  play  of  the  muscles  more 
varied.  Thus  we  have  mimic  tics  of  the  face,  tics 
of  the  ear,  winking  tics  and  tics  of  the  lids,  tics  of  the 
orbital  muscles,  snuffling  tics,  sucking  tics,  licking 
tics,  tics  of  mastication,  biting  tics. 

Of  tics  of  the  neck,  there  are  head-shaking  tic, 
"affirmation  tic,"  "negation  tic,"  "salaam  tic,' 
torticollis  tic  (mental  torticollis),  of  tics  of  the  shoul- 
der and  arm,  scratching  tic,  of  the  lower  extremities 
walking  tic,  jumping  tic,  etc. 

There  are  also  spitting  tics,  tics  of  deglutition, 
eructation   tic,    vomiting    tic,   erophagous   tic,    etc., 
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etc.  In  connection  with  the  apparatus  of  respira- 
tion and  phonation,  we  find  also  certain  phe- 
nomena allied  to  tic.  Such  are  sudden  involuntary 
exclamations  such  as  "ah,"  "oh,"  "hum"  as  well  as 
the  sudden  repetition  by  the  patient,  of  words  or 
sounds  produced  in  his  presence  (echolalia),  while  a 
specially  distressing  phenomenon  is  the  sudden  and 
involuntary  shouting  out  of  some  obscene  or  offensive 
expression,  "coprolalia."  These  manifestations,  fre- 
quently accompany  the  movements  of  some  other  tic. 

There  are  also  language  tics,  and  some  forms  of 
stammering  have  a  tic-like  character.  The  produc- 
tion of  these  sounds  is,  however,  observed  not  infre- 
quently in  the  insane,  and  may  be  due  to  some  delu- 
sional idea.  Tics  begin,  as  a  rule,  insidiously.  It  is 
noticed  that  the  victim  is  repeating  a  movement  al- 
ways the  same  without  any  reason.  The  movements 
may  spread  up  to  a  certain  point  and  then  persist. 
The  most  extreme  development  of  tic  is  found  in 
Gilles  de  la  Tourette's  disease  (or  "maladie  des  tics") 
in  which,  the  involuntary  movements  beginning  at  an 
early  age  (usually  at  seven  or  eight  years)  generally 
in  the  face,  spread  until  a  large  number  of  the  muscles 
of  the  body  are  involved,  while  in  the  majority  of 
cases,  there  is  eventually  coprolalia,  less  frequently 
echolalia.  In  this  disease  the  mental  defect  is  very 
apparent  and  may  reach  the  degree  of  dementia. 

An  affection  having  certain  relationships  with  tic 
and  Gilles  de  la  Tourette's  disease,  but  differing  from 
them  in  the  "irregularity  of  its  evolution  the  poly- 
morphism of  its  manifestations,  and  the  inconstancy 
of  its  duration,"  is  the  "variable  chorea"  of  Brissaud, 
which  differs  from  ordinary  chorea  in  the  characters 
just  mentioned  and  is  always  found  in  the  men- 
tally unstable  hence  the  appellation,  "chorea  of 
degenerates." 

,4s  a  counter  to  different  tics,  various  maneuvers 
are  resorted  to  by  the  victims.  These  latter  again 
acquire  the  character  of  tic,  hence  the  complexity  of 
movements  in  advanced  cases.  As  complications, 
various  injuries  arising  from  the  tic  are  found;  for 
instance,  excoriations  in  scratching  tics,  mutilation 
of  the  fingers  in  nail  biting  tic,  hypertrophy  of  the 
lips  in  licking  tics,  etc. 

DiAGNCsis. — Stereotypy. — A  movement  which  is  con- 
stantly being  made  becomes  in  time  habitual  and  un- 
conscious, hence  is  called  "stereotyped."  No  one  is 
entirely  free  from  stereotyped  movements  but  they 
are  by  far  mo.st  common  among  the  insane,  in  whom 
they  arise  originally  from  some  delusional  idea,  but 
persist  even  after  this  idea  has  disappeared.  There 
are  stereotypies  of  movement  and  stereotypies  of 
attitude.  Stereotyped  movements  are  never  con- 
vulsive in  character  and  are  automatic,  not  preceded 
by  a  feeling  of  irresistible  need  and  not  followed  by 
a  sense  of  relief  as  are  tics.  They  may  be  considered  in 
many  instances  as  defense  reactions. 

Spasm. — The  general  points  of  difference  between 
tic  and  spasm  have  already  been  pointed  out.  To 
recapitulate  briefly:  The  movements  of  spasm  are 
usually  quick,  like  the  reaction  of  a  muscle  to  the 
electric  current,  they  are  not  functionally  adapted, 
but  as  a  rule  are  confined  to  a  certain  nerve  territory. 
They  cannot  be  controlled  by  distraction,  by  atten- 
tion or  by  an  effort  of  the  will,  nor  are  they  modified 
by  emotions  as  are  those  of  tic.  They  are  not  pre- 
ceded by  an  imperative  need  nor  followed  by  a  sense 
of  relief.  In  the  great  majority  of  cases  they  persist 
during  sleep,  while  those  of  tic  always  cease. 

_  It  is  specially  important,  often  extra  difficult,  to 
distinguish  between  spasm  of  the  face  and  neck 
muscles  and  tic.  A  careful  consideration  of  the  men- 
tal make-up  of  the  patient  as  shown  in  his  family 
history  and  personal  history,  followed  by  a  thorougli 
search  for  anatomical  causes  of  spasm,  with  a  considera- 
tion of  the  points  of  distinction  mentioned  above, 
should  put  the  physician  on  the  right  track,  but,  there 


will  still  remain  cases  in  which  the  diagnosis  may  be 
long  in  doubt.  The  so-called  convulsive  tic  is  really 
a  spasm  of  the  face. 

Chorea. — Chorea  is  particularly  a  disease  of  child- 
hood, but  tic  also  may  begin  at  an  early  age.  Char- 
acteristic of  the  movements  of  chorea  are  their  irregu- 
larity. "Tic  is  a  formed  movement  chorea  is  an 
amorphous  movement"  (Oddo).  For  instance  in 
chorea,  extending  the  arm  in  space  does  not  represent 
a  gesture,  but  the  limb  pursues  a  serpiginous  course 
interrupted  by  unforeseen  deflections.  In  tic  the  con- 
tractions are  adapted  to  a  definite  gesture.  The  onset 
of  chorea  is  different  from  that  of  tic,  in  it  the  obsessive 
phenomena  are  wanting,  while  the  joint  involvement 
and  heart  murmurs  often  present  in  chorea  play  no 
part  in  tic.  Huntington's  chorea  is  little  likely  to  be 
confounded  with  tic,  though  it  may  be  confused  with 
Brissaud's  variable  chorea.  The  steady  mental 
deterioration  should  distinguish  it  from  tic. 

In  hysteria,  both  rhythmic  and  arrhj^ihmic  move- 
ments are  not  so  rare,  but  the3^  resemble  chorea  rather 
than  tic. 

In  double  athetosis  there  are  sometimes  mimic  move- 
ments, but  careful  study  of  the  case  should  prevent 
their  confusion  with  tic.  The  so-called  professional 
spasms  differ  from  tic  in  that  they  are  directly  con- 
nected with  some  act  habitually  performed  in  the 
patient's  vocation. 

Progxosls. — "The  prognosis  of  a  tic  depends  en- 
tirely upon  the  mental  state  of  the  subject  who  is 
afflicted  with  it"  .  .  .  .  "The  degree  of  imper- 
fection of  the  will  determines,  the  duration,  the  in- 
tensity, the  tenacity  of  a  tic"  (Meige  and  Feindel). 
Certain  tics  do  disappear  permanently,  but  only  in  a 
small  minority  of  cases.  Left  to  himself,  the  tiqueur 
but  rarely  recovers.  Nevertheless,  tic  does  not 
threaten  life.  In  children  the  prognosis  is  in  general 
better,  since  it  is  by  strength  of  will  that  a  cure  is  to  be 
effected  and  in  early  life  there  is  a  better  chance  of 
cultivating  this.  There  is  the  possibility  of  ameliora- 
tion if  not  of  cure,  even  in  adults  however. 

Treatment. — Since  prevention  is  better  than  cure, 
all  children  of  nervous  heredity  should  be  carefully 
watched  for  the  first  developments  of  movements  of 
grimacing  or  abnormal  gestures  which  are  to  be  firmly 
repressed.  Bad  habits  of  eating,  holding  the  knife 
and  fork,  improper  positions,  etc.,  should  be  corrected 
and  the  child  taught  proper  control  of  his  muscular 
movements. 

Naturally  all  sources  of  reflex  disturbance  should  as 
far  as  possible  be  removed.  Since  tic  is  a  psychic 
trouble,  medicinal  treatment  is  naturally  of  little 
value  other  than  as  an  adjuvant.  The  physical 
measures  of  treatment  such  as  mild  hydrotherapy, 
massage  and  exercises  of  the  affected  muscles  and 
especially  change  of  climate  and  scene  are  better 
adapted  to  this  role  than  drugs.  Surgical  treatment 
is  mainly  unsuccessful,  since  when  muscles  are  cut  the 
movements  are  generally  taken  up  by  those  left  intact. 
"  .\s  long  as  one  limits  himself  to  considering  only  the 
external  manifestations  of  the  tic,  he  opposes  to  it  an 
insufficient  therapy."  ".\s  soon  however  as  the  rela- 
tion between  the  movements  and  the  mental  state  of 
the  subject  is  recognized,  a  rational  treatment  logically 
suggests  itself."  To  Brissaud  we  owe  the  treatment 
of  tics  by  "the  discipline  of  immobility  and  of  move- 
ment," upon  command.  The  two  proceedings  em- 
ployed are  "The  immobilization  of  movements  and 
movements  of  immobility."  In  general  the  tiqueur 
is  made  to  practice  appropriate  exercises  under  regu- 
lated conditions.  He  is  taught  to  preserve  immobility 
for  a  period  of  time  beginning  at  a  few  seconds  and 
gradually  raised  to  five  or  six  minut.es.  This  at  first, 
while  in  an  attitude  most  favorable  to  immobility,  but 
later  the  position  of  the  head,  tnink.  and  limbs  is  varied 
until  the  patient  can  keep  quiet  in  any  position,  or 
while   walldng,  using   the   arms,  hands,  etc.     Next, 
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commencing  with  simple  movements,  the  subject  is 
taught  t<.  perform,  slowly  and  correctly  more  or  less 
complex  movements  of  the  muscles,  particularly  <>t 
those  of  the  affected  region.  The  seances  should  be 
from  three  to  sL\  a  dav,  always  at  tlie  same  hour.  At 
lea-st  one  of  these  should  be  dircitcd  by  the  physician, 
while  the  patient  should  in  liis  absence  work  before  a 
mirror.  The  daily  life  of  tlie  subject  should  be  regu- 
lated, hour  bv  hour,  for  everj-thing  depends  upoii 
the  acquirement  of  habits  of  promptness,  order,  and 
discipline.  .  ■  4.    e 

The  exercises  should  never  be  carried  to  the  point  ot 
fatigue.  Cestures  antagonistic  to  those  of  the  tic  may 
sometimes  be  prescribed  with  advantage.  Isolation 
may  be  required  for  a  time,  in  rebellious  cases. 
Psychoanalysis  mav  sometimes  throw  liglit  upon  the 
geiiesis  of  the  tic,  \vhich  may  be  useful  in  planning  the 
treatment,  througliout  all  of  which  it  is  evident  that 
psychotherapy,  chiefly  as  reeducation  and  reintegra- 
tion, must  play  the  main  role. 
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Tin,  Poisoning  by. — The  soluble  salts  of  tin  are 
irritant  poisons,  agreeing  in  this  respect  with  the  same 
compositions  of  various  other  metals.  They  give 
ri.<e  to  acute  metallic  poi.soning,  agreeing  most  closely 
with  that  induced  by  lead  salts.  Like  the  latter  they 
also  attack  the  central  nervous  system.  But  since 
salts  of  tin  are  not  used  in  medicine  or  pharmacy 
and  do  not  occur  in  household  supplies,  cases  of  tin 
poisoning  are  of  extremely  infrequent  occurrence, 
cither  from  accident  or  suicidal  intent.  Neither 
does  tin  cause  industrial  poisoning,  and  a  condition 
of  stannisin.  possible  in  theory,  is  not  known  to  exist. 
We  know  little  about  tin  poisoning  as  an  element  of 
toxicology,  nothing  of  any  special  symptomatology 
or  special  indications  for  treatment,  nor  of  lethal 
dosage.  If  confronted  with  a  supposed  case  the 
management  should  be  limited  to  general  measures 
u.sed  m  other  kinds  of  metallic  poisoning — emetics, 
milk  or  whites  of  eggs,  alkalies,  etc. 

The  subject  of  poisoning  by  canned  foods,  however, 
is  bound  up  Lirgely  with  the  possibility  of  poisoning 
by  relatively  .small  amounts  of  tin  salts.  Alleged 
cases  of  such  intoxication  are  not  rare  and  a  very 
large  amount  of  work  h.as  been  done  in  the  laboratory 
and  animal  experiment,  to  determine  the  percentage 
of  tin  in  wholesome  canned  foods,  the  tolerance  of 
animals  swallowed  tin  and  allied  subjects.  One  is 
impressed  with  the  fact  that  nearly  all  attempts  to 
show  the  toxicity  of  small  amounts  of  tin,  such  as 
occur  or  might  occur  in  food,  have  either  negative 
or  indecisive  results.  It  has  been  shown  that  per- 
fectly whf)lesome  canned  foods  may  contain  any 
amount  of  tin,  up  to  three  grains  for  each  pound  of 
food  analyzed.  Evidently  the  tin  in  canned  food  is 
not  prejudicial  to  health,  yet  sometimes  cases  have 
occurred  which  seem  to  show  the  contrary.  A 
German  physician  reported  that  on  one  occasion  he 
ate  1.50  grams  of  canned  herring  and  suffered  for 
nearly  a  week  with  bowel  troubles — pain,  distended 
stomach  and  cardiac  oppression.  An  analysis  of  an 
equal  amount  of  the  herring  showed  the  presence  of 
more  than  two  grains  of  soluble  tin. 
_  Alleged  cases  of  tin  poisoning  have  been  explained 
in  various  ways,  apart  of  course  from  the  possibility 
of  ptom.aine  or  other  food  poisoning.  The  lead  for- 
merly present  as  an  impuritv  in  the  plate  tin  and 
present  in  the  solder  has  often  been  accused,  but  for 
some  years  the  tin  plate  in  use  is  said  to  have  been 
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free  from  lead,  and  the  solder  alone  could  hardly 
cause  lead  poisoning  because  of  its  universal  occurrence. 
At  one  time  can  solder  is  said  to  have  contained  tin 
salts,  but  this  risk  doubtless  no  longer  obtains. 
Another  factor  in  tin  poisoning  as  alleged  is  the  pos- 
sibility that  acids  of  certain  kinds  and  sufficient 
amounts  can  attack  the  tin  of  the  tin  plate  and  dis- 
solve it.  For  this  reason  canned  preserves  are 
perhaps  more  feared  than  canned  meats  and  vege- 
tables. Lactic,  citric  and  tartaric  acids  have  been 
mentioned  especially  in  this  connection,  and  doubtless 
acidulated  foods  should  not  be  put  up  in  tins.  It  is 
generally  admitted,  however,  that  with  proper  pre- 
cautions tin  poisoning  can  hardly  result  from  eating 
canned  foods.  The  very  numerous  cases  of  poison- 
ing from  the  consumption  of  such  foods  mu.st  there- 
fore come  under  the  head  of  ptomaine  or  alimentary 
intoxication.  Edward  Preble. 


Tincturae. — The  word  tincture  (tinciura)  applies 
pre-eminently  to  the  fluid  preparations  that  result 
from  treating  vegetable  drugs  with  alcohol  strong  or 
diluted.  Since  alcohol  is  a  potent  solvent  of  organic 
coloring  substances,  such  tinctures  are,  in  the  majority 
of  instances,  darkly  colored,  whence  the  name.  Two 
ammoniated  tinctures  are  made  with  aromatic  spirit 
of  ammonia,  one  contains  acetic  acid,  and  several  have 
glycerin.  Tinctures  of  vegetable  and  animal  drugs 
form  a  well-defined  class,  presenting  the  following 
characteristics:  1.  They  are  comparatively  strong, 
from  the  fact  that  alcohol  is,  generally,  a  powerful 
solvent  of  medicinal  principles.  Hence  the  dose  of  an 
organic  tincture  rarely  exceeds  a  teaspoonful,  and  may 
be  but  a  very  few  drops  only.  2.  They  keep  xvell, 
because  of  the  preservative  effect  of  the  alcohol  which 
is  their  basis.  3.  They  iasle  less  disagreeable  than 
watery  preparations  of  the  same  drug.  4.  Because  of 
their  alcohol  basis,  tinctures  deliver  in  much  smaller 
drops  than  aqueous  preparations — a  point  to  be 
remembered  in  prescribing  the  dose  of  a  tincture  in 
drops.  5.  Such  tinctures  as  contain  resinous  bodies, 
as,  for  instance,  tincture  of  myrrh,  will  precipitate  on 
admixture  with  water.  Besides  the  more  common 
tinctures  of  vegetable  drugs,  the  United  States 
Pharmacopoeia  establishes,  under  the  title  of  tincture, 
alcoholic  solutions,  respectively,  of  chloride  of  iron, 
and  of  iodine.  Most  of  the  official  tinctures  are  of 
the  strength  of  either  ten  per  cent,  or  twent}'  per 
cent.;  there  are  a  few  exceptions.  In  the  following 
list  the  number  placed  after  each  gives  the  number  of 
grains  of  the  drug  corresponding  to  each  cubic  centi- 
meter of  the  tincture:  Tinctura  aconiti  10,  T.  aloes 
10,  T.  arnicae  20,  T.  asafetida;  20,  T.  aurantii  amari 
20,  T.  aurantii  dulcis  50,  T.  belladonna;  foliorum  10, 
T.  benzoini  20,  T.  benzoini  composita  10,  T.  calumbse 
20,  T.  cannabis  10,  T.  cantharidis  10,  T.  capsici  10, 
T.  cardamom!  10,  T.  cardamomi  composita  2,  T. 
cinchona;  20,  T.  cinchonfe  composita  10,  T.  cinna- 
momi  20,  T.  colchici  seminis  10,  T.  digitalis  10,  T. 
ferri  chloridi  3,5,  T.  gambir  composita  50,  T.  gelsemii 
10,  T.  gentinae  composita  10,  T.  guaiaci  20,  T.  guaiaci 
ammoniata  20,  T.  hydrastis  20,  T.  hyoscvanii  10, 
T.  iodi  7,  T.  kino  10,  T.  lactucarii  50,  T.  lavandute 
composita  0.8,  T.  limonis  corticis  50,  T.  lobeliae  10, 
T.  moschi  5,  T.  myrrhae  20,  T.  nucis  vomicie  10, 
T.  opii  10,  T.  opii  camphorata  0.4,  T.  opii  deodorati 
10,  T.  physostigmatis  10,  T.  pyrethri  20,  T.  quassiae 
20,  T.  rhei  20,  T.  rhei  aromatica  20,  T.  sanguinariae 
10,  T.  scillse  10,  T.  stramonii  10,  T.  strophanthi  10, 
T.  tolutana  20,  T.  Valerianae  20,  T.  Valerianae  am- 
moniata 20,  T.  veratri  viridis  10,  T.  zingiberis  20. 
R.  J.  E.  Scott. 


Tineas,  The. — There  are  included  under  the  gen- 
eral term  of  Tinea  several  diseases  of  the  skin,  both  of 
the  hairy  and  the  non-hairy  parts,  caused  by  the  para- 
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sitic  action  of  various  kinds  of  fungi  belonging  to  the 
order  of  Hyphnmycetes  or  mould  fungi.  These  fungi 
have  an  affinity  for  the  keratinized  portions  of  the 
skin  and  its  appendages — hair,  nails,  and  epidermis. 
They  attack  these  structures  in  man  and  some  of  the 
loner  animals  (horses,  dogs,  cats,  birds),  and  infec- 
tion in  the  former  can  often  be  traced  to  the  latter 
source. 

Although  these  moulds  thrive  best  upon  the  surface 
of  the  skin,  certain  varieties  sometimes  penetrate  be- 
yond the  superficial  horny  structures  into  the  corium 
or  subcutaneous  tissues,  causing  the  so-called  kerion 
and  hyphomycetic  granidomala. 

In  all  of  the  various  diseases  caused  by  these  fungi 
they  may  be  readily  detected  by  the  following  pro- 
cedure: A  small  piece  of  crust,  scales,  hair,  a  drop  of 
pus,  or  the  top  of  a  vesicle  is  placed  in  a  few  drops  of 
liquor  potassii  or  a  weak  solution  of  caustic  soda  upon 
a  glass  slide  and  allowed  to  remain  for  a  few  moments; 
a  cover-glass  is  then  pressed  gently  over  it.  (When 
crust  or  epidermis  is  examined,  it  is  important  to  lay 
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the  fragment  with  its  deep  surface  upward  on  the 
slide.)  A  one-seventh  objective  and  low  eyepiece 
will  disclose  the  conidium  or  spores  and  the  mycelium 
or  threads,  which  vary  in  their  size,  shape,  and  arrange- 
ment according  to  the  variety  of  the  fungus  to  which 
they  may  belong.  The  spores  are  seen  as  small  round 
or  oval  bodies  or  small  sciuare  or  oblong  bodies;  and 
the  mycelia  as  long,  sharply  defined,  narrow  tubes 
which  fork  or  branch  in  various  directions. 

Tinea  favosa  or  favus,  is  a  contagious  and  very 
chronic  di.sease  of  the  hairy  and  non-hairy  parts,  due 
to  the  action  of  the  fungus,  Achorion  schdnleinii, 
which  causes  the  formation  of  cup-shaped  yellow 
crusts  about  the  hairs,  and  subsequent  atrophy  and 
baldness  of  the  part. 

The  most  common  location  for  favus  is  upon  the 
scalp,  but  any  portion  of  the  integument  may  be  at- 
tacked. The  nails  especially  arc  not  infrequently  in- 
volved by  secondary  inoculation  from  tlie  scalp.  The 
disease  is  rarely  contracted  after  childhood,  and  is  .said 
to  be  more  frequent  in  males.  It  is  usually  seen  in 
this  country  (United  States  of  .\mcrica)  among  the 
poorer  classes  of  foreigners,  especially  in  Polish, 
Russian,  German,  and  Italian  cliildren. 


The  fungus  gains  access  to  the  scalp  generally 
through  direct  contagion  from  another  child,  or  from 
one  of  the  pet,  domestic  animals,  and  shows  its  pres- 
ence there  by  causing  a  superficial,  slightly  red,  scaly 
patch,  which  slowly  changes  its  aspect  until  it  pre- 
sents, at  several  of  the  follicular  openings,  a  small 
yellow  point  pierced  in  its  center  by  a  hair.  These 
points  gradually  increase  in  size  and"  develop  into  the 
"cups,"  crusts,  or  scutula,  characteristic  of  the  disease. 
They  vary  in  size,  but  at  an  early  stage  show  the 
scooped-out  or  cup-shape,  which  is  produced  by  the 
luxuriant  growth  of  the  fungus  at  the  mouth  of  the 
follicle  and  the  rapid  increase  and  piling  up  of  its  ele- 
ments and  tissue  debris  at  the  peripheral  portion  in  a 
uniformly  concentric  manner.  The  convex  or  under 
surface  of  the  scutula  is  rather  firmly  attached  to  the 
skin,  at  the  mouths  of  the  follicles,  and  when  removed 
discloses  an  oozing,  slightly  excavated  and  reddened 
surface.  If  the  crusts  are  allowed  to  remain  for  a 
sufficient  length  of  time  the  surface  upon  which  they 
rest  becomes  atrophic,  white,  and  permanently  bald. 
The  yellow  color  of  the  crusts  may,  from  the  admixture 
of  foreign  material,  become  correspondingly  modified. 
.\s  the  disease  progresses  new  foci  of  infection  may 
appear  or  the  initial  patch  may  spread  peripherally, 
and  as  the  scutula  increase  in  size  and  numbers, 
they  join  each  other,  producing  diffuse,  "mortar-like 
masses,"  often  extending  over  a  large  surface.  When 
this  occurs  a  peculiar  mouse-nest  odor  is  apparent. 

The  hairs  are  involved  very  early  in  the  di.sea.se; 
their  nutrition  is  interfered  with  by  the  mechanical 
influence  of  the  mass  in  the  follicle,  and  bv  the  direct 


Fio.  477S. — AficTosporon  audouini  (.Small-spore  Fungus)  in  Hair. 

(Engman.) 

parasitic  action  of  the  fungus  which  grows  upon  the 
shaft  and  in  the  medulla,  with  the  result  that  the 
hairs  become  lusterless,  friable,  brittle,  and  break  off 
or  fall  out.  When  the  stumps  are  of  sufficient  length 
a  frosted  or  peculiar  powdered  effect  is  often  seen  in  a 
reflected  hght,  due  to  access  of  air  into  the  split-up 
shaft. 

The  disease  is  generally  slow  in  its  progress,  and 
varies  in  different  climates  and  different  individuals 
in  the  rapidity  of  its  extension  and  growth.  The 
fungus,  having  gained  access  to  the  follicle,  increases 
proportionately  to  the  fertility  of  the  soil,  and  pro- 
duces the  favus  scutulum,  varying  in  size  from  a  pea 
to  a  silver  dime,  the  presence  of  which  by  its  pressure 
and  probably  by  the  toxicity  of  the  organism  causes 
a  mild  inflammation.  This  inflammation  and  the 
mechanical  pressure  of  the  soitulum,  if  long  continued, 
produce  an  atrophy  of  tlie  tissues,  the  contraction  of 
which  loosens  the  crust  and  it  is  then  cither  knocked 
or  ca.st  off,  leaving  a  pinkish-white  atrophic  surface, 
free  from  hair.  .\s  this  process  of  recent  infection  of 
new  and  atrophy  of  old  infected  follicles  is  continu- 
ously going  on,  a  patch  may  present  crusts  in  various 
stages  of  evolution,  with  atrophy  between  them. 

Favus  nf  the  non-hairy  parl.i  presents  the  same  essen- 
tial characteristics,  in  the  lanugo  hair  follicles,  as  upon 
the  scalp,  except  in  certain  cases  in  which  a  special 
variety  of  the  fungus  or  a  peculiar  condition  of  the  soil 
causes  alterations  similar  in  appearance  to  those  of 
tinea  circinata  (favus  k  l&ions  trichophytoides).  In 
neglected  cases  great  yellow  masses  maj'  be  scattered 
generallv  over  the  surface  of  the  body. 

Fariis'oflhc  nails  (Onychomycosis  favosa)  may  occur 
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in  two  forms:  in  one  a  scutuluin  is  formed  in  the  deep 
cells  of  the  nail,  and  is  distinRuished  as  a  small  yellow 
nia-fs  through  the  clear  nail  substance  above  it;  m  the 
other  variety  the  nail  plate  is  lusterless,  fissured, 
split,  and  raised  from  its  bed,  but  the  microscope  is 
necessary  to  confirm  the  diagnosis.  •    .  x, 

If  the"characteristics  of  favus  are  kept  m  mind  the 
diagnosis  is  not  difficult,  exeept  in  atypical  forms,  when 
it  is  necessary  to  demonstrate  tlie  fungus  in  the  scales 
in  order  to  ditTcrentiate  the  condition  from  certain 
types  of  eczema.  .     ,     ,  j.    ■  2.-        r 

'  The  distinguishing  microscopical  characteristics  ol 
the  favus  fungus  are  the  predominance  and  great 
variety  as  to  the  size  of  the  spores,  the  short  and  jointed 
appearance  of  the  mycelia,  and  the  ease  with  which 
tliey  break  up  into  single  cells  (Kaposi). 

Prognosis. — Favus  is  one  of  the  most  difficult  ol 
scalp  diseases  to  cure,  and  consequently  a  very  guarded  I 
prognosis  must  be  given;  months  and  often  years  an 
necessary  to  eirect  a  cure. 

Treatment. — The  indications  for  treatment  are  to  re- 
move the  crusts  with  a  sulphur  salve  or  carbolized  oil. 
to  resort  next  to  epilation,  and  then  immediately  after- 
ward to  apply  some  parasiticide,  which  should  be 
rubbed  vigorously  into  the  parts.  The  methods  of 
treatment  and  agents  recommended  are  innumerable. 
The  hairs  should  be  epUated  well  beyond  the  diseased 
area,  and,  whatever  remedy  be  selected,  it  should  be 
applied  immediately.  George  T.  Jackson  has  had 
good  results  in  both  ringworm  and  favus  with  iodine 
(one  dram  of  the  crystals  rubbed  up  in  an  ounce  of 
goo.sc  grease).  The  writers  have  been  encouraged  by 
the  results  obtained  from  the  thorough  application  of 
equal  parts  of  tricresol  and  alcohol  after  epilation. 
Sulphur,  chrysarobin,  pyrogallic  acid,  tar,  and  numer- 
ous other  parasiticides  have  their  advocates,  however. 
Many  of  them  will  prove  efficacious  in  conjunction 
with  epilation,  patience,  and  perseverance.  The  most 
encouraging  remedy  of  all  is  probably  that  of  radio- 
therapy. The  entire  scalp  should  be  denuded  of 
hair  after  the  method  of  Kienbock-Adamson.     This 


Fia.  4779. — Jlficrosporun  audouini  if9matl-.ipore  Fungus)  in 
Horny  Layer.  (Eyepiece,  three-fourth  inch;  objective,  one-twelfth 
inch;  oil  immen^ion.) 

consists  of  applying  the  epilating  dose  to  five  different 
areas  mapped  out  on  the  scalp.  A  very  slight  re- 
action occurs  and  when  the  procedure  is  properly 
carried  out  no  permanent  alopecia  results.  Upon  the 
glabrous  skin  favus  should  be  treated  as  ringworm 
(Tinea  circinata). 
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Tinea  Trichophytina. — Ringivorm. — The  presence 
of  the  ringworm  fungi  excites  upon  the  skin  several 
clinical  types  of  disease,  which  vary  in  their  symp- 
toms according  to  the  locality  attacked  and  the  va- 
riety of  the  fungus  concerned. 


Fig.  4780. — Micrnsporon      audouit 

i     (Small-spore    Fungus) 

le    Follicle   and    Hair.      (Eyepiece, 

two   inches;    objective,    c 

ghth  inch.) 

Formerly  the  ringworm  fungi  were  thought  to  be 
identical  until  Sabouraud  demonstrated  (and  his  ob- 
servations have  in  the  main  been  confirmed)  that  they 
should  be  divided  into  two  groups — a  small-spore 
(Microsporon)  and  a  large-spore  fungus  (Trichophyton 
or  Megalosporon).  The  latter  he  subdivides  into 
Megalosporon  ectnlhrix  and  Megalosporon  etidolhrix, 
according  to  whether  its  elements  lie  outside  {ectdlhrijc) 
or  in  the  shaft  of  the  hair  {endolhrix) ,  which  is  believed 
by  many  to  be  a  fanciful  division,  as  these  two  forms 
seem  to  be  "a  question  of  soil  rather  than  of  origin" 
(Crocker). 

The  micrcsporidia  are  distinguished  from  the  tri- 
chophytons, not  so  much  by  the  size  of  the  spores  as 
by  their  shape,  arrangement  and  mode  of  growth. 
The  spores  are  predominantly  round  or  ovoid;  they 
are  not  in  any  definite  arrangement.  The  felting  of 
mycelium  is  irregularly  jointed,  curved  and  branched. 
The  organism  attacks  the  hair  shaft  and  works 
downward  into  the  follicle. 

The  trichophyton  spores  are  square  or  oblong  in 
shape.  They  are  arranged  in  regular  chains  and  the 
mycelium  is  short  and  regularly  jointed.  The  organ- 
ism attacks  the  root  first  and  works  upward  in  the 
shaft  of  the  hair. 

The  small-spore  form  chiefly  attacks  the  scalp  of 
children,  and  is  responsible  for  the  majority  of  the 
resistant  eases  of  ringworm  in  them. 

The  large-spore  form  causes  a  small  percentage  of 
scalp  ringworm,  but  is  the  one  most  commonly  found 
in  that  of  the  beard,  glabrous  skin,  and  nails. 

Wherever  the  large-spore  fungus  is  found,  especially 
the  ectothrix  variety,  there  are  more  objective  signs 
of  inflammation.  Sabouraud  affirms  that  the  ecto- 
thrix is  always  of  animal  origin,  and  is  the  cause  of  all 
pustular  ringworms;  others,  however,  have  found  the 
microsporon  in  similar  conditions. 

If  the  arrangement  and  location  of  the  spores  in  the 
different  forms  be  remembered,  one  can  upon  micro- 
scopical examination  readily  determine  the  variety 
to  which  they  belong. 


REFERE.N'CE    HANDBOOK   OF   THE    MEDICAL   SCIEN'CES 


Trichophytosis  is  infectious,  the  fungus  being  con- 
veyed by  direct  contact  or  through  the  media  of 
toilet  articles,  wearing  apparel,  bed  linen,  etc.  It  is 
less  frequent  after  the  age  of  fifty,  and  .some  individ- 
uals are  probably  more  susceptible  than  others.  In 
children  the  scalp  and  in  adults  the  glabrous  skin  and 
beard  are  the  regions  most  frequently  involved. 

Ti.vEA  ToNSCRAX.s. — Ringworm  of  the  scalp  occurs 
almost  exclusively  before  the  age  of  fifteen  years. 

Since  the  investigation  of  Sabouraud  and  others  it 
is  necessary  to  treat  the  clinical  aspects  of  scalp  ring- 
worm especially  from  a  pathological  standpoint,  ac- 
cording to  the  variety  of  the  invading  fungus. 

Microsporon  Ringworm  of  the  Scalp. — The  small- 
spore  fungus  is  accountable  for  from  eighty-five  to 
ninety  per  cent,  of  all  scalp  ringworms,  and  occurs 
exclusively  in  children.  It  is  generally  seen  as  one  or 
several  round  or  oval  bald-looking  patches  of  a  slaty, 
dull  gray  color,  their  size  dependent  upon  the  length  of 
time  they  have  existed,  as  they  begin  from  small 
points  and  spread  peripherally.  Various  bizarre  or 
gyrate  outlines  may  be  described  if  several  patches 
coalesce.  The  infected  surface,  which  may  be  more 
or  less  thickened,  is  covered  by  fine  whitish  scales, 
and  the  hairs  are  found  upon  close  inspection  to  be 
twisted,  bent,  or  broken  off  close  to  the  scalp.  This 
circumstance,  coupled  with  the  fact  that  a  fine  white 
sheath  extends  a  short  distance  upon  the  shaft,  gives 
the  patch  the  appearance  of  being  bald.  When  a  hair 
i<  pulled  is  readily  breaks,  showing  the  disorganizing 
effect  of  the  fungus  upon  it.  Under  the  microscope 
the  hair  is  seen  to  be  frayed  at  the  ends,  and  the  white 
sheath  to  be  composed  of  the  fungus  elements.  In 
but  few  cases  are  there  any  symptoms  of  active 
inflammation. 

Megalosporon  Endothrix  of  the  Scalp. — The  endo- 
thrix  fungus  is  divided  by  Sabouraud  into  two  sub- 
divisions: one  with  mycelium  which  breaks  easily 
("fragile")  and  the  other  with  a  more  resistant 
mycelium  ("resistant").  These  varieties  cause  an 
alopecia,  which  is  often  quite  similar  in  appearance  to 
alopecia  areata.  There  may  be  one  or  several  smooth 
bald  patches  disseminated  over  the  scalp,  with  a  few 
illy  nourished  hairs  scattered  over  it,  and  numerous 
"black  dots"  here  and  there,  which  upon  extraction 
prove  to  be  broken  and  disorganized  hairs.  The 
patches  are  irregular  in  shape,  and  in  some  cases  are 
pityriasic.  In  this  form  of  ringworm  there  may  be 
scattered  groups  of  a  few  broken  hairs  upon  a  scaly, 
scurfy  scalp. 

"Black-dot  ringworm,"  "disseminated  ringworm," 
"bald  tinea  tonsurans"  are  terms  formerly  used  by 
English  writers  to  designate  this  form. 

Megalosporon  Ectolhrix  of  the  Scalp. — The  ectothrix 
always  causes  more  inflammatory  symptoms  than  do 
the  other  types.  The  infection  begins  as  a  red,  scaly 
ring  with  a  distinct  border  composed  of  papules, 
vesicles,  or,  later,  pustules,  the  hairs  becoming  dis- 
organized and  broken  as  the  disease  progresses.  In 
many  cases  the  fungus  penetrates  deeply  into  the 
follicle  and  produces  marked  inflammation  with  sup- 
puration, forming  a  fluctuating  mass,  from  which  pus 
oozes  at  the  openings  of  the  follicles.  The  condition 
thus  caused  is  known  as  Kerion.  Several  English 
observers  have  seen  the  microsporon  cause  the  same 
process. 

Granuloma  trichophyticum  of  Majocchi  is  analogous 
to  kerion;  so  also  is  hyphomycelic  granuloma  (Scham- 
berg),  which  may  simulate  a  malignant  growth.  Con- 
glomerate pustular  folliculitis  or  agminate  folliculitis 
consists  of  a  circumscribed,  highly  inflamed  patch,  oc- 
curring generally  upon  the  hand  or  arm.  at  the  follicu- 
lar openings  of  which  is  a  pustule  or  an  oozing  point 
from  which  pus  can  be  expressed — a  pus  which  con- 
tains double-contoured  spheres,  the  spores  of  the 
Tricliophyton  ectothrix. 

The  diagnosis  of  scalp  ringworm  is  made  by  the 


broken  hairs  and  the  microscopical  demonstration  of 
the  fungus  elements. 

The  prognosis  as  to  ultimate  cure  is  good,  but  from 
three  months  to  a  year  is  a  conservative  estimate  as 
to  the  time  necessarj-  for  the  cure,  especially  in  the 
microsporon  type.  Permanent  baldness  often  re- 
mains at  the  site  of  kerion. 


Fig.  4781. — Megnlcsporon    ectothrix    (Large-spore     Fungus)     in 
Hair.     (Eyepiece,  three-quarter  inch;  objective,  one-twelfth  inch; 


>il  immersion.) 

TixEA  cmcrNATA,  tinea  corporis,  and  ringtcorm  of 
the  body  are  the  terms  applied  to  the  invasion  of  the 
non-hairy  skin  by  the  trichophyton  fungus,  all  varie- 
ties of  which  cause  at  the  beginning  of  infection  a 
circular  scaly  pink  patch  that  spreads  peripherally 
with  a  pinkish  border,  and  clears  up  or  involutes  in  the 
central  portion,  leaving  a  faintly  yellowish  tinge  in 


Fio.  4782. — .Megalosporon  ec(o(*rix  (Large-spore  Fungus)  from 
Nail  Scrapings,  a  and  6,  Filaments  of  very  large  spores.  (Eng- 
man.) 

its  wake,  thus  forming  a  ring.     The  border  of  the  ring 
may  be  minutely  papular  or  vesicular. 

The  rings  caused  by  microsporon  are  small,  seldom 
larger  than  a  silver  quarter,  and  are  generally  seen 
upon  the  exposed  parts  in  children  with  ringworm  of 
the   scalp.     Not   infrequently   in   this   variety   small 
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scaly,  reddish  plaques  are  seen  which  do  not  undergo 
central  involution  to  form  rings. 

The  rings  caused  by  megalosporon  are  large,  often 
attaining  several  inches  in  diameter;  they  are  scaly; 
the  border  may  be  papular,  vesicular,  or  crusted;  all 
the  svmptoms"  are  more  inflammatory  than  in  the 
former  type.  If  several  points  of  infection  occur  close 
together",  the  rings  may  meet  by  peripheral  extension, 
forming  various  gyrate  figures. 

The  diagnosis  of  ringworm  of  the  body  is  difficult 
only  when  there  are  numerous  foci  scattered  over  the 
body,  and  when  the  patches  fail  to  form  rings,  in 
which  event  microscopical  aid  is  necessary  to  differ- 
entiate it  from  eczema  seborrhoicum  of  Unna  and 
from  certain  analogous  forms  of  that  disease. 

The  disease  in  all  its  various  phases  is  readily  amen- 
able to  treatment. 

TixEA  Trichophytixa  Cruris. — Synonyms:  Dermo- 
phytosis  inguinalis,  eczema  marginatum,  genito- 
criiral  and  axillary  ringworm.  A  different  variety  of 
ringworm  is  quite  commonly  found  in  the  genito- 
crural  and  axillary  regions  of  the  body.  This  condi- 
tion is  characterized  by  the  formation  of  definitely 
circumscribed  patches  of  a  tawny  red  color.  The 
borders  are  raised  and  scaly  and  are  circinate  or  gyrate 
in  outline.  It  is  peculiarly  a  disease  of  the  better 
class  of  people  and  many  epidemics  have  been  reported 
in  colleges  and  boarding  schools. 

The  organism  is  the  Epirlermophyton  inguinale 
(Sabouraud).  It  is  remarkable  in  that  it  does  not 
attack  the  hair  and  apparently  has  a  special  affinity 
for  the  horny  layer  of  the  epidermis.  This  organism 
may  readily  be  demonstrated  by  the  method  before 
described. 

The  disease  must  be  differentiated  from  ervthrasma 
(7.r.). 

RixGwoRst  OF  THE  Hantis  AND  Feet. — The  impor- 
tance of  this  affection  was  brought  to  the  front  by 
Whitfield  in  England.  Sabouraud  in  France,  and 
recently  by  Ormsby  and  Mitchell  in  the  United  States. 
These  investigators  have  shown  that  many  of  the  con- 
ditions formerly  called  eczema,  pompholyx,  dysi- 
drosjs,  etc.,  are  in  reality  ringworm  infections. 

Whitfield  classified  the  different  manifestations  into 
three  clinical  types. 

(a)  Acute  vesicobullous;  sudden  onset  with  all  the 
characteristics  of  a  vesicular  eczema  or  dysidrosis. 
No  grouping  is  observed  and  no  spreading  rnargin. 

(6)  Chronic  intertriginous  of  the  toes;  secondary 
to  the  acute  vesicular  type.  Whitened,  sodden  masses 
of  epithelium  between  the  toes. 

(c)  Chronic  hyperkeratotic  type;  enormous  and 
irregular  masses  of  overgrown  horny  layer.  Usually 
on  the  feet  and  may  involve  the  entire  plantar  surface. 
Scattered  vesicles  and  pustules  may  be  found.  An 
individual  may  present  any  or  all  types  at  the  same 
or  at  different  times. 

The  lesions  on  the  hands  closely  resemble  various 
tj-pes  of  eczema,  poinpholj-x  and  dysidrosis  and  must 
be  diagnosed  by  the  microscope.  This  applies  also 
to  the  lesions  on  the  feet  in  many  instances.  How- 
ever, the  chronic,  intertriginous  type  on  and  between 
the  toes  IS  quite  characteristic.  The  interdigital 
spaces  are  filled  with  a  white,  sodden,  macerated  epi- 
thelium and,  spreading  for  a  few  millimeters  or  more 
onto  the  plantar  surface  of  the  foot,  the  process  is 
continued  as  an  exfoliation  with  perfectly  well  de- 
fined, undermined  borders.  The  fourth  interdigital 
space  IS  most  frequently  affected,  probably  because 
of  the  constant  flexion  and  adduction  of  the  fifth  toe 
brought  about  by  the  modern  shoe. 

The  invading  organism  in  most  foot  cases  is  the 
hpulermophylon  mguinnle  and  it  is  not  infrequent  to 
find  a  history  of  a  previous  "eczema  marginatum" 
m  fnese  cases.  This  mould  may  also  be  found  in  the 
hand  cases.  The  exact  mycology  has  not,  as  yet 
been  thoroughly  worked  out.     Several  other  species 
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have  been  identified  {Trichophyton  violaccum,  T. 
asleroides,  T.  acuminatum,  T.  granulosum,  T.  gypseum, 
Epidennophyton  rubrwn,  etc.). 

The  organisms  are  best  demonstrated  by  cutting 
off  the  top  of  a  vesicle,  inverting  it  upon  a  slide  and 
then  proceeding  with  the  potassium  or  sodium  hy- 
drate method  before  described.  If  no  vesicles  can 
be  found,  scales  from  the  edge  of  the  lesion  may  be 
examined.  It  is  not  uncommon  to  have  to  make 
four  or  five  examinations  on  as  many  different  days 
before  one  finds  the  organisms. 

Erythrasma. — This  condition  occurs  in  the  same 
regions  as  eczema  marginatum  and  is  distinguished 
from  it  clinically  by  the  fact  that  it  is  far  less  inflam- 
matory and  the  color  is  more  of  a  yellowish  tint. 
The  organism  is  the  Microsporon  7ninutissi7nu7n,  a 
fungus  consisting  of  extremely  fine,  interlacing 
jointed  threads  without  branches  and  with  scanty 
spores.  The  treatment  is  the  same  as  that  of  tinea 
versicolor. 

Tinea  barb^,  linea  sycosis,  barber'si  itch,  is  a 
folliculitis  of  the  hairy  portion  of  the  face  caused  by 
the  Megalosporon  ectothrix.  The  disease  is  generally 
contracted  in  barber  shops,  the  fungus  being  most 
probably  conveyed  by  the  shaving  brush  or  "pinchers" 
used  by  barbers  for  extracting  "ingrowing  hairs." 

The  earliest  symptoms  consist  of  one  or  more 
scaly  spots  or  rings  of  a  rather  inflammatory  nature. 
Scattered  on  or  about  the  border  of  the  patch  are 
several  hard,  raised  papules  or  pustules,  pierced  by  a 
hair.  The  subsequent  increase  of  symptoms  depends 
upon  the  soil,  and  upon  neglect  or  improper  treatment ; 
more  papules  and  pu.stules  develop,  the  hairs  are  loos- 
ened and  may  easily  be  plucked  out.  The  part  burns 
and  itches,  and  is  inflamed  and  swollen  in  appearance. 
By  the  massing  together  of  a  number  of  infected  fol- 
licles, pea-  to  nut-sized  nodules  form,  the  surface  of 
which  becomes  crusted.  When  the  crust  is  removed 
a  raw,  excoriated  surface  is  exposed,  dotted  by  oozing 
points.  This  appearance  has  been  compared  to  the 
cut  surface  of  a  fig;  hence  the  term  sj^cosis  (o-ukoj-,  a 
fig).  There  is  onl.y  moderate  tenderness  or  pain  about 
these  lesions. 

The  diagnosis  of  tinea  barbae  is  readily  made  by  the 
ring,  by  the  nodules,  and  by  painless  extraction  of  the 
hairs;  in  mild  and  atypical  cases  it  may  be  easily  con- 
founded with  coceogenic  sycosis  ("non-parasitic"). 
The  latter  has  not  the  deep  lesions  or  lumpiness,  is 
not  so  rapid  in  its  progress,  and  the  hairs  are  not  loose 
and  are  painful  to  extract. 

_  Tinea  tiNGuroM,  onychomycosis  trichophytina, 
ringworm  of  the  nails,  is  due  to  the  Megalosporon 
ectothrix.  It  is  usually  a  secondary  autoinoculation 
from  ringworm  elsewhere,  causing  a  splitting  up  of  the 
nail  plate,  rendering  it  brittle,  dull,  yellowish,  ridged, 
or  striated  transversely  or  longitudinally;  finally,  the 
separation  of  the  nail  plate  from  the  bed  may  occur. 
One  or  more  nails  may  be  involved,  but  seldom 
symmetrically. 

A  diagnosis  from  various  other  nail  diseases  which 
present  similar  symptoms  can  be  made  only  bv  micro- 
scopical examination  of  the  nail  scrapings  (Fig.  4782). 

The  condition  is  exceedingly  difficult  to  treat  suc- 
cessfully, and  may  last  for  years. 

Tln-ea  iNrBRicATA  or  Tokelau  ringworm  is  a  form  of 
ringworm  which  occurs  in  the  tropics;  it  is  character- 
ized by  the  formation  of  large  concentric  rings  of 
scales,  involving  a  large  part  of  the  body  surface,  but 
rarely  attacking  the  hair  or  follicles.  It  is  probablv 
due  to  a  special  variety  of  the  large-spore  trichophyton 
fungus. 

Tinea  \-ersicolor,  pityriasis  versicolor,  chromophyto- 
sis  is  a  parasitic  disease  caused  by  the  Microsporon 
furfur,  a  fungus,  and  is  characterized  bv  variously 
sized  and  shaped  pityriasic  patches  of  a  yellowish, 
fawn  color,  which  occur  most  frequently  upon   the 
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trunk.  The  disease  may  be  said  to  be  confined  to  the 
trunk,  but  it  at  times  is  seen  upon  the  neck,  arms, 
thighs,  or  other  parts.  Allen  claims  that  the  hairs  of 
the  pubic  region  often  conceal  a  patch  that  may  re- 
main as  a  focus  for  subsequent  reinfection.  The 
patches  begin  as  small,  roundish,  yellow,  or  light 
brownish  points,  which  increase  in  size  very  slowly  by 
peripheral  extension  or  by  the  coalescence  of  several 
points  of  infection,  thus  forming  variously  sized 
patches;  sometimes  one  patch  maj'  involve  a  large 
area  of  skin,  possibly  more  or  less  of  the  whole  trunk. 
The  borders  of  the  patches  are  sharply  defined,  almost 
imperceptibly  raised,  and  the  surface,  especially  near 
the  periphery,  is  slightly  scaly,  the  scales  being  fine 
and  of  a  dirtj''  white  color.  In  the  dark-skinned  races 
the  diseased  areas  are  darker  than  the  surrounding 
skin.  In  very  fair  individuals  it  is  not  uncommon  to 
find  a  tinge  of  red  added  to  the  fawn  color  of  the 
patches,  showing  through  the  yellow,  especially  in  hot 
sultry  weather. 

The  infection  progresses  very  slowly,  and  shows  no 
tendency  to  self-Hmitation.  The  fungus,  the  Micro- 
sporon  furfuT,  is  the  sole  cause  of  the  condition,  and 
is  easily  detected  by  scraping  off  a  few  of  the  scales 
and  examining  them  in  liquor  potassii  as  before  de- 
scribed. It  is  readily  differentiated  from  the  other 
fungi  by  the  large  size  of  the  conidia  or  spores  and  by 
their  tendency  to  occur  ifi  groups  or  masses  over  the 
field;  the  mycelia  are  fine  and  interlace  between  these 


Fig.  4783. — MicrosjMtTon     furfur.      Fungus    of    Tinea    Versicolor. 
Spores  and  mycelium.     (Diagrammatic.) 

groups.  The  Microsporon  furfur  grows  luxuriantly 
in  the  upper  layers  of  the  epidermis,  causing  no  ap- 
preciable irritation,  and  produces  by  its  strongly 
refractile  spores  the  yellowish  color  of  the  infected 
regions.  It  is  supposed  to  have  greater  affinity  for  a 
moist  skin;  it  is  therefore  found  most  frequently  in 
those  who  perspire  freely.  Perfectly  healthy  adults 
are  attacked  as  well  as  the  delicate.  It  is  exceedingly 
rare  in  children.  The  disease  is  contagious,  but 
mildly  so,  as  some  special  condition  of  the  epidermis 
besides  moisture  is  necessary  for  the  growth  of  the 
organism. 

In  all  suspected  cases  the  scales  should  be  examined 
'for  the  fungus.  Mild  parasitic  applications  cure  an 
attack.  Of  these  the  most  elegant  and  cleanly  is  a 
saturated  aqueous  solution  of  hyposulphite  of  soda, 
applied  night  and  morning  after  a  soap  and  water 
bath.  A  cream  of  ten-per-cent.  sulphur  precipitate  in 
rose-water  ointment  is  equally  efficacious.  Various 
other  parasitic  ointments  and  lotions  are  used.  The 
attack  is  easily  cured,  but  when  once  a  person  has 
become  susceptible  recurrence  is  the  rule;  therefore 
each  relapsing  spot  should  at  once  be  destroyed,  with 
any  of  the  agents  mentioned;  care  also  being  given 
to  the  sterilization  of  wearing  apparel  and  articles  of 
the  bath. 


Tre.\t.\ie.nt  of  the  Variocs  For.ms  of  Ti.nxa. — The 
cure  of  all  the  typos  of  ringworm  depends  upon  the 
efficacy  with  which  the  parasiticides  are  brought  into 
contact  with  the  offending  organism.  This  is  easily 
enough  accomplished  upon  the  glabrous  skin  but  is 
quite  difficult  when  the  hair  follicles  are  infected.  In 
the  latter  event  it  is  recommended  to  extract  the  hair 
by  epilation,  which  often  proves  u.seless,  as  the  hairs 
are  frequently  so  badly  disorganized  that  the  least 
traction  breaks  them  off  close  to  the  scalp,  or  just 
within  the  follicle.  This,  however,  is  not  true  in  ring- 
worm of  the  beard,  where  the  disease  is  due  to  the 
ectothrix  variety,  with  the  formation  of  pus  and  the 
subsequent  lossening  of  the  hair.  In  the  infection  of 
the  scalp  in  children,  by  the  microsporon  fungus, 
which  disorganizes  but  does  not  loosen  the  hair,  it  is 
probably  better  to  "shingle"  the  head  than  to  spend 
useless  time  and  trouble  breaking  the  hairs  by  epila- 
tion. Epilation  by  means  of  the  i-rays  is  indicated 
here  as  in  favus.  The  latter  disease  (favus)  frequently 
produces  permanent  baldness  independently  of  epila- 
tion, while  it  never  occurs  in  ring^vorm  except  in 
kerion. 

Chrysarobin,  pyrogallic  acid,  oleate  of  mercury, 
iodine,  salicylic  acid,  sulphur — in  fact,  all  antiparasitic 
agents,  have  been  used  in  ringworm  of  the  scalp  with 
more  or  less  success.  Whatever  remedy  be  selected 
it  is  necessary  that  it  be  applied  thoroughly  and  often, 
and  in  a  medium  which  is  capable  of  being  manipu- 
lated into  the  follicle.  It  is  also  neces.sary  to  empjloy 
the  agent  in  sufficient  strength  to  kill  the  parasite  and 
cause  a  not  too  violent  reaction  of  the  skin.  Of  all 
these  agents  chrysarobin,  in  the  following  combina- 
tion of  Unna's,  has.  in  the  writers'  hands,  proved  the 
most  efficacious:  Chrysarobin,  2  parts;  ichthyol,  5 
parts;  salicylic  acid,  5  parts;  and  va.seline  88  parts. 
This  is  applied  to  the  whole  scalp  (after  the  hair  has 
been  cut  as  short  as  possible)  twice  daily,  with  a  soft 
tooth  brush.  .\  cloth  cap  is  then  fastened  to  the  head 
by  a  bandage  passed  along  the  hair  line;  this  prevents 
the  chrysarobin  from  getting  upon  the  smooth  skin  or 
in  the  eyes.  The  latter  accident  should  be  carefully 
avoided.  The  scalp  will  show  irritation  from  this 
treatment  in  from  two  to  four  days.  Then  the  chrysa- 
robin salve  should  be  washed  off  and  a  soothing  cream 
or  ointment  applied  until  all  irritation  has  subsided 
and  the  reduced  or  hardened  epidermis  scales  off. 
This  procedure  should  be  repeated  for  several  courses, 
until  the  hair  again  grows  to  sufficient  length  to  show 
whether  or  not  the  fungus  has  been  entirely  destroyed. 
Freciuent  microscopical  examinations  are  a  great  assist- 
ance in  watching  the  effects  of  the  treatment.  The 
chrysarobin  discolors  the  skin  and  hair  and  is  an 
heroic  procedure.  In  young  girls,  and  when  the 
patient  cannot  be  carefully  observed,  less  heroic 
measures  are  advisable.  In  all  cases  in  which  the 
sacrifice  of  the  hair  is  not  too  great  it  should  be  closely 
cut,  and  some  weak  parasiticide  applied  to  the  whole 
scalp,  while  the  patches  themselves  may  be  treated 
more  vigorously.  A  very  good  procedure  is  to  apply 
to  the  entire  scalp  a  weak  sulphur  cream  and  attack 
the  patches  with  one  of  the  stronger  parasiticides  pre- 
viously mentioned.  Tricresol  is  a  most  valuable 
remedy.  The  patches  should  be  first  rendered  free 
of  fat  and  debris  by  washing  with  ether  or  benzin. 
A  mixture  of  equal  parts  of  tricresol  and  alcohol  is  then 
well  rubbed,  with  a  cotton  swab,  into  and  beyond  the 
patch.  This  application  will  cause  some  desquama- 
tion, which  will  last  for  several  days,  when  the  rem- 
edy may  be  again  applied;  some  mild  antiseptic  cream 
being  used  in  the  meantime.  Precipitated  or  sub- 
limed sulphur,  in  the  proportion  of  from  twelve  to 
fifteen  per  cent,  in  lard  or  va.seline,  is  slow  but  effica- 
cious. It  is  well  to  remember  that  it  is  useless  to  con- 
tinue applying  a  remedy  after  it  has  caused  thickening 
of  the  epidermis,  and,  therefore,  more  obstruct  ion  in  the 
mouths  of  the  follicles,  thus  protecting  the  fungus. 
It  is  better  to  wait  and  assist  the  desquamation  of  the 
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epidermis  by  the  use  of  a  mildly  antiparasitic  salve 
before  jjrocecding. 

Stric-kler  lias  recently  reported  good  results  trom 
the  use  of  a  vaccine  prepared  in  the  usual  way  from 
rinRworm  cultures. 

Hingworm  of  the  body  is  best  treated  by  means  of 
pastes,  to  which  is  added  a  parasiticide.  The  pastes 
adhere  to  the  skin,  and  are  not  easily  rubbed  off.  1  he 
best  of  these  is  one  made  of  equal  parts  of  oxide  of 
zinc,  starch,  vaseline,  and  lanolin.  To  this  may  be 
added  either  sulphur  (from  six  to  twelve  per  cent.) 
or  amnioniated  mercury  (four  to  six  per  cent.). 
Taylor  recommends  one  to  three  grains  of  mercuric 
bichloride  to  an  ounce  of  the  compound  tincture  of 
bon/.oin.  Resorcin,  salicylic  acid,  ichthyol,  and  prepa- 
rations of  tar  are  all  efficacious  in  salves,  pastes,  or 
lotions. 

Eczema  marginalum  is,  for  the  reasons  already  given, 
the  most  ditTicult  of  the  so-called  body  ringworms  to 
cure.  In  this  affection  pastes  often  prove  irritating; 
the  application  of  salves,  dusted  over  with  talcum 
powder,  is  more  agreeable.  The  itching  and  conse- 
quent rubbing  and  excoriation  arc  elements  to  be 
dealt  with  in  this  locality;  therefore,  the  use  of  an 
antipruritic,  like  carbolic  acid,  is  necessary.  This 
added  to  ointments  of  sulphur  (two  to  five  per  cent.), 
ammoniated  mercury  (three  to  six  percent.),  pyrogal- 
lic  acid  (two  to  four  per  cent.)  usually  will  give  relief 
and  affect  a  cure.  The  combination  jjroposcd  by  Whit- 
field (seven  per  cent,  salicylic  acid  and  seven  per  cent. 
benzoic  acid)  has  proven  very  effective  in  the  hands  of 
the  writers.  Chrysarobin  is  contraindicated  on  ac- 
count of  the  location  of  the  disease.  Lotions,  unless 
the  case  is  very  mild,  do  not  act  well  in  this  locality. 

Tinea  barbce  in  the  mild  form  is  readily  cured  by  the 
application  of  any  of  the  parasiticides  mentioned. 
In  severe  cases  the  crusts  should  be  removed  with 
carbolized  or  salicylated  oil  or  vaseline;  the  diseased 
hairs  should  be  epilated  and  the  beard  shaved,  imme- 
diately after  which  the  remedy  is  rubbed  in.  Sulphur, 
five  to  ten  per  cent,  in  vaseline,  or  in  equal  parts  of 
lanolin  and  vaseline,  is  generally  useful.  Xeroform, 
five  per  cent,  in  olive  oil,  has  proved  valuable  in  the 
writer's  experience. 

In  linca  unguium  the  nail,  after  being  scraped,  should 
be  soaked  in  a  hot  alkaline  solution,  and  the  parasitic 
salve  rubbed  in;  then  some  of  the  salve  should  be 
spread  upon  cloth  and  bandaged  on,  or  held  in  place 
by  a  finger  cot.  Unna  applies,  after  the  scraping,  a 
solution  of  bichloride  of  mercury,  in  flexible  collodion 
thinned  with  ether  (bichloride  of  mercury,  gr.  i-iv; 
ether,  3ij;  flexible  collodion,  3vi). 

The  treatment  of  ringworm  of  the  hands  and  feet 
must  be  vigorously  carried  out  and  all  precautions 
taken  to  prevent  reinfection.  Hyperkeratotic  or 
macerated  epithelium  must  be  removed  mechanically 
or  by  strong  salicylic  acid  plasters  or  pastes.  Then 
follow  with  the  vigorous  application  of  antiparasitic 
ointments.  An  elegant  and  very  effective  application 
is  a  salve  of  seven  per  cent,  each  salicylic  and  benzoic 
acids  in  white  vaseline  (Whitfield).  In  the  event  that 
this  does  not  produce  the  desired  results,  pyrogallic 
acid  three  to  six  per  cent,  may  be  tried  or  chrVsarobin 
two  to  five  per  cent.  Martin  F.  Exgm.\n. 

RirH.\RD  S.  Weiss. 


Tinnitus  Aurium. — This  is  a  condition  in  which 
there  is  produced  in  the  auditory  apparatus  or  head 
pathological  sounds  varying  in  type  and  intensity 
according  to  the  underlying  condition  which  is  the 
cause,  and  the  sensitiveness  of  the  individual.  The 
patient  usually  expresses  the  presence  of  these  noises 
as  ringing  or  roaring  in  the  ears,  and  differentiates 
the  sounds  as  whistling,  hissing,  blowing,  boilino- 
water  in  a  kettle,  chirping  resembling  the  sound  of  a 
cricket,  buzzing  and  musical  sounds.  Another  type 
of  sounds  which  is  not  by  any  means  so  frequent,  is 
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that  produced  as  a  result  of  beginning  insanity,  in 
which  the  patient  hears  whispering  voices,  distinct 
words,  sentences,  or  complicated  sounds,  either  in 
the  ear  or  head,  growing  quite  loud  in  some  cases 
where  the  disease  progresses.  In  these  cases  tinnitus 
is  classed  as  of  cerebral  origin. 

The  sounds  may  occur  in  one  ear  or  both  simul- 
taneously, may  be  high-  or  low-pitched,  continuous 
or  intermittent.  Some  individuals  complain  of  but 
a  slight  ringing  for  a  few  moments  each  day,  other- 
wise hearing  normally,  while  in  others  the  noise  is  so 
intense  as  to  produce  insomnia,  and  in  extremely 
neurotic  cases,  suicide.  Lake  suggests  that  when 
tinnitus  is  a  symptom,  and  out  of  proportion  to  the 
underlying  condition,  the  urine  should  be  examined 
for  albumin,  and  the  blood  j^ressure  taken.  Since 
with  nearly  all  of  the  underlying  causes  there  is  an 
accompanying  anemia  and  consequent  bodily  or  men- 
tal fatigue,  the  noises  may  barely  be  noticeable  in 
the  early  morning,  if  the  patient  has  secured  a  night's 
rest,  but  as  the  day  advances,  and  nerve  fatigue  is 
produced,  the  sounds  increase,  due  to  a  vicious  circle 
.set  up  by  the  effort  of  the  individual  to  hear  the  normal 
sounds  in  the  day's  work  or  play.  This  produces 
more  nerve  .strain,  which  in  turn  intensifies  the  patho- 
logical sounds  in  the  ears  or  head,  and  weakens  the 
entire  nerve  force. 

There  is  hardly  any  tempcyary  or  permanent  patho- 
logical condition  connected  w'ith  the  ear  and  its 
mechanism  that  may  not  have  tinnitus  as  a  symptom. 
Acute  or  chronic  suppurative  or  nonsuppurative  con- 
ditions of  the  middle  ear  or  labyrinth,  changes  pro- 
ducing increase  or  diminution  in  intralabyrinthine 
pressure,  alterations  in  blood-vessel  caliber  of  the 
ear  or  head  due  to  toxins  of  various  types,  arterio- 
sclerosis, also  changes  in  the  labyrinth  and  middle  ear, 
otosclerosis,  produced  by  the  toxins  of  infectious 
diseases  or  other  causes,  changes  in  the  auditory  nerve 
from  cerebral  or  ear  conditions,  obstruction  in  the 
nose  or  interference  with  the  Eustachian  tube;  im- 
pacted foreign  bodies,  cerumen,  and  growths  may  be 
productive  of  tinnitus.  It  is  always  present  in  Men- 
iere's disease,  and  congestion  and  anemia  of  the  laby- 
rinth. Grant  has  worked  out  many  cases  in  which 
tinnitus  has  been  a  symptom  of  pure  nerve  exhaustion, 
so-called  neurotic  people.  Alcoholism,  over  indul- 
gence in  tea,  coffee,  tobacco,  and  sexual  excess  can 
produce  in  some  individuals  this  distres.^ing  symptom 
by  lowering  body  and  nerve  resistance  and  morbid 
ear  changes.  Syphilis  has  been  found  to  be  a  strong 
and  definite  cause,  producing  either  a  central  or  ear 
lesion.  Concussion  of  the  brain,  or  labyrinth,  cere- 
bral aneurysm,  and  meningitis  from  different  causes; 
also  visceral  disorders,  such  as  pelvic  conditions,  dis- 
eases of  the  stomach  and  intestines,  even  constipa- 
tion, by  influence  through  the  sympathetic  nervous 
system  to  the  labyrinth,  may  produce  tinnitus.  It 
is  always  a  wise  procedure  when  examining  women 
for  the  cause  of  tinnitus,  to  make  a  thorough  investi- 
gation of  the  pelvic  organs,  even  though  other  causes 
may  be  found  for  the  noises;  for  in  many  instances 
the  pelvic  condition  may  be  the  underlying  and  origi- 
nal cause,  producing  reflex  trouble  in  many  directions. 

Diseases^  of  the  circulatory  system,  such  as  chronic 
endocarditis  with  murmur,  may  by  transmission  of 
the  murmur  or  pulsation,  give  tinnitus.  Intra- 
cranial aneurysm,  before  mentioned,  and  any  condi- 
tion influencing  the  heart  or  blood-vessels,  is  capable 
of  producing  tinnitus. 

Drugs,  such  as  quinine,  salicylic  acid,  and  antipyrine 
are  frequent  reasons  for  tinnitus,  and  much  care  should 
be  exercised  in  their  administration  in  jjatients  who 
have  been  known  to  suffer  from  any  ear  condition, 
either  acute  or  chronic;  for  in  those  with  an  ear  condi- 
tion, an  effusion  may  be  produced  into  the  labyrinth 
by  these  drugs  thus  aggravating  the  trouble. 

Aside  from  any  pathological  change  productive  of 
noises  in  the  head  or  ear,  there  may  exist  what  might 
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be  termed  congenital  anatomical  anomalies,  where 
tinnitus  is  present,  but  not  a  symptom  of  any  diseased 
condition,  and  for  which  there  is  no  palliative  treat- 
ment. Kerrison  points  out  as  an  example  that  nor- 
mally the  internal  carotid  artery  and  the  internal 
juRular  vein  lie  in  close  proximity  to  the  tympanum, 
being  separated  from  it  by  a  thin  plate  of  bone.  Yet 
any  congenital  change  in  the  direction  of  the  carotid 
artery  could  cause  it  to  encroach  upon  the  cavity  of 
the  tympanum,  and  produce  sounds  ordinarily  not 
present  where  the  circulatory  mechanism  lay  in  proper 
juxtaposition.  This  is  but  one  of  many  congenital 
conditions  that  could  be  cited,  producing  sounds  which 
in  no  way  can  be  treated  to  bring  relief  to  the  patient. 

Trealmenl. — It  naturally  stands  to  reason  that 
tinnitus  has  to  be  treated  through  the  cause  or  causes 
whicli  produce  it,  though  there  is  probably  no  symp- 
tom in  the  aural  field  which  is  so  difficult  to  treat,  and 
even  after  the  underlying  cause  has  been  relieved  or 
removed,  the  noises  in  the  head  or  ear  may  continue. 
However,  rest,  which  means  a  change  of  occupation 
to  produce  a  more  nearly  normal  condition  of  the 
nervous  .system,  together  with  systemic  building  up, 
and  careful  medical  or  surgical  treatment  of  ear  dis- 
eases, in  many  cases  reduce  the  tinnitus  to  a  minimum, 
thus  making  tlie  lives  of  the  sufferers  more  endurable 
and  normal.  Many  patients  have  expressed  their 
situ.ation  by  saying  that  they  determinedly  put  the 
sounds  outside  of  their  lives,  refusing  to  acknowledge 
the  constant  presence  of  the  noises,  but  this  in  itself 
is  prodiu-tive  of  intense  nerve  strain. 

Tinnitus  is  often  a  factor  in  the  refusal  of  life  insur- 
ance policies  by  the  various  companies.  When  it  is 
cerebral,  the  applicant  is  not  even  considered,  and 
when  it  is  sufficient  to  produce  intense  neurotic  symp- 
toms, the  applicant  is  again  refused,  as  suicide  may  be 
the  ultimate  outcome.  When  it  is  apparently  no 
active  factor  in  the  life  of  the  applicant,  it  is  sometimes 
ignored  by  the  insurance  companies,  and  the  individual 
is  accepted.  E.  L.  Jefferis. 


Tissot,  Simon  Andr6. — Born  at  Lau.sanne, 
Switzerland,  in  1728.  He  received  the  degree  of 
Doctor  of  IVIedicine  from  the  University  of  Mont- 
pellier  in  1749.  He  began  practice  in  his  native  city, 
and  succeeded  in  a  very  short  time  in  acquiring  a  large 
clientele.  Brilliant  offers  were  made  to  him  by 
different  German  Courts  and  universities,  but  he 
declined  them  all,  preferring  to  remain  at  Lausanne. 
Finally,  however,  he  accepted  the  urgent  invitation  of 
Joseph  II  of  Austria,  to  become  a  member  of  the 
Faculty  of  the  University  of  Pavia,  Italy.  He  returned 
to  his  native  land  at  the  end  of  nine  years  and  died 
at  Lausanne  on  June  1.5,  1797. 

Of  Tissot's  published  writings  the  most  important 
is  that  entitled:  "Traite  des  nerfs  et  de  leurs maladies," 
4  volumes,  Paris,  1782.  Unfortunately,  the  author 
was  not  able  to  complete  this  work.  Other  works 
were:  "L'onanisme,  ou  Dissertation  physique  sur  les 
malabies  produites  par  la  ma.sturbation,"  Louvain, 
1760  and  1764;  Paris,  1769  (and  many  later  editions); 
and  "Avis  au  peuple  sur  sa  Santfi,"  Lausanne,  1761; 
Paris,  1763.  A.  H.  B. 


Tobacco. — Tabacum. — When  this  drug  was  official 
in  the  U.  S.  P.  it  was  defined  as  "  The  commercial  dried 
leaves  of  NicoHana  tabacum  L.  (Fam.  Solanaceo')." 
As  a  matter  of  fact,  several  other  species,  notably 
JV.  rustica  L.,  yield  perhaps  nearly  half  of  the  world's 
supply  of  commercial  tobacco.  All  are  natives  of 
tropical  America,  but  all  supolies  are  the  product  of 
cultivation  which  is  now  general  in  all  except  cold 
countries. 

For  the  ordinary  uses  of  tobacco,  the  important  con- 
stituents are  only  in  part  those  which  are  natural^  to 
the    plant,    important   derivative   compounds   being 


produced  in  the  process  of  curing,  resulting  partlv 
from  the  action  of  oxidations  and  partly  from  those  o"f 
special  bacteria,  those  of  different  countries  being 
different  and  causing  the  development  of  particular 
odors  and  flavors  which  characterize  the  various  prod- 
ucts. It  is  thus  true  that  the  localities  where  and  the 
methods  by  which  tobacco  is  cured  have  more  to  do 
with  its  valuable  commercial  characters  than  the 
species  or  variety  or  the  methods  of  cultivation 
employed. 

So  far  as  the  physiological  and  medicinal  actions  of 
tobacco  are  concerned,  the  important  constituent  is 
the  alkaloid  nicotine,  the  percentage  of  which  tends  to 
increase  with  the  temperature  of  the  producing  lo- 
cality. The  percentage  varies  from  less  than  one  to 
ten  or  twelve  per  cent.,  the  latter  in  the  strong  .\ma- 
zonian  tobacco.  As  much  as  seven  per  cent,  has  been 
found  in  \irginia  tobacco,  but  the  average  in  th.at  of 
the  United  States  is  probably  not  far  from  four  per 
cent.  This  alkaloid  occurs  mostly  in  the  epidermis 
and  is  liable  to  be  lost  in  careless  curing  or  storing. 
It  is  an  oily,  volatile  liquid,  naturally  colorless,  but 
becoming  brownish  on  exposure,  soluble  in  water  as 
well  as  in  alcohol,  and  pungent,  acrid,  irritating,  and 
highly  poisonous.  Nicotianin  is  an  aromatic  cam- 
phor-like constituent,  apt  to  be  present  in  greater 
quantity  when  nicotine  is  less  abundant.  Many  salts 
of  inorganic  acids  occur,  especially  potassium  nitrate. 
The  percentage  of  ash  is  very  large,  occasionally  from 
twenty  to  twenty-five  per  cent.  The  chemical  prod- 
ucts resulting  from  combustion,  especially  as  in 
ordinary  smoking,  are  numerous  and  very  complex. 

The  medicinal  properties  of  tobacco  depend  chiefly 
upon  its  nicotine.  This  is  irritant  to  mucous  mem- 
brane and  reflexly  stimulates  both  the  salivary  and 
mucous  secretions.  Moderate  doses  are  laxative, 
larger  ones  purgative  and  diuretic.  It  powerfully 
contracts  the  pupil  and  strongly  depresses  the  respira- 
tion, and  to  a  less  extent  the  circulation.  It  depresses 
the  va.somotor  nerves,  thereby  inducing  a  cold, 
clammy  perspiration.  It  may  act  as  an  emetic  by 
direct  action  on  the  gastric  nerves,  but  emesis  is  prin- 
cipally due  to  its  central  action.  Its  most  prominent 
effects  are  nauseant  expectoration  and  diaphoresis, 
emesis  and  cerebral  disorder,  including  dizziness,  dis- 
orders of  vision  and  headache.  It  is,  of  course,  a 
powerful  antispasmodic. 

The  medicinal  use  of  tobacco  has  been  almost 
abandoned,  due  doubtless  to  its  general  use  for  smok- 
ing and  chewing,  but  it  has  distinct  and  valuable 
medicinal  properties  for  those  who  do  not  thus  employ 
it.  Moderate  doses  act  as  a  certain  and  efficient  laxa- 
tive. It  is  a  certain  errhine  and  sialagogue  and  a  very 
efficient  antispasmodic,  often  of  great  service  in 
asthma.  It  is  a  weak  and  rather  unsatisfactory  para- 
siticide in  skin  diseases.  .•V  dose  of  three  to  eight 
grains  is  emetic,  but  this  use  is  not  advisable  when 
other  emetics  are  obtainable. 

Tobacco  poisoning  is  either  acute  or  chronic.  In 
the  latter  form,  mostly  from  smoking,  the  effects  are 
greatly  comijlicatod  by  those  of  various  combustion 
products.  We  have,  however,  seen  typical  and  fatal 
ca.sos  of  tobacco  heart  when  only  chewing  was  involved. 
In  chronic  poisoning,  the  heart  is  the  organ  specially 
affected,  although  intellectual  deterioration  is  usually 
manifest.  Although  the  evil  effects  of  the  tobacco 
habit  are  far  more  certain  and  serious  in  the  young,  we 
have  seen  typical  and  fatal  elTects  when  the  liabit  was 
acquired  Late  in  life.  All  othoi  conditions  being  eciual, 
cigar  smoking,  the  cigar  held  directly  in  the  mouth,  is 
most,  and  cigarette  smoking,  thelea.st  harmful  method. 
The  evil  elTects  of  cigarette  smoking  are  due  to  its 
more  frequent  employment  by  children  and  to  the 
greater  tendency  to  freciuency  and  to  inhalation  of  the 
smoke.  The  theory  that  the  paper  of  the  cigarette  is 
specially  injurious,  is  fallacious,  since  both  the  paper 
and  the  tobacco  tissue  consist  of  the  same  substance, 
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cellulose.  CiKurette  smoking  should  be  carefully 
regulated  and  restricted  and  the  cigarette  should  be 
kept  well  awav  from  the  nostrils  by  the  use  of  a  long 
holder,  the  interior  of  which  should  be  kept  clean. 

Acute  tobacco  poisoning  produces  the  most  profound 
physiological  disturbances,  as  is  known  to  everyone 
who  has  suffered  from  ordinary  tobacco  symptoms. 
The  symptoms,  in  the  order  of  their  occurrence,  are 
nausea,  intense  salivation,  dizziness,  double  vision 
and  other  optical  disorders,  a  profuse  cold  perspira- 
tion, vomiting,  muscular  weakness,  depressed  circu- 
lation and  especially  respiration,  diuresis  and  purging. 
Death,  when  it  occurs,  is  due  to  respiratory  paralysis. 
The  present  writer  was  once  made  the  victim  of  an 
attempt  at  murder  bv  the  addition  of  a  large  amount 
of  nicotine  to  his  drink.  A  fatal  result  was  escaped, 
partlv  bv  virtue  of  strong  vitality,  but  chiefly  by  tlie 
emetic  effect  of  the  very  large  dose.  In  this  case, 
muscular  depression,  intense  headache,  and  almost 
complete  blindness  came  on  promptly  and  almost 
simultaneously,  followed  quickly  by  an  incredible 
amount  of  vomiting,  which  was  quite  persistent. 
Diuresis  came  late,  but  was  extreme.  There  was  no 
purging.  Perspiration  also  was  extreme.  Respira- 
tory paralysis  was  the  most  serious  symptom  and 
continued  for  about  twelve  or  fourteen  hours.  The 
inspirations  were  very  infrequent  and  were  accom- 
plished only  by  the  most  jjowerful  effort  of  all  mus- 
cles and  each  was  followed  by  severe  trembling.  No 
antidote  was  taken.  On  the  following  day,  there  were 
great  weakness  and  mental  depression,  but  bo  other 
disagreeable  symi)toms.  Henry  H.  Rusby. 


Tommasi-Crudeli,  Corrado. — Born  at  Pieve 
Santo  Stefano,  Valley  of  the  Tiber,  Italy,  on  Jan.  31, 
1834.  He  studied  medicine  at  Pisa  and  Florence,  and 
received  the  degree  of  Doctor  of  Medicine  in  18.54. 
Five  years  later  he  was  elected  Professor  of  Patliolog- 
ical  .Vnatomy  at  the  Institute  of  Higher  Studies  in 
Florence.  Subsequently  he  was  invited  to  occupy  the 
same  chair  first  in  Palermo  (1865),  and  then  (1870)  in 
Rome.  In  1882  he  was  transferred  to  the  Chair  of 
Experimental  Hygiene  and  Bacteriology  in  Rome,  a 
position  which  he  filled  with  great  distinction  up  to 
the  time  of  his  death  May  29,  1900. 

Tommasi-Crudeli's  published  writings  relate  to  the 
lymph  vessels  of  the  testicle  (1863),  to  thrombosis  and 
embolism  (1S64),  to  .sarcoma  (1871),  to  diffuse  peri- 
o.steai  lymphomata  (1871),  to  melanemia  (1872),  to 
diphtheria,  etc.  In  the  domain  of  hygiene  and  public 
health  he  accomplished  many  things  of  first  impor- 
tance. For  example,  in  1883  he  induced  the  authorities 
at  Rome  to  establish  a  hygienic  laboratory,  and  he 
took  an  active  part  in  warding  off  an  invasion  of 
.\siatic  cholera,  in  eradicating  malaria,  and  in  pre- 
venting the  spread  of  anthrax  by  means  of  prophylactic 
inoculations.  A.  ll.  B. 


Tongue,  Diseases  of  the. — Tongue-tie. — In 
genuine  tongue-tie,  which  is  very  rare,  the  organ 
is  bound  firmly  to  the  floor  of  the  mouth  and  cannot 
be  protruded  beyond  the  alveolar  margin.  Such  a 
condition  is  called  congenital  ankyloglossia.  The 
other  extreme,  that  of  trivial  tongue-tie,  is  due,  as 
Butlin  insists,  entirely  to  tardy  development  of  the 
organ;  but  with  completion  of  the  development  the 
condition  passes  away  as  the  child  grows  older.  In 
the  intermediate  class  of  cases,  where  the  frenum 
lingua;  is  congenitally  short  and  the  function  of 
suckling  is  seriously  interfered  with,  an  operation  to 
divide  the  frenum  becomes  neccssar>-.  The  best 
retractor  for  this  purpo.se  is  the  bifid  "blade  at  one 
extremity  of  the  grooved  director:  as  this  is  inserted 
the  tense  frenum  enters  the  cleft  of  the  blade  and  is 
nicked  close  to  the  jaw  with  a  pair  of  scissors,  cutting 
completely    through    the    mucous    membrane,    but 
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not  through  the  underlying  muscles.  The  cutting 
should  be  sharp,  and  not  tearing,  lest  an  ulcer  should 
form,  the  scar  from  which  would  anchor  the  tongue 
more  firmly  than  it  was  held  before.  By  keeping 
close  to  the  floor  of  the  mouth  the  ranine  vessels, 
which  run  beneath  the  tongue,  are  avoided,  for  fatal 
hemorrhage  has  occurred  after  their  division.  There 
is  an  additional  danger  of  a.sphyxia  from  swallowing 
the  tongue  after  division  of  the  frenum,  especially 
when  the  attachment  of  the  genioglossus  to  the  upper 
genial  tubercle  of  the  mandible  has  been  severed. 
The  best  instrument  for  dividing  the  frenum  is  the 
blunt-pointed  scissors,  cutting  as  little  as  possible 
and  directly  backward. 

In  some  very  rare  cases  the  tongue  has  been  found 
adherent  to  the  palate  (Follin  and  Duplay). 

Atrophy  of  the  tongue,  per  se,  is  practically 
unknown,  although  there  are  on  record  many  cases 
of  progressive  muscular  paralysis  involving  for  the 
most  part  not  only  the  tongue,  but  also  the  palate  and 
lips.  In  certain  other  cases,  in  which,  for  example, 
there  is  disease  of  the  medulla  oblongata  involving  the 
hypoglossal  nucleus,  the  loss  of  power  from  paraly- 
sis of  the  tongue  is  accompanied  by  well-marked 
wasting  and  a  visible  decrease  in  the  size  of  the  affected 
side  of  the  organ. 

Congenital  absence  of  the  tongue  has  also  been 
noted.  In  a  case  reported  by  de  Jussieu,  that  of  a 
girl  fifteen  years  of  age,  instead  of  a  tongue,  a  small 
elevation  alone  was  found,  wliich  rose  to  the  height 
of  three  or  four  lines  in  the  middle  of  the  mouth.  On 
pressure  upon  this,  a  movement  of  contraction  took 
place,  showing  that  at  least  rudimentary  lingual 
muscles  were  present. 

Bifidity  of  the  tongue,  in  which  the  anterior 
portion  of  the  tongue  is  cleft  in  the  median  line 
longitudinally — a  normal  condition  in  some  animals, 
as  the  seal,  and  in  some  birds  and  reptiles — is  occa- 
sionally met  with  in  the  human  species.  It  is  almost 
always  as.sociated  with  other  deformities,  such  as 
hare-lip  and  cleft  palate.  While  bifidity  itself  does 
not  interfere  with  function,  yet  the  deformity  may  be 
corrected,  if  objectionable,  by  paring  the  surface  of 
the  gap  and  uniting  the  edges  with  sutures. 

Swallowing  of  the  tongue  is  possible  when  the 
organ  is  unduly  mobile,  either  from  congenital  cause, 
such  as  excessive  length  of  the  frenum,  or  after  free 
division  of  the  frenum  for  tongue-tie,  or  after  an 
operation  which  interferes  with  the  attachment  of  the 
genioglossus  muscle  to  the  superior  genial  tubercle  of 
the  mandible.  When  swallowed  the  organ  folds  back 
upon  itself,  its  tip  entering  the  pharynx  and  even  the 
esophagus,  at  times  thus  inducing  suffocation;  this 
occurs  more  often  in  idiots  than  in  the  mentally  sound. 
During  anesthesia,  too,  when  the  genioglossus  is 
relaxed  from  dropping  back  of  the  mandible,  a  slighter 
degree  of  tongue  swallowing  exists.  This  is  also  seen 
in  debilitated  children. 

Macroglo-ssia,  or  abnormal  enlargement  of  the 
tongue,  may  be  congenital,  when  it  is  due  to  dilatation 
of  the  lymph-vessels  and  spaces  {lymphangiectasis) ,  or 
acquired  as  the  result  of  hypertrophy  following  recur- 
rent attacks  of  cellulitis  '{inflammainry  hypertrophy). 
It  rnay  also  be  a  part  of  a  constitutional  state,  such  as 
cretinism,  and  also  sj^jhilis  when  the  tongue  remains 
permanently  enlarged  after  the  disappearance  of 
gummata,  forming  the  condition  known  as  syphilitic 
hypertrophy.  Another  cause  of  hj-pertrophy  is 
hydrargyrism.  _  Whatever  the  cause  of  enlargement, 
the  resulting  disturbances  can  easily  be  anticip.atcd. 
Speech,  feeding  and  breathing  are"  interfered  with, 
and  the  incisor  teeth  and  jaws  become  greatly  de- 
formed; saliva  constantly  dribbles  from  the  mouth, 
and  from  exposure  to  the  air  the  tongue  becomes  dry 
and  cracked,  is  subjected  to  trauma  from  the  teeth 
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and  extraneous  irritants,  and  sordes  form,  with  fetor, 
etc.  The  treatment  consists  in  resection  (partial 
excision)  of  the  tongue,  a  large  V-shaped  piece  of  the 
anterior  portion  being  removed,  and  the  sides  being 
sutured  together;  in  certain  cases  transverse  resec- 
tion will  be  found  more  suitable,  making  superior 
and  inferior  flaps.  Preliminary  ligation  of  the 
lingual  arteries  in  the  neck  may  be  advisable.  The 
best  time  to  operate  in  congenital  cases  is  early, 
before  the  child  has  begim  to  try  to  talk,  and  before 
deformity  of  the  jaws  takes  place.  G.  B.  New  reports 
from  the  Mayo  Clinic  {Journal-Lancet,  December  1, 
1916)  two  cases  of  lymphangioma  of  the  tongue 
successfully  treated  by  radium  and  concludes  that 
radium  is  a  specific  for  angioma  and  lymphangioma, 
but  that  much  is  to  be  learned  as  to  dosage  and 
methods  of  applying  the  radium. 

R.vNXLA. — A  cystic  tumor  situated  between  the 
tongue  and  the  floor  of  the  mouth  is  termed  ranula. 
Such  a  tumor  is  due  to  a  retention  cyst,  formed  by 
obstruction  of  the  duct  of  either  a  mucous  gland  or 
a  salivary  gland.  As  to  the  nature  of  the  obstruction, 
it  may  be  congenital,  but  is  more  often  acquired, 
usually  resulting  from  inflammation  of  the  duct  with 
the  formation  of  a  plug  of  inspissated  mucus,  which 
may  contain  lime  salts.  In  acxde  ranula  a  salivarj- 
duct  is  suddenly  blocked  during  mastication  by  a 
calculus,  which  causes  acute  pain  followed  by  the 
rapid  development  of  a  swelling  beneath  the  tongue. 
Inspection  might  reveal  the  small  calculus  at  the 
orifice  of  the  duct  of  Wharton  (><uhmaiillary  ranula), 
of  one  of  the  ducts  of  Rivinus  or  of  Bartholin  (sub- 
lingual ranula).  Such  an  obstruction  ma}'  be  tem- 
porary, intermittent  or  permanent.  In  mo,st  cases, 
however,  the  cyst  is  of  slow  development  and  perma- 
nent duration.  In  advanced  cases  the  cyst  may 
spread  to  involve  the  entire  sublingual  region;  in 
ancient  ranula  the  salivary  gland  involved  undergoes 
atrophy.  Other  forms  are  the  incisire  ranula,  which 
appears  under  the  frcnum  of  the  tongue,  and  ranula 
of  the  glands  nf  Xulin  ami  Blandin,  which  involves  the 
apical  glands  just  beneath  the  tip  of  the  tongue.  In 
any  case  the  mucous  membrane  slides  freely  over  the 
ranula,  and  its  surface  is  often  covered  with  dilated 
and  tortuous  veins;  the  cyst  is  semi-translucent,  and 
the  contents  are  a  viscid,  ropy  mucus.  A  dermoid 
cyst  in  this  situation  has  thicker  walls,  pits  on  pres- 
sure, and  is  not  translucent.  In  the  treatment  of 
ranula,  owing  to  the  secretion  activity  of  the  cells 
forming  the  cyst  wall,  simple  incision  is  never  cura- 
tive. When  dealing  with  a  mucous  gland  ranula 
resect  most  of  the  wall  with  scissors  and  suture  the 
remains  of  the  wall  to  the  mucous  membrane.  When 
dealing  with  a  salivary  gland  ranula  excision  (com- 
plete ablation)  is  necessary.  In  most  ranulas  re- 
moval through  the  mouth  under  local  anesthesia  is 
practical,  and  when  a  submaxillar}-  ranula  bulges 
externally  it  should  be  removed  through  an  incision 
below  the  jaw. 

Glossitis. — Acute  superficial  glossitis  may  be  cir- 
cumscribed or  diffuse;  when  circumscribed  it  is  the 
result  of  any  common  superficial  trauma,  such  as  a 
burn  or  scald,  an  abrasion,  etc.;  when  diffuse  it  is  due 
to  a  purely  medical  condition,  which  does  not  require 
the  services  of  a  surgeon.  The  treatment  of  the 
former  variety  is  first  the  removal  of  the  cause  and 
secondly  the  use  of  some  astringent  alkaline  mouth 
wash. 

Acute  parenchymatous  glossitis,  in  which  the  tongue 
swells  rapidly,  is  due  to  an  infectious  process  of  sudden 
onset,  analogous  to,  but  rarer  than  Ludwig's  angina. 
There  are  first  noticed  pain  on  chewing  and  then 
stiffness  of  the  tongue,  which  greatly  interferes  with 
speech  .and  mastication;  then  pain  is  felt  when  the 
tongue  is  at  rest  and  radiates  to  surrounding  regions; 
finally  swelling  appears  and  progresses  so  rapidly 
that  within  twenty-four  hours  the  tongue  is  projected 
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far  out  of  the  mouth,  as  in  macroglossia,  and  is  held 
rigid  and  immovable,  the  teeth  cutting  into  it.  Aside 
from  salivation  the  other  symptoms  are  due  to  loss 
of  the  function  of  the  tongue.  Acute  lymphadenitis 
of  the  submaxillar}'  nodes  and  enlargement  of  the 
submaxillar}'  salivary  glands  are  usually  present. 
Fever  is  present  and  the  temperature  may  reach  102°!^. 
or  more.  The  cause  of  this  condition  is  bacterial 
invasion,  usually  streptococcic  or  staphylococcic,  of 
the  tongue  through  a  wound,  or  of  a  tongue  whose 
resistance  has  been  lowered  by  a  specific  febrile 
malady,  salivation  from  mercur}-,  or  cold  and  damp- 
ness. Unless  quickly  relieved  the  patient  may 
succumb  to  an  overwhelming  infection,  from  edema 
of  the  glottis,  septic  pneumonia,  or  gangrene  of  the 
tongue.  As  permanent  sequela;  of  acute  parenchy- 
matous glossitis  adhesions  may  arise  and  confine  the 
movements  of  the  tongue,  or  the  form  of  acquired 
macroglossia  due  to  inflammatory  h}-pertrophy 
{i-ide  supra)  may  result.  The  necessity  for  immediate 
treatment  is,  therefore,  urgent.  With  a  sharp,  curved 
bistoury  an  incision  is  made  on  the  dorsum  of  the 
tongue  on  each  side,  two-thirds  of  an  inch  from  the 
raphe  and  to  the  depth  of  one-third  of  an  inch,  the 
length  of  each  incision  being  about  two  inches.  If 
these  incisions  are  properly  executed  the  swelling 
should  rapidly  subside,  and  there  need  be  no  fear  of 
serious  hemorrhage. 

Abscess  of  the  tongue  may  be  acute  or  chronic. 
Both  forms  are  rare.  The  acute  variety  is  subdivided 
into  the  superficial  and  the  deep;  the  former  usually 
involves  the  dorsum  toward  the  base,  but  almost 
invariably  in  front  of  the  circumvallate  papilla;. 
Contrasted  with  acute  parenchymatous  glossitis, 
which,  of  course,  may  terminate  in  abscess,  the  onset 
is  gradual  rather  than  fulminating,  and  pain  is  not 
so  marked.  As  with  any  abscess  a  tender  and  painful 
swelling  arises,  which  becomes  yellowish  and  soon 
fluctuates.  Early  spontaneous  rupture  never  occurs. 
The  treatment  is  by  incision  followed  by  antiseptic 
mouth  washes.  The  deep  acute  abscess  may  be  the 
result  of  acute  parenchymatous  glossitis,  of  mercurial 
glossitis,  of  a  punctured  wound,  or  of  a  foreign  body. 
Contrasted  with  the  acute  superficial  variety,  fluctua- 
tion is  never  an  early  sign,  since  the  pus  is  deeply 
placed,  and  therefore  this  deep  acute  abscess  may 
readily  be  mistaken  for  a  gumma.  The  treatment  is 
by  incision  followed  by  antiseptic  mouth  washes. 
Chronic  abscess  results  from  a  slowly  developing, 
low  grade  pyogenic  infection,  so  that  acute  symptoms 
are  absent.  There  may  be  a  predisposing  trauma,  but 
more  often  the  condition  is  due  to  secondary  pyogenic 
infection  of  a  tuberculous  focus  or  of  a  gummatous 
area.  It  seldom  becomes  larger  than  a  marble  and 
usually  arises  deep  in  the  tissues  of  the  organ.  The 
Wassermann  reaction  or  a  therapeutic  test  may  be 
necessary  to  differentiate  the  chronic  abscess  from 
gumma.  The  treatment  of  a  chronic  abscess  is 
incision  followed  by  antiseptic  mouth  washes. 

Leucoplakia,  or  white  patch,  is  the  name  given  to 
the  appearance  presented  by  chronic  superficial 
inflammation  involving  the  mucous  membrane  of  the 
tongue  most  commonly,  but  also  of  the  cheeks  and  lips. 
The  cause  of  the  disease  is  not  definitely  known,  but 
clinical  experience  shows  that  prolonged  irritation 
in  some  persons,  especially  sviihilitics,  is  of  etiologic 
moment,  and  that  the  commonest  exciting  factors  are 
smoking,  drinking  raw  whisky,  and  the  ingestion  of 
irritating  and  strongly  seasoned  food.  Pathologic- 
ally there  is  proliferation  of  the  hnrny  layers  of  the 
stratified  epithelium,  with  leucocytic  infiltration, 
and  eventually  scar  formation  beneath  the  surface 
epithelium;  the  papillae  diminish  in  size  and  finally 
di.sappoar.  The  patches  are  seen  oftenest  on  the 
dorsum  of  the  tongue  near  the  tip,  just  where,  in  a 
smoker,  the  smoke  from  pipe  or  cigar  would  first 
impinge  upon  the  tongue.  The  earliest  patches 
appear  as  red,  shiny,  smooth  areas  surrounded  by  a 
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distinctly  fiirrod  aroa  of  mucous  membrane  (smokers 
patches)";  later  these  patches  become  bluish  white, 
but  retain  their  characteristic  smoothness  (leucopla- 
kia);  still  later  some  evidences  of  thickening  and 
induration  are  present,  the  patches  are  furrowed,  and 
the  fissures  mav  be  ulcerated  (leucokeratosis);  this 
stage  borders  oh  the  development  of  carcinomatous 
chanRes.  What  percentage  of  the  cases  eventuate 
in  cancer  is  not  known,  but  it  is  high  enough  to  war- 
rant the  exercise  of  the  utmost  care  in  handling 
leucoplakic  patches  and  keeping  away  from  them  all 
sources  of  irritation.  The  diagnosis  is  est.ablished 
by  the  history  of  the  case  and  chronic  course  of  the 
lesion;  a  svphilitic  mucous  patch  forms  quickly,  not 
slowlv;  its" duration  is  brief,  not  prolonged;  it  is  soft 
and  'not  indurated;  and  other  s>T5hilitic  lesions  are 
associated  sooner  or  later.  The  treatment  pre- 
supposes the  immediate  removal  of  all  irritating 
factors;  these  include  the  therapeutic  emploj-ment  of 
caustics.  Two  per  cent,  chromic  acid  may  be  applied 
to  thickened  and  excoriated  patches.  To  relieve  the 
distressing  night  dryness  Butlin  recommends  an  oint- 
ment made  up  of  two  drams  of  vaselin  with  six  drams 
of  lanolin  and  borax  or  eucalyptus.  The  same  author- 
ity advises  against  excision  in  the  early  stages  of 
ieucnplakia,  for  removal  of  the  patch  does  not  prevent 
development  of  the  disease  about  the  scar,  and  the 
latter  will  prove  quite  as  troublesome  as  the  patch. 
When  an  indurated  area  forms,  when  an  ulcer  per- 
sists, or  when  a  papillomatous  growth  forms,  excision 
must  be  employed  at  once,  because  in  any  one  of  these 
instances  the  probability  is  that  cancer  has  already 
begun.  But  little  can  be  expected  from  the  thera- 
peutic use  of  x-rays  or  of  radium.  ^\Tien  well- 
established  the  disease  is  practically  incurable. 

TuBERCTLOSis  OF  THE  ToNGDE. — This  Condition  is 
infrequent,  in  spite  of  the  great  numbers  of  bacilli 
that  must  constantly  pass  over  the  tongue.  The 
frequency  and  other  aspects  of  the  disease  have 
recently  been  worked  up  by  Durante  (Annals  of 
Surgery,  February,  1916,  143-154),  whose  paper  w-ill  be 
extensively  quoted  here. 

Frequency. — Willigk,  in  1,137  necropsies  of  tuber- 
culous subjects,  found  tuberculous  lesions  in  the 
tongue  twice  only;  Fowler,  in  382  autopsies,  found  it 
four  times;  Fischer,  three  times  in  1,500;  Chiari, 
twelve  times  in  G25;  and  Adami,  in  417  autopsies  of 
tuberculous  cases,  found  none. 

In  statistics  on  pulmonary  tuberculous  lesions  in 
German  Sanatoria,  Hamel  records  one  single  case  of 
tuberculosis  of  the  tongue  in  12,369  subjects.  Von 
Ruck  gives  the  frequency  of  0.38  per  cent,  in  tuber- 
culous subjects  deduced  from  a  series  of  5,000  patients 
studied  in  Winyah  Sanatorium. 

I'p  to  October  20,  1915,  there  are  reported  in  the 
literature  about  250  cases  of  primary  and  secondary 
tuberculosis  of  the  tongue. 

The  relative  infrequency  of  tuberculous  lesions  of 
the  tongue,  an  organ  so  near  the  source  of  infection, 
is  probably  due  to  two  factors:  (1)  To  the  particular 
structure  of  the  lingual  mucosa,  which  resists  the 
direct  penetration  of  Bacillus  tuberculosis;  and  (2)  to 
the  natural  resistance  which  all  striated  muscles 
present  to  the  lodgement  of  the  bacilli.  This  resist- 
ance has  been  attributed  by  certain  writers  to  anti- 
bacterial and  antitoxic  action,  accentuated  or  rein- 
forced by  glycogen.  It  acts  against  microorganisms 
m  general  and  against  Bacillus  tuberculosis  in  particu- 
lar, as  was  demonstrated  in  vitro  by  Teissier.  It 
has  also  been  ascribed  to  the  continuous  fibrillation 
which  obstructs  the  attack  of  the  bacilli.  Neverthe- 
less, though  the  facts  are  indisputable,  its  fundamental 
reason  remains  obscure. 

Age. — The  larger  proportion  of  these  cases  occurs 
between  the  twentieth  and  fiftieth  year — rarely  above 
the  latter  age,  though  the  case  reported  by  Zintsmaster 
was  m  the  eightieth  year.     None  is  recorded  as  having 
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occurred  in  infancy,  the  age  in  which  tuberculous 
lesions  are  so  frequent  and  widespread. 

Etinlngy. — These  considerations  seem  to  justify  the 
deduction  that  the  tuberculous  process  in  the  tongue 
is  assisted  by  the  causes  common  to  middle  age,  such 
as  trauma  of  the  mucosa  by  the  stem  of  a  pipe,  by 
carious  teeth,  by  toxic  glossitis,  etc.,  and  the.se  causes, 
more  frequent  among  men,  explain  the  greater  fre- 
quency of  tuberculosis  of  the  tongue  among  men. 
Chvostek's  statistics  show  one  woman  to  every  four 
men;  Schliferowitsch's  show  one  in  tive  cases;  Dela- 
van's  show  one  in  twenty-three. 

The  routes  by  which  tuberculosis  localizes  itself  in 
the  tongue,  though  theoretic,  are  reducible  to  certain 
organs:  (1)  by  the  blood-vessels;  (2)  by  the  lym- 
phatics; (3)  by  direct  infection;  and  (4)  by  extension. 
Practically,  these  routes  cannot  always  be  determined, 
and  the  frequency  of  infection  by  a  given  route  can  be 
determined  with  scientific  precision  only  with  diffi- 
culty. Also,  in  cases  in  which  the  lesion  of  the  tongue 
represents  the  late  secondary  localization  of  a  primary 
bronchopulmonary  tuberculous  process,  it  is  alwaj-s 
dubious  to  affirm  or  exclude  by  which  of  these  routes, 
whether  by  the  blood-vessels,  the  lymphatics  or  by 
direct  inoculation  by  way  of  the  excretion,  the  bacilli 
have  reached  the  lingual  focus.  All  tliree  routes  are 
possible,  but  no  one  character  of  the  clinical  course  or 
of  the  microscopic  findings  permits  a  sure  differentia- 
tion. The  fourth  route  which  has  been  stated  as 
theoretically  possible,  that  of  extension  to  the  tongue 
by  continuity  of  a  tuberculous  process  in  a  neigh- 
boring region,  has  not  been  found  recorded  in  the 
literature. 

The  tongue  is  one  of  the  first  organs  which  can 
come  into  contact  with  the  infectious  elements  by 
way  of  the  air  or  by  the  passage  of  food,  and,  by 
reason  of  the  diminished  vitality  of  the  integument  in 
circumscribed  areas,  determined  by  the  many  trau- 
matic causes  mentioned,  can  become  primarily  the 
seat  of  a  tuberculous  lesion.  The  theoretic  possi- 
bility of  a  primary  tuberculosis  of  the  tongue  is 
practically  confirmed  by  two  cases  described  by 
Clarke  and  by  Schliferowitsch.  These  were  operated 
upon  for  tuberculous  ulcers  of  the  tongue  and  died 
from  other  causes.  Tuberculous  lesions  were  not 
found  in  other  organs.  The  literature  records  many 
other  cases  of  "primary"  tuberculosis  of  the  tongue, 
but  this  term  should  be  accepted  in  a  clinical  sense 
only,  since  the  cases  were  not  controlled  by  autopsy. 

In  the  majority  of  cases  tuberculosis  of  the  tongue 
has  a  localization  secondary  to  a  tuberculous  process 
in  other  parts  of  the  organism,  e.g.  in  the  anus  (.Bur- 
quoy)  and  in  the  epididymis  (Weber). 

Types. — The  anatomic  forms  which  tuberculosis  of 
the  tongue  may  assume  do  not  represent  a  distinct 
anatomic  entity,  but  often  diverse  forms  of  the  same 
evolutionary  process  or  varying  anatomic  aspects 
from  case  to  case,  and  from  region  to  region,  according 
to  the  virulence  of  the  bacilli  and  the  reaction  and 
local  resistance  of  the  tissues;  for  this  reason  they 
have  a  clinical,  rather  than  an  anatomic  interest. 
Whatever  may  be  the  final  anatomo-clinical  form  of 
tuberculosis  of  the  tongue,  the  beginning  is  always 
characterized  by  specific  connective  tissues,  new 
formation  of  tuberculous  nodules,  which  may  be 
localized  separately  in  the  dermis  of  the  mucosa  or  in 
the  lingual  parenchyma. 

From  this  distinct  initial  localization  of  the  tuber- 
culous process  there  may  originate  two  clinically 
different  types.  The  first,  namely,  the  connective 
tuberculous  new  formation,  if  in  the  lingual  dermis, 
assumes  characteristics  approximating  cutaneous 
lupus.  It  presents  itself  initially  as  a  plaque  of  gray 
color  somewhat  elevated  above  the  surrounding 
mucosa  without  inflammatory  reactions,  and  hard  to 
the  touch.  It  is  formed  by  the  grouping  of  small 
miliary  nodules  which,  if  they  preserve  the  sclerotic 
form,   are   spoken   of   as   glossodermatitis   tuberculo- 
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ulcerosa.  These  two  distinct  forms  of  lingual  lupus, 
through  the  possible  transition  to  another,  sometimes 
assume  aspects  with  difficulty  referable  to  a  fixed 
type.  The  lupus  lesions  of  the  tongue  are  always 
accompanied  by  lupus  lesions  of  the  buccal  mucosa, 
of  the  nose,  or  of  the  skin  of  the  face,  and  represent 
a  complication  not  relatively  rare.  TheLicht  Institute 
reported  over  2,000  patients  affected  by  lupus  vulgaris 
of  the  face,  in  whom  lingual  lupus  was  noted  only 
fifteen  times. 

When,  on  the  other  hand,  the  tuberculous  elements 
affect  primarily  the  parenchyma  of  the  tongue  (or 
rather  the  intramuscular  connective  tissues  of  the 
tongue,  since  the  question  arises  whether  a  true 
primary  tuberculous  myositis  ever  exists),  they  may 
coalesce  in  such  a  way  as  to  constitute  a  single  nodule 
— nodular  tuberculosis,  confluent  tuberculosis,  granu- 
loma tubereulare — or,  if  they  ma\-  be  disseminated  in 
various  regions — disseminated  miliary  tuberculosis, 
multiple  or  gummatous  nodular  tuberculosis. 

Each  form — the  confluent  more  readih-  than  the 
disseminated — may  maintain  its  anatomic  individual- 
ity for  months  and  years  and  simulate  a  neoplastic 
lesion  or  the  localization  of  tertiary  lues.  It  tends  in 
the  early  stage  to  caseous  necrosis,  becoming  fluctuat- 
ing (cnid  abscess  of  the  tongue)  and  opening  to  the  sur- 
face with  the  formation  of  a  large  ulcer  or  a  fistulous 
opening.  The  t^-pical  tuberculous  ulcer  has  irregular 
margins,  sinuous,  soft  and  reddened,  with  a  soft 
yellow  base;  it  is  surrounded  by  granulations,  which 
bleed  easily.  It  ma}'  appear  in  any  region  of  the 
tongue,  but  with  more  frequency  on  the  margins  and 
tip.  The  adenitis  which  accompanies  it  is  often 
bilateral  and  slightly  painful  to  pressure. 

From  a  review  of  the  clinical  history  one  deduces 
that  the  persistence  of  the  two  clinical  indi\'idualities, 
the  nodular  form  and  the  ulcerative  form,  is  influenced 
by  the  condition  and  the  course  which  the  tuberculous 
infection  assumes  in  other  parts  of  the  body,  of  which 
the  lingual  lesion  is  generally  a  secondan,-  localization. 
The  form  which  most  of  the  time  maintains  the 
nodular  type,  single  or  multiple,  accompanies  a 
tuberculous  infection,  generally  of  the  lung,  with  a 
slow  course,  not  destructive,  or  is  an  indirect  primary 
form.  The  forms  which  tend  rapidly  to  caseous 
necrosis  are  habitually  concomitant  with  and  secon- 
dary' to  deep  and  destructive  lesions  of  other  organs. 

The  literature  records  still  another  form  of  tuber- 
culosis of  the  tongue  of  a  verrucose  (Franfois-Dain- 
ville)  or  papillomatous  tj-pe  (Danlos  and  Levy- 
Frankel),  so-called  from  the  a.spect  which  the  mucosa 
may  assume  when  its  papilla?  become  infiltrated  by  a 
tuberculous  granuloma  of  the  lymphoid  type.  There 
has  never  been  described  in  the  tongue  the  t}"pe  of 
inflammatory  hypertrophic  tuberculosis  of  a  pseudo- 
neoplastic  character  found  in  the  smooth  musculature 
of  the  pylorus,  of  the  cecum  and  in  striated  muscles. 

Bacteriology. — The  result  of  the  search  for  the 
bacillus  of  Koch  in  tuberculous  glossitis  is  usually 
positive;  though  sometimes  in  cases  of  undoubted 
tuberculosis  of  the  tongue  it  may  be  negative  (Dalla 
Vedova,  Campbell,  Trimble.  Schliferowitsch).  In 
order  to  exclude  the  presence  of  the  specific  bacteria 
in  the  affected  tissues  it  is  necessarj'  to  supplement 
the  biologic  test  by  the  use  of  both  Ziehl-Neelson's 
and  Gram's  methods  of  staining.  We  know,  in  fact, 
following  the  works  of  Mircoli,  Much,  Constantini, 
etc.,  that  contemporaneously  with  the  morphologic 
variability  of  the  tuberculosis  bacillus  its  chemical 
properties  and  .staining  reactions  varj'  also.  There 
exists,  indeed,  a  species  of  tuberculosis  bacillus  of  the 
typic  form  of  rod  which  does  not  stain  by  Ziehl's 
method,  but  does  stain  by  the  prolonged  method  of 
Gram;  and  a  granular  form  which  has  a  chromatin 
affinity  exclusively  for  the   Gram  stain. 

Symptoms. — The  symptoms  of  lingual  tuberculosis 
vary  following  the  anatomic  form  which  it  assumes 
and  following  its  stage  of  evolution.     The  character- 
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istics  of  tuberculous  infection  in  all  the  organs,  the 
absence  of  subjective  disturbance  in  the  initial  stage 
of  the  lesion,  marks  the  beginning  of  tuberculosis  of 
the  tongue  which  develops  slowly  and  almost  pain- 
lessly until  it  assumes  the  ulcerative  form.  At  this 
stage  there  is  abundant  salivation  (ptyalism)  from 
the  specific  reflex  secretorj-  stimuli  pertaining  to  the 
ulcerated  surface  and  mild  spontaneous  tenderness 
through  the  diffusion  of  the  inflammaton.'  process  to 
the  Ij'mphatic  sheaths  of  the  ner\-e  filaments  and 
through  the  pain  due  to  the  passage  of  food.  Such 
pain,  together  with  the  inflammatory  condition,  often 
limits  the  normal  mobility  of  the  tongue  on  account  of 
the  facility  with  which  it  is  complicated  by  secondary 
infection,  accompanied  early  by  a  somewhat  painful 
regional  adenopathy.  This  adenopathy  in  general  is 
absent  in  the  closed,  nonulcerative  form  of  lingual 
tuberculosis. 

Diagnosis.— The  diagnosis  in  the  initial  stage  of 
the  process  of  evolution  presents  generally  great 
difficulty  when  the  attempt  at  diagnosis  is  limited  to 
the  direct  physical  findings.  A  review  of  the  litera- 
ture in  this  connection  impresses  one  with  the  fre- 
quency with  which  tuberculosis  of  the  tongue  is 
confused  with  epitheliomatous  neoplasm  or  with 
tertiary  lues.  The  first — and  the  commonest — 
diagnostic  error  has  often  led  to  amputation  of  the 
tongue  and  to  the  accompanying  complementary 
operations  of  the  neck,  as  in  cases  reported  by  Albert, 
Hansemann,  Bull.  Dalla  Vedova,  Euteneuer.  The 
second  diagnostic  error  leads  to  mercurial  treatment 
which  has  been  actually  employed  in  180  reported 
cases. 

Lupus  of  the  tongue,  in  whatever  aspect  it  presents 
itself,  is  not  difficult  to  diagnose.  It  may  be  confused 
with  the  papillan.'.  or  ulcerative  lesions  of  lues;  but 
the  generic  criteria  which  serve  to  differentiate  the 
two  lesions  in  any  organ,  anamnesia,  the  trial  of 
specific  serous  methods  of  diagnosis,  therapy,  etc., 
or,  better,  the  microscopic  examination  of  the  excised 
tissue,  will  serve  to  make  the  differentiation. 

All  the  other  forms  of  lingual  tuberculosis  present 
serious  difficulties,  unless  recourse  be  had  to  micro- 
scopic examination.  The  nodular  form  of  intra- 
lingual  tuberculosis,  confluent  or  disseminated,  in 
the  beginning  is  quiet,  without  pain,  not  accompanie<l 
by  a  swelling  of  regional  lymph-nodes,  and  is  simu- 
lated more  frequently  by  the  gummatous  lesions  of 
lues.  To  exclude  the  sj-philitic  affections,  it  should 
be  noted  that  these  have  a  predilection  for  the  base  of 
the  tongue,  while  tuberculosis  elects  the  tip;  they  are 
less  painful  than  tuberculous  granulomata  and  in  a 
few  weeks  ulcerate.  Again,  one  should  use  the  criteria 
mentioned  above  in  the  differentiation  of  the  lupus 
form  from  si.'philis  of  the  tongue. 

The  nodular  form  of  lingual  tuberculosis  may  also 
be  confused  with  actinomycosis,  rarely  with  fibroma, 
lipoma  or  sarcoma.  Criteria  of  approximate  differen- 
tiation can  be  found  if  we  remember  the  character- 
istics noted  as  pertaining  to  each  pathologic  form. 
Sure  criteria  are  difficult  to  find  if  we  do  not  employ 
the  direct  examination  of  the  tissue  of  the  tumor. 

The  ulcerative  form  of  lingual  tuberculosis — espe- 
cially if  the  lesion  is  primary-  and  alone — assumes  great 
surgical  interest  from  its  being  easily  confused  with 
cancerous  ulcer,  because  this  is  of  much  greater  fre- 
quency than  the  first,  and  because  both  have  a  predi- 
lection for  the  same  age,  the  same  sex,  and  tlie  same 
lingual  region.  In  tj-pic  forms  the  two  ulcers  can 
often  be  differentiated  by  a  single  direct  examination; 
but  often  the  tuberculous  ulcer  does  not  present  the 
characteristics  mentioned,  but  occurs  with  margins 
and  with  base  moderately  indurated  by  inflammatory 
infiltration  (Zintsmaster,  Dally,  etc.),  spontaneously 
painful  from  the  diffusion  of  the  inflammatory  proc- 
ess in  the  lymphatics  and  the  nerve  filaments.  In 
such  a  case  it  is  obvious  how  an  error  may  easily  take 
place     because     the     differentiating     characteristics. 
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described  for  the  two  ulcers  and  for  those  omitted 
because  they  arc  intuitive,  have  substantially  an 
academic  value— not  a  practical  one. 

It  is  therefore,  not  prudent  that  the  diagnosis  ol 
ulcerous  lesions  of  the  tonpue  should  be  determined  by 
a  sinfilc  method  or  by  the  clinical  signs,  but^shoiild 
be  founded  on  an  accurate  histobiologic  test,  the 
removal  of  tissue  for  the  histobiologic  test  and  for  the 
inoculation  of  guinea-pigs  is  the  diagnostic  means 
most  certain  and  is  the  method  of  election  to  differen- 
tiate the  neoplastic  lesion  of  the  tongue  from  tuber- 
culosis. .\t  least  the  histologic  exammation  of  tlie 
base  of  the  ulcer  in  frozen  sections  during  the  operation 
should  be  done,  thus  sometimes  preventing  greatly 
destructive  and  useless  intervention. 

Profrnnsis. — The  prognosis  is  favorable  when  tuber- 
culosis of  the  tongue  presents  itself  as  a  primary  and 
uriiiiue  lesion;  less  so  when  it  is  primary,  but  has  a 
multiple  localization.  It  is  generally  unfavorable 
when  the  lingual  lesion  presents  itself  as  a  late  locali- 
zation and  secondary  as  a  bronchopulmonary 
process.  In  such  cases" it  assumes  the  gravity  which 
the  tuberculous  process  has  in  the  principal  focus  and 
does  not  follow  the  evolution. 

Trcalmerit. — The  therapy  of  election  has  been 
operative  when  the  tuberculous  lesion  of  the  tongue 
was  single  and  circumscribed.  In  the  multiple  and 
diffuse  lesions  the  treatment  has  been  local  with  the 
common  cauterj'. 

Syphilis  of  the  tongije  is  of  most  surgical  interest 
in  the  gummatous  stage.  In  the  primary  stage  the 
initial  lesion  occurs  at  or  near  the  tip  of  the  tongue  and 
has  the  same  characteristics  as  elsewhere.  In  the 
.secondary  stage  mucous  patches  involve  particularly 
the  tip  and  the  sides  of  the  tongue  and  arc  associated 
with  similar  lesions  elsewhere  within  the  mouth.  In 
the  tertiary  stage  the  gumma  maybe  single  or.multiple, 
suijerficial  or  deep,  and  when  it  breaks  down  an  ulcer 
results  and  exhiljits  the  same  characteristics  as 
syphilitic  ulcers  elsewhere.  The  superficial  ulcer 
affects  the  mucous  membrane  and  is  especially  com- 
mon on  the  edge  or  the  tip  of  the  tongue.  The  deep 
ulcer  results  from  breaking  down  of  the  so-called 
"parenchymatous  gumma,"  which  springs  from  the 
connective  tissue  between  the  muscles  of  the  tongue, 
first  appearing  as  a  lump  beneath  the  mucous  mem- 
brane, which  it  gradually  erodes  until  the  latter  gives 
way,  forming  the  ulcer. 

Pathologists  have  long  recognized  a  syphilitic 
lesion  of  the  base  of  the  tongue  characterized  by 
obliteration  of  the  normal  surface  markings  and  by 
smoothness  and  induration  of  the  tissues  in  that 
vicinity,  the  so-called  smoolh  or  indurative  atrophy  of 
Virchou:  This  lesion  has  recently  been  found  by 
Symmers  in  a  study  of  314  cases  based  on  4,880 
necropsies  {Jour.  Amer.  Med.  Assoc,  May  6,  191t), 
vol.  Ixvi.,  pp.  14.57-1462).  The  lesion  is  by  no  means 
rare,  and  is  one  of  the  most  characteristic  and  valuable 
and  one  of  the  most  despised  signs  of  late  acquired 
syphilis.  Symmers  has  rarely  encountered  a  clinician 
who  was  familiar  with  the  lesion  and  who  included  it 
among  the  objective  methods  of  determining  the 
existence  of  syphilis.  In  the  postmortem  room,  on 
the  contrary,  he  is  almost  daily  able  to  point  out  the 
change  .and  to  connect  it  with  indubitable  signs  of 
.syphilis  in  other  parts.  In  normal  circumstances  the 
base  of  the  tongue  presents,  on  either  side  of  the 
median  raphe,  between  the  circumvallate  papill;e 
in  front  and  the  epiglottis  behind,  a  dozen  or  more 
small,  oval  or  rounded  nodular  elevations  representing 
lymphoid  follicles;  they  frequently  participate  in  the 
lymphoid  hj-perplasia  of  secondary  s>-philis,  and  as  the 
disease  progresses,  tend  to  disappear  and  to  be  re- 
placed by  fibrous  tissue,  the  base  of  the  tongue  becom- 
ing pale,  flattened  and  indurated.  On  the  other 
hand,  one  often  encounters  simple  smoothness  and 
flattening  of  the  base  of  the  tongue  in  elderly  or 
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cachectic  subjects  in  whom  there  is  no  reason  to 
suspect  sjTohilis,  but  in  these  individuals  the  essential 
feature  of  Virchow's  smooth  atrophy  is  lacking, 
namely,  induration  due  to  connective-tissue  replace- 
ment. Therefore,  in  approaching  the  diagnosis,  both 
from  the  clinical  and  anatomic  point  of  view,  the 
finger  should  be  trained  to  appreciate  the  degree  of 
resistance  offered  by  the  base  of  the  tongue,  and  the 
sense  of  sight  used  only  as  an  adjunct  to  that  of  touch. 

The  incidence  of  indurative  atrophy  of  the  base  of 
the  tongue  has  not  been  definitely  determined,  but 
among  62.3  necropsies  performed  bv  Symmers  and 
Elser,  who  were  especially  interested  in  the  investiga- 
tion of  s\'philis  of  the  tongue,  and  seldom,  if  ever, 
missed  an  opportunity  to  remove  the  organs  of  the 
mouth  and  throat  in  the  routine  performance  of 
necropsies,  acquired  s>"philis  was  determined  in  75 
instances,  and  of  this  number  64,  or  85  per  cent., 
presented  the  classic  signs  of  indurative  atrophy  of 
the  base  of  the  tongue.  On  the  other  hand,  Lewin 
and  Heller,  in  an  analysis  of  6,583  necropsies,  found 
anatomic  signs  of  syphilis  in  200  subjects  (3.4  per 
cent.),  and,  of  these,  indurative  atrophy  of  the  tongue 
was  present  in  71,  or  35  per  cent. 

The  diagnosis  of  syphilis  of  the  tongue  is  to  be 
suspected  by  the  clinical  characters  already  described 
and  confirrned  by  the  dark-stage  demonstration  of 
Spirocheta  pallida,  a  positive  Wassermann  reaction, 
or  the  therapeutic  test  with  "mixed"  treatment. 

The  treatment  of  syphilis  of  the  tongue  does  not 
differ  from  that  of  syphilis  elsewhere. 

Leprosy,  actinomycosis,  and  trichinosis  have  in- 
volved the  tongue  in  reported  cases. 

S.\RcoiiA  OF  THE  TONGUE  is  very  rare.  Serafini, 
in  1910,  reported  what  he  believed  was  only  the 
thirty-second  case  on  record.  It  arises  in  the  sub- 
stance of  the  tongue  and  follows  the  same  laws  of 
growth  as  sarcoma  elsewhere.  Thus,  a  small,  round- 
cell  growth  may  be  fatal  in  a  few  months:  it  also 
gives  metastases  to  regional  lymph-nodes.  The 
treatment  is  by  free  extirpation  with  removal,  in  the 
case  of  the  small,  round-cell  variety,  of  involved 
regional  lymph-nodes. 

Carcinoma  of  the  ToNGtJE. — This  disease  is  com- 
moner in  men  than  in  women  (about  fifteen  to 
one),  and  is  quite  unusual  before  middle  life.  It 
represents  about  eight  per  cent,  of  all  cancers  that  are 
encountered  in  the  male  sex.  In  the  majority  of  cases 
it  begins  on  the  side  of  the  tongue,  usually  in  the 
anterior  two-thirds  of  the  organ.  As  to  the  etiology, 
the  most  influential  factor  is  chronic  irritation,  which 
causes  first  precancerous  lesions,  as  glossitis  and 
leucoplakia,  already  described  above.  The  rough 
edge  of  a  tooth,  the  hot  stem  of  a  pipe,  and  the  treat- 
ment of  tongue  lesions  by  caustics  are  common  sources 
of  chronic  irritation  which  produce  precancerous 
lesions — a  term  promulgated  by  Butlin  to  describe 
a  lesion  which,  although  exhibiting  only  inflammatory 
changes  and  although  not  yet  cancerous,  is  evolving 
gradually  and  inexorably  into  carcinoma.  Butlin 
has  recently  demonstrated  that  many  lesions,  pre- 
viously considered  by  him  and  others  as  precancerous, 
prove  on  microscopic  examination  to  be  actually 
malignant.  He  believes  also  that  a  papillomatous 
growth  will  certainly  become  cancerous  if  not  removed 
and  is,  therefore,  much  more  surely  a  precancerous 
condition  than  is  an  ulcer,  a  nodule,  or  an  area  of 
chronic  inflammation.  Exactly  when  a  precancerous 
condition  becomes  cancerous  cannot  be  told  clinically; 
when  the  surgeon  is  able  to  recognize  the  condition 
as  cancer  it  has  probably  been  cancerous  for  some 
time;  one  should  suspect,  however,  that  an  ulcer  is 
in  a  precancerous  stage  when  it  persists,  in  spite  of 
the  removal  of  the  cause  and  in  spite  of  proper  treat- 
ment, when  the  patient  is  forty  years  or  more  of  age, 
and  when  there  is  no  marked  induration  or  fixation 
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of  the  sore.  The  freciuency  of  syphihtic  as  precan- 
cerous lesions  is  established. 

Types. — Carcinomata  of  the  tongue  are  almost 
invariably  epitheliomatous  in  type,  springing  from 
the  squamous  epithelium  and  practically  never  from 
the  glandular  epithelium,  although  Steiner  reported 
a  case  of  cylindric-cell  carcinoma  of  the  tongue, 
which  is  rare  enough  as  to  be  almost  a  surgical 
curiosity. 

Lymphatic  Infection. — The  IjTnph-nodes  are  in- 
volved very  early  in  carcinoma  of  the  tongue.  A 
cancer  in  the  anterior  third  of  the  tongue  tends  to 
spread  to  the  floor  of  the  mouth  and  mucous  mem- 
brane covering  the  alveolus;  it  early  invades  the 
submental  and  submaxillary  lymph-nodes,  first  those 
on  the  same  side  as  the  growth,  but  later  the  involve- 
ment is  bilateral.  Next  the  deep  cer\'ical  chain  is 
invaded.  The  submaxillary  and  sublingual  salivary 
glands  usually  are  not  invaded.  A  cancer  in  the 
posterior  two-thirds  of  the  tongue  tends  to  spread  to 
the  soft  palate  and  pharynx;  it  invades  the  lymphatics 
of  both  sides  very  early;  first  the  submaxillary,  then 
the  deep  cervical.  When  the  latter  have  been  in- 
vaded by  cancer  arising  in  any  part  of  the  tongue,  the 
growth  spreads  up  their  chain  to  the  base  of  the  skull 
and  downward  to  the  clavicle.  Distant  metastases 
occur  very  late  and  are  quite  unusual;  in  the  vast 
majority  of  cases  the  disease  is  distinctly  limited  to 
the  face  and  neck.  The  hmiph-nodes  are  infested 
with  metastatic  cancer  cells  long  before  they  are 
palpably  enlarged,  and  when  inflammatorj-  enlarge- 
ment occurs  the  nodes  are  practically  certain  to  be 
carcinomatous,  as  well  as  inflamed,  because  inflam- 
matory enlargement  of  the  nodes  takes  place  only  in 
well-developed   cases   of   cancer. 

Sy^nploms  and  Sigris. — Pain  is,  as  a  rule,  a  marked 
feature,  and  smarting  after  the  use  of  condiments, 
etc.,  is  one  of  the  first  sjiiiptoms  to  attract  the 
patient's  attention.  The  tongue  is  stiff,  and  attempts 
to  move  it  are  painful;  it  feels  thick  and  clumsy. 
Many  of  the  symptoms  described  for  macroglossia 
are  present  here,  too.  Speech  becomes  indistinct, 
and  swallowing  difficult  and  painful.  Salivation  is 
increased,  and  mucus  and  saliva  dribble  from  the 
mouth.  The  breath  and  the  dribbling  saliva  become 
foul  and  offensive,  and  the  constant  swallowing  of 
putrid  matter  is  liable  to  induce  gastrointestinal 
disturbances.  If  pyogenic  infection  supervenes  there 
will  occur  febrile  attacks  and  chills,  with  increased 
secretion  from  the  tumor  and  rapid  enlargement  of 
regional  lymph-nodes.  In  some  cases  the  patient 
is  wholly  unable  to  separate  the  teeth.  Heidenhain, 
of  Greifswald,  assigns  the  rapid  spread  of  carcinoma 
of  the  tongue  to  the  almost  constant  contractions  of 
the  tongue  muscles,  which  force  carcinoma  cells  into 
healthy  areas.  Wolfler  has  described  a  very  rare  form 
of  carcinoma  which  grows  very  slowly  and  may 
actually  remain  latent  for  years. 

Diagnosis. — Since  in  its  early  stage  carcinoma  of 
the  tongue  is  a  strictly  local  and  curable  disease  early 
diagnosis  is  of  prime  importance.  It  must  be  differ- 
entiated chiefly  from  tuberculous  and  syphilitic 
ulcerations.  In  cancer  the  main  diagnostic  points 
are  the  hardness  of  the  base  of  the  ulcer;  the  thickness 
of  its  margins;  the  bleeding  when  the  adherent  slough 
is  removed,  exposing  an  uneven  floor;  the  age  of  the 
patient;  and  the  existence  of  some  chronic  form  of 
local  irritation.  If  cancer  is  even  suspected  a  portion 
of  the  indurated  margin  of  the  ulcer  should  be  sub- 
jected to  microscopic  examination. 

Prognoifis. — Without  surgical  treatment  carcinoma 
of  the  tongue  is  usually  fatal  within  eighteen  months 
— certainly  within  two  years;  the  sole  exception  to 
this  is  the  slow,  latent  form  described  by  Wolflcr, 
already  referred  to.  In  many  cases  death  occurs  in 
less  than  nine  months.  By  radical  surgical  treat- 
ment the  expectation  of  life  is  almost  doubled  and, 
according  to  Butlin's  statistics,  twenty-five  per  cent. 


of  patients  in  whom  early  operation  is  done  remain 
free  from  recurrence  for  many  years.  The  immediate 
mortality  after  radical  operation  is  from  ten  to  fifteen 
per  cent. 

Treatment. — .\\\  cases  of  carcinoma  of  the  tongue 
must  be  divided  into  three  great  groups:  (1)  those  in 
which  an  operation  offers  some  chance  of  cure;  (2) 
those  in  which  an  operation  offers  no  chance  of  cure, 
but  does  offer  a  chance  of  palliating  the  disease  and 
prolonging  life;  and  (3)  those  in  which  any  operation 
is  entirely  out  of  the  question  (Da  Costa).  In  cases 
advanced  in  exhaustion  and  in  sepsis  in  which  there 
are  huge  masses  of  carcinomatous  lymph-nodes  in  the 
neck,  and  in  which,  perhaps,  the  jaw,  the  palate,  the 
phan,-nx,  and  the  epiglottis  are  involved,  it  is  perfectly 
useless  to  undertake  any  operation,  except  possibly 
tracheotomy,  to  prevent  suffocation.  There  is  a 
large  group  of  cases  in  which  it  is  impossible  to  cure 
the  patient,  but  in  which  something  maj-  be  done  to 
contribute  to  his  comfort;  and  in  these  one  is  justified 
in  removing  the  tongue  and  clearing  out  the  lymph- 
nodes  from  the  neck,  even  if  they  are  greatly  enlarged; 
and  even  in  cases  in  which  the  lymph-node  metastases 
throughout  the  neck  are  too  extensive  to  be  ablated, 
the  removal  of  the  tongue  itself  may  mitigate  the 
pain  and  the  foulness,  and  may  prevent  slow  death 
from   starvation. 

The  amount  of  tongue  to  be  removed  varies  with 
the  site  and  extent  of  the  growth  from  a  V-shaped 
incision  at  the  tip  of  the  organ,  removal  of  one-half 
of  the  organ  (growth  situated  on  side  of  front  part  of 
tongue),  and  removal  of  the  whole  anterior  portion 
(growth  involving  both  sides  of  front  of  tongue),  to 
total  ablation  (growth  at  base  of  tongue).  .Additional 
soft  or  bony  tissues  may  have  to  be  removed  accord- 
ing to  the  extralingual  extent  of  the  di.sease.  'U'hen 
the  growth  is  small  and  limited  Butlin's  advice  is  to 
remove  it  together  with,  on  all  sides,  at  least  three- 
fourths  of  an  inch  of  apparently  healthy  tissue.  As  to 
the  removal  of  lymph-nodes,  in  the  early  cases  of  cancer 
of  the  tongue  it  should  be  sufficient  to  remove  the  group 
of  nodes  closest  to  the  disease;  if  the  lesion  is  in.  or 
close  to,  the  middle  line,  and  certainly  when  the  base 
of  the  tongue  is  involved,  the  lymph-nodes  should 
be  removed  from  both  sides  of  the  neck,  and  indeed 
this  is  the  safest  plan  to  follow  in  all  cases  (Da  Costa). 
While  some  surgeons  remove  the  tongue  and  the 
lymph-nodes  at  one  sitting — a  procedure  that  in  certain 
cases  increases  the  shock  and,  therefore,  the  danger 
of  death — usually  Butlin's  method  is  followed,  re- 
moving the  lingual  growth  first  and  the  lymph-nodes 
about  nine  daj's  later;  and  Owen  recommends,  if  the 
lymph-nodes  are  increasing  very  rapidly  in  size,  that 
the  first  operation  should  consist  in  extirpating  them, 
since  if  the  tongue  is  removed  first,  and  the  operation 
upon  the  Ij-mph-nodes  postponed  for  a  couple  of 
weeks,  they  might  have  become  inoperable  by  t!iat 
time. 

Excision  op  the  Tongue. — In  an  effort  to  determine 
the  best  method  of  operative  removal  of  the  tongiie 
Ashhurst  has  presented  a  critique  together  with  the 
proposal  of  an  original  method  which  eliminates  some 
of  the  objectionable  features  of  previous  techniques, 
and  which  may  be  described  as  a  variant  of  Crespi 
and  Ba.stianelli's  modification  of  Langenbcck's  opera- 
tion (Ashhurst:  Annals  of  Surgery,  August,  1915, 
pp.    2.39^6). 

Systematic  excision  of  the  tongue  goes  back  to  the 
time  of  Roux.  who  is  credited  with  having  adopted  in 
1830  temporary  division  of  the  mandible;  and  who  in 
1839  did  prehminary  ligation  of  the  lingual  artery, 
finding  then  that  after  dividing  the  frenum  and  the 
anterior  pillar  of  the  fauces  he  could  draw  the  tongue 
far  outside  the  buccal  cavity,  and  was  able  to  com- 
plete the  excision  of  its  left  half  with  facility.  The 
method  of  operation  popularized  by  Whitehead  (18S1) 
is  a  further  development  of  that  adopted  by  Roux. 
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SWillot  (1844)  and  Syme  (ISoS)  thouglit  to  make 
access  easier  bv  temporary  division  of  tlie  symphysis 
menti,  and  Koclier  has  now  adopted  a  slight  modifica- 
tion of  this  operation  as  his  "normal  procedure,  and 
prefers  it  to  the  lateral  suprahyoid  operation  fonnerly 
known  bv  his  name  (Kocher:  "Text-Book  of  Opera- 
tive SurReri',"  1914,  3d  ed.,  418).  The  preat  advan- 
tage which"  median  section  of  the  mandible  presents 
over  Whitehead's  method  is  tliat  it  permits  simulta- 
neous excision  of  the  floor  of  the  mouth  wheri  this  is 
necessary.  But  as  the  carcinoma  usually  is  situated 
at  the  s'ide  of  the  tongue,  and  spreads  toward  the 
fauces  and  pharvnx.  this  approach  gives  insufhcient 
access  to  the  scat  of  disease  in  the  majority  of  cases, 
and  is  best  suited  to  those  rather  unusual  cases  where 
the  carcinoma  invades  the  mucosa  around  the  frenum 
linguie  and  does  not  extend  far  backward.  Moreover, 
the  wound  left  after  operation  by  Sedillot's  or  Symc's 
technique  is  vcrv  prone  to  infection.  In  most  cases, 
therefore,  it  is"  less  applicable  than  Langenbeck's 
method  (1875),  which  consists  in  making  an  incision 
from  the  angle  of  the  mouth  downward  to  the  level 
of  the  thvroid  cartilage,  with  division  of  the  mandible 
between  the  first  and  second  molar  teeth.  The 
remarkablv  low  immediate  mortality  which  attended 
this  operation  in  Volkmann's  clinic  appears  to  have 
passed  from  memory  as  completely  as  the  operation 
has  from  practice.  "  In  1889  Krause  reported  Volk- 
mann's results  with  this  operation  from  1875  to  1S8S: 
There  were  thirty-five  such  operations  in  which  tem- 
porary resection  of  the  jaw  was  done,  with  two  deaths, 
a  mortality  of  5.7  per  cent.;  and  there  were  fifty-six 
similar  operations  in  which  the  disease  was  not  so  far 
advanced  as  to  make  division  of  the  mandible  neces- 
sary for  complete  extirpation,  with  not  a  single  death 
from  the  operation;  or,  combining  the  two  series  of 
operations,  there  were  ninety-one  excisions  of  the 
tongue,  with  only  two  deaths — a  mortality  of  2.2  per 
cent.,  which  compares  favorably  with  much  more 
modem  statistics. 

There  are,  however,  two  great  objections  to  Langen- 
beck's method.  The  first  is  the  unsightly  scar,  and 
the  division  of  the  branches  of  the  facial  nerve  which 
the  skin  incision  involves;  the  other — and  weightier — 
objection  is  that  no  adequate  provision  is  made  for 
extirpation  of  the  involved  lymph-nodes.  In  Crespi 
and  Ba-stianelli's  modification  (1889)  of  Langenbeck's 
operation  the  former  objection  is  absent,  as  the  skin 
incision  rlivides  the  lower  lip  in  the  midline  and  is 
continued  outward  along  the  body  of  the  jaw  to  its 
angle  and  thence  to  the  anterior  border  of  the  sterno- 
mastoid;  but  the  second  objection,  the  inadequacy  of 
the  exposure  for  extirpation  of  the  lymphatics,  still 
holds. 

Technique  of  Ashhursl's  Modification. — The  patient 
being  anesthetized  and  placed  in  the  head-high  posi- 
tion, an  incision  is  made  from  the  point  of  the  chin 
downward  in  the  midline  to  the  hyoid  bone,  and  thence 
along  the  side  of  the  neck  affected,  following  the  folds 
of  the  skin,  well  below  the  body  of  the  mandible  to 
the  mastoid.  This  incision  passes  only  as  deep  as  the 
platysma,  and  is  at  once  undermined  beyond  the 
midline  in  the  submental  region,  and  downward  to- 
ward the  root  of  the  neck.  When  this  undermining 
has  been  completed,  a  block  dissection  of  the  neck  is 
commenced  at  the  circumference  of  the  area  thus 
exposed.  That  is  to  say,  the  submental  region  is 
cleared  down  to  the  muscles  (digastrics,  mvlohyoids, 
sternohyoids)  from  the  far  side  of  the  midli'ne  toward 
the  diseased  side  of  the  neck;  and  the  dissection  ex- 
tends upward  from  well  below  the  bifurcation  of  the 
common  carotid  arter>-  to  the  floor  of  the  mouth.  As 
the  dissection  is  carried  from  below  upward  the  de- 
scendens  hypoglossi  nerve  is  spared  if  po.ssible,  but  all 
venous  branches  and  the  superior  thyroid,  lingual, 
and  facial  arteries  are  doubly  clamped,  divided  and 
ligated  as  they  are  encountered,  thus  ensuring  the 
removal   of   all   the   lymphatics   in   one   mass.     The 
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hypoglossal  nerve  itself  is  preserved,  as  well  as  the 
spinal  accessory-;  both  of  them  should  be  clearly 
exposed.  The  superior  laryngeal  nerve  should 
also  be  preserved.  The  dissection  is  then  continued 
across  the  m.vlohyoid  and  around  its  posterior  border 
into  the  floor  of  the  mouth,  removing  the  entire  sub- 
maxillary salivary  gland  along  with  the  rest  of  the 
cervical  tissues.  The  lower  portion  of  the  parotid 
gland  is  also  cut  away  to  ensure  complete  removal  of 
lymphatics  in  this  region.  The  mucosa  between  the 
tongue  and  mandible  is  not  divided  at  this  time,  but 
the  entire  mass  which  has  been  dissected  free  is 
turned  up  with  the  skin  flap  upon  the  patient's  cheek. 
This  mass  is  then  dissected  off  the  skin  flap,  the  platy- 
sma being  removed  with  the  mass,  and  the  facial 
artery  being  ligated  on  the  body  of  the  mandible,  to 
prevent  recurrent  hemorrhage.  The  large  wound  is 
then  swabbed  out  with  a  two  per  cent,  alcoholic  solu- 
tion of  iodine,  and  is  covered  with  a  hot,  moist  pack. 
This  terminates  the  first  stage  of  the  operation. 

The  second  stage  of  the  operation  comprises  the  re- 
moval of  the  tongue.  A  stout  linen  suture  is  passed 
through  the  tip  of  the  tongue,  to  be  used  as  a  tractor, 
and  a  mouth-gag  is  inserted  on  the  opposite  side  of 
the  mouth.  The  original  skin  incision  is  then  con- 
tinued upward  from  the  point  of  the  chin  to  the  free 
border  of  the  lip,  dividing  the  lip  in  the  midline.  The 
mucous  membrane  between  the  lip  and  mandible  is 
then  divided  with  scissors  outward  until  the  ascend- 
ing ramus  of  the  mandible  is  reached.  The  masseter 
is  not  cut.  The  cheek  is  then  turned  aside;  this  gives 
excellent  access  to  the  tongue.  Another  stout  linen 
suture  is  now  passed  through  the  glosso-epiglottidean 
fold,  and  both  this  and  the  suture  through  the  tip  of 
the  tongue  are  drawn  taut.  Gauze  is  then  packed 
loosely  in  the  pharynx,  around  the  intratracheal  tube. 
The  surgeon  next  divides  the  franum  lingu;B  with  scis- 
sors, and  continues  the  division  of  the  mucous  mem- 
brane of  the  floor  of  the  mouth  from  this  point  back- 
ward to  the  anterior  pillar  of  the  fauces,  first  on  the 
opposite,  then  on  the  diseased  side.  The  anterior 
pillars  of  the  fauces  are  then  divided  on  both  sides, 
and  the  tongue  is  drawn  well  out  of  the  mouth.  The 
tongue  is  then  severed  half  way  across  its  base  (at 
least  two  centimeters  beyond  the  visible  limits  of  the 
carcinoma)  on  the  diseased  side,  and  then  from  the 
tip  of  the  tongue  backward  along  the  floor  of  the 
mouth,  to  the  transverse  section,  also  on  the  diseased 
side.  The  bleeding  up  to  this  point  will  be  trifling, 
as  the  lingual  artery  on  this  side  has  previously  been 
tied  at  its  origin  in  the  neck  (before  the  dorsalis 
lingua;  branch  is  given  off).  The  tongue  is  now  held 
in  the  mouth  solely  by  the  hyoglossus  and  genio- 
hyoglossus  muscles  on  the  side  opposite  to  that  dis- 
eased ;  as  these  are  cut  from  before  backward,  the  spurt- 
ing lingual  artery  of  that  side  is  caught  in  a  hemo- 
stat,  and  if  the  dorsalis  linguie  also  spurts  it  likewise 
is  caught  in  the  stump  of  the  tongue,  which  is  held  up 
in  good  view  by  means  of  the  suture  previously  passed 
through  the  glossoepiglottidean  fold.  These  clamped 
arteries  are  ligated.  Molar  teeth  on  the  diseased  side 
are  then  extracted  and  the  corresponding  alveolus  is 
cleared  of  mucous  membrane;  if  necessary  the  alveolus 
may  be  excised.  This  permits  the  mucosa  on  the 
buccal  surface  of  the  cheek  to  be  drawn  in  as  a  flap 
and  sutured  across  the  denuded  alveolus  to  the  stump 
of  the  tongue,  thus  rendering  a  buccocervical  fistula 
less  likely.  The  remaining  portion  of  the  stump  of 
the  tongue  is  sutured  as  securely  as  is  possible  to  the 
mucosa  still  remaining  on  the  inner  surface  of  the 
alveolus  throughout  its  extent;  and  the  mucosa  of  the 
vestibule  of  the  mouth  is  sutured  to  that  of  the  lower 
lip,  from  behind  forward.  A  few  buried  sutures  are 
used  to  attach  the  cheek  to  the  body  of  the  jaw,  and 
the  skin  wound  is  accurately  closed,  with  rubber  tube 
drainage  from  below  the  floor  of  the  mouth  to  the 
most  dependent  portion  of  the  incision.  The  pharyn- 
geal gauze  and  intratracheal  tube  are  then  removed, 
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but  tho  suture  through  the  glossoepiglottidean  fold 
is  allowed  to  remain  for  twenty-four  hours  or  longer, 
until  the  patient  regains  the  power  of  swallowing. 

Excision  of  All  the  Cervical  Lymphalics. — When  re- 
moval of  all  the  cervical  lymphatics  is  contemplated 
it  is  advisable  to  do  the  excision  of  the  tongue  at  a 
second  operation,  two  or  three  weeks  after  the  neck 
operation.  Systematic  excision  of  the  sternomastoid 
and  omohyoid  muscles  in  one  mass  with  the  involved 
lymph-nodes  facilitates  the  dissection  and  renders 
recurrence  less  likely. 

The  incision  begins  at  the  hyoid  near  the  midline, 
and  passes  straight  downward  to  the  suprasternal 
notch;  it  is  continued  thence  along  the  clavicle  to  the 
acromion.  The  triangular  flap  thus  outlined  con- 
taining only  the  skin  (not  the  platysma)  is  raised  and 
the  deep  dissection  is  begun  at  the  root  of  the  neck, 
after  section  of  the  sternal  and  clavicular  attachments 
of  the  sternomastoid.  When  more  room  becomes 
necessary  the  incision  is  extended  from  the  point  of 
beginning  to  the  mastoid  process,  and  this  large  flap, 
containing  the  skin  onhj,  is  reflected  toward  the  tra- 
pezius as  a  base.  When  in  the  further  course  of  the 
dissection  the  submaxillary  and  submental  regions 
are  reached,  and  still  more  room  is  required,  the  in- 
cision is  extended  from  the  point  of  beginning  to  the 
symphysis  menti,  and  the  flap  over  the  submaxillary 
triangle  is  turned  up  over  the  mandible.  In  this 
manner  free  exposure  of  the  entire  side  of  the  neck  is 
secured  from  clavicle  to  floor  of  mouth,  and  all  the 
diseased  structures  are  removed  in  one  mass,  the 
sternomastoid  being  sectioned  again  close  to  the 
mastoid.  After  thorough  cauterization  (black  heat) 
of  the  floor  of  the  mouth  from  beneath  the  jaw,  the 
flaps  are  replaced  and  accurately  sutured,  with  tube 
drainage  inserted  at  the  upper,  inner  angle  and  the 
lower,  outer  angle.  The  object  in  m.aking  the  incision 
to  one  side  of  the  midline  is  to  provide  for  a  similar 
incision  a  few  weeks  later  on  the  other  side  of  the  neck ; 
by  leaving  a  small  strip  of  skin  in  the  midline  between 
the  two  longitudinal  incisions,  better  nutrition  is 
assured  the  flap  on  the  second  side  of  the  neck  than 
if  this  were  to  be  formed  by  cutting  along  the  cicatrix 
of  the  first  operation.  As  the  flaps  are  well  under- 
mined in  the  submental  region  at  each  operation,  no 
lymph-nodes  here  can  escape  removal. 

As  a  palliatire  measure  in  inoperable  cases  of  cancer 
of  the  tongue,  where  pain  in  the  tongue  is  a  salient 
feature,  it  has  been  proposed  by  P.  G.  Skillern,  Jr.,  to 
block  with  alcohol  the  lingual  nerve  as  it  enters  the 
mouth  (Surg.,  Gynec.  and  Obstet.,  July,  1913,  114). 

Mortality  from  Operations. — The  mortality  of  these 
operations  must,  of  course,  vary  with  the  condition 
of  the  patient  and  the  magnitude  of  the  operation  that 
is  necessary.  Whitehead  reports  101  operations  with 
3  deaths  in  uncomplicated  cases,  but  in  complicated 
cases  he  had  17  deaths  in  38  cases.  As  Butlin  points 
out.  Whitehead,  in  the  aggregate,  had  20  deaths  in 
139  operations — a  little  over  14  per  cent.  Butlin 
estimates,  in  cases  of  all  magnitudes,  that  the  mortal- 
ity is  in  the  neighborhood  of  12|  per  cent.,  that  in 
uncomplicated  operations  it  is  scarcely  above  7  per 
cent.,  that  in  operations  carried  out  below  the  jaw  it 
is  over  20  per  cent.,  and  that  if  part  of  the  jaw  is 
removed  it  is  over  2.5  per  cent.  The  mortality  has 
certainly  been  distinctly  reduced  within  recent  years 
(Da  Costa).  Morris  Booth  Miliar. 


Tonsils,  The. — (Faucial  tonsils.  Amygdala",  Ton- 
sjllae.  Tonsils  of  Lusehka,  Lymphoid  or  adenoid 
tissue  at  vault  of  pharynx.  Ton.sils  of  the  tongue. 
Lymphoid  tissue  at  base  of  tongue.) 
_  These  organs  are  essentially  collections  of  lymphoid 
tissue,  differing  in  location  and  somewhat  in  appear- 
ance and  function,  but  composed  largely  of  the  same 
elements.  They  are  so  situated  as  to  form  an  inter- 
rupted circle  extending  completely  around  the  pliar- 


ynx.     In  the  normal  condition  their  presence  is  hardly 
perceptible. 

Pathologically,  while  each  may  be  affected  by  dis- 
eases peculiar  to  itself,  there  are  many  conditions 
from  which  all  may  suffer  alike,  since  their  histological 
structure  is  identical.  It  will  be  convenient,  there- 
fore, to  study  in  one  of  tliem  the  minute  anatomy  and 
the  pathological  conditions  common  to  tliem  all,  thus 
avoiding  unnecessary  repetition.  The  one  most 
available  for  this  purpose  is  the  faucial  tonsil. 

FAUCIAL  TONSILS. 

Gexeral  Anatomy. — The  faucial  tonsils  are  two 
glandular  organs  situated  one  on  each  side  of  the 
fauces  and  between  the  anterior  and  posterior  pillars 
of  the  soft  palate.  They  consist  essentially  of  re- 
duplications more  or  less  extensive,  of  the  oral  mucous 
membrane,  in  which  are  enclosed  an  abundant  de- 
posit of  adenoid  or  lymphoid  elements,  the  whole 
organ  having  an  identity  and  a  special  function  of  its 
own.  The  gross  structure  of  the  tonsil  varies.  Its 
usual  shape  is  ovoid,  and  it  more  or  less  completely 
fills  the  triangular  space  between  the  anterior  and 
posterior  pillars  of  the  palate.  Its  base  is  generally 
defined  clearly,  and  corresponds  with  the  greatest 
anteroposterior  diameter  of  the  tonsil.  Its  average 
vertical  diameter  is  twenty  millimeters,  and  its  trans- 


Fia.  4784.— The  Tonsils       1    IHrJ  pilntc    2    uvula    3, 4, anterior 
pillars    5   b,  posterior  pillar*^    7    S    tonsil  3. 

verse  diameter  is  thirteen  millimeters.  Often  a 
collection  of  lymphoid  tissue  lies  below  the  tonsil, 
and  sometimes  above  it,  large  enough  to  look  like  a 
small  additional  tonsil.  Sometimes  it  extends  as  a 
narrow  but  slightly  elevated  strip  far  lower  down  in 
the  pharynx  than  the  usual  Umit.  The  gland  is 
sometimes  divided  by  a  dee])  sulcus  nmning  across 
its  anteroposterior  diameter,  generally  above  the 
center,  and  thus  separating  it  apparently  into  two 
distinct  lobes.  A  supernumerar>-  tonsil,  the  tonsiUa 
accessoria,  has  been  described. 

In  early  infancy  it  is  sometimes  impossible  to 
demonstrate  the  presence  of  the  tonsil,  or,  in  fact,  of 
the  lymphoid  ring,  at  all,  while  in  other  ca.ses  all  of 
the  elements  of  the  latter  have  been  found  in  a  condi- 
tion of  marked  hypertrophy  soon  after  birth.  Its 
period  of  greatest  activity  is  just  before  puberty.  It 
tends  to  atrophy  with  old  age. 

The  surface  of  the  tonsil  is  perforated  by  a  varying 
number  of  depressions,  slit-like  or  circular,  the  com- 
mon orifices  of  the  system  of  cavities  whicli  it  con- 
tains. If  the  tonsil  of  the  rabbit  be  considered  as  a 
single  lingual  follicular  gland,  we  have  in  man  a 
multiplication  of  this  to  the  number  of  from  eight  to 
eighteen,  the  interval  between  any  two  adjacent 
glands  forming  a  lacuna  tonsillaris,  crypt,  or  one  of 
the  system  of  cavities  mentioned  above.  Many  of 
them  are  spacious  in  extent,  and  they  often  penetrate 
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deeply  into  tin-  substani-c  of  the  Klaiitl,  sometimes 
almost  readiing  to  its  liilum.  Often  there  arc  found 
in  the  interior  of  the  tonsil  single  larger  cavities,  each 
of  which  includes  several  foUicular  folds  and  secures 
their  common  discharge  at  the  periphery.  The  crypts 
of  largest  size  and  greatest  depth  are,  as  a  rule,  found 
in  the  middle  part  of  the  tonsil.  By  reason  of  this 
arrangement  of  the  crypts  the  surf.ace  of  the  tonsil  is 
thrown  into  numerous  and  extensive  folds,  and  an 
extraordinary  increase  in  the  superficial  extent  of  the 
glatid  is  obtained.  The  cry])ts  generally  are  filled 
more  nr  less  with  a  yellowish  substance,  composed  of 
fat  molecules,  loosened  jjavenient  epithelium,  lympli 
corpuscles,  small  molecular  granules,  and  cholesterin 
crystals.  Opening  into  the  supratonsillar  fossa,  the 
triangular  space  at  the  top  of  the  tonsil,  are  often 
numerous  crypts,  sometimes  of  large  size.  They  are 
apt  to  be  the  exciting  cause  of  acute  or  chronic  in- 
flammatory conditions  of  the  tonsils,  or  of  the  parts 
in  their  vicinity,  and  they  constitute  an  important 
feature  of  the  .anatomy  of  the  part.  In  all  examina- 
tions of  the  pharynx  the  supratonsillar  fossa  should 
be  carefully  studied. 

Like  the  rest  of  the  oral  cavity  the  tonsil  is  covered 
respectively  with  a  thick  layer  of  pavement  epithelium, 
a  layer  in  which  the  cells  and  their  nuclei  become  less 
flattened  and,  lower  still,  several  layers  of  polyhedral 
cells  interspersed  with  .some  prickle  cells.     The  whole 


->^ 


Fifi.  4785. — Section  of  Xormal  Tonsil.  (.Mc,n>ll  Markenzir-.)  .1, 
Hilum:  B,  mucous  gland;  C,  epitholiiil  covering;  D,  lympli,Htic 
fotliclcs;  E,  stroma. 

rests  upon  a  single  layer  of  columnar  epithelial  cells 
and  is  furnished  abundantly  with  simple  papilla". 
Under  the  ei^ithelium  is  a  delicate  endothelioid  base- 
ment membrane.  Following  this  is  a  tolerably  com- 
pact mucosa_  formed  of  interlacing  bands  of  fibrous 
connective  tissue  and  containing  many  connective- 
tissue  corpuscles.  In  the  normal  adult  tonsil  this 
structure  is  so  delicate  that  sometimes  it  is  hardly 
recognizable.  In  chronic  disease  of  the  gland  it  may 
become  enormou.sly  increased.  From  it  bands  of 
connective  ti.ssue  extend  centrally  into  the  larger 
tonsillary  folds,  and  the  whole  forms  essentially  both 
an  enclosure  and  a  framework  for  the  adenoid  tissue 
or  proper  substance  of  the  gland,  as  well  as  a  nidus 
for  its  vessels. 

The  lymphoid  tissue  consists  of  a  dense  meshwork 
of  fine,  homogeneous  fibrils  which  contains,  besides 
occasional  endothelioid  connective-tissue  cells,  a  large 
number  of  lymph  corpuscles.  Near  the  cortex  the 
lymph  corpuscles  are  collected  by  means  of  delicate 
septa  given  olT  from  the  inner  stratum  of  the  capsule 
into  a  single  row  of  oval  masses  called  lymph  follicles. 
Ihroughout  the  rest  of  the  gland  the  Ivmph  cells  arc 
Oittuscd  without  any  particular  arrangement.  Occa- 
sionally they  extend  so  near  the  periphery  as  to  pene- 
trate the  mucosa  and  encroach  upon  the  epithelial 
layers.     Ihis  is  particularly  the  case  in  the  interior 
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of  the  crypts,  where  the  epithelial  layer  is,  as  a  rule, 
either  wanting  altogether  or  to  be  found  only  in 
occasional  patches  and  in  modified  form,  and  where 
its  thickness  tends  to  decrease  as  the  bottom  of  the 
lacuna  is  approached.  In  other  words,  the  epithelial 
and  subepithelial  layers,  thick  at  the  periphery,  be- 
come rapidl.y  more  delicate  the  deeper  we  trace  them 
down  the  crj-pt  wall,  until,  toward  the  lowest  depth 
of  the  lacuna,  they  generally  disappear.  The  tonsil 
is  supplied  abund.antly  with  racemose  mucous  glands. 

The  arteries  which  supply  the  tonsil  are  larger  and 
more  abundant  toward  its  lower  part.  They  accom- 
pany the  connective-tissue  she.ath  and  its  septa,  give 
off  a  branch  to  each  foUicle  and  to  the  papilla;  of  the 
mucous  membrane,  and  divide  into  a  network  of 
capillaries  which  unite  to  form  one  or  more  veins. 

A  lymph  sinus,  in  open  connection  with  a  network  of 
lymphatic  vessels  of  the  neighboring  tissue,  surrounds 
each  follicle  over  more  or  less  of  its  circumference,  and 
sends  prolongations  outward. 

The  minute  distribution  of  the  nerves  is  not  definitely 
known.  Fibers  from  the  sympathetic  undoubtedly 
are  supplied  to  the  tonsil. 

From  its  peculiar  position  with  regard  to  important 
adjacent  parts,  the  surgical  anatomy  of  the  faucial 
tonsil  is  of  the  utmost  interest. 

The  average  interval  between  the  free  borders  of 
both  tonsils  has  been  estimated  to  be  2.5  cm.  (linch), 
so  that  when  the  mouth  is  closed,  the  inner  aspect  of 
the  tonsil  touches  the  tongue. 

In  cases  of  normal  size  the  tonsil  extends  but  slightly, 
if  at  all,  beyond  the  anterior  palatine  arch,  which  is 
formed  by  a  projection  of  the  palatoglossus  muscle, 
and  not  at  all  beyond  the  posterior  pillar,  formed  by 
the  palatopharyngeus.  With  both  of  these  muscles 
it  has  fibrous  attachments.  A  loose  submucous  cel- 
lular tissue  extends  from  the  anterior  and  posterior 
palatine  arches  toward  the  pharyngeal  side  of  the 
tonsil,  which  facilitates  infiltrations  and  the  formation 
of  abscesses,  particularly  in  the  anterior  arch.  Small 
bundles  of  muscular  fibers,  apparently  independent,  are 
to  be  found  in  the  connective  tissue  of  the  external  side 
of  the  tonsil  which  corresponds  with  the  hilum.  This 
side  is  also  surrounded  by  fibers  from  the  superior 
constrictor  of  the  pharynx.  Its  outer  aspect,  more- 
over, is  directed  toward  the  internal  pterygoid,  from 
which  it  is  separated  by  the  above-mentioned  mus- 
cular fibers,  by  the  buccopharyngeal  fascia,  and  by  a 
thin  layer  of  fat. 

The  relations  of  the  tonsil  with  the  internal  carotid 
artery  are  not  so  intimate  as  is  commonly  supposed. 
Both  carotids  are  behind  it,  the  internal  carotid  a  little 
over  half  an  inch  and  the  external  carotid  three- 
quarters  of  an  inch  distant  from  its  lateral  edge.  The 
supply  of  blood  conveyed  to  the  tonsils  is,  if  the  size  of 
these  bodies  be  considered,  remarkably  large.  They 
are  nourished  by  the  tonsillar  and  palatine  branches  of 
the  facial  artery,  and  by  branches  from  the  descending 
palatine,  and  from  the  ascending  pharyngeal  and  dor- 
salis  lingua;. 

The  ascending  pharyngeal  is  often  anomalous,  for  it 
not  only  varies  greatly  in  its  place  of  origin  from  the 
carotid,  springing  occasionally  from  the  occipital  or  the 
internal  carotid,  and  now  and  then  being  double;  but 
also  that  branch  which  is  distributed  to  the  pharj^nx  is 
often  much  larger  than  normal  when  the  ascending 
palatine  branch  of  the  facial  artery  is  unusually  small. 
Cases  are  not  infrequenth-  observed  in  which  the  pul- 
sations of  the  artery,  enlarged  as  above  stated,  are 
plainly  visible  upon  inspection  of  the  pharynx.  The 
vessel  seems,  generally,  to  lie  directly  behind  the 
tonsil,  and  to  be  of  considerable  size. 

Physiology. — While  much  study  is  now  being  given 
to  this  question,  the  physiological  function  of  the  tonsil 
has  not  been  established.  Various  theories  have  been 
advanced,  as  that  it  produces  a  digestive  ferment;  that 
it  secretes  mucus  to  aid  in  the  deglution  of  food ;  that  it 
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forms  lymphocytes ;  that  it  produces  an  internal  secre- 
tion of  value.     None  of  these  has  been  proved. 

AcnTE  Inflammation'. — Tonsilliiis. — In  the  tonsil, 
as  elsewhere  in  the  body,  the  general  term  inflammation 
includes  a  variety  of  affections.  We  find  in  this  organ 
the  ordinary  inflammatory  conditions,  general  and 
specific,  besides  the  special  affections  not  commonly 
met  with  in  other  parts. 

Acute  inflammations  of  the  tonsil  are  undoubtedly 
due  to  the  influence  of  various  microorganisms.  In  a 
certain  number  of  cases  the  Klebs-I.oeffler  bacillus  is 
found,  although  the  clinical  signs  of  diphtheria  may  be 
absent.  More  commonly  are  found  the  streptococcus, 
the  staphylococcus,  the  diplococcus,  the  tetracoceus, 
and  sometimes  the  pneumococcus.  The  presence  of 
the  Klebs-Loeffler  bacillus  is  not  necessarj-  to  render 
the  disease  infectious.  When  paralysis  follows  tonsil- 
litis, it  is  probable  that  diphtheria  bacilli  were  present. 

While  acute  inflammations  of  the  gland  in  general 
possess  characteristics  of  greater  or  less  similarity  the 
one  to  the  other,  the  symptoms  being  quite  uniform,  it 
is  nevertheless  important  to  understand  what  symp- 
toms are  common  to  all  cases,  and  wdiat  indications 
they  offer  for  treatment,  and  also  to  appreciate  the 
special  conditions  and  needs  which  may  exist  in  a 
given  ease. 

Owing  to  the  similarity  in  structure  of  tlie  different 
parts  of  the  lymphoid  ring  the  inflammations  which 
m&y  affect  them  are  practically  the  same.  The  con- 
ditions which  are  present  in  tonsillar  inflammation, 
therefore,  will  well  describe  them  all. 

Pathology. — In  general  proliferative  tonsillitis  the 
follicles  become  enlarged  through  increase  in  the  num- 
ber of  their  lymphoid  cells,  particularly  in  the  direc- 
tion of  the  nearest  crypt,  and  of  the  endothelial  cells  of 
the  reticulum.  The  blood-vessels  are  dilated,  filled 
with  red  and  white  blood  corpuscles,  and  show  more  or 
less  marked  proliferation  and  exfoliation  of  their  en- 
dothelial cells. 

The  epithelium  of  the  crypts  is  diminished  in  bulk. 
Bacteria,  chiefly  cocci,  occur  superficially  in  tlie 
epithelial  lining  of  the  crypts,  but  apparently  they  are 
absent  in  the  lymphoid  tissue.  The  crypts  are  filled 
with  exfoliated  epithelial  cells,  leucocytes,  bacteria, 
amorphous  debris,  and  in  severe  eases  fibrin,  which 
encloses  cells  and  bacteria  in  a  delicate  network. 
Bacteria  are  most  abundant  near  the  surface  of  the 
crypt,  gradually  diminishing  toward  the  base. 

Suppurations  below  the  mucous  membrane  may  be 
local  or  diffuse.  In  some  cases  of  tonsillitis  abscesses 
form  in  the  interior  of  the  follicles,  and  finally  dis- 
charge into  the  crypts.  They  have  been  found  par- 
ticularly in  associaticn  with  the  streptococcus  pyo- 
genes. The  growth  of  the  abscess  is  usuallv  in  the  di- 
rection of  the  nearest  crypt.  Sometimes  peritonsillar 
inflammation  is  the  result  of  the  discharge  of  the  in- 
tratonsillar  abscess  into  the  efferent  lymph  channels. 

In  diphtheria  a  diffuse  necrosis  of  the  epithelium 
may  occur,  or  there  may  be  a  necrosis  or  ulceration  ex- 
tending into  the  lymphoid  tissue  from  the  crypts. 
Tuberculosis  may  affect  all  the  parts  of  the  ring,  as 
may  sj'philis  and  mycosis. 

Chronic  enlargement  of  the  tonsils  is  a  true  h>TDer- 
trnphy  or  hvperplasia,  in  which,  according  to  Virchow, 
there  is  not  only  increase  in  volume  of  the  gland,  but 
:iii  actual  miltiplication  of  all  of  its  constituent 
liarts.  The  epithelium  covering  the  tonsil  usually 
shows  little  change,  but  the  papilla;  underneath  are 
iiften  more  numerous  and  less  elevated  than  in  the 
Ticirmal  state;  while,  in  the  crypts,  there  seems  to  be 
a  tendency  for  the  membrane  to  become  thinner  as 
1  he  bottom  of  the  cr>'pt  is  approached. 

The  substance  of  the  glancl  may  show  one  of  two 
varieties  of  alteration.  Either  the  lymphoid  elements 
alone  may  be  increased  in  amount,  the  stroma  of  the 
uland  being  little  affected,  or  the  fibrous  tissue  which 
constitutes  the  stroma  may  be  greatly  in  excess  of  the 


normal  degree.  In  the  latter  condition  the  lymphoid 
elements  may  be  deficient,  for  a  condition  of  general 
atrophy  may  Vje  present.  The  external  appearance 
of  the  tonsil  in  the  first-named  variety  of  disease  Ls 
quite  characteristic,  the  surface  being  rough  and  irreg- 
ular in  outline,  dark  red  in  color,  and  the  substance  of 
t  he  gland  being  soft  and  compressible.  The  mouths  of 
the  cryjMs  are  usually  more  or  less  open,  and  the  whole 
organ  is  deeply  congested.  Microscopical  examination 
shows  that  while  the  lymphatic  follicles  are  incrciised 
in  number  and  size,  the  stroma  is  not  markedly  aug- 
mented. Such  a  tonsil  may  be  removed  e:isilv,  and,  as 
a  rule,  without  pain.  In  the  other  variety  tlie  surface 
is  smooth  and  often  glazed,  the  color  Ls  pink  or  even 
dull  gray,  the  consistence  firm  and  unyielding;  while 
the  mouths  of  the  crypts  are  apt  to  be  partlv  occluded, 
and  the  crypts  themselves  filled  with  broken-down 
excreta.  Microscopically,  the  most  striking  feature 
of  the  section  will  be  the  remarkable  proliferation  of 
the  fibrous  stroma,  which  may  be  found  more  or  less 
thickened  at  the  peripherj',  and  in  the  interior  of  the 
gland  may  be  so  greatly  increascrl  in  amount  as  to  en- 
croach extensively  upon  the  adenoid  elements.  In 
performing  tonsillotomy  in  such  a  case  great  resistance 
to  the  knife  or  the  tonsillotome  may  be  experienced, 
and  considerable  pain  caused  by  itspassage  through 
the  tonsil.  Again,  the  main  blood-vessels  ramify  in 
the  stroma.  When  the  latter  is  normal  or  not  excess- 
ive in  amount,  the  walls  of  the  vessels,  when  divided, 
easily  close  and  bleeding  is  stopped.  In  fibrous  ton- 
sils, however,  the  excess  of  connective  tissue  .surround- 
ing the  blood-vessels  makes  it  difficult  for  the  latter  to 
undergo  the  normal  process  of  retraction  when  dixided, 
so  that  bleeding  after  the  removal  of  such  a  tonsil  is 
apt  to  be  more  prolonged  than  in  the  case  of  the  fir.st- 
mentioned  variety. 

The  fibrous  form  is  found  during  childhood,  but  Ls 
more  common  in  adult  life.  Hence  the  greater 
liability  of  the  adult  to  hemorrhage  after  tonsillotomy, 
the  rule  being  that,  in  patients  under  twenty  years  of 
age  severe  bleeding  is  unusual. 

Etiology. — The  causes  of  tonsillitis  may  be  both  pre- 
disposing and  exciting.  Of  the  former  the  most  im- 
portant factor  seems  to  be  youth,  since  it  is  most 
])revalent  between  the  ages  of  fifteen  and  twenty-five 
years.  It  is  rare  in  early  childhood  and  after  fifty, 
although  a  case  is  recorded  in  which  suppurative 
tonsilUitis  took  place  in  a  child  of  only  seven  months. 
In  many  cases  the  tendency  to  tonsillar  inflammations 
seems  to  be  directly  hereditary,  and  not  referable  to 
any  mediate  condition.  Climate  may  play  an  im- 
portant part. 

Hypertrophy  of  the  tonsils  greatly  increases  the 
liability  of  the  individual  to  acute  attacks  of  tonsillitis. 
This  seems  in  very  many  cases  to  be  due  to  the  reten- 
tion, in  the  enlarged  lacuna^,  of  excretory  matter 
and  bacilli.  Again,  the  tonsil  seems,  in  many  cases, 
to  be  a  vulnerable  spot,  which  is  apt  to  sympathize 
with  various  irregularities  of  the  body,  and  to  be  sub- 
ject to  inflammation  as  the  result  of  indigestion, 
menstrual  irregularities,  rheumatism,  and  gout.  .\ 
general  condition  of  ill  health  may  i)redisi)ose  to 
tonsillitis,  and  it  is  a  matter  of  common  observa- 
tion that  an  attack  may  be  excited  by  mental  depres- 
sion and  by  unusual  anxiety  or  care. 

The  exciting  causes  of  tonsillitis  are  usually  ascribed 
to  exposure  to  wet  and  cold.  Without  question 
septic  influences  play  a  very  important  part  in  its 
production. 

In  the  latitude  of  New  York  tonsillitis  is  most  fre- 
quent in  the  spring,  next  in  the  winter,  less  so  in  the 
fall,  and  least  prevalent  in  the  summer.  It  is  most 
frequent  in  March,  least  so  in  September.  It  is  un- 
common in  tropical  and  in  very  cold  clinijites. 

Tonsillitis  may  be  present  as  a  complication  in 
scarlet  fever,  measles,  and  smallpox.  It  may  also  be 
caused  by  the  inhalation  of  irritating  vapors  or  the 
swallowing  of  caustic  substances.     Finally,   it   may 
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arise  from  various  traumatisms,  such  as  wounds, 
laceration  from  or  impaption  of  foreign  bodies  in 
swallowing,  and  from  the  irritation  due  to  accretions 
in  the  tonsillar  crypts.  ,..,,•  x 

Classificalion. — Tonsillitis  may  be  chvnded  into 
several  varieties,  a  convenient  classification  being  as 

1.  Superficial  or  lacunar  tonsillitis,  characterized  by 
diffuse  inflammation  of  the  mucous  membrane  of  the 
tonsil  and  accumulation  of  fibrinous  exudation  and 
desquamated  epithelium  in  the  crypts,  which  appears 
at  the  surface  in  patches  of  whitish  exudation. 

2.  Parenchvmatous  tonsillitis,  in  which  the  deeper 
tissues  of  the"  tonsil  are  inflamed,  and  there  is  con- 
siderable swelling. 

3.  Croupous  tonsillitis,  in  which  a  false  membrane 
forms  upon  the  tonsil. 

4.  Acute  ulcerative  tonsillitis. 

5.  Gangrenous  or  phlegmonous  tonsillitis. 

6.  Peritonsillitis,  with  or  without  the  formation  of 
abscess. 

7.  Goutv  or  rheumatic  tonsillitis. 

Symptoms. — The  symptoms  which  usher  in  an 
attack  of  tonsillitis  are,  in  general,  much  the  same  for 
all  varieties  of  the  disease.  In  fact,  it  is  often  impos- 
sible for  the  physician,  or  even  for  the  experienced 
patient,  to  predict,  at  the  outset,  the  probable  course 
of  the  illness. 

In  lacunar  tonsillitis,  supposing  the  case  to  be  one  of 
simple  catarrhal  inflammation,  and  not  diphtheritic, 
the  swelliiis  of  the  tonsil  i.s  less  considerable  than  in  the 
suppurative  form,  but  the  mucous  membrane  is  of  a 
bright  red  color,  and  a  whitish  exudation  is  seen  issu- 
ing from  the  mouths  of  the  lacunce,  giving  to  the  sur- 
face of  the  tonsil  the  appearance  of  being  covered 
with  a  number  of  small,  rounded  patches. 

Sometimes  the  deposit  extends  beyond  the  mouth 
of  the  crypt,  and,  this  happening  in  the  case  of  two  or 
more  lacunie,  the  surface  of  the  tonsil  may  present  a 
considerable  area  of  exudation  from  the  coalescence  of 
several  individual  patches.  Follicular  tonsillitis  usu- 
ally undergoes  spontaneous  resolution  in  from  two  to 
five  days. 

Another  variety  of  tonsillitis  is  that  in  which  there  is 
observed  upon  the  surface  of  the  gland  a  distinct 
herpetic  eruption,  the  mucous  membrane  and  the 
parenchyma  at  the  same  time  being  violentl.v  inflamed. 
This  condition  generally  runs  the  course  of  a  simple 
acute  tonsillitis,  subsiding  in  two  or  three  days.  It 
is  often  associated  with  the  earlier  sj-mptoms  of  some 
more  serious  affection,  and  particularly  mth  those  of 
pneumonia. 

Acute  ulcerative  tonsillilis  is  sometimes  seen  in 
persons  who  have  been  exposed  to  debilitating  in- 
fluences, and  who  arc  at  the  same  time  surrounded  by 
bad  hygienic  conditions.  It  is  characterized  by  the 
appearance  upon  the  tonsil  of  a  deep,  unhealthv,"more 
or  less  extensive  sloughing  ulcer,  which  gives"  rise  to 
much  local  pain  and  profound  general  disturbance. 
Its  course  is  slow,  and  convalescence  may  be  attended 
with  much  prostration. 

Gangrenous  or  phlegmonous  tonsillitis  includes 
erysipelas  and  acute  inflammatory  edema,  grave 
conditions  due  to  infection  and  described  in  vol.  i. 
under  the  heading.  Angina  Ludovici. 

Peritoasillitis  may  end  in  resolution  or  in  abscess. 
While  abscess  of  the  tonsil  itself  mav  occur,  the  pus 
generally  discharging  through  one  of"  the  cr-s^jts,  it  is 
common  for  the  abscess  to  be  located  outside  of  the 
tonsil,  in  the  loose  connective  tissue  upon  which  the 
latter  rests. 

Constipation  almost  invariably  precedes  and  accom- 
pames  tonsillitis.  The  urine  is  highly  colored,  loaded 
with  urates,  contains  an  excess  of  urea,  and  is  deficient 
"J  cWondes ;  albumin  is  often  found.  The  existence  of 
albunun  in  the  urine  seems  to  be  indirectly  dependent 
upon  the  height  of  the  temperature.  When  this  is 
over  10,3°  F.,  a  trace  of  albumin  is  apt  to  be  present; 
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but  there  are  no  casts,  and  the  albumin  generally 
disappears  when  the  temperature  begins  to  fall.  Its 
presence  is  of  no  more  importance  than  the  transient 
albuminuria  of  pneumonia  and  erysipelas,  although 
upon  first  finding  it  one  is  apt  to  feel  uncertain  as  to 
wiiether  the  affection  of  the  throat  inay  not  be  diph- 
theritic. In  acute  tonsillitis,  especially  where  the 
streptococcus  viridans  is  present,  more  often  in  cliildren, 
and  after  the  second  or  third  day,  the  presence  of 
acetones  in  the  urine  is  common.  _  To  combat  this 
interdict  the  proteins,  feed  the  patient  upon  hydro- 
carbons and  administer  the  bicarbonate  of  soda  in 
frec|uent  doses. 

In  many  cases  of  true  suppurative  tonsillitis  there  is 
from  the  first  a  sensation  of  deep-seated  pain  and 
throbbing,  which  to  the  e.xperienced  sufferer  marks  the  ' 
attack  as  one  of  quinsy.  The  general  symptoms  are 
malaise,  chilliness,  and  febrile  temperature,  more  or 
less  pronounced,  together  with  a  sense  of  stiffness  and 
dryness  of  the  throat,  and  more  or  less  pain  in  degluti- 
tion. As  the  soreness  of  the  throat  becomes  worse  the 
temperature  tends  to  rise,  untU  it  may  reach  as  high 
as  106°  F.  It  is  apt  to  rise  most  rapidly  and  to  the 
highest  point  in  the  young,  and,  in  the  follicular  form 
of  the  disease,  may  attain  a  maximum  in  a  compara- 
tivel.v  short  time.  Generallj-,  however,  the  constitu- 
tional symptoms  are  more  marked  in  the  suppurative 
form.  In  patients  of  debilitated  constitution  the 
fever  may  assume  almost  a  tj'phoid  character,  while 
the  tonsils  become  dotted  with  a  grayish  exudation  or 
are  actually  covered  with  sloughing,  unhealthy  ulcera- 
tions. In  some  instances  the  disease  seems  epidemic, 
attacking  several  persons  in  the  same  household  and 
constituting  the  so-called  "spreading  quinsy,"  a 
disease  suggestive  of  sepsis,  and  rarely  observed  with- 
out the  coexistence  of  a  definite  source  of  infection. 
The  progress  of  the  disease  may  be  unfavorable,  lead- 
ing to  a  true  phlegmonous  condition  closely  allied  to 
genuine  erysipelas,  if  not  identical  with  it,  and  to  ex- 
tensive infiltration  of  the  tissues  of  the  neck  in  the 
vicinity  of  the  tonsil,  which  has  been  known  to  extend 
downward  as  far  as  the  clavicle;  while  the  violence  of 
the  inflammation  not  infrequently  produces  an 
edematous  condition  of  the  throat,  which  is  occasion- 
ally fatal.  The  inflammation  usually  extends  to  the 
mucous  membrane  lining  the  Eustachian  tube,  causing 
decided  temporary  loss  of  hearing,  and  sometimes 
inflammation  of  the  middle  ear.  Dysphagia  in  a 
severe  case  of  quinsy  is  often  intense,  the  patient  being 
unable  to  swallow  even  his  own  saliva,  and  absolutely 
refusing  to  take  food,  because  of  the  inordinate  pain 
caused  by  every  attempt  at  deglutition,  and  because, 
from  the  tumefied  state  of  the  parts,  the  si  iffening  of 
the  muscles,  and  the  general  local  disability,  the  act  of 
swallowing  is  a  physical  impossibility.  The  jjatient 
may  be  unable  to  move  the  jaw,  the  mouth  becomes 
covered  with  a  thick  yellowish  gray  deposit,  the  breath 
is  fetid,  the  teeth  are  covered  with  sordes,  And  the 
countenance  presents  an  expression  of  great  anxiety 
and  suffering,  characteristic  of  the  disease.  The 
location  of  the  abscess  may  be  either  in  the  paren- 
chyma of  the  tonsil  or  in  the  layers  of  connective  tissue 
which  lie  between  it  and  the  "outside  of  the  pharynx. 
In  the  former  case  death  has  more  than  once  been  pro- 
duced by  the  sudden  rupture  of  the  abscess  during 
sleep,  and  the  conseciuent  strangling  of  the  patient. 
When  the  abscess  is  peritonsiUar  this  danger  is  also 
present.  Instances  are  recorded  in  which,  through 
the  presence  of  a  peritonsillar  abscess,  the  walls  of 
the  internal  carotid  have  become  eroded  and  rupture, 
with  speedy  death,  has  taken  place. 

Differential  Diagnosis. — The  diseases  which  may  be 
mistaken  for  tonsiUitis  are  diphtheria,  phlegmonous 
pharyngitis,  retropharsmgeal  abscess,  scarlatina — 
when  the  rash  is  not  well  developed — syphilis,  cancer, 
and  pharyngotonsillar  mycosis. 

In  suppurative  tonsillitis,  the  inability  to  separate 
the  jaws,  the  fetid  breath,  the  coated  tongue,  and  the 
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peculiarly  anxious  and  suffering  expression  of  the 
countenance,  together  with  the  comparatively  slight 
systemic  disturbance  which  often  accompanies  its 
earlier  stages,  are  fair  evidence  of  its  nature.  Ex- 
amination of  the  tonsil  by  palpation  will  often  be  of 
material  assistance;  the  organ  feels  hard  and  promi- 
nent, while  the  slightest  pressure  upon  it  gives  rise 
to  intense  pain.  By  means  of  the  finger  the  presence 
of  pus  may  be  demonstrated,  the  tissues  having  a 
characteristically  doughy  feehng,  or  else  actually 
presenting  fluctuation.  In  cases  in  which  pus  is 
suspected,  but  in  which  fluctuation  is  not  apparent, 
the  exploration  of  the  tonsil  may  be  made  with  one 
hand,  while  the  gland  is  supported  from  the  outside 
by  pressing  gently  with  the  other  hand,  behind  and 
below  the  ramus  of  the  jaw. 

It  is  in  follicular  tonsillitis  that  the  greatest  diffi- 
culties of  diagnosis  will  present  themselves,  the  de- 
sideratum being  to  distinguish  the  simple  forms  of 
that  disease  from  true  diphtheria.  While  simple 
follicular  tonsillitis  is  generally  distinguished  from 
diphtheria  by  the  absence  of  glandular  swelUng  of 
the  neck,  and  albuminuria,  nevertheless  these  symp- 
toms may  be  present.  The  nature  of  the  exudation 
also  may  be  misleading.  Usually  the  exudate  is 
confined  to  the  mouths  of  the  crypts,  and  may  be 
easily  stripped  from  the  surface  of  the  mucous  mem- 
brane and  dragged  from  the  crjijts,  leaving  the  sub- 
jacent membrane  intact;  while  in  diphtheria  the 
meijibrane  is  deposited  in  patches  upon  the  surface 
of  the  gland,  is  adherent,  and,  when  torn  from  its 
place,  leaves  the  membrane  underneath  distinctly 
eroded  and  bleeding.  Nevertheless,  these  differences 
are  not  always  to  be  depended  upon.  The  relative 
height  of  the  temperature  and  the  quality  of  the  pulse 
are  important  diagnostic  signs.  In  follicular  ton- 
sillitis the  temperature  is  usually  high,  rarely  under 
102°  F.  and  occasionally  as  high  as  106°  F.,  rising 
suddenly  and,  in  many  cases,  falling  with  almost 
eciual  rapidity.  In  diphtheria  it  seldom  rises  above 
102°  F.,  gradually  attaining  that  point,  and  remaining 
in  its  neighborhood  for  a  considerable  length  of  time. 
In  follicular  tonsillitis  the  pulse,  although  perhaps 
rapid,  is  usually  full,  bounding,  and  regular.  In 
diphtheria  it  is  rapid,  markedly  depressed,  and 
sometimes  irregular. 

If  albumin  be  found  for  the  first  time  on  the  second 
or  third  day,  the  temperature  being  at  103°  F.  or 
more,  and  if  it  disappear  on  the  fourth,  we  are  almost 
surely  dealing  with  a  case  of  simple  tonsillitis.  The 
diagnosis  will,  of  course,  be  rendered  more  simple  if 
a  history  of  exposure  to  the  diphtheritic  poison  can 
be  obtained,  or  if  the  Klebs-Loeffler  bacillus  can  be 
demonstrated.  In  all  cases  in  which  the  slightest  do^tbt 
exists  cultures  should  be  taken  without  delay  and  the 
diagnosis  established  by  bacteriological  examitialion. 

Tonsillitis  may  be  differentiated  from  the  sore 
throat  of  scarlet  fever  by  the  absence  of  the  character- 
istic exanthem  and  of  the  symptoms  of  the  latter 
disease  usually  seen  upon  the  tongue  and  pharynx. 
It  must  be  remembered,  however,  that  in  true 
tonsillitis  there  is,  rarely,  a  slight  skin  eruption. 

Syphilis  may  be  differentiated  from  tonsillitis  by 
the  symmetry  of  its  manifestations  and  by  the 
presence  of  ulceration,  the  latter  being  an  unusual 
condition  excepting  in  the  former  disease. 

On  several  occasions  the  writer  has  seen  primary 
cancer  of  the  tonsil  mistaken  for  quinsy.  The 
gradual  development  of  the  former  and  its  duration, 
extending  over  a  period  of  weeks  or  months,  will 
exclude  tonsillitis,  while  the  facts  that  cancerous 
disease  is  unilateral,  that  it  generally  occurs  in  patients 
over  forty  years  of  age,  and  that  it  is  unattended  with 
febrile  symptoms,  point  clearly  to  the  true  nature 
of  the  affection. 

Duration. — The  duration  of  an  attack  of  simple 
parenchymatous  tonsillitis  is  generally  from  three 
davs  to  a  week.     In  follicular  tonsillitis  the  disease 


may  run  its  course  in  a  surprisingly  short  time.  From 
two  to  five  days  would  be  a  fair  estimate  of  its  average 
length.  In  quinsy  the  probable  duration  is  most 
uncertain,  and  there  is  in  many  ca.ses  a  tendency  to 
relapse;  or,  the  process  having  been  completed  on 
one  side,  the  opposite  tonsil  may  become  affected, 
and  the  whole  tedious  history  "of  suppuration  be 
repeated.  Thus,  the  time  required  may  extend  over 
several  weeks. 

Prognosis. — The  prognosis  in  the  milder  forms  of 
tonsillitis  is  almost  mvariably  good,  and  the  progress 
toward  recovery  often  wonderfully  rapid.  This  is 
not  always  the  case.  Follicular  tonsillitis  is  often 
followed  by  marked  debility,  while  an  attack  of  sup- 
purative tonsillitis  may  be  succeeded,  in  persons  of 
debilitated  constitution,  bj'  a  tedious  convalescence 
and  long-continued  general  depression.  Moreover, 
one  attack  seems  to  predispose  to  others,  and  with 
some  patients  every  year  brings  with  almost  certain 
regularity  one  or  more  exacerbations.  Death  from 
quinsy  has  been  known  to  occur  in  one  of  three  ways: 
By  sudden  rupture  of  a  large  tonsillar  abscess  during 
sleep,  resulting  in  suffocation;  by  the  violence  of  the 
inflammation  causing  infiltration  of  the  neighboring 
parts,  which,  extending  to  the  larynx,  produces  edema 
of  the  glottis;  and  by  erosion  of  the  walls  of  one  of 
the  large  arteries  adjacent  to  the  tonsil,  followed 
by  fatal  hemorrhage. 

Treatment. — In  all  forms  of  tonsilUtis  the  treatment, 
to  be  effective,  must  be  both  general  and  local. 

General  Treatment. — Rest  in  bed  should  be  en- 
forced. Since  acute  tonsillitis  is  almost  invariably 
attended  with  constipation,  the  first  and  most  im- 
portant measure  is  the  administration  of  an  effective 
purgative.  Attention  to  this  feature  must  be  paid 
throughout  the  course  of  the  attack  in  all  varieties  of 
the  disease. 

With  regard  to  general  therapeutic  measures 
directed  toward  the  disease  itself,  innumerable  plans 
and  drugs  have  been  proposed.  In  almost  every 
instance  they  have  proved  valueless.  Some,  how- 
ever, have  gained  a  fair  reputation  for  usefulness. 
The  effect  of  drugs  upon  tonsillitis  varies  greatly  in 
different  individuals.  What  may  be  almost  a  specific 
for  one  seems  with  another  to  be  inert. 

To  be  effective,  general  treatment  must  be  insti- 
tuted as  soon  as  possible  after  the  commencement  of 
the  attack.  Salol,  benzoate  of  soda,  tonic  doses  of 
quinine,  antipyrin  to  allay  pain  and  nervous  tension 
are  useful  as  indicated.  For  a  simple  case  in  an  adult 
one  plan  is  to  administer,  alternately,  every  fifteen 
minutes,  half  a  drop  of  tincture  of  aconite  (Fleming's) 
and  half  a  drop  of  tincture  of  belladonna,  stopping  the 
medicine  upon  the  appearance  of  the  physiological  ef- 
fects of  the  drugs.  This  method  promises  much  better 
results  than  the  administration  of  opium  in  the  form 
of  a  ten-grain  Dover's  powder,  or  of  a  large  dose  of 
sulphate  of  quinine. 

In  the  cases  which  seem  to  be  of  rheumatic  origin 
three  remedies  have  been  highly  recommended. 
These  are  salicylic  acid,  guaiacum,  and  the  bicar- 
bonate of  soda.  Of  these  the  first  is,  in  the  experience 
of  the  writer,  the  most  reliable.  A  convenient  form 
for  its  administration  is  in  capsules,  each  containing 
five  grains  of  salicylate  of  soda,  with  a  small  quantity 
of  quinine,  generally  about  one  grain,  one  such  capsule 
to  be  taken  every  two,  three,  or  four  hours,  as  the 
case  may  recjuire.  Guaiaeol  given  internally  and  also 
applied  to  the  surface  and  crypts  of  the  tonsil  has  been 
highly  recommended  by  some  but  is  not  always  effect- 
ive. The  use  of  bicarbonate  of  soda,  taken  inter- 
nally and  also  applied  locally  to  the  tonsil,  has  gained 
many  supporters. 

In  many  forms  of  tonsillitis  iron  is  valuable.  One 
of  the  best  preparations  of  it  is  the  tincture  of  the 
chloride.  It  may  be  administered  most  conveniently  in 
glycerin,  in  the  proportion  of  three  parts  of  the  latter 
to  one  of  iron;  from  half  a  tlrani  to  one  dram  of  the 
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mixture  in  an  ounce  of  cold  Vichy  water  to  be  given, 
!is  the  case  may  require.  Quinine  may  also  be  given 
in  tonic  doses,  "and  the  nutrition  of  the  patient  must 
be  carefuUv  maintained.  During  convalescence  the 
administration  of  bitter  tonics  and  iron  will  materially 
hasten  recovery. 

Local  Treatment.— The  employment  of  well- 
selected  local  measures  in  the  treatment  of  acute 
affections  of  the  tonsils  is  important.  It  is  not  too 
much  to  say  that  there  is  no  case  of  tonsillitis,  what- 
ever mav  be  its  nature  or  its  degree  of  severity,  which 
cannot  be  benefited,  and  the  more  distressing  symp- 
toms |)alliated.  by  means  of  applications  made  directly 
to  the  affected  parts. 

Local  applications  may  be  made  either  to  the  neck, 
in  the  region  of  the  tonsils,  or  directly  to  the  glands 
themselves.  If  the  onset  of  the  attack  be  recognized 
at  an  early  period  in  its  history,  much  may  be  done 
to  abort  it"by  the  use  of  cold  applied  to  the  neck  over 
the  region  o"f  the  tonsils.  The  application  may  be 
made  in  one  of  several  ways.  The  old-fashioned 
plan  of  dipping  a  foI<ie<l  liandkerchief  in  cold  water, 
wringing  it  out,  and  tying  it  over  the  neck  in  the 
neighborhood  of  the  tonsils  by  two  or  three  turns  of 
a  flannel  bandage,  is  often  productive  of  good  results. 
For  making  a  wet  comjjress  for  the  throat,  take  a 
piece  of  lint  twice  as  large  as  may  be  required  to  cover 
the  desired  area — that  is,  from  angle  to  angle  of  the 
jaw — or  a  piece  of  linen  four  times  as  large,  the  former 
to  be  folded  twice,  the  latter  four  times.  Saturate 
this  with  cold  water,  apply  it  over  the  region  of  the 
larynx  (or  tonsils),  and  cover  it  with  a  piece  of  oiled 
silk,  rubber  tissue,  oiled  paper,  or  other  water-proof 
material,  which  must  be  at  least  half  an  inch  larger 
than  the  compress  in  every  direction.  By  lining  the 
oiled  silk  with  flannel,  greater  adaptability  is  obtained. 
Secure  the  compress  by  means  of  a  handkerchief  tied 
twice  around  the  neck.  Far  more  convenient  is 
spongiopiline,  as  commonly  made  and  sold  in  this 
country.  By  means  of  this  most  convenient  dressing, 
applications  of  either  heat  or  cold  can  be  made,  and 
with  the  least  possible  annoyance  to  all  concerned. 
In  the  later  stages  of  suppurative  tonsillitis,  poultices 
of  warm  linseed  meal  or  spongiopiline,  are  often  of 
great  benefit. 

The  application  to  the  throat  of  dry  cold  is  a  valu- 
able therapeutic  measure  in  a  large  variety  of  inflam- 
matory conditions.  The  writer  has  employed  it  in 
certain  cases  by  partlj-  filling  a  small  bladder  with 
l)ounded  ice  and  laying  it  over  the  neck  so  as  to  cover 
the  space  adjacent  to  the  tonsils.  A  surgical  water 
bandage  or  temperature  regulator  is  light,  elastic,  and 
comfortable. 

The  use  of  pigments,  counterirritants,  and  leeching 
is  not  to  be  recommended,  since  they  are  far  more 
likely  to  increase  than  to  diminish  the  discomfort 
of  tlie  patient.  When  required,  a  simple  stimulating 
liniment  of  ammonia  well  answers  the  purpose,  while 
tlie  use  of  cold,  as  already  described,  earlv  in  the  at- 
tack, or  of  warm  poultices  later,  wiU  be  "found  both 
grateful  to  the  patient  and  beneficial. 

When  excessive  secretion  is  an  annoying  feature 
of  the  case,  some  advantage  may  be  derived  from  the 
external  application  to  the  throat  of  belladonna 
liniment. 

Inhalations  of  steam  and  of  hot  sprays  is  inferior 
to  the  following:  Let  the  patient  he  upon  his  back, 
p.irtly  fill  the  mouth  with  warm  water  or  solution  of 
bicarbonate  of  sodium,  turn  the  head  untQ  the  face  is 
uppermost,  and  thus  allow  the  water  to  gravitate 
toward  and  upon  the  affected  parts.  This  will  succeed 
as  well  as  any  ordinarj'  act  of  gargling,  and  with  little 
or  no  discomfort.  It  may  be  repeated  as  often  as 
necessary. 

An  extensive  area  lies  behind  and  above  the  tonsils, 
which  may  be  more  or  less  filled  with  irritating  secre- 
tion, and  which  washes,  applied  as  above,  cannot 
reach.     For  cleansing  these  parts,  no  method  is  more 
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satisfactory  or  more  gentle  than  the  careful  injection 
of  spray,  through  the  anterior  nares  and  backward 
into  the  pharynx,  by  means  of  any  good  hand-ball 
atomizer  throwing  a  horizontal  jet.  and  when  properly 
employed  it  is  capable  of  giving  great  relief.  The 
same  spray  may  be  used  through  the  mouth,  directly 
toward  the  tonsils  and  pharynx.  The  use  of  the 
postnasal  syringe  in  acute  inflammations  of  the 
tonsils  and  pharynx  is  dangerous,  and  should  never 
be  allowed.  Even  the  spray  may  enter  the  Eus- 
tachian tubes.  To  prevent  this  the  patient  should 
avoid  blowing  the  nose,  and  always  draw  the  fluid 
from  before  backward  and  into  the  pharjmx.  While 
in  chronic  conditions  harm  has  probably  seldom  been 
done  by  the  use  of  the  spray,  in  acute  cases  it  has 
been  beyond  question  the  cause  of  serious  middle-ear 
inflammation.  Applications  of  medicated  fluid  to  the 
tonsils  may  be  made  to  the  best  advantage  with  a 
hand-ball  atomizer.  One  of  the  best  applications  in 
the  early  stages  of  tonsillitis  is  a  saturated  solution 
of  the  extract  of  suprarenal  glands,  or  of  adrenalin. 
Cocaine  is  dangerous. 

For  purposes  of  cleansing  and  disinfection,  an  alka- 
line solution  containing  some  good  antiseptic  will  be 
most  useful.  Dobell's  solution  diluted  with  water  is 
excellent. 

In  suppurative  tonsillitis  the  most  important  con- 
sideration is  the  early  recognition  of  the  formation  of 
pus  and  its  speedy  evacuation.  A  tonsillar  abscess 
left  to  run  its  own  course  will,  without  doubt,  and  in 
due  time,  break.  The  question  of  surgical  inter- 
ference, however,  must  be  considered,  and  for  two 
reasons:  First,  because  of  the  possibility  of  danger 
from  the  sudden  rupture  of  a  large  abscess  during 
sleep.  Second,  and  far  more  important,  because  by  a 
timely  incision  the  abscess  may  be  evacuated,  the 
progress  of  the  disease  cut  short,  and  the  patient 
saved  perhaps  many  days  of  extreme  suffering  and 
depression,  and,  possibly,  the  danger  of  blood-poison- 
ing or  of  other  serious  accident. 

In  the  use  of  the  knife  in  such  cases,  certain  rules 
should  be  observed  and  precautions  taken : 

1.  Scarification  of  the  surface  of  an  inflamed  tonsil 
is  irritating,  and  not  often  likely  to  afford  actual  relief. 

2.  In  quinsy  incision  is  indicated  when,  from  the 
presence  of  distinct  fluctuation,  the  spot  at  which  the 
abscess  is  pointing  may  be  evident;  or,  when  the  tis- 
sues are  swollen  and  "boggy,  and  there  is  reason  to 
believe  that  pus  may  underlie  them.  The  instru- 
ment most  convenient  for  the  purpose  is  a  common 
scalpel,  of  medium  size,  the  blade  of  which  should  be 
protected  to  ■n-ithin  half  an  inch  of  the  point,  so  that 
not  more  than  the  above  amount  of  the  cutting  sur- 
face is  exposed.  In  selecting  the  point  at  which  inci- 
sion should  be  made,  it  must  be  remembered  that  the 
abscess  may  be  cjuite  superficial  and  in  the  substance 
of  the  gland,  or  deep  and  involving  more  the  connect- 
ive tissue  outside  the  tonsil.  In  the  former  case,  it 
is  best  to  enter  the  tonsil  itself,  making  the  incision 
horizontally  and  from  without  inward.  When  the 
abscess  lies  more  to  the  outside  of  the  tonsil,  palpation 
of  the  gland  may  fail  to  demonstrate  any  sign  of 
pointing.  If,  in  such  a  case,  the  finger  be  applied  to  a 
point  opposite  the  tonsil,  outside  of  the  anterior  pillar 
of  the  velum,  it  will  often  be  possible  to  detect  distinct 
fluctuation;  the  space  between  the  palatoglossus  and 
the  palatopharyngeus  muscles  being  covered  simply 
with  mucous  membrane.  If  now  the  knife  be  entered 
at  this  point,  and  made  to  penetrate  to  only  a  moder- 
ate depth,  pus  may  be  found  and  the  abscess  opened, 
when  incision  of  the  tonsil  itself  would  have  failed. 

In  such  a  case  the  line  of  incision  should  be  from 
above  downward  and  slightly  outward,  following  the 
direction  of,  and  paraOel  with,  the  anterior  pillar. 

In  cases  in  which  the  swelling  of  the  tonsils  is  so 
great  as  to  threaten  suffocation,  and  in  which  simple 
incision  does  not  seem  sufficient  to  evacuate  the 
abscess  or  reduce  the  tumefaction,  one  of  two  surgical 
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procedures  may  be  resorted  to.  Either  the  tonsil 
may  be  excised  and  its  inflamed  and  swollen  tissue 
removed,  or  tracheotomy  may  be  performed.  Intuba- 
tion is,  of  course,  inadmissible,  since  the  obstruction 
is  not  in  the  larynx,  but  above  and  outside  of  it.  The 
writer  has  seen  two  cases  in  which  a  timely  trache- 
otomy would  have  saved  the  patient's  life.  On  the 
other  hand,  when  the  tonsils  tliemselves  are  enor- 
mously enlarged  and  the  tissues  around  them  not  too 
greatly  infiltrated,  when  the  abscess  is  evidently  in 
the  substance  of  the  gland  or  immediately  in  its 
wcinity,  and  when  there  is  danger  of  septic  infection, 
excision  offers  an  effective,  speedy,  and  tolerably  safe 
means  of  relief.  In  acute  exacerbations  of  tonsillitis, 
particularly  in  children  whose  tonsils  are  chronically 
hjTjertrophied,  instances  are  not  wanting  in  the  experi- 
ence of  most  specialists  in  which  a  tonsillotomy, 
promptly  performed,  has  averted  a  dangerous  issue. 
3.  When,  as  is  often  the  case  in  chronic  hypertropliy 
of  the  tonsil,  the  patient  suffers  from  recurrent  attacks 
of  quinsy,  excision  of  the  tonsil  is  of  the  greatest  value, 
and  in  many  instances  the  operation  will  effect  a 
radical  cure.  As  a  rule,  tonsillotomy  should  not  be 
performed  whDe  the  gland  is  in  a  state  of  acute 
inflammation. 

Chronic  ixfl.^mmatigx  of  the  tonsils,  although  gen- 
erally associated  with  more  or  less  hypertrophy,  is 
sometimes  observed  as  a  disease  of  the  crypts,  the 
so-called  chronic  lacunar  tonsillitis — an  annoying, 
and  often  an  obstinate,  condition  of  disease  attenderl 
with  inflammation,  dilatation,  and  obstruction  of 
these  follicles.  The  crypts  are  often  found  to  contain 
white  or  yellowish  masses  of  chees.v  detritus  which 
have  a  particularly  bad  odor.  The  presence  of  these 
masses  is  irritating  and  they  are  likely  to  cause 
more  or  less  inflammation  of  the  surrounding  parts, 
sometimes  to  the  extent  of  producing  abscess.  Many 
large  crypts  open  into  the  supratonsillar  fossa,  and 
there  is  often  a  large  and  deep  sulcus  formed  by  adhe- 
sion of  the  anterior  pillar  of  the  velum  to  the  tonsil. 
These  cavities  are  particularly  liable  to  become  dis- 
eased. The  treatment  of  this  condition  is  simple  and 
effective.  It  consists  in  the  free  opening  of  each  crypt, 
from  top  to  bottom,  by  means  of  a  sharp,  specially 
construct^-d  knife,  or  by  the  galvanocautery  and  the 
subsequent  application  of  a  strong  solution  of  iodine 
to  the  walls  of  the  crypt.  Few  operations  are  capable 
of  giving  more  relief.  The  part«  soon  resume  a 
healthy  condition,  and  the  symptoms,  local  and  reflex, 
disappear. 

Chronic  Hypertrophy. — Etiology. — Hj-pertrophy  of 
the  tonsils  is  sometimes  congenital.  It  is  often 
noticed  when  the  child  is  but  a  few  months  old. 
Sometimes  it  becomes  developed  about  the  age  of 
puberty.  Many  cases  owe  their  origin  to  diphtheria, 
an  attack  of  which  has  left  the  throat  inflamed  and 
highly  sensitive  to  irritating  influences,  in  which 
state  the  tonsils  become  permanently  enlarged  or 
liable  to  recurrent  attacks  of  acute  inflammation, 
through  which  hypertrophy  takes  place.  Scarlatina, 
measles,  or  whooping-cough  may  serve  as  a  starting- 
point  for  it,  and  syphilis,  congenital  or  acquired,  and 
tuberculosis  may  also  be  its  chief  causes,  while  many 
cases  seem  to  result  from  recurring  attacks  of  quinsy. 
Often  the  condition  appears  to  be  excited  by  the 
irritating  effects  of  acid  indigestion. 

It  appears  that  the  tendency  to  enlargement  of  the 
tonsils  is  in  direct  relation  with  the  general  activity  of 
the  gland,  and  that,  active  at  birth,  the  susceptibility 
increases  rapidly  until  at  the  time  of  puberty  it  is  at 
its  height.  From  this  time  there  seems  to  be  a  decline, 
"iiich  becomes  progressively  rapid  until,  beyond 
tliirty.  the  disease  is  more  and  more  uncommon. 
\\  Idle  atrophy  may  and  does  occur  at  or  about  puberty 
in  a  few  instances,  in  c|uite  as  many  eases  tonsils 
hitherto  normal  become  enlarged;  and  hyijertrophy 
may  take  place  in  them,   not  only  at  the  time  of 


puberty,  but  at  any  period  witliin  fifteen  years  or 
even  more  after  the  age  of  adolescence.  If,  therefore, 
it  be  true  that  even  a  healthy  tonsil  may  become 
chronically  hypcTtrophied  after  puberty,  how  much 
more  probable  is  it  that  one  already  enlarged  in 
childhood  may  continue  in  that  condition. 

Syjnptnms. — The  symptoms  of  tonsillar  hj-pertrophy 
are  usually  pronounced. 

In  a  well-marked  case  the  first  sings  to  which  atten- 
tion will  be  called  are  those  seen  upon  the  countenance 
of  the  patient.  The  complexion  is  pale,  cachectic, 
and  tran.sparent,  the  veins  standing  out  in  dLstinct 
relief;  the  lips  are  often  dull  pink,  or  even  blue;  the 
eyes  are  heavy  and  lifeless  and  their  lids  arc  drooping; 
the  mouth  is  partly  open,  and  often  the  upper  teeth 
project  forward.  When  the  child  is  stripped  his  body 
is  seen  to  be  emaciated,  and  his  muscles  flabby,  the 
intercostal  spaces  are  retracted,  and  the  breast  bone 
is  prominent. 

These  appearances  are  such  as  would  arise  from 
obstructed  nasal  respiration  or  from  adenoids. 

Another  mechanical  effect  is  the  alteration  in  the 
voice,  which  in  such  cases  is  generally  thin,  nasal, 
and  lacking  in  resonance.  The  catarrhal  conditions 
due  to  the  irritating  presence  of  the  tonsils  add  to  the 
vocal  impairment. 

Respiration. — Mouth-breathing  is  one  of  the  com- 
monest symptoms  of  nasopharyngeal  obstruction, 
and  it  is  associated  with  a  variety  of  evils.     More- 


Fic.  4786. — Typical  Adenoid  Face.     (After  Cbapin  and  Pisek.) 

over,  the  amount  of  air  admitted  to  the  lungs  is  often 
entirely  insufficient.  A  patient  suffering  in  this 
manner  almost  invariably  gives  a  history  of  respiratory 
difficulty,  particularly  well  marked  during  sleep,  at 
which  time  the  mouth  is  widely  opened  and  respira- 
tion is  noisy,  and  nearly  always  accompanied  with 
loud  snoring;  sleep  is  restless  and  broken,  the  patient 
being  feverish  and  tossing  about  and  dreamnig  in- 
cessantly, often  muttering  or  talking,  and  sometimes, 
it  is  said,  indulging  in  somnambulism.  In  severe 
cases  intense  reflex  phenomena  manifest  themselves, 
among  which  a  not  uncommon  symptom  is  for  the 
patient  to  be  awakened  by  sudden  attacks  of  dyspnea, 
so  severe  in  some  instances  as  to  threaten  suffocation, 
and  attended  with  much  exhaustion  and  alarm. 

The  patient  awakens  after  such  a  night  feeling  dull 
and  tired,  and  often  with  a  headache.  The  throat 
is  dry  and  parched,  the  breath  fetid,  and  the  appetite 
impaired. 

The  respiratory  function  of  the  nose  being  abol- 
ished, the  air  in  its  passage  to  the  lungs  is  neither 
moistened,   nor  warmed,   nor  freed   from   impurities. 
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In  consequence  of  this  the  respiratory  passages  are 
rendered  abnormally  dry,  the  lungs  are  subjected  to 
the  danger  of  irritation  from  cold,  and  the  whole 
tract  from  the  nasopharynx  downward,  is  made 
liable  to  the  effects  of  whatever  foreign  matters  may 
be  inhaled.  These  patients  often  suffer  from  bron- 
chitis. The  effect  of  ob.st  ruction  to  nasal  respiration 
is  such  as  to  exert  an  important  influence  upon  the 
nutrition  and  development  of  the  nose  itself.  With- 
out question,  a  proper  supply  of  air  and  the  normal 
exercise  of  the  part  arc  necessary  for  its  complete  de- 
velopment and  for  that  of  the  superior  maxilla  itself. 
By  reason  of  nasal  obstruction  serious  changes  m  the 
thoracic  parietcs  may  take  place. 

Hearing.— Its  effects  upon  the  hearing  are  highly 
injurious.  They  are  exerted  in  two  different  ways, 
each  of  which  is  capable  of  producing  marked  results. 
The  catarrhal  inflammation  commonly  present  in  the 
pharvnx  of  such  a  patient  produces  a  general  chronic 
swelling  and  congestion  of  the  mucous  membrane  of 
the  Eustachian  tube,  with  thickening  and  retraction 
of  the  drum  membrane  and  loss  of  hearing.  This 
same  retraction  of  the  tympanum  is  caused  in  certain 
cases  bv  the  mouth-breathing  habit,  the  upperpharynx 
not  being  properly  supplied  with  air.  This  opinion  is 
sustained  by  the  fact  that  after  removal  of  the  ob- 
struction the  hearing  distance  is  often  greatly  in- 
creased, and  with  as  much  promptness  as  it  is  after 
the  use  of  the  Politzer  inflator.  The  danger  to  the 
auditorv  sense  from  hypertrophy  of  the  lymphoid 
tissue,  particularly  that  at  the  vault  of  the  pharynx, 
is  decided,  and  its  importance  cannot  be  overesti- 
mated. When,  therefore,  there  is  reason  to  suspect 
that  deafness  may  be  due  to  it,  the  necessity  for 
the  thorough  investigation  of  the  pharynx  becomes 
strongly  emphasized. 

Smell  and  Taste. — Owing  to  the  catarrhal  inflam- 
mation present  in  lymphoid  hypertrophy  of  the 
pharynx,  the  senses  of  smell  and  taste  are  often  im- 
paired or  altogether  lost.  In  the  ease  of  olfaction 
the  diminished  special  sensibility  is  also  due  to  the 
occlusion  of  the  pharynx  and  to  moutli-breathing, 
by  reason  of  which  the  odoriferous  particles  are 
prevented  from  reaching  the  olfactory  region. 

In  the  diseased  state  of  the  pharynx,  secretion 
becomes  greatly  increased  in  amount,  and  it,  together 
with  the  abundant  supply  of  mucus  given  off  by  the 
neighboring  membrane,  is  a  source  of  much  disturb- 
ance. Not  only  does  tlie  pharynx  become  filled  with 
it,  by  which  respiration  is  rendered  more  difficult, 
but  when  swallowed  it  is  apt  to  give  rise  to  indigestion. 
Again,  through  failure  to  enjoy  it,  the  act  of  eating 
is  accomplished  rapidly,  and  the  food  is  swallowed  in 
large  masses  without  having  been  properly  masti- 
cated. Thus  the  nutrition  of  the  patient  is  directly 
attacked;  for,  through  loss  of  taste  and  smell,  and 
through  the  depressing  influences  of  a  lack  of  oxygen, 
the  appetite  is  generally  impaired  at  the  outset,  while, 
by  reason  of  the  faulty  mastication  and  of  the  dys- 
pepsia, the  food  ingested  is  not  properly  utilized. ' 

When  it  is  remembered  that  loss  of  oxygen,  loss  of 
sleep,  and  loss  of  nourishment  may  all  arise  from  the 
disease  under  consideration,  its  influence  upon  the 
general  health  cannot  but  be  recognized. 

Lymphoid  hypertrophy  may  occasion  various  re- 
flex nervous  phenomena.  Of  these,  the  most  im- 
portant is  the  occurrence  of  attacks  of  dyspnea, 
generally  during  sleep,  which  seem  to  be  due  to  a 
veritable  spasm  of  the  glottis,  and  in  the  course  of 
which  the  patient  is  awakened  suddenly  from  a  sound 
sleep  to  find  himself  choking.  For  a  few  seconds 
inspir.ation  is  almost  impossible,  and  efforts  to  ac- 
complish it  are  accompanied  by  loud,  stridulous 
breathing,  and  intense  apprehension  and  alarm.  It 
may  be  urged  that  such  accidents  might  arise  from 
the  presence  of  a  deposit  of  thick,  tenacious  mucus 
in  the  larynx,  and  such,  no  doubt,  is  often  the  explana- 
tion  of  them.     However,   in   certain   instances,   ob- 
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served  by  the  writer  and  others,  there  can  be  little 
doubt  as  to  the  spasm  being  of  a  purely  neurotic 
nature. 

Severe  spasmodic  cough  is  sometimes  seen  in  chil- 
dren and  in  young  adults.  It  is  generally  dry  and 
hacking  in  character,  and  in  some  eases  is  almost 
incessant. 

Again,  chorea  and  even  epilepsy  are  sometimes 
observed. 

The  influence  of  lymphoid  hypertrophy  upon  the 
circulation  is  a  matter  of  importance,  deficient  oxy- 
genation of  the  blood  not  being  the  only  result  which 
may  be  traced  to  this  condition  in  such  cases.  Anemia 
is  a  common  symptom,  and  one  which  is  often  par- 
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ticularly  well  marked.  Some  believe  that  enlarge- 
ment of  the  heart  by  dilatation  may  be  directly  due 
to  this  impoverishment  of  the  blood.  Disturbed 
cerebral  circulation,  as  a  result  of  pressure  exerted 
by  the  enlarged  masses,  has  been  suggested  by 
Chassaignac. 

The  subject  of  toxemia  due  to  tonsillar  infection, 
and  its  results,  has  lately  received  much  attention. 
Already  many  observations  of  importance  have  been 
made  regarding  it. 

Diagnosis. — The  diagnosis  in  chronic  hypertrophy 
of  the  faucial  tonsils  may  usually  be  made  with  the 
greatest  ease,  the  history  of  the  patient,  his  general 
appearance,  and  his  symptoms  pointing  almost 
invariably  to  the  source  of  the  trouble.  Any  doubt 
may  be  dispelled  by  the  simple  inspection  of  the 
pharynx.  Upon  opening  the  mouth  and  looking  into 
the  throat,  the  tonsils  will  appear  extending  beyond 
the  normal  limit  and  toward  the  median  line,  and 
their  relative  size,  their  consistence,  and  the  condi- 
tion of  the  crypts  may  be  ascertained.     During  easy, 
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deep  inspiration  the  tonsils  will  assume  their  normal 
position  behind  the  anterior  pillar  of  the  velum,  a 
minimum  of  their  volume  being  projected  toward  the 
median  hne.  If  now  the  patient  be  made  to  gag,  the 
tonsils  will  be  rotated  forward  and  thus  brought  out 
from  behind  the  velum  and  into  plain  view.  Any 
doubt  which  may  exist  as  to  the  real  size  of  the  gland 
may  be  removed  by  placing  one  forefinger  just  below 
the"  angle  of  the  jaw  externally,  and  the  other  behind 
the  tonsil,  when  the  whole  extent  of  the  enlargement 
may  be  recognized. 

The  hitertinl  Tonsillnscope  and  Tonsilloscopy. — For 
accurate  diagnosis  French  has  lately  perfected  and 
described  the  following  method.  The  internal  tonsil- 
loscope  is  for  direct  examination  of  the  tonsil  in  situ. 
In  using  the  instrument  the  end  of  the  staff  bearing 


the  lamp  is  slipped  behind  the  tonsil  and  the  light 
from  the  lamp  projected  through  the  substance  of  the 
gland.  Gentle  pressure  of  the  lamp  against  the  ton- 
sil prevents  the  illuminating  rays  from  being  scat- 
tered outside  the  tonsil,  while  the  semi-darkness  at 
the  back  of  the  mouth  causes  every  ray  from  the  lamp 
to  be  effective.  With  the  aid  of  the  tonsil  micro- 
scope used  in  conjunction  with  the  lamp  the  trans- 
luminated  tonsil  can  be  satisfactorily  examined. 
Many  of  the  conditions  within  the  tonsil  can  in  this 
way  be  seen  directly.  When  the  tonsil  is  healthy,  or 
nearl}-  so  it  is  relatively  translucent.  When  diseased 
it  is  less  translucent  and  is  of  a  deeper  color  in  pro- 
portion to  the  extent  of  the  inflammatory  action,  the 
degree  and  character  of  the  hyperemia  proclaiming 
the  extent  or  irritating  nature  of  the  disease.  (See 
Plate  LXII.)  By  this  method,  therefore,  it  is  possible 
to  detect  in  children  or  in  patients  of  any  age,  the  posi- 
tively normal  or  the  positively  diseased  tonsil  or 
whether  they  should  be  classed  with  doubtful  or 
border-line  conditions. 

In  the  classification  of  the  conditions  found  in  the 
tonsils,  in  health  and  disease  the  different  varieties 


fall  naturally  into  six  groups,  viz.,  (IJ  the  tonsil  of 
health;  (2)  the  tonsil  disturbed  by  functional  stimu- 
lation or  mildly  diseased;  (.3)  the  tonsil  containing 
superficial  abscesses;  (4)  the  tonsil  with  apparently 
active  or  large  foci  of  detritus  and  pus  occupying 
restricted  areas;  (5)  the  tonsil  the  seat  of  consider- 
able general  disease;  and  (0)  the  tonsil  the  seat  of 
extensive  general  disease.  These  groups  may  properly 
be  regarded  as  classes. 

Prognosis. — -Hypertrophy  of  the  tonsils  may  exist 
to  a  considerable  degree,  both  in  children  and  in  the 
adult,  without  giving  rise  to  serious  symptoms. 
In  some  cases  the  presence  of  this  condition  may  pass 
unnoticed.  Usually,  however,  the  contrary  is  the 
case.  It  may  be  said,  in  general,  that  the  younger 
the  child  the  more  injurious  is  the  effect  likely  to  be. 
While  the  tonsils  may  sometimes  regain  their  normal 
condition  at  puberty,  the  occurrence  of  this  atrophy 
is  uncertain,  as  has  already  been  pointed  to  in  the 
section  relating  to  the  etiology  of  the  disease.  Mean- 
while the  general  health  of  the  patient  may  be  under- 
going serious  injury,  and  irreparable  damage  may  be 
inflicted  upon  adjacent  parts.  The  prognosis,  there- 
fore, in  pronounced  cases  of  tonsillar  enlargement  is 
unfavorable  as  to  the  ultimate  subsidence  of  the 
difficulty. 

As  to  the  effect  of  enlarged  tonsils  upon  the  life 
of  the  patient,  there  can  be  no  question  that  they 
may  be  an  indirect  cause  of  death.  The  writer  has 
seen  a  case  in  which,  operation  having  been  refused, 
death  from  asphyxia  resulted  in  a  child  two  and  one- 
half  years  old,  suffering  from  enormous  hypertrophy 
of  both  tonsils.  Such  a  thing,  fortunately,  is  ex- 
tremely rare;  but  it  is  worthy  of  record  if  for  no  other 
reason  than  to  prove  the  possible  danger  of  the  con- 
dition, and  to  emphasize  the  foUy  of  temporizing 
with  it. 

In  cases  of  moderate  hj-pertrophy  of  recent  stand- 
ing, in  which  there  is  little  deposit  of  fibrous  tissue 
or  disease  of  the  crypts,  and  in  which  the  enlargement 
depends  upon  an  increased  vascularity  and  dilatation 
of  the  crypts,  much  good  may  be  done  by  general  and 
local  hygienic  measures  and  by  local  medication.  Care- 
ful attention  should  be  paid  to  the  dietary,  physical 
exercise,  and  general  surroundings  of  the  child,  and 
any  diathesis  discoverable  should  be  diligently  treated. 

in  some  cases  the  administration  of  the  iodide  of 
iron  and  of  cod-liver  oil  will  be  found  beneficial. 
Externally,  a  valuable  measure  is  the  habitual  applica- 
tion, to  the  neck  and  throat  every  morning,  of  a  cold 
bath  of  salt  water,  the  water  being  at  a  temperature 
sufficiently  low  to  produce  a  reaction,  but  not  so  cold 
as  to  cause  shock.  Meanwhile,  the  region  of  the  neck 
over  the  tonsils,  by  a  process  of  massage  gently  ap- 
plied, may  be  successfully  stimulated,  and  the  blood- 
vessels caused  to  act  with  greater  liveliness  and  tension. 
The  application  of  massage  directly  to  the  tonsil  has 
been  suggested,  but  has  not  commended  itself. 

Local  applications  to  the  tonsil  and  their  crypts  are 
indicated.  Sooner  or  later,  however,  surgical  measures 
will  probably  be  required. 

Removal  of  the  tonsils  has  been  practised  from 
earliest  times.  For  its  accompHshment  many  methods 
have  been  employed. 

.•Vn  exhaustive  history  of  the  subject  is  given  by 
Sir  Morrel  Mackenzie  in  his  classical  work. 

The  surgical  treatment  of  this  condition  extends 
backward  for  two  thou.sand  years.  Of  the  methods 
most  commonly  used  may  be  mentioned  cauterization, 
by  chemical  or  electrical  escharotics;  i''crasement,  by 
means  of  the  galvanocaustic  loop  or  of  the  cold  wire; 
abscission,  by  means  of  some  modification  of  the  knife 
or  scissors.  Both  the  tying  off  of  the  tonsil  by  means 
of  a  ligature,  and  the  injection  into  its  substance  of 
various  supposed  absorbents,  only  need  be  mentioned 
to  be  condemned.  The  practice  of  enucleating  the 
tonsil  with  the  finger  or  by  other  means  has  been 
lately  revived. 
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The  use  of  the  galvanocautcry  formerly  liad  many 
supporters.  As  compared  witli  the  knife  or  coltl 
snare,  however,  the  process  is  slow  and  painful,  the 
reaction  often  severe,  and  the  resulting  cicatrices  in  no 
small  number  of  cases  a  permanent  source  of  local  irrita- 
tion and  disability.  The  method  is  distinctly  inferior, 
as  is  that  by  6crascment  by  means  of  the  galvano- 
caustic  loop. 

Tomnlhtomy. — For  the  removal  of  the  tonsils  many 
new  devices  have  been  suggested  within  recent  years. 
The  most  successful  of  these  are  the  modifications  of 
the  tonsiUotome  or  of  the  cold  wire  snare.  For  many 
years  the  tonsiUotome  of  Physick  of  Philadelphia, 
modified  by  Morcll  Mackenzie,  was  by  far  the  most 
popular  instrument  in  use,  as  the  vast  majority  of  the 
operations  performed  with  it  in  properly  skillful  hands 
succeeded  in  attaining  the  desired  results.  Recently 
it  has  been  objected  that  superficially  used,  or  applied 
in  the  case  of  the  so-called  submerged  tonsil,  large 
amounts  of  hypertrophied  tissue  escaped  removal. 
For  this  reason  more  thorough  extirpation  of  the 
gland  has  become  fashionable,  and  for  the  purpose  the 
principle  of  operation  has  been  modified  and  a  number 
of  new  in.struments  have  been  devised. 

Formerly,  operation  under  general  anesthesia  was 
not  often  practised;  now,  the  reverse  is  the  case. 
While  the  newer  methods  are  undoubtedly  superior 
in  many  respects  to  the  older  ones,  certain  advantages 
were  obtained  with  the  latter.  It  is  therefore  desir- 
able that  both  methods  should  be  described. 


Flo.  4789. — Physick's  TonsiUotome.  (Modi- 
fied by  MorrcU  Mackenzie.)  A  stout  handle 
E,  ia  attached  to  a  steel  plate.  Z).  at  tlip  nthfi 
end  of  wiiich  13  a  grooved  ring,  C;  upi 
plate,  D,  the  knife,  or  rather  the  curvi-,1  .in-, 
A  B,  slides  forward  to  admit  the  tonsil  \uthi 
the  ring  C,  and  backward,  to  cut  it  off. 

For  the  convenient  and  successful 
performance  of  tonsillotomy  the  aid  of 
a  trained  assistant  is  indispensable. 
With  adults  and  with  children  old 
enough  to  be  under  good  self-control, 
he  will  bo  of  u.se  in  steadying  tlic  i)a- 
tient's  head  and  in  supporting  the  tonsils;  while  with 
young  children  the  possibility  of  operating  at  all  will 
generally  depend  upon  the  manner  in  which  the  pa- 
tient is  held. 

During  the  operation  the  patient  should  sit  facing  a 
good  light,  the  operator  with  his  back  to  it.  The  head- 
mirror  may  be  preferred.  The  patient,  if  an  adult, 
should  sit  upright  and  well  biick  in  the  chair,  the  head 
fixed  against  a  properly  adjusted  head-rest  or  sup- 
ported by  an  assistant.  The  latter  should  stand 
directly  behind  the  cliair,  and,  while  holding  the  head 
with  both  hands,  shoidtl  place  the  fingers  of  each  hand 
over  the  tonsillar  region  of  the  corresponding  side, 
that  is,  immediately  below  the  angle  of  the  jaw,  to 
prevent  the  tonsils  from  receding  before  the  pressure 
of  the  tonsiUotome. 

In  the  case  of  a  child  the  assistant  should  be  seated 
m  front  of  the  oper.ator,  and  the  patient  seated  across 
one  of  his  thighs,  facing  inward,  so  that  the  legs  of  the 
latter  may  be  grasped  and  firmly  held  between  the 
thighs  of  the  assistant.  The  body  of  the  child  is 
partly  turned  so  tliat  he  faces  the  "operator,  and  his 
head  is  rested  against  the  breast  or  the  shoulder  of  the 
assistant,  who  controls  the  arms  and  body  of  the  child 
by  throwing  one  of  his  arms  across  the  patient's  chest, 
while  with  the  other  hand  he  steadies  the  child's  head 
firmly  against  his  own  bodv.  The  use  of  a  mouth  gag 
is  unnecessary.     The  blade  of  the  tonsiUotome  is  now 
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drawn  backward  and  the  instrument  introduced 
flatwise  and  in  the  median  line,  as  if  it  were  a  tongue- 
depressor,  as  far  back  as  the  pharynx.  It  is  then  ro- 
tated, by  raising  the  handle  outward  from  the  verti- 
cal to  the  horizontal  position,  until  the  plane  of  the 
blade  becomes  parallel  with  the  plane  of  the  desired 
incision.  Following  this  the  blade  of  the  instrument 
always  kept  parallel  with  the  median  line,  is  carried 
outward  and  the  tonsil  engaged  in  its  ring  to  the 
required  depth.  The  blade  is  then  pushed  firmly 
and  steadily  through  the  included  tissue,  the  tonsil 
separated  from  its  place,  and  the  instrument  quickly 
witlidrawn,  usually  bearing  the  tonsil  with  it.  Then 
with  the  greatest  possible  expedition — and  before  the 
patient  realizes  that  there  is  to  be  a  second  operation 
— before  bleeding  sets  in,  and  without  giving  him  a 
chance  to  cough  or  clear  the  throat — reintroduce  the 
tonsiUotome  on  the  opposite  side  and  remove  the 
remaining  gland.  By  this  means  both  tonsils  may 
be  removed  at  one  sitting,  so  that  but  one  convales- 
cence is  to  be  endured.  Few  young  patients  will  sub- 
mit to  a  repetition  of  the  operation.  Several  ingeni- 
ous modifications  of  the  Physick  tonsiUotome  have 
been  made,  by  which  the  handle  may  be  reversed  so 
that  the  operator  may  use  the  instrument  upon  both 
sides  of  the  throat  holding  it  in  the  same  hand.  A 
far  better  plan,  however,  is  to  gain  through  practice 
sufficient  dexterity  to  change  the  instrument  frora 
one  hand  to  the  other,  and  to  operate  thus  on  both 
sides  with  equal  facility.  With  a  tractable  patient 
the  operation  may  be  done  in  from  ten  to  fifteen 
seconds. 

In  children  the  actual  pain  caused  by  cutting 
through  the  tonsil  is  usually  slight,  the  patient  often 
complaining  more  of  the  introduction  of  the  in- 
strument into  the  pharynx  and  the  consequent  reflex 
than  of  the  operation  itself.  W^th  them  the  in- 
jection into  the  tonsil  of  cocaine  is  an  undesirable  pro- 
cedure. It  is  desirable  to  have  the  active  coopera- 
tion of  the  patient  in  clearing  the  throat  the  moment 
that  the  operation  is  completed.  General  anesthesia 
is,  therefore,  a  disadvantage.  To  this  rule,  however, 
tiiere  are  many  exceptions.  When  a  child  is  highly 
irritable,  nervous,  and  timid,  and  sure  to  struggle  and 
be  alarmed  the  administration  of  nitrous  oxide  fol- 
owed  by  ether  will  prove  of  great  assistance. 

As  hypertrophy  of  the  tonsils  is  commonly  asso- 
ciated with  pharyngeal  adenoids,  the  removal  of 
both  upon  the  same  occasion  under  general  nitrous 
oxide  and  ether  anesthesia  has  proved  by  far  the  best 
and  most  satisfactory  way  in  which  to  deal  with 
these  cases. 

In  operations  upon  the  throat  the  position  of  the 
patient  is  important.  Many  of  the  best  authorities 
prefer  that  the  patient  should  be  placed  in  the  up- 
right position;  others  prefer  to  have  him  recumbent. 
Of  the  two  the  upright  position  employed  under 
proper  conditions  has  decided  advantages.  French, 
of  Brooklyn,  has  elaborated  an  ingenious  and  highly 
practical  technique  for  this  purpose,  the  essential 
feature  of  it  being  a  combined  chair  and  table  so 
arranged  that  the  patient  may  be  anesthetized  in  the 
recumbent  position  and  then  gradually  raised  to  the 
upright. 

Tonsillectomy. — Of  the  newer  methods  proposed  for 
the  complete  removal  of  the  tonsil — the  so-called 
tonsillectomy — two  are  preeminent:  One,  the  so- 
caUed  Sluder  method;  the  other,  the  method  of  Sluder 
as  modified  by  Beck.  The  operation  performed  by 
Sluder  has  for  its  object  the  engagement  of  the  tonsil 
in  the  fonestrum  of  the  instrument  by  pressure  exerted 
from  the  angle  of  the  mouth  upward,  forward,  and 
outward  against  the  alveolar  tubercle  of  tlie  lower 
jaw  at  the  junction  of  the  horizontal  and  perpendicular 
ramus.  The  blade  of  the  tonsiUotome  is  dull,  so 
that  the  process  of  enucleation  may  be  slow  and  the 
small  arterioles  bruised  to  prevent  hemorrhage.     The 
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'Pransillumimitcd  tonsils  and  anterior  faucial  pillars,  in  gitu,  as  seen  in  the  tonsil  micro- 
scope. The  tonsils  show  the  conditions  which  present  in  the  microscopic  field  in  the  various 
(classes  and  also,  approximately,  their  colors  and  varying  shades  of  colors  in  contrast  to  the  fixed 
shade  of  color  of  the  anterior  pillars. 

The  unvarying  shade  of  red  of  the  anterior  pillars  should  be  used  as  a  control  to  compare 
with  the  amber  or  the  varying  shades  of  red  in  the  different  classes  of  tonsils.  Generally 
speaking  the  greater  the  contrast  in  color  or  in  the  shades  of  the  same  color  between  the  tonsil 
and  the  anterior  pillar  the  less  the  disease  in  the  tonsil.  The  shade  of  red  of  the  tonsil  in  class 
t),  which  is  the  most  diseased  class,  is  always  the  same  as  that  of  the  anterior  pillar. 

1.  The  tonsil  of  health. 

2.  Borderline  conditions. 

3.  Small  chronic  abscesses  near  the  surface. 

4.  Hyperemic  plumes  indicating  the  presence  of  deeply  located  and  irritating  foci  of 

detritus  or  pus  in  limited  areas  of  the  tonsil. 

5.  Considerable  general  disease.     Visible  foci  at  various  depths  in  the  tonsil.     Also  collec- 

tions of  detritus  caught  between  the  anterior  pillar  and  the  tonsil. 

6.  Extensive  general  disease.     The  tonsil  and  the  anterior  pillar  are  the  same  shade  of 

red.     Dark   perpendicular  lines  indicating   congestion   of  the   mucous   membrane 
usually  appear  in  the  anterior  pillars  in  this  class. 

Capstde  1.     Shows  the  field  of  the  tonsil  microscope  with  collections  of  detritus  under  the 

capsule. 
CiipKule  2.     The  same  field  showing  a  collection  of  pus  under  the  capsule. 

The  colors  of  the  figures  in  the  plate  when  viewed  by  daylight  are  somewhat  deceptive. 
By  artificial  light,  however,  they  approach  quite  closely  those  of  the  living  tissues. 
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TRANSILLUMINATED  FAUCIAL  TONSILS 

As  Displayed,  in  Situ,  with  the  Tonsillosoope 
After  Dr.  Thomas  R.  French 
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Fig.  4790. — French's  Table;  Patient  Seiuirecumbent. 

tonsillar  folds  are  not  liberated  prior  to  removal,  and 
the  tonsillotome  is  introduced  below  and  behind  the 
tonsil,  and  the  mass  elevated  until  opposite  the  tubercle 
of  the  jaw.  Pressure  is  exercised  from  within  outward 
and  upward  until  the  tonsil  is  dragged  from  its  folds, 
and  while  pressure  is  being  exerted  continuously 
the  blade  is  pushed  gradually  home  until  the  tonsil 
is  enucleated  by  a  slow  process  of  cutting. 

If  the  tonsil  is  not  entirely  engaged  in  the  in- 
strument, the  index  finger  is  used  to  massage  the 
gland  into  the  fenestrum  before  the  blade  is  forced 
through  it.  If  the  blade  will  not  cut  entirely 
through  the  base  of  the  tonsil,  the  index  finger  is 
again  used  to  remove  the  tonfil  by  a  slow  massage 
between  the  tonsil  and  its  anterior  fold.  In  some 
instances  the  projection  of  the  fold  over  the  tonsil 
is  entirely  cut  away,  leaving  a  large  exposure  of 
enucleated  surface. 

In  the  use  of  the  Beck  tonsillotome,  the  same 
anatomical  structures  are  enucleated,  and  the  same 
technique  is  required  as  in  the  Sluder  operation. 
Beck's  instrumnt  removes  the  tonsil  with  great 
thoroughness  and  with  a  minimum  of  bleeding. 

Although  often  bloodless,  what  little  bleeding 
may  follow  the  operation  is  usually  controlled  by 
gentle  pressure,  by  placing  vaseline-coated  gauze 
pledgets,  held  on  sponge  sticks,  between  the  pillars. 
Hemorrhage  seldom  occurs  if  this  method  is  ad- 
hered to. 

The  Beck  method  has  many  advantages.  Aside 
from  the  small  quantity  of  blood  lost  there  is  no 
method  that  leaves  so  little  traumatism;  tlie  uvula 
is  never  sacrificed  or  bruised  and  the  pillars  are 
left  intact.  Pain  foUowing  the  operation  is 
minimized,  the  slough  quickly  disappears  and 
heahng  occurs  in  a  very  few  days,  leaving  per- 
fect anterior  and  posterior  pillars. 

The  linear  scar  so  frequently  met  with  after 
tonsil  operations,  showing  adhesion  between  tlio 
styloglossus  and  stylopharyngeus  muscles  is  never 
present. 

The  after-treatment  is  simple:  children  are  sel- 
dom detained  longer  than  twenty-four  hours  and 
are  dismissed  with  the  admonition  to  gargle  or 
wash  their  mouths  with  cold  or  warm  sterile 
water  according  to  preference.     To  guard  against 
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the  possibility  of  hemophilia  being  present,  a 
l^rcliminary  examination  of  the  blood  is  made  in 
every  case. 

In  adult  patients  when  general  anesthesia  is 
not  advisable  local  tonsillectomy  is  performed  as 
follows:  The  patient  is  given  Magendie  solu- 
tion, nj  vii,  with  atropine  sulphate  gr.  "j!,:,.  an  hour 
prior  to  operation  and  kept  quietly  in  bed  until 
wheeled  into  the  operating  room;  then  seated  in 
a  chair  and  draped.  The  mucous  membrane  of 
the  mouth  and  pharj'nx  is  painted  several  times 
with  a  Vo  per  cent,  solution  of  cocaine  and  after 
an  interval  of  ten  minutes  the  tongue  is  depressed 
and  a  j  per  cent,  solution  of  novocaine  is  injected 
into  the  anterior  and  posterior  pillars,  parallel  to 
and  one-eighth  inch  from  the  free  border.  After 
an  interval  of  one  minute  and  with  the  tongue 
depressor  again  in  position,  using  the  Robertson 
curved  tonsil  knife  (sharp  on  both  edges  and 
dull  at  the  point),  an  inci-sion  is  made  beginning 
at  the  lowest  point  of  the  anterior  pillar  and  with 
a  quick  movement  of  the  hand  carrying  the  incision 
upward  to  the  angle  between  the  pillars,  then, 
sweeping  downward  behind  the  tonsil  and  between 
it  and  the  po.sterior  pillar,  using  the  other  edge  of 
the  knife,  to  a  point  opposite  the  place  of  begin- 
ning. The  left  tonsil  is  firmly  grasped  with  a 
tenaculum  at  the  highest  possible  point,  gentle 
traction  made  on  it  with  the  left  hand,  and  the 
toiLsil  separated  from  its  bed  by  the  knife,  in  the 
right  hand,  making  pre.ssure"  fir.st  again.st  the 
stylopharyngeus  muscle,  then  the  lateral  constric- 
tors and,  finally,  the  anterior  pillar.  A  snare  is  then 
used  to  free  it  from  its  lower  point  of  attachment. 
The  patient  is  quickly  given  an  iced  saline  mouth  wash, 
which  is  usually  sufficient  to  control  bleeding,  after 
which  the  right  tonsil  is  similarlv  removed. 


Fia.  1791. — French's  Table;  Patient  Erect 
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As  a  rule  little  pain  is  complained  of  except  during 
the  separation  of  the  tonsil  from  its  bed,  when  traction 
is  made  upon  it.  . 

The  after-treatment  consists  of  an  ice  bag  to  the 
anplcs  of  the  jaw,  the  length  of  time  suiting  the 
patient's  ple:»sure;  a  gargle  of  alkaline  saline  solu- 
tion; nrthoform  tablets  gr.  v  dissolved  on  the  tongue 
ad  libitum,  and  codeine  gr.  i  to  control  pain  if  present. 
The  latter  i.s  repeated  until  comparative  comfort  is 
obtained.  The  following  daj'  several  local  applica- 
tions of  glyccrite  of  tannin  are  made  to  the  raw  sur- 
faces, the  "slough  disappearing  in  from  two  days  to  a 
week,  depending  on  the  size  of  the  wound. 

The  results  obtained  bv  these  methods  are  excellent. 

Enucleation  of  the  tonsil  with  the  finger  and  the 
dissection  of  it  by  means  of  scissors  or  knives  have 
no  advantages  over  the  other  methods  of  removal 
that  we  have  described  and,  in  a  general  way,  are 
not  nearly  as  safe,  especially  in  view  of  the  danger  of 
injury  tothe  neighboring  parts. 


47512  —Both  Tonsils  Engaged  in  the  Beck  Instruments;  sho 
the  Titus  .Suction  Tongue  Depressor.  (Voisliiwskv,  Medical  Ret 
15,  1916  ) 

Voislawsky  of  St.  Lukes  Hospital,  New  York,  has 
developed  a  procedure  which  in  our  hands  has  given 
highly  satisfactory  results.  Enucleation  is  success- 
fully accompUshed.  The  important  parts  adjacent 
to  the  tonsil  are  protected  from  injury  and  bleeding 
is  reduced  to  a  minimum. 

By  this  method  the  patient  draped  for  operation 
in  the  usual  manner  is  anesthetized  with  gas-ether 
until  the  secondary  stage  is  reached.  He  is  placed 
upon  his  back  upon  a  table  without  a  pillow,  or  up- 
right in  the  French  operating  chair,  and  the  Denhart, 
Jennings,  VVliitchead.  or  Murdoch  mouth  gag  (depend- 
ing on  the  formation  or  contlition  of  the  teeth)  is  in- 
troduced, widely  opening  the  mouth,  and  held  in  place 
by  the  anesthetist;  the  chin  slightly  elevated  to  allow 
free  breatiiing.  The  Titus  suction  tongue  depressor 
IS  then  introduced  and  the  throat  cleared  of  mucus  by 
it.  This  avoids  injury  to  the  mucous  membranes  and 
prevents  bleeding  caused  by  the  use  of  gauze  or 
cotton  sponges. 

With  the  right  hand  a  Beck  snare  is  introduced  from 
the  left  angle  of  the  mouth,  the  loop  passing  pos- 
terior to  the  right  tonsil.  The  tonsil  is  then  forced 
through  the  loop,  the  catch  is  sprung  and  the  snare 
wire  drawn  tight  and  locked.     Two  or  three  turns 
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of  the  screw  insure  the  engagement  of  the  snare, 
which  is  now  handed  over  to  the  assistant.  In 
like  manner  the  left  tonsil  is  forced  through  the 
loop  of  a  second  Beck  instrument  and  engaged,  the 
manipulation  of  the  instrument  being  with  the  left 
hand.  This  snare  is  also  placed  in  the  hand  of  the 
assistant. 

The  assistant  then  gently  raises  the  snares,  thus 
approximating  the  tonsils  in  the  median  line;  the 
operator  applies  a  double  tenaculum  to  both  tonsils 
at  the  same  time.  The  assistant  takes  one  instru- 
ment, the  operator  the  other  and  slowly  the  ton.sils 
are  enucleated,  the  assistant  removing  the  tenaculum 
holding  both  tonsils. 

Hemorrhage. — Bleeding  after  the  operation  is  usu- 
ally slight  and  soon  ceases  spontaneously.  If  it 
persists  it  may  be  readily  checked,  and  generally  by 
simple  means.  Of  the  latter  the  most  effective  is  the 
direct  application  to  the  cut  surfaces  of  a  mixture 
consisting  of  one  part  gallic  acid  and  three  parts 
tannic  acid,  reduced  to  the  consistence  of 
creain  by  the  addition,  drop  by  drop,  of  a 
small  quantity  of  water.  This  or  the  sucking 
of  cracked  ice  will  usually  prove  effective. 

While  most  believe  that  the  operation  is  at- 
tended with  little  or  no  real  danger,  some  prac- 
titioners look  upon  it  with  dread. 

In  reality,  death  from  hemorrhage  follow- 
ing tonsillotomy  in  patients  under  eighteen 
years  of  age  is  very  unusual.  Over  eighteen, 
cases  are  now  and"  then  recorded.  Serious 
bleeding  may  occasionally  occur.  Moderate 
bleeding,  requiring  means  to  check  it,  is,  on  the 
whole,  not  uncommon.  Several  varieties  of 
bleeding  may  occur.     These  are: 

1.  Arterial:  from  the  division  of  one  or  two 
comparatively  large  arterial  branches. 

2.  Arterial:  from  the  division  of  a  large 
number  of  small  arterial  twigs. 

3.  Venous:  from  the  division  of  the  small 
plexus  of  veins  which  lies  below  and  outside  of 
the  tonsil. 

4.  Capillary:  from  the  presence  of  the  hemor- 
rhagic diathesis. 

Of  the  above  varieties,  the  first  two  seem  to 
be  the  most  common. 

Ligation  of  the  carotid,  common,  external  or 
internal,  has  generally  proved  ineffective  be- 
cause of  the  numerous  anastomoses  of  the 
ig  also  neighboring  circulation. 
I.  Jan  Hemorrhage  in  general,  it  is  unnecessary  to 
say,  is  likely  to  cease  during  syncope.  In  bleed- 
ing after  tonsillotomy,  the  excitement  of  the  pa- 
tient and  the  consequent  stimulation  of  the  heart  and 
activity  of  the  brain  result  in  great  increase  in  the 
general  circulatory  force  and  in  the  amount  of  blood 
actually  carried  to  the  brain.  As  long  as  this  condi- 
tion lasts  bleeding  will  continue,  the  tendency  being 
for  it  to  grow  more,  rather  than  less,  severe,  even  al- 
though the  common  carotid  may  have  been  tied. 
When,  however,  the  heart's  action  becomes  weak  and 
the  brain  anemic  through  syncope  the  bleeding  wiU 
cease.  This  circumstance  would,  it  seems,  tend  to 
prove  the  futility  of  ligating  the  common  carotid. 

In  general,  it  may  be  said  that  the  operations  for 
the  removal  of  tonsils  and  adenoids  should  never  be 
performed  in  the  presence  of  hemorrhagic  diathesis. 
Examination  of  the  blood  should  be  made  before 
every  such  operation,  as  a  matter  of  routine.  The 
results  of  this  are  valuable.  Ample  means  should 
be  at  hand  for  controlling  any  ordinary  amount  of 
hemorrhage  which  may  occur,  and,  although  the 
chances  of  bleeding  are  infinitely  slight,  no  surgeon  is 
justified  in  incurring  them  unprepared.  Since  the 
amount  present  may  vary  from  the  loss  of  a  few 
drams  up  to  a  hemorrhage  of  considerable  importance, 
it  follows  that  the  means  selected  for  its  arrest  must 
vary  with  the  nature  and  severity  of  the  case. 
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In  the  vast  majority  of  instances,  the  bleeding,  even 
though  sharp  at  first,  will  subside  spontaneously 
within  a  few  minutes  after  the  operation.  In  these 
cases  the  patient  should  be  directed  to  keep  the  head 
upright,  as  far  as  possible;  to  refrain  from  making 
efforts  at  clearing  the  throat;  to  gargle  the  throat 
quickly,  and  several  times  in  succession,  with  ice 
water;  or,  instantly  upon  the  removal  of  the  tonsils 
the  surgeon  may  apply  to  the  wounded  surfaces  the 
tanno-gallic  mixture  already  mentioned,  all  prep- 
arations for  the  application  having  been  made 
beforehand. 

To  check  a  moderate  flow  of  blood  grasp  a  smooth, 
rounded  piece  of  ice  in  a  pair  of  long  forceps  and  hold 
it  firmly  against  the  bleeding  surface.  Or  wrap,  some- 
what tightly,  a  pledget  of  absorbent  cotton  around 
the  end  of  a  suitable  rod,  saturate  it  with  the  tanno- 
gallic  mixture,  and  then  press  it  against  the  wound. 
Should  livelier  bleeding  occur  the  pharynx  of  the  pa- 
tient should  be  illuminated  by  the  best  attainable 
light,  the  neighborhood  of  the  tonsil  diligently  cleared 
of  clots,  the  cut  surface  thoroughly  exposed  to  view,  and 
careful  search  made  for  the  exact  source  of  the  hemor- 
rhage. Sometimes  this  precaution  will  be  rewarded 
by  the  discovery  of  one  or  two  spirting  points.  These 
will  generalh'  be  found  low  down  in  the  pharynx, 
corresponding  with  the  inferior  part  of  the  tonsil,  in 
which  the  larger  arterial  branches  seem  to  be  received. 
Such  points,  having  been  discovered  and  precisely 
located,  should  be  seized  with  long  slender  forceps 
and  thoroughly  twisted;  or  they  may  be  touched  with 
a  small  galvanocaustic  point;  or  the  tip  of  a  probe 
upon  which  nitrate  of  silver  has  been  fused  may  be 
pressed  into  them,  the  spot  having  pre\'iously  been 
well  cleared  of  blood. 

Such  hemorrhage  is  apt  to  occur  in  cases  in  which 
the  incision  has  been  carried  low  down  in  the  pharynx, 
and  may  usually  be  arrested  by  the  above  means. 
Upon  inspecting  the  thoroughly  cleansed  wound, 
however,  there  may  appear  innumerable  little  vessels, 
none  of  which  is  large  enough  to  be  seized,  but  all 
vigorously  bleeding.  These  are  the  cases  in  which 
the  fibrous  stroma  containing  the  nutrient  vessels  is 
markedly  increased  and  the  vessels  themselves  are 
large  and  abundant.  Encased  as  they  are  in  fibrous 
tissue,  it  is  difficult  for  them  to  contract;  hence  the 
bleeding,  abundant,  persistent,  and  exceedingly 
difficult  to  control. 

In  these  cases  the  ordinary  means  for  stopping 
hemorrhage  are  often  ineffective.  The  iron  stj-ptics 
are  worse  than  useless,  while  the  cautery  only  seems 
to  make  the  bleeding  worse.  If  the  tonsil  has  been 
thoroughly  removed,  there  is  nothing  left  around 
which  a  ligature  may  be  applied. 

Levis  transfixes  the  blooding  base  with  the  hook 
of  a  small  tenaculum,  performs  torsion,  and  directs 
the  patient  to  hold  the  flat  handle  of  the  tenaculum 
fixed  between  his  teeth.  By  passing  a  bandage 
around  the  head  and  under  the  chin  this  position  may 
be  maintained  for  many  hours.  The  method  has 
proved  effective.  Pressure  of  the  common  carotid 
may  be  maintained,  although  in  the  personal  expe- 
rience of  the  writer  and  of  others  it  has  often  proved 
useless.  Meanwhile,  several  general  measures  of 
great  value  may  be  employed. 

Since  the  object  desired  is  to  quiet  the  circulation 
and  allay  nervous  excitement,  the  administration  of 
opium  is  indicated. 

Arterial  tension  may  be  relieved  by  constricting 
the  patient's  thighs,  as  is  sometimes  done  in  hemop- 
tysis. 

Finally,  in  most  instances  of  severe  tonsillar  hemor- 
rhage, bleeding  has  continued  until  the  occurrence  of 
syncope  when  the  flow  has  promptly  ceased,  nor  has 
it,  with  the  return  of  consciousness,  recurred.  Any 
tendency  to  fainting,  therefore,  should  bo  encouraged 
rather  than  repressed.  Should  the  question  of  ligat- 
ing  one  of  the  great  vessels  be  entertained,  it  must  be 


remembered  that  ligation  of  the  internal  carotid  is 
useless;  that  ligation  of  the  common  carotid  has  some- 
times succeeded,  but  has  often  failed;  and  that  the 
choice  of  a  successful  operation  lies  between  tying  the 
external  carotid  near  the  bifurcation  of  the  common 
carotid,  or  the  ligation  of  both  the  common  and  the 
internal  carotid  arteries. 

The  occurrence  of  a  venous  hemorrhage  is  unusual. 
The  writer  has  seen  one  such  case,  which  was  checked 
without  great  difficulty  by  means  of  cold  and  pressure. 

Capillary  hemorrhage  may  be  stopped  bv  the  tanno- 
gallic  mixture,  by  the  application  of  a  strong  solution 
of  antipyrine,  by  pressure,  by  cold,  or,  finally,  by  the 
gargling  of  water  taken  as  hot  as  can  be  borne. 

Of  a  large  number  of  cases  of  tonsillotomy  known 
to  the  writer,  in  only  two  has  severe  hemorrhage 
occurred  in  a  child.  These  patients  both  had  hemo- 
philia.    One  recovered,  the  other  died. 

Finally,  annoying  and  persistent  bleeding  may  occur 
from  the  accidental  wounding  of  the  anterior  pillar  of 
the  velum  palati  in  the  course  of  tonsillotomy.  The 
adhesions  which  often  exist  between  the  anterior 
pillar  and  the  tonsil  should  be  broken  up  before  the 
removal  of  the  gland  is  attempted. 

The  after-treatment  in  tonsillotomy  is  simple. 
The  general  condition  may  be  estimated  to  equal 
about  that  of  a  patient  suffering  from  a  mild  attack  of 
tonsillitis.  He  should  be  kept  quiet  for  two  or  three 
days.  Solid  food  should  be  withheld  until  healing 
has  fairly  progressed  and  then  such  articles  selected 
as  shall  produce  neither  chemical  nor  mechanical 
irritation.  A  simple  mouth  wash  may  be  used  after 
the  first  day,  especially  after  eating.  Sterile  water 
is  often  sufficient.  If  it  cause  pain  in  the  throat,  the 
fluid  should  be  used  with  an  atomizer.  Gum  arable 
may  be  occasionally  dissolved  in  the  mouth.  The 
wound  usually  heals  with  rapidity  and  without  acci- 
dent. Sometimes,  however,  in  unhealthy  subjects 
infection  from  some  of  the  numerous  bacteria  of  the 
buccal  cavity  takes  place  and  it  becomes  covered  with 
a  thick,  whitish  membranous  deposit,  which  may  even 
appear  to  be  diphtheritic,  and  which  may  be  associated 
with  more  or  less  constitutional  disturbance.  This, 
in  the  majority  of  cases,  soon  yields  to  local  disinfectant 
measures. 

In  addition  to  the  healing  of  the  pharyngeal  wound, 
in  the  case  of  children,  three  points  at  least  (in  addi- 
tion to  the  general  tonic  treatment  sometimes  re- 
quired) should  be  carefully  attended  to: 

First,  the  mouth-breathing  habit  must  be  over- 
come, even  when  the  pharyngeal  obstruction  has 
been  removed.  To  this  end  the  patient  should  be 
encouraged,  while  waking,  to  breathe  through  the 
nose.  When  asleep  he  may  need  the  benefit  of  some 
artificial  help. 

Secondly,  the  defects  of  pronunciation  commonly 
met  with  in  the  subjects  of  enlarged  tonsils,  become, 
like  the  mouth-breathing,  matters  of  habit,  and  do 
not  always  disappear  when  the  condition  upon  which 
they  depend  has  been  relieved.  This  matter  should 
be  explained  to  those  having  the  child  in  charge, 
and  suitable  exercises  in  reading  and  pronouncing 
recommended. 

Finally,  the  deformity  of  the  chest  will  in  many 
cases  need  attention.  Light  gymnastics  and.  more 
particularly,  tlie  systematic  practice  of  chest  ex- 
pansion with  deep  breatliing,  will  often  bring  about 
a  surprisingly  rapid  anfl  beneficial  result. 

The  results  of  tonsillotomy  arc  immediate  and 
marked,  and  the  child  who  was  before  weak,  ill 
nourished,  under-dovolopcd,  will  in  many  ca.ses  begin 
to  grow  with  remarkable  rapidity;  his  whole  appear- 
ance at  the  end  of  several  months  being  greatly 
changed  for  the  better.  This  is  in  part  due  to  the 
important  fact  that  diseased  tonsils  arc  very  often 
centers  of  active  septic  infection  the  removal  of 
which  at  once  frees  the  system  from  a  constant 
source  of  toxemia. 
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It  is  not  easv  to  understand  why  the  excision  of 
enlarged  tonsils  should  meet  with  the  opposition 
which  is  sometimes  brought  to  bear  against  it.  Still 
less  is  it  explicable  when  the  ground  of  the  opposition 
is  explained. 

Among  the  principal  objections  which  have  been 
urged  again.st  tonsillotomv  are  the  following: 

1.  That  the  tonsils  will  atrophy  spontaneously  at 
puberty;  or,  as  some  express  it,  that  the  child  will 
"grow  to  his  tonsils." 

2.  That  tonsillar  h\'pertrophy  exercises  a  protec- 
tive inllucncc  against"  infections.  Also,  that  it  pro- 
tects against  bronchitis  and  phthisis. 

3.  That  the  removal  of  the  tonsils  will  injure  the 
voice. 

4.  That  their  removal  will  impair  tlie  patient  s 
virilitv. 

5.  That  the  tonsils  will  be  likely  to  grow  again. 

6.  That  milder  measures  than  excision  will  answer 
the  same  purpose. 

7.  That  the  operation  should  be  indefinitely  post- 
poned because  the  patient  may  be  weak. 

In  nearly  everv  one  of  the  above  the  objection  is 
absolutelvand  exactly  contrary  to  the  truth.  If  the 
voice  should  have  been  impaired  it  is  because  of 
injury  to  the  walls  of  the  pharynx  due  to  faulty  opera- 
tive work. 

In  the  case  of  objection  No.  6,  a  greatly  hyper- 
trophied  and  diseased  tonsil  is  not  likely  to  be 
cured  bv  milder  measures  than  excision.  Without 
question,  however,  many  tonsils  are  unnecessarily 
excised  at  the  i)resent  day. 

Foreign  Bodies  in  the  Tonsils. — ;From  their 
peculiar  structure  and  position,  the  tonsils  are  prone 
to  the  arrest  and  lodgment  of  small  pointed  foreign 
bodies.  These  may  be  found  fixed  in  one  of  the  deeper 
lacun.-c  or  thrust  into  the  substance  of  the  gland  itself. 
Their  presence  is  characterized  by  a  limited  degree 
of  pain  at  the  seat  of  impaction,  and  sometimes  by 
slight  dysph.agia.  Occasionally,  however,  the  pain 
is  referred  to  a  point  more  or  less  remote. 

Commonly,  in  tonsils  which  are  the  seat  of  chronic 
inflammation,  the  .secretion  of  the  lacuna;  may  be 
increased  in  quantity  and  retained  within  the  crypts, 
as  before  described  in  this  article.  These  soft  con- 
cretions, which  are  of  a  white  or  yellowish  color  and 
cheesy  consistence  must  not  be  mistaken  for  tonsillary 
calculi,  which  are  entirely  different  both  in  character 
and  in  composition,  and  which  are  actually  of  rare 
occurrence.  The  composition  of  such  concretions 
is  principally  phosphate  and  carbonate  of  lime. 
They  are,  therefore,  not  of  gouty  origin,  as  has 
.sometimes  been  suppo.sed.  Besides  the  above-named 
salts,  they  contain  siiiall  quantities  of  iron,  soda,  and 
potassa.  Their  presence  gives  rise  to  few  symptoms 
which  may  not  be  observed  in  anj'  inflamed  tonsil. 
.■\  slight  pricking  sensation  is  often  complained  of, 
and,  when  the  concretions  are  large,  there  is  dys- 
phagia. Sometimes  small  concretions  are  discharged 
spontaneously,  and  sometimes  their  presence  predis- 
po.ses  to  severe  attacks  of  quinsy,  in  the  course  of 
which  an  abscess  may  form  which  may  be  very  slow 
in  healing.  The  presence  of  a  tonsillar  calculus 
may  be  determined  by  the  discharge  of  pieces  of 
the  calculus,  by  inspection,  a  part  of  the  calculus 
projecting  from  the  lacuna  far  enough  to  be  visi- 
ble, or  by  direct  examination  with  the  finger  or  a 
probe. 

In  the  treatment  of  these  cases  the  concretion  may 
be  removed  by  me.ans  of  a  hooked  probe,  or  by  small 
forceps.  It  will  generally  happen  that  the  tonsil 
will  be  enlarged,  and  then  the  extirpation  of  more  or 
less  of  the  gland  will  be  called  for.  Indeed,  this  is 
the  simplest  way  of  relieving  the  whole  trouble. 
The  use  of  the  tonsillotome  mav  be  impossible  on 
account  of  the  hardness  of  the  "calculus;  in  which 
case  the  snare  may  be  used  with  advantage. 
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Parasites  in  the  Tonsils. — Mackenzie  quotes 
several  instances  in  which  certain  parasites,  such  as 
hydatids  and  trichocephali,  have  been  found  in  the 
tonsils.  Dupuytren  relates  the  case  of  a  woman 
twenty-one  years  of  age,  who  for  eleven  months  had 
suffered  from  attacks  of  inflammation  of  the  tonsils. 
The  left  gland  was  considerably  swollen,  and  the 
surgeon  having  diagnosed  an  abscess,  plunged  a 
bistourj'  into  the  tumor.  As  a  result,  nearly  two 
ounces  of  watery  fluid  gushed  out  and  ultimately  a 
large  hydatid  cyst,  the  size  of  a  hen's  egg,  was  ex- 
tracted. The  patient  died  soon  after,  and  a  hydatid 
cvst,  the  size  of  a  child's  head,  was  found  attached 
to  the  left  kidney.  A  similar  case,  in  a  male,  is  re- 
ported by  Davaine,  and  the  same  observer  relates 
an  instance  in  which  a  trichocephalus  was  fmind 
lodged  in  the  left  tonsil.  The  parasite  had  probably 
attained  this  situation  through  being  expelled  from 
the  stomach  during  the  act  of  vomiting. 


Syphilis  of  the  Tonsil. — Chancre. — Chancre  upon 
the  tonsil  is  occasionally  observed.  While  chancre 
of  the  lips  and  buccal  cavity  is  not  uncommon,  its  oc- 
currence on  the  wall  of  the  pharynx  is  practically 
unknown.  The  explanation  of  its  appearance  upon 
the  tonsils  is  plain  when  the  structure  and  position 
of  those  organs  is  remembered.  There  are  many 
cases  in  which,  without  question,  it  has  been  inno- 
cently acquired.  V.'hile  chancre  of  the  tonsil  is 
generally  unilateral,  it  has  sometimes  been  observed 
upon  both  glands. 

The  diagnosis  of  chancre  of  the  tonsil  is  apt  to  be 
difficult,  since  the  symptoms  vary  considerably,  and 
the  situation  of  the  trouble  is  so  remote  that  it  easily 
passes  unobserved  or  unrecognized. 

The  signs  of  infection  generally  begin  with  slight 
redness  and  swelling,  and  without  perceptible  indura- 
tion. Soon  there  are  pain  in  deglutition,  increased 
redness,  and  hypertrophy,  which  is  followed  by  a 
superficial  erosion,  having  an  indurated  base,  and 
more  or  less  glandular  involvement  of  the  affected 
side.  The  hypertrophj'  and  general  tumefaction  of 
the  tonsil  itself  are  important  signs,  and  seem  to  be 
a  constant  accompaniment  of  the  disease.  The 
second  important  symptom  is  the  superficial  erosion, 
increasing  to  an  actively  ulcerating  surface,  generally 
covered  with  a  grayisli-white  coating  of  greater  or 
less  thickness,  granular  in  character,  and  distributed 
over  the  surface  of  the  ulcer  in  a  somewhat  irregular 
manner.  Sometimes  the  erosion  is  very  superficial 
and  ill-defined,  while  in  other  rare  cases  it  has  assumed 
the  phagedenic  form,  presenting  a  deep,  sloughing 
ulcer,  with  a  high  degree  of  inflammation  and  tume- 
faction of  the  neighboring  parts. 

Induration  of  the  base  of  the  ulcer  is  not  a  constant 
factor.  In  manj'  cases  it  is  conspicuously  absent. 
Ptyalism  is  an  early  and  marked  symptom. 

Enlargement  of  the  submaxillary  lymphatic  glands 
of  the  affected  side  is  a  constant  symptom,  the 
engorgement  being  hard,  indolent,  and  sometimes 
extensive.  Suppuration  does  not  seem  to  have  been' 
observed.  The  duration  has  been  thought  to  be 
shorter  than  that  of  the  same  lesion  in  other  places. 
Dysphagia  is  generally  present,  and  in  the  phagedenic 
form  may  become  very  severe. 

The  immediate  diagnosis  of  chancre  of  the  tonsil 
is  often  by  no  means  easy.  It  will  generally  be  diffi- 
cult to  obtain  a  history  of  contagion,  through  either 
the  reticence  or  the  ignorance  of  the  patient.  The 
unusual  situation  of  the  lesion,  its  diversity  of  appear- 
ance and  form,  the  absence  of  corroborative  evidence, 
all  render  the  case  in  many  instances  obscure.  It  is 
necessary  to  differentiate  it  from  malignant  disease, 
especialh'  epitheUoma;  from  tuberculous  ulceration; 
from  psoriasis  of  the  mouth  and  from  the  so-called 
smoker's  patch;  from  mucous  patches;  from  the 
ulcerating  gummata  of  tertiary  syphilis;  from  diph- 
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theria;  and,  finalh',  from  gant^renous  ulceration  of 
the  tonsil. 

It  may  be  impossible  to  arrive  at  a  decided  conclu- 
sion until  the  development  of  constitutional  phenom- 
ena and  the  results  of  treatment  unite  in  confirming 
the  diagnosis.  The  treatment,  constitutionally,  must 
depend  upon  the  views  of  the  practitioner  with  regard 
to  the  management  in  general  of  early  syphilis. 
Should  mercury  be  administered,  the  cyanide,  one- 
sixteenth  of  a  grain  three  times  daily,  as  recommended 
by  Morell  Mackenzie,  has  been  found  especially 
valuable  by  the  writer.  In  simple  cases  emollient 
gargles  will  answer  every  indication;  while,  if  the 
sore  becomes  phagedenic,  cauterization  with  the  acid 
nitrate  of  mercury  and  the  application  of  antiseptic 
sprays  or  gargles  will  be  indicated. 

Erythema  of  the  tonsils  is  common  in  early  syphilis. 
It  may  be  general  at  first,  but  soon  shows  a  disposi- 
tion to  limit  itself  by  well-defined  margins  and  to 
assume  a  .symmetrical  arrangement. 

Mucous  Patch. — The  occurrence  of  mucous  patches 
upon  the  tonsil  is  very  common,  especially  in  cases  in 
which  the  tonsils  have  already  been  hypertrophied 
and  inflamed.  They  may  be  slight  and  barely  per- 
ceptible, or  large,  weU  defined,  and  exteasi\e,  vary- 
ing in  color  from  an  opalescent  grayish  white  to  a 
dull  yellow.  In  the  latter  case  they  are  often  mis- 
taken for  the  exudation  of  follicular  tonsillitis  and  for 
diphtheria,  from  which  they  may  readily  be  dis- 
tinguished bj-  their  chronicity,  their  appearance,  and 
by  tlie  history  and  coexisting  signs  of  syphilis.  The 
tonsils  themselves  meanwhile  are  generally  much 
enlarged  and  inflamed.  Local  treatment  is  best 
carried  out  by  applications  to  the  patches  of  solutions 
of  iodine,  and  by  clearising  sprays  or  gargles.  For  the 
er\-thema  an  astringent  spray  will  hasten  resolution. 

Gummy  tumor  may  be  recognized  by  the  character- 
istic appearance  of  the  ulceration;  by  the  compara- 
tive freedom  from  pain,  which  distinguishes  it  from 
cancer  and  from  tuberculosis;  by  the  absence  of  the 
signs  characteristic  of  tubercle  in  other  parts  of  the 
body,  including  the  high  evening  temperature;  and 
by  the  fn.ct  that  in  the  latter  disease  the  ulcers  are 
smaller  and  less  deep.  The  best  effects  may  be  ob- 
tained from  the  internal  administration  of  the  iodide 
of  potassium,  while,  locally,  the  progress  of  the  ulcer 
may  be  checked  by  applications  of  the  nitrate  of 
silver  or  the  acid  nitrate  of  mercury.  Indolent  ulcers 
may  be  stimulated  by  means  of  solutions  of  the 
sulphate  of  copper,  or  of  the  sulphate  or  chloride 
of  zinc. 

TcBERCULors  Ulceratiox. — Tuberculous  ulcera- 
tion occurring  primarily  in  the  tonsil  is  rare.  Con- 
secutive to  the  appearance  of  the  disease  in  other 
organs,  it  is  not  very  uncommon,  a  fact  which  may  be 
explained  by  the  position  and  vulnerability  of  these 
organs.  The  appearance  of  the  ulcer,  when  not  too 
broken  down,  presents  most  of  the  following  char- 
acters :  The  surface  is  uneven,  pale,  and  devitalized ; 
it  is  granulated  or  often  covered  with  yellowish  gray, 
viscid  or  coagulated  mucus;  the  edges  are  sometimes 
sharply  cut,  sometimes  levelled,  seldom  elevated, 
everted,  or  undermined;  the  surface  is  not  usually 
very  red,  but  often  more  reddened  than  the  surround- 
ing tissue;  there  is  little  or  no  surrounding  induration; 
the  shape  of  the  ulcer  is  not  constant,  but  it  is  usually 
ovoid;  its  depth  varies,  but  it  is  usually  superficial; 
there  is  generally  ulceration  of  some  of  the  neighbor- 
ing parts;  pain  in  swallowing  is  usually  very  severe. 

As  to  the  local  treatment  of  these  ulcers,  much 
will  depend  upon  the  stage  of  the  general  disease  and 
the  condition  of  the  surrounding  parts.  Primary 
ulceration  is  best  treated  by  the  destruction  of  the 
infected  area,  either  by  scraping  or  by  means  of  the 
galvanocautery;  this  should  be  followed  by  applica- 
tions of  lactic  acid  or  of  a  solution  of  iodine,  the  heal- 
ing process  being  encouraged  by  any  suitable  means. 


When  the  ulceration  is  secondary  to  general  tubercu- 
lous infection  and  to  the  development  of  ulceration  in 
neighboring  parts,  less  vigorous  means  will  be 
indicated. 

In  these  eases  the  best  results  have  been  obtained 
by  first  spraying  the  surface  of  the  ulcer  with  a  solu- 
tion of  resorcin  of  a  strength  of  two  or  three  per 
cent.,  or  with  a  weak  dilution  of  Dobell's  solution, 
and  then  applying  to  it  lactic  acid.  If  novocaine  has 
been  previously  u.sed  the  last  application  is  painless. 
The  strength  of  the  lactic  acid  may  be  made  to  vary 
from  thirty  to  100  per  cent.  In  many  cases  the 
application  of  a  one  per  cent,  solution  of  cocaine 
in  a  saturated  solution  of  the  desiccated  extract  of 
suprarenal  glands  will  bo  found  effective  in  relieving 
the  intolerable  pain  and  dysphagia.  Anesthesine 
and  orthoform  are  both  good  local  .sedatives,  and  they 
are  to  be  preferred  to  cocaine  by  reason  of  the  bad 
effect  of  the  latter  upon  the  heart.  By  far  the  most 
satisfactorj'  is  a  solution  of  morphia,  one  grain  to  the 
ounce  of  water,  used  as  a  spray  to  the  affected  part. 
Treatment,  to  be  effective,  must  be  carried  out  with 
great  thoroughness  and  regularity,  and  the  general 
nutrition  of  the  patient  must  be  maintained  with 
care. 

Pharyngomtcosis. — A  parasitic  disease  which  af- 
fects the  tonsils  rather  more  frequently  than  other 
parts  has  been  described  in  the  article  on  Pharyngitis, 
Chronic. 

TtMioRS  OF  THE  ToxsiL. — Benign. — Benign  growths 
springing  from  the  tonsil  are  somewhat  uncommon. 
The  varieties  most  frequently  met  with  are  papillo- 
mata,  fibromata,  lymphomata,  lipomata,  and  angio- 
mata.  Papilloma  of  the  tonsil  is  similar  to  the  same 
growth  in  other  parts  of  the  body.  Such  tumors 
are  generally  of  small  size.  They  are  apt  to  spring 
from  the  upper  part  of  the  tonsil,  and  to  be  peduncu- 
lated, creating  little  or  no  disturbance  by  their 
presence  until  they  attain  dimensions  sufficient  to 
render  them  mechanically  irritating.  Their  appear- 
ance is  that  of  a  pink,  warty  growth,  with  irregular 
outlines,  and  of  soft  and  yielding  consistence. 

Fibromata  are  ven,'  similar  to  the  above,  except- 
ing that  they  develop  from  the  peritonsillar  connec- 
tive tissue,  appearing  like  polypoid  growths,  or,  as 
happens  occasionally,  growing  in  the  connective 
tissue  of  the  gland  itself.  The  surface  of  the  tumor 
is  smooth  and  glistening,  and  its  consistence  is  firm. 
In  the  case  of  papillomas  and  fibromas  which  are 
pedunculated,  the  best  treatment  is  to  put  the  pedicle 
well  upon  the  stretch  and  then  divide  it  close  to  the 
healthy  membrane  by  means  of  a  galvanocautery 
knife. 

Lipoma,  or  fatty  di.'jcase  of  the  tonsil,  is  rare. 
There  are  no  gross  features  which  particularly  dis- 
tinguish it,  so  that  a  diagnosis  must  be  made  by  the 
aid  of  the  microscope. 

Lymphoma,  although  histologically  similar  to 
simple  hypertrophy,  is  generally  associated  with 
leucocj-themia  and  general  lymphadenitis.  It  is 
sometimes  seen  as  a  consecutive  manifestation  after 
the  neighboring  glands  have  become  enlarged.  Sup- 
puration of  the  tonsils  in  this  condition  rarely  occurs. 
When  thus  afTocted,  if  the  tonsils  attain  such  a  size 
that  they  obstruct  the  pharynx  and  are  otherwise 
annoj-ing,  they  may  be  excised.  The  advantages 
of  the  oper.ation,  however,  will  be  largely  mechanical. 

-Angiomatous  tumors  of  the  tonsil  and  nevus  of 
the  same  organ,  although  sometimes  observed,  are 
exceedingly  rare. 

Malignant  Growths. — Such  tumors  occasionally  ap- 
pear in  the  tonsils,  and  occurring  there  they  are,  from 
their  history  and  prognosis,  of   serious  importance. 

Primary  cancer  of  the  tonsil  is  rare.  Of  the  two 
principal  types,  sarcoma  and  carcinoma,  the  most 
common  is  the  round-cell  sarcoma.     In  addition  to 
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this  are  found  tlie  spindle-cell  sarcoma  and  the 
lymphosarcoma. 

■  Of  carcinomas  the  squamous-celled  or  true  epi- 
thelioma is  the  most  common.  While  the  sarcomas 
and  spheroidal  carcinoinjvs  generally  form  distinct 
and  jjrominent  tumors,  growths  of  the  epithelio- 
niatous  variety  break  down  more  or  less  early  in  their 
course  and  form  deep  and  sloughing  ulcerations.  The 
symptoms  of  cancer  of  the  tonsil  are  more  pronounced 
in  the  carcinomatous  varieties.  In  the  latter,  pain 
of  an  intermittent  and  lancinating  character  is  usually 
an  early  and  pronounced  sign.  Dysphagia  soon 
foUows. 

In  some  cases,  however,  pain  is  not  experienced  at 
the  seat  of  the  difficultv,  but  is  reflected  to  other  parts 
of  the  throat.  Such,  for  example,  are  cases  in  which 
otalgia,  due  to  reflex  irritation  from  malignant  disease 
of  the  pharynx,  has  been  treated  locally  for  some  time 
before  attention  was  directed  to  the  difficulty  in  the 
throat. 

Whatever  the  nature  of  the  disease,  its  progress  is 
marked  by  infiltration  of  the  adjacent  structures, 
most  often  the  soft  palate  or  palatine  arches. 

The  course  is  rapid.  In  carcinoma  the  cervical 
glands  are  almost  invariably  involved,  and  early  in 
the  history  of  the  case. 

Cancer  of  the  tonsil  may  be  secondar3'  to  the 
appearance  of  the  disease  in  other  organs.  In  a  case 
of  extensive  sarcoma  of  the  tonsil  operated  upon  by 
the  writer,  the  disease  was  multiple.  The  tumor  of 
the  tonsil  was  large,  smooth,  and  resisting,  and  it 
filled  the  pharynx  and  overhung  the  larynx  to  such 
a  marked  degree  that  deglutition  and  respiration 
became  impo.ssible.  It  had  been  of  slow  growth  and 
its  removal  was  attended  with  marked  and  long;-con- 
tinued  relief.  In  several  cases  of  sarcoma  mentioned 
by  Butlin  the  immediate  cause  of  death  was  hemor- 
rhage, both  in  those  not  operated  upon  and  in  those 
which  were  recurrent.  In  other  cases  death  is  caused 
by  exhaustion  due  to  dysphagia  and  sepsis,  or  to  a 
combination  of  various  causes,  among  which  the 
secondary  involvement  of  other  organs  plays  an 
important  part. 

Hemorrhage  from  the  ulceration  of  an  epithelio- 
matous  growth  is  not  common. 

The  diagnosis  of  malignant  growth  of  the  tonsil  is, 
generally,  not  difficult.  It  is  unusual  before  middle 
life.  It  is  unilateral.  Pain,  either  local  or  reflex, 
and  enlargement  of  the  glands  at  the  angle  of  the  jaw 
are  almost  constant  symptoms.  As  between  epithe- 
lioma and  sarcoma,  the  diagnosis  is  not  alwaj's  easy. 
In  the  former,  however,  pain  is  apt  to  occur  earlier  in 
the  progress  of  the  disease  and  to  be  more  severe, 
while  tlie  tendency  to  ulceration  rather  than  to  the 
formation  of  a  considerable  tumor  distinguishes 
cpitliclioma  from  sarcoma,  which  at  the  same  time 
i>;  slower  in  growth,  much  more  firm  in  consistence, 
and  likely  to  attain  a  much  larger  size. 

The  microscopical  findings  are  often  unsatisfactory, 
as  the  growth  is  apt  to  develop  in  the  deep  tissues, 
so  far  away  from  the  surface  that  a  specimen  for 
examination  cannot  be  obtained,  and  long  before  the 
surface  has  become  involved  tlie  diagnosis  may  be 
inferred  from  the  clinical  signs. 

The  prognosis  is  barl,  especially  in  epithelioma,  as 
few  patients  live  more  than  a  year.  It  is  more  serious, 
of  course,  when  glandular  "involvement  has  taken 
place,  or  when  the  neighboring  structures  have 
become  infiltrated. 

Treatment. — In  the  treatment  of  these  cases,  both 
the  sarcomatous  and  the  carcinomatous,  an  early 
diagnosis  is  of  the  finst  importance;  and  this  is  par- 
ticularly the  case  if  the  disease  of  the  tonsil  be  primary. 
For,  while  removal  of  the  tonsil  bv  the  natural  pa's- 
.sages  is  by  no  means  a  difficult  operation,  the  reverse 
i-:  true  of  the  extensive  operation  required  for  its 
removal  from  the  outside.  Thus  far,  no  positive 
cure   has  been  found  for  cancer  of  the  neck.     The 
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application  of  radium  and  of  the  i-ray,  in  skillful 
hands,  however,  is  generally  productive  of  positive 
results  in  reheving  pain,  in  diminishing  the  secretions 
of  the  part,  and  in  actually  retarding  the  progress 
of  the  disease.  Recent  experiences  with  radium  in 
sarcoma  have  been  encouraging.  For  these  reasons 
alone  their  application  seems  desirable,  especially  in 
cases  otherwise  beyond  remedy.  Aside  from  palliat- 
ing the  condition,  little  can  be  expected  in  carcinoma 
from  any  course  of  treatment  not  surgical.  The 
local  application  of  astringents  and  the  internal  ad- 
ministration of  various  drugs  calculated  to  delay  the 
progress  of  the  disease,  can  only  succeed  to  a  .slight 
degree  in  accomplishing  the  desired  result. 

For  the  removal  of  the  tonsil  several  methods  have 
been  proposed.  These,  however,  belong  to  the  realm 
of  operative  surgery. 

Removal  through  the  natural  passages  may  be 
justifiable  under  certain  favorable  conditions,  such 
as  a  slowly  growing  tumor,  plainly  located  in  the  . 
tonsil  itself,  accessible  through  the  mouth,  and  without 
glandular  involvement.  Some  of  the  sarcomas  reported 
as  successfully  cured  have  been  of  this  description. 

Excision  of  the  affected  tonsil  may  be  best  accom- 
plished by  means  of  a  galvanocaustic  knife,  a 
galvanocaustic  loop,  or  a  cold-wire  6craseur.  Of 
these  methods,  the  galvanocaustic  6craseur  will 
probably  prove  most  useful  in  the  majority  of  cases. 
While  the  cold  wire  may  be  used,  with  almost  no 
hemorrhage,  the  galvanocaustic  ecraseur  accomplishes 
as  much  and  possesses  besides  several  advantages  over 
it.  The  amount  of  tension  required  for  the  latter  is 
small,  so  that  the  loop  is  not  apt  to  be  dragged  from 
its  place,  and  fixation  needles,  if  they  are  used,  are 
not  torn  from  the  tumor  by  the  pressure  of  the  wire. 
From  the  effect  of  the  cautery  any  remnant  of  the 
gro\vth  is  apt  to  be  destroyed  at  the  time  of  the 
operation,  and  the  chances  of  recurrence  are  thereby 
lessened. 

Care  should  be  taken  not  to  allow  the  temperature 
of  the  wire  to  rise  too  high,  for  the  slower  its  progress 
tlie  less  will  be  the  liability  to  hemorrhage.  Usually 
bleeding  is  slight.  Instead  of  the  methods  just 
described,  the  enlarged  mass  may  sometimes  be 
efficiently  enucleated  by  means  of  the  finger  of  the 
operator. 

In  cases  of  severe  hemorrhage,  and  when  there  is 
considerable  obstruction  or  the  larynx  from  the 
effects  of  the  tumor,  immediate  or  remote,  the  per- 
formance of  tracheotomy  may  be  necessary.  Whether 
or  not  a  tampon-cannula  should  be  used  must  be 
determined  by  the  necessities  of  the  case  in  hand. 
When  the  larynx  is  obstructed  to  any  extent  by  the 
growth,  or  when  the  rima  glottidis  has  been  narrowed 
by  edema  or  otherwise,  the  wisest  course  will  be, 
probably,  to  perform  a  preliminary  tracheotomy. 
No  unnecessary  time  should  be  consumed  in  inserting 
the  tracheal  tube.  Should  bleeding  occur  the  best 
hemostatic  is  the  galvanocautery.  In  operating 
upon  such  oases  great  assistance  in  illuminating  the 
pharynx  may  be  obtained  by  means  of  a  small  in- 
candescent electric  light. 

Even  in  certain  cases  in  which  the  disease  of  the 
pharynx  has  extended  beyond  the  tonsils  to  the  soft 
palate  and  base  of  the  tongue,  the  operation  through 
the  mouth  with  the  galvanocautery  has  been  success- 
fully employed.  In  advanced  cases,  however,  and 
in  those  in  which  the  cervical  glands  are  involved, 
the  above  operation  can  onlv  be  palliative. 

Removal  of  the  tonsil  through  an  incision  in  the 
neck  was  first  proposed  and  practised  by  Cheever,  of 
Boston.  Valuable  modifications  of  it  have  been  made 
by  Czerny  and  by  Mikulicz.  In  view  of  the  neces- 
sarily fatal  termination  of  the  disease,  if  left  to  itself 
it  is  encouraging  that  in  some  cases  at  least  a  cure 
has  been  effected,  McBurnev  and  other  surgeons 
having  instances  to  their  credit  in  which  the  patient 
was  alive  and  well  several  years  after  operation. 


REFERENCE    HANDBOOK   OF    THE    MEDICAL   SCIENCES 


PHARYNGEAL    TONSIL,    OR    LUSCHKA'S 
TONSIL. 

Luschka's  tonsil,  or  lymphoid  hypertrophy  in  the 
upper  pharynx  was  noticed  by  Schneider  as  early  as 
1655.  Prof.  Wilhelm  Meyer,  of  Copenhagen,  was 
the  first,  however,  to  estimate  it  at  its  true  value,  and 
to  propose  efficient  means  for  its  relief.  His  first 
article  on  the  subject,  published  in  1868,  is  classic. 

The  condition  is  susceptible  of  two  classes  of  diffi- 
culty. The  first  of  these  is  an  acute  or  subacute  in- 
flammation, attended  with  temporary  enlargement, 
the  said  enlargement  subsiding  with  the  disappear- 
ance of  the  exciting  cause.  While  this  cannot  be 
called  a  true  hypertrophy  it  is  a  lesion  of  great  im- 
portance, both  on  account  of  the  temporary  incon- 
venience which  it  causes  and  also  by  reason  of  the 
tendency  which  it  manifests  to  leave  behind  a  per- 
manent enlargement  of  greater  or  less  degree. 

This  permanent  or  chronic  enlargement  in  the 
course  of  time  constitutes  a  true  hypertrophy,  and, 
although  its  actual  degree  may  vary  under  the  general 
influences  which  cause  it  to  grow  better  or  worse,  it 
seldom  entirely  subsides.  Chronic  hypertrophy,  as 
commonly  met  with,  is  clinically  of  two  varieties. 
In  the  first  the  adenoid  element  predominates.  The 
consistence  of  this  variety  is  one  of  its  chief  character- 
istics, for  it  is  soft  to  the  touch,  friable,  easily  broken 
up,  and  shows  a  tendency,  when  torn  away,  to  separate 
in  large  spongy  masses. 

In  the  second  variety  the  hypertrophied  mass  is 
composed  more  largely  of  fibrous  tissue  elements. 
Operation  upon  the  latter  variety  is  more  difficult 
than  upon  the  former,  as  its  dense  structure  offers 
greater  resistance  to  the  efforts  of  the  surgeon,  which, 
when  successful,  result  in  the  removal  of  but  small 
masses  of  firm  tissue,  in  marked  contrast  to  the  large 
fragments  which  are  easily  torn  away  in  cases  repre- 
senting the  variety  first  mentioned. 

The  location  of  the  growth  is  of  practical  impor- 
tance, both  as  regards  its  effects  and  as  to  the  com- 
parative difficulty  of  its  removal.  Its  size  may  be 
so  great  as  practically  to  fill  the  retronasal  space,  or, 
on  the  other  hand,  it  may  be  so  slight  as  to  make  it 
difficult  to  determine  whether  or  not  its  condition  is 
pathological.  The  hypertrophied  tissue  may  be 
confined  strictly  to  the  vault,  or  it  may  be  diffused 
over  the  posterior  and  lateral  walls  of  the  pharynx, 
or  upon  the  posterior  wall  of  the  pharynx  alone,  in 
a  large,  well-aggregated,  tumor-like  mass. 

The  sj'mptoms  have  already  been  described  in 
dealing  with  the  subject  of  obstructed  nasal  breathing 
(page  221). 

The  diagnosis  of  lymphoid  hypertrophy  at  the 
vault  of  the  pharynx  is  usually  easy,  the  symptoms 
being  sufficiently  apparent  in  most  ca.scs  to  suggest 
at  once  the  nature  of  the  difficulty.  The  diagnosis 
is  established  by  examination  of  the  upper  pharynx. 
This  may  be  accomplished  by  one  of  several  methods. 

1.  Posterior  Rhinoscopy, — The  upper  pharynx  may 
be  demonstrated  by  the  mirror,  even  in  children  of 
four  years  old,  if  sufficient  p.atience  and  skill  be  exer- 
cised. This  method  is  highly  desirable,  as  it  does 
not  alarm  the  child. 

2.  Palpation. — With  the  tip  of  the  forefinger  care- 
fully inserted  into  the  pharynx  the  presence  of  hyper- 
trophied tissue  can  be  accurately  demonstrated. 
Great  care  should  be  taken  not  to  inflict  pain  nor 
cause  injury.  The  end  of  the  finger  should  be  care- 
fully prepared  for  the  purpose,  and  the  mistake  of 
trying  to  insert  a  finger-tip  too  large  readily  to  enter 
a  small  pharynx  should  be  avoided. 

3.  The  Probe. — In  very  young  children  a  probe, 
made  of  a  very  small  English  woven  bougie,  may  be 
passed  into  the  pharynx  and  the  presence  of  hyper- 
trophied tissue  thus  demonstrated. 

4.  By  Anterior  Rhinoscopy. — A  strong  light  thrown 
into  the  nasal  cavity  may  sometimes  bring  to  view 


the  thickened  masses  at  the  upper  and  posterior  part 
of  the  pharynx. 

In  very  young  infants  three  diagnostic  points  may 
be  observed,  namely,  mouth-breathing,  snoring,  and 
inability  to  perform  the  act  of  nursing  without 
stopping  to  take  breath.  All  of  the  above  are  due 
to  nasal  obstruction. 

The  symptoms  commonly  met  with  in  lymphoid 
hypertrophy  have  already  been  described  in  the  earlier 
part  of  this  article  (p.  221).  In  addition  should  be 
mentioned  the  effect  of  disea.se  of  the  faucial  and 
pharyngeal  tonsils  upon  the  cervical  lymph  nodes. 
These  are  often  caused  to  become  inflamed,  to  swell, 
and  to  suppurate  from  absorption  of  various  septic; 
organisms  originating  in  the  tonsils.  When  glandular 
swellings  of  the  neck  are  found  to  occur,  either  in 
occasional  exacerbations  or  chronically,  examination 
of  the  pharynx  should  always  be  carefully  made. 
The  removal  of  diseased  tonsils  and  adenoids  in  such 
cases,  unless  performed  too  late,  is  often  followed  by 
remarkably  beneficial  results. 

The  treatment  of  an  hj-pertrophied  Luschka's 
tonsil  must  depend  in  some  degree  upon  the  nature 
of  the  growth,  the  size  to  which  it  has  attained,  and 
the  age  of  the  patient.  In  a  few  instances,  in  which 
the  disease  is  acute  or  subacute,  where  the  tissue  is 
soft,  and  where  the  growth  is  small,  or  finally,  where 
the  patient  is  old  enough  to  submit  to  local  treat- 
ment, the  local  application  of  resorptives  and  the 
internal  administration  of  alterative  and  tonic  medi- 
cines, together  with  careful  attention  to  hygiene, 
may  accomplish  a  cure.  Almost  invariably,  however, 
the.se  means  will  be  found  unsatisfactory,  and  the 
cjuestion  of  radical  measures  will  present  itself. 

The  attempt  to  reduce  them  by  escharotics  is 
highly  objectionable,  as  both  with  the  ordinary- 
caustics  and  the  galvanocautery  great  danger  is 
incurred  of  seriously  injuring  important  neighboring 
structures.  Hence  some  form  of  surgical  operation 
is  unavoidable. 

The  relative  thoroughness  and  safety  with  which 
an  operation  can  be  performed  will  depend  somewhat 
upon  the  kind  of  instrument  selected  and  the  degree 
of  skill  employed.  If  is  necessary  therefore  that  the 
instruments  commonly  used  for  the  purpose  should 
be  described. 

Beginning  with  the  finger-nail  and  Meyer's  ring 
knife,  an  almost  unlimited  number  and  variety  of 
instruments  have  been  devised.  They  may  be 
classified  into  several  groups — namely,  those  made 
upon  the  principle  of  (a)  the  curette,  (h)  the  forceps, 
(c)  the  wire  loop,  and  ((f)  the  adenomatome. 

(a)  The  curettes  are  of  three  kinds:  The  ring  knives 
of  comparatively  small  size,  the  sharp  spoon,  and  the 
Gottstein  instrument.  To  this  class  may  be  added 
the  finger  nail. 

(6)  The  forceps  include  those  instruments  which 
are  constructed  with  comparatively  blunt  edges  and 
which  are  intended  to  tear  away  the  tissue  rather  than 
to  cut  through  it.  Of  these,  the  Loewenberg  is  the 
best  example.  Many  modifications  of  it  have  been 
made,  some  of  which  are  very  satisfactory. 

(c)  The  wire  snare  or  loop  has  been  used  by  some, 
either  in  a  simple  curved  cannula  or  in  an  instnmient 
especially  designed  for  the  purpose.  It  is  thoroughly 
ineffective  and  should  not  be  used. 

(d)  By  the  n.ame  adenomatome  is  meant  an  instru- 
ment constructed  more  or  less  upon  the  principle  of 
the  scissors  and  intended  to  make  a  clean  incision 
through  the  substance  of  the  growth. 

Nature's  instrument,  the  finger  nail,  is  undoubtedly 
useful  in  completing  the  work  of  other  implements  by 
the  separating  of  partly  detached  fragments  of  tissue 
and  by  the  removal  of  it  from  corners  difficult  for 
an  instrument  to  reach.  Gottstein  says:  "It  is 
clear  that  with  the  finger  only  a  very  little  can  be 
removed,  and,  moreover,  it  must  be  recognized  that 
from  the  point  of  view  of  asepsis  the  finger  nail  is  a 
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decidedly  undesirable  instrument."     The      artificial 
finger  nail"  is  practically  never  used. 

Of  the  curettes,  the  small  ring  knives  are  valuable 
for  the  removal  of  limited  areas  of  tissue,  especially 
those  left  after  operation  with  larger  instrument.-*. 
They  are  also  very  useful  for  operations  upon  the 
adult,  where,  under  local  anesthesia  and  with  the 
aid  of  the  mirror,  small  quantities  of  tissue  can  be 
removed  at  a  time  with  comparatively  little  pam  and 
irritation. 


Fkj.  470;i. — I.oewenberg's  Forceps,  inodificd. 

The  sharp  .spoon  has  been  justly  condemned  because 
of  ttie  amount  of  bleeding  which  it  cau.ses  and  the 
dilfioulty  experienced  with  it  in  separating  the  frag- 
ments of  tissue  from  the  pharyngeal  wall. 

Of  the  instruments  of  this  class,  Gottstein's  knife 
(Fig.  479.5)  and  its  modifications  must  claim  the 
greatest  popularity.  The  best  model  of  this  instru- 
ment is  the  one  designed  by  Frothingham,  of  New 
York.  For  use  upon  inf.ants  under  six  months  that 
recommended   by    IngiTsoU,  of  Cleveland,  is   far  the 


thus  be  thoroughly  cleared,  and  with  the  loss  of  less 
blood  than  is  common  with  sharp  instruments.  The 
operation,  however,  is  painful. 

The  prime  object  of  the  adenomatome  is  to  enable 
the  operator  to  remove  the  whole  or  as  much  as 
possible  of  the  growth  at  one  introduction  of  the 
instrument.  Many  varieties  are  of  large  size  or  of 
improper  shape,  and  not  fit  to  be  inserted  into  the 
nasopharynx,  while  their  great  strength  places  at  their 
mercy  any  object  which  they  may  grasp.  In  any  but 
experienced  hands  they  are  dangerous.  French, 
of  Brooklyn,  has  devised  an  admirable  instru- 
ment of  tliis  class  (Fig.  4796). 

The  importance  of  the  structures  adjacent 
to  the  pharynx  calls  for  great  care  and  skill  in 
operations  in  this  region. 

The  other  instruments  necessary  for  operat- 
ing under  anesthesia  are,  a  mouth  gag  and  a 
retractor  for  the  soft  palate  (Fig.  4797).  The 
latter  should  be  made  of  hard  rubber,  with  a 
shank  broad  enough  to  protect  the  uvula  from 
injury  during  the  progress  of  the  operation. 
The  position  of  the  patient  during  operation  is  of 
considerable  importance.  Two  methods  are  in  com- 
mon practice.  In  the  first,  the  child  is  held  upon  the 
lap  of  an  assistant  in  the  sitting  posture,  with  the 
head  upright  and  turned  toward  a  good  light.  The 
head  is  steadied  by  a  second  assistant,  who  also 
manages  the  mouth  gag.  The  soft  palate  may  be 
drawn  upward  by  means  of  the  palate  retractor,  or  it 
may  be  secured  by  tapes  passed  inward  through  the 
nose  and  outward  through  the  mouth  and  the  ends 


Fio.  4794.— Glciti 

most  scientific  and  safe.    There  are  several  things  to 
be  said  in  favor  of  Gottstein's  knife. 

It  is  necessary  that  this  instrument  should  be  of 
proper  size  to  adjust  itself  accurately  to  the  given 
pharynx.  If  too  largo  it  will  not  enter  to  the  vault. 
If  too  small  it  will  be  ineffective.  At  least  six  or  seven 
sizes  arc  necessary  to  meet  all  needs.  If  used  without 
anesthesia,  pain  is  severe.  But  the  operation  is  rapid 
and  the  pam  quickly  subsides.  If  it  is  found  that 
the  knife  has  simply  cut  through  the  lower  part  of  the 
growtli,  or  has  failed  to  remove  a 
certain  amount  from  one  side  or 
has  left  masses  upon  the  posterior 
and  lateral  walls,  it  will  be  neces- 
sary to  remove  these  before  the 
operation  can  be  considered  com- 
plete. This  is  true  of  operations 
by  any  and  all  instruments. 

In  the  dull  forceps,  modified  to  suit  the  size  of  the 
pharynx  and  the  location  of  the  growth,  we  have  an 
mstrument  by  which  the  lymphoid  masses  can  be 
seized  and,  by  proper  manipulation,  torn  away  much 
larger  fragments  than  the  part  caught  in  the  grasp  of 
the  instrument  usually  being  separated  at  each 
attempt.  In  skilled  hands  the  forceps  can  be  turned 
m  all  necessary  directions  and  its  blades  made  to 
grasp  everything  in   their  way.     The  pharynx  can 
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tied  outside  after  Wales'  method.  With  the  head  in- 
clined forward  in  this  position  the  blood  caused  by 
the  operation  will  tend  to  escape  from  the  mouth 
instead  of  being  swallowed.  Moreover,  the  pharynx 
can  be  well  illuminated  and  the  steps  of  the  operation 
better  directed  by  the  aid  of  vision.  The  position 
upon  the  back  is  preferred  by  many  good  operators, 
requiring,  as  it  does,  the  services  of  fewer  assistants 
and  being  the  one  to  which  a  large  majority  of  sur- 
geons are  better  accustomed.     It  is  not  so  favorable 


FlQ.  4795. — Gottstein's  Sharp  Curette. 

as  regards  the  admission  of  light  to  the  pharynx,  and 
therefore  it  requires  a  greater  degree  of  skill  on  the 
part  of  the  operator,  whose  tactile  sense  must  be 
highly  educated  by  w-ay  of  substitute.  Blood,  instead 
of  flowing  out  of  the" mouth,  is  sw^allowed  into  the 
stomach.  This  is  not  a  disadvantage,  for  it  trickles 
down  the  posterior  wall  of  the  pharynx  and  escapes 
into  the  esophagus,  almost  without  making  its  presence 
felt,  unless  the  flow  excited  has  been  considerable. 
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The  management  of  the  palate  retractor  as  well  as 
of  the  anesthetic  should  be  intrusted  to  a  thoroughly 
skilled  assistant,  as  upon  this  the  convenience,  and, 
to  some  extent,  the  success  of  the  operator,  will 
depend.  The  retractor  should  be  placed  in  such  a 
position  that  the  anteroposterior  diameter  of  the 
entrance  to  the  upper  pharynx  be  made  as  wide  as  pos- 
sible, and  that  the  most  perfect  protection  be  afforded 
the  uvula.  Preliminary  to  operation  a  thorough 
rhinoscopic  examination  should  have  been  made  and 
the  situation,  form,  size,  and  texture  of  the  growth 
well  studied.  Where  this  is  impossible,  examination 
by  means  of  the  finger  is  admissible,  and  digital  ex- 
ploration of  the  pharynx  should  always  be  made  after 
the  child  has  been  anesthetized  and  immediately  prior 
to  the  operation.  Should  the  growth  be  large  and  its 
attacliiiients  not  easily  demonstrated  by  the  finger,  a 
curved  probe  will  lend  useful  aid  in  mapping  them 


Fig.  4796. — French's  Adenomaton 


out.  By  the  practice  of  careful  preliminary  examina- 
tion a  fair  idea  of  the  amount  of  tissue  to  be  removed 
may  be  gained  and  if,  during  the  operation,  the  frag- 
ments removed  be  preserved,  it  will  be  easy  to  esti- 
mate what  part  of  the  growth  has  been  withdrawn 
and  how  much  of  it  still  remains. 

The  removal  of  adenoid  tissue  from  the  pharynx  is 
attended  with  more  or  less  bleeding,  and  this,  while 
generally  of  no  importance,  may  sometimes  be  con- 
siderable. It  is  best,  therefore,  that  the  tissue  be  torn 
away,  rather  than  cut.  This  method  has  the  addi- 
tional advantage  of  greater  thoroughness.  Remnants 
of  adenoid  tissue  left  behind  by  the  forceps  may 
be  removed  by  the  finger  nail  of  the  operator,  by 
Hooper's  modification  of  the  Loewenberg  forceps,  by 
a  flat  Gottstein  knife,  or  by  a  small  carefully  guided 
curette.  Should  the  removal  of  a  mass  of  adenoid 
tissue  be  followed  by  undue  bleeding  it  is  well  to 
defer  further  attempts  at  operation  for  a  few 
moments,  until  the  hemorrhage  shall  have 
ceased,  or,  at  least,  imtil  it  shall  have  suffi- 
ciently diminished.  Too  great  force  in  the 
separation  of  a  fragment  of  tissue  must  be 
avoided.  It  is  better  to  release  the  mass  in- 
cluded in  the  grasp  of  the  forceps  and  seize  a 
smaller  portion,  or  else,  by  applying  the  instrument  in 
a  somewhat  different  position,  to  separate  adherent 
fragments  than  it  is  to  attempt  to  accomplish  too  much 
at  once.  To  prevent  laceration  of  the  mucous  mem- 
brane in  the  removal  of  a  fragment  the  tip  of  the  fore- 
finger should  be  pa.ssed  upward  and  under  the  jaws  of 
the  forceps,  and  firm  pressure  made  against  the  in- 
ferior attachment  of  the  mass  while  the  latter  is  being 
detached.  As  large  masses  of  hypertrophied  tissue 
often  exist  upon  the  posterior  wall  of  the  pharynx  as 
well  as  upon  the  vault,  it  is  necessary  to  secure  the 
removal  of  this  with  the  rest.  The  corners  of  the 
upper  pharynx  also,  imniediately  above  the  Eusta- 
chian prominences,  are  important  regions  and  must 
be  carefully  cleared. 

The  manipulation  of  the  instruments  used  in  this 
operation  as  well  as  the  laclus  eruditus  necessary  to 
the  clear  understanding  of  what  is  being  done,  are 
accomplishments  which,  of  course,  are  best  gained 
by  practice  and  experience. 


In  operating  upon  the  upper  jjliarynx  anesthesia  i.s 
very  valuable  both  to  phy.sician  and  patient. 
The  removal  of  adenoid  tissue  from  the  pharyngeal 
vault  is  exceedingly  painful.  Exception.s  to  this  are 
occasionally  met  with,  and  in  the  case  of  the  .strong 
and  phlegmatic,  and  where  the  gro%vth  is  soft,  it 
may  be  well  to  employ  local  anesthesia.  As  a  rule, 
however,  thase  patients  are  apt  to  be  delicate, 
nervous,  and  timorous,  suspe|)tible  of  acut<;  suffering, 
and  likely  to  undergo  much  depression  as  the  result 
of  operation.  Not  only  is  comfort  secured  through 
general  ane.sthesia,  but  the  efficiency  of  the  operation 
is  infinitely  increased,  ample  time  is  afforded  for 
careful  examination  and  for  the  checking  of  undue 
bleeding  should  any  occur;  perfect  control  of  the 
operation,  as  well  as  of  the  patient,  can  be  main- 
tained; thorough  relaxation  of  the  throat  can  be 
secured;  the  inducement  of  retching  from  pharyngeal 
irritation  avoided;  troublesome  remnants  of  the 
,  growth  recognized  and  removed ;  undue  excitement 
prevented;  and,  finally,  the  whole  work  accom- 
plished without  pain  or  consciousness. 

Again,  the  safety  of  the  surrounding  parts  is 
far  more  likely  to  be  sacrificed  when  the  operation 
is  done  hastily  upon  a  struggling  child.  Serious 
injury  has  thus  been  inflicted  upon  the  po.'iterior 
edge  of  the  nasal  septum,  the  turbinated  bodies,  the 
Eustachian  eminences,  the  walls  of  the  pharynx, 
and  the  soft  palate.  The  more  humane  the  method 
of  operating,  the  more  will  the  work  of  the  opera- 
tor be  facilitated  and  the  best  interests  of  the 
patient  .secured. 

The  anesthetics  suitable  for  such  cases  are.  for 
local  anesthesia,  novocaine,  cocaine  \nih  adrenalin, 
and  bromide  of  ethyl;  for  general  anesthesia,  ether, 
chloroform,  and  nitrous  oxide  gas. 

Of  the  three  general  anesthetics,  nitrous  oxide  gas 
is  suitable  for  short  and  rapid  operations.  Chloro- 
form is  unquestionably  dangerous,  and,  on  the  whole, 
not  superior  to  ether.  In  the  hands  of  a  skilful 
anesthetist  and  properly  administered,  ether  will, 
as  a  rule,  prove  most  satisfactory.  Under  deep 
anesthesia  the  pharynx  is  completely  relaxed  and 
ample  time  is  afforded  for  all  the  care  and  thorough- 
ness necessary,  the  patient  meanwhile  being  free 
from  pain.  The  objections  that  ether  is  dangerous, 
that  the  children  are  apt  to  be  injured  by  it,  and  th.at 
its  action  increases  the  amount  of  bleeding  at  the  time 
of  the  operation,  are  not  borne  out  by  experience. 

Much  caution  should  be  employed  in  the  after-care 
of  the  patient.     He  should  not  be  at  once  dismissed, 


Fro.  4797. —  Hooper's  Palate  Retractor. 

but  should  be  put  to  bed,  and  kep)t  there  for  at  least 
twenty-four  hours,  and  until  all  signs  of  disturbance 
or  shock  have  subsided.  Attention  to  this  detail 
will  be  amply  repaid,  for  it  lessens  the  possibility  of 
bleeding,  prevents  infection,  guards  the  pat"ient 
against  taking  cold,  and  greatly  reduces  the  general 
depre.ssion  duo  to  the  slight  shock  of  the  operation. 

Meaiuvliile  the  adinini.stration  of  tonic  doses  of  iron 
and  quiniiu'  will  materially  hasten  recovery.  In  other 
words,  to  this  surgical  condition  the  ordinary  rules  of 
surgical  treatment  should  be  applied. 

It  must  not  be  consiilered  1  hat  with  the  performance 
of  the  operation  the  case  is  completed  and  all  possible 
help  to  the  patient  afforded.  The  general  condition 
should  be  made  as  perfect  as  possible,  to  which  end 
change  of  air  is  often  of  great  benefit,  and,  most 
import.ant  of  all,  the  patient  should  be  carefully 
examined  in  order  to  determine  whether  or  not  the 
operation  has  resulted  in  a  thorough  and  complete 
success.     Should  the  contrary  prove  to  be  the  case, 
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furtlicr  treatment  mav  be  called  for,  and  although 
when  ijroperlj'  performed  at  first,  it  will  seldom  be 
net-essary  to  repeat  it,  there  is  no  reason  why  this 
should  not  be  done  when  required.  Indeed,  it  is 
well,  in  difficult  cases,  to  mention  to  the  parents 
beforehand  the  existence  of  such  a  possibility. 

The  pharynx  being  freed  from  the  offending  tissue, 
such  conditions  as  catarrhal  inflammation,  relaxation 
of  the  uvula,  and  the  general  tendency  to  local  con- 
gestion can  be  greatly  benefited  Iiy  topi(^al  treatment, 
although  in  most  instances  special  interference  will 
be  unnecessary.  .      i. 

The  second  variety  of  treatment  relates  to  the 
cure  of  certain  direct  results  of  the  nasopharyngeal 
obstruction,  namely,  to  mouth  breathing,  to  errors  of 
pronunciation,  and"  to  deformities  of  the  chest  walls 
and  of  the  framework  of  the  nose  (see  p.  227). 

When  free  nasal  respiration  has  been  actually 
established  everv  possible  encouragement  should  be 
held  out  to  tli'e  patient  to  close  the  mouth  and 
breathe  through  the  nose,  both  while  awake  and  when 
asleep. 

The  oijeration  for  the  removal  of  hypertrophied 
atlenoids  is  not  so  simple  and  easy  as  many  suppose 
it  to  be.  On  the  contrary,  its  successful  performance 
rc()uircs  knowledge,  experience,  and  skill.  Clumsily 
pcrfcinned  it  has  often  beenthe  cause  of  serious  and 
pcnuaiiciit  injury  to  the  important  organs  in  the 
vicinity. 


TONSIL  OF  THE  TONGUE. 

(Lymphoid,   or  adenoid,   tissue  at  the  base  of  the 
tongue.) 

This  tissue,  the  existence  of  which  has  long  been 
known,  is  analogous  to  the  structure  of  the  faucial 
tonsils  and  of  the  tissue  at  the  vault  of  the  pharynx. 
It  eoniiiletes  the  circle  of  glandular  tissue  which 
surrounds  the  pliarynx. 

Histologically,  the  principal  difference  between  the 
faucial  tonsil  and  the  lingual  lymphoid  masses  is, 
tliat  while  in  the  tonsils  the  lymphoid  tissue  is  col- 
lected together  into  a  circumscribed  and  well-defined 
mass,  the  lymphoid  tissue  at  the  base  of  the  tongue  is 
disseminated  in  small  groups  over  a  considerable 
surface.  Strictly  speaking,  these  groups  are  not 
glands,  since  they  have  no  excretory  duct  nor  outlet, 
but  are  enclosed  bodies  and  belong  in  reality  to  the 
lymphatic  system.  They  are  usually  three  or  four 
lines  in  diameter,  and  are  loosely  embedded  in  the 
submucous  tissue.  Their  hilus  is  co\-ered  with  a  thin 
raucous  membrane.  Their  sac  contains  a  varying 
number  of  follicles,  closely  resembling  those  of 
Peyer's  glands  of  the  intestines.  The  existence  of 
the  lingual  tonsil,  so-called,  is  a  normal  condition. 
The  collections  of  tissue  are  located  between  the  cir- 
cumvallate  papilla!  and  the  epiglottis.  Normally  they 
are  not  conspicuous,  nor  is  there  presence  manifest 
excepting  upon  irritation,  when  it  will  be  discovered 
that  the  region  which  they  occupy  is  higlily  sensitive, 
and  Uable  to  marked  reflex  phenomena. 

In  examining  the  base  of  the  tongue  with  the 
laryngoscope  there  is  found,  normally,  a  free  interval 
between  the  base  of  the  tongue  and  the  epiglottis. 
When  the  lymphoid  tissue  is  lu-pertrophied,  this 
interval  is  more  or  less  filled  up,  and  the  tip  of  the 
epiglottis  may  be  seen  impinging  against  the  tongue 
or,  apparently,  buried  in  a  mass  of  enlarged  and 
prominent  glands.  The  h.ypertrophv  may  extend 
laterally,  and  thus  shut  off  the  view  of  the"pyriform 
sinus.  It  is  often  more  markedly  developed  upon  one 
side  than  upon  the  other.  The  glands  may  be  seen 
projecting  backward,  each  one  more  or  less  distinct 
and  by  itself,  and  the  whole  forming  an  aggregation 
which  is  clearly  more  prominent  and  conspicuous  than 
is  seen  in  the  natural  state  of  the  parts.     Dilatation 

234 


of  a  greater  or  lesser  number  of  the  blood-vessels  of  the 
neighborhood  is  generally  present.  As  to  what  con- 
stitutes the  normal  condition  of  the  base  of  the  tongue, 
it  may  be  said  that  in  the  vast  majority  of  cases 
pathological  symptoms  will  be  caused  only  by  ab- 
normal enlargement  of  the  lymphoid  tissue  so  pro- 
nounced that,  when  sought  for,  it  can  hardly  fail 
of  being  recognized.  It  is  not  uncommon  to  see  it  in 
children. 

The  causes  are  to  a  great  degree  identical  with  those 
of  chronic  hypertrophy  of  the  faucial  tonsils.  They 
may  depend  upon  disturbances  of  the  circulation 
due  to  renal  or  hepatic  disorders,  or  upon  cardiac 
disease.  Among  them  acid  indigestion  plays  a  par- 
ticularly important  part. 

The  symptoms  observed  in  these  cases  are  many 
and,  as  "a  rule,  well  marked.  They  are  niore  often 
observed  in  women  than  in  men,  and  are  in  general 
such  as  accompany  hyperesthesia  of  the  parts.  Thus, 
the  patient  complains  of  a  sensation  of  pricking,  or 
of  the  presence  of  a  foreign  body  in  the  throat.  The 
pain  is  usually  localized,  but  sometimes  radiates  to 
other  parts,  these  subjective  phenomena  being  in- 
creased if  the  tongue  be  drawn  backward.  The 
explanation  of  the  symptoms  is  simple.  Normally, 
the  margin  of  the  epiglottis  is  free.  When  the  lym- 
phoid-tissue  of  the  tongue  is  so  enlarged  as  to  come  in 
contact  with  it,  then,  two  parts  being  in  contact  which 
usually  do  not  touch  each  other,  the  subjective  sensa- 
tion of  a  foreign  body  re.sults,  accompanied  or  not 
by  pain  in  proportion  to  the  amount  of  irritation 
produced.  Patients  occasionally  complain  of  pain 
shooting  up  to  the  ears,  or  refer  their  discomfort  to  the 
stomach,  larynx,  trachea,  or  intrascapular  region. 
Pain  is  also  present  when  the  glands  are  in  a  state 
of  subacute  inflammation. 

The  effect  of  hypertrophy  of  the  lingual  tonsil 
upon  the  voice  is  marked  and  disastrous,  for  fatigue 
in.  speaking  and  singing  is  a  common  symptom. 
When  the  trouble  is  not  severe  the  only  complaint 
may  be  that  the  patient  has  pain  while  talking,  with- 
out being  hoarse,  the  neighboring  parts  of  the  throat 
being  normal.  In  some  cases  the  vocal  fatigue  can 
be  traced  to  deficient  innervation.  In  cases  in  which 
the  difficulty  is  more  pronounced,  the  voice  may  be 
entirely  lost.  In  some  cases  the  voice  is  uncertain, 
being  sometimes  good  and  sometimes  poor.  Some- 
times it  is  unreliable  or  difficult  to  control,  breaking 
during  the  effort  to  sing.  Again,  there  may  be  a 
marked  tendency  to  sing  out  of  tune,  and  the  timber 
of  the  voice  may  be  seriously  impaired.  In  other 
cases  the  normal  range  of  the  voice  is  interfered  with, 
the  patient  not  being  able  to  produce  two  or  even 
tliree  of  the  highest  notes  of  which  his  voice  is 
capable. 

Some  patients  suffer  from  cough,  which  is  observed 
in  two  different  forms.  It  is  either  violent,  spasmodic, 
and  almost  incessant,  or  of  a  hacking  character,  ap- 
pearing at  shorter  or  longer  intervals.  The  spasmodic 
form,  as  a  rule,  occurs  when  the  hypertrophied  glands 
encroach  upon  the  epiglottis,  and  is  less  frequent 
than  the  hacking  cough.  The  latter  often  gives  rise 
to  great  anxiety,  as  the  patient  fears  it  to  be  a  symp- 
tom of  developing  pulmonary  phthisis.  This  form 
of  cough  is  often  present  when  there  is  merely  con- 
tact between  the  glands  and  the  epiglottis,  and  it  is 
probably  due  to  the  friction  of  the  tongue  and 
epiglottis  against  each  other  during  their  movements. 
It  is  a  question  whether  the  so-called  "globus 
hystericus,"  as  seen  in  nervous  women,  is  not  often 
less  a  matter  of  the  imagination  than  has  been  com- 
monly supposed.  In  patients  afflicted  with  this 
complaint,  hypertrophy  of  the  lingual  tonsil  has  fre- 
quently been  observed,  while  in  patients  of  nervous 
temperament  other  reflex  symptoms  of  the  condition 
are  often  severe.  On  the  other  hand,  the  globus 
hystericus  has  been  seen  in  patients  in  whom  the 
base  of  the  tongue  was  practicaUy  normal. 
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Finally,  attacks  of  dyspnea  resembling  asthma  may 
occur  in  patients  with  enlarged  lingual  glands. 

The  prognosis  is  good,  but  the  length  of  time 
required  to  effect  a  cure  is  not  always  easily  de- 
termined. 

Too  radical  measures  for  the  relief  of  this  condition 
are  not  indicated,  and  much  harm  has  been  done  by 
the  free  use  of  surgical  methods  in  cases  in  which 
simpler  means  would  have  answered  the  purpose. 
Thus,  in  ca.ses  depending  upon  hyperacidity  of  the 
stomach,  correction  of  the  indigestion  will  often  cure 
the  tongue.  _  When  Bright's  disease  is  present,  or 
when  there  is  disease  of  the  liver  or  of  the  heart, 
the  attempted  removal  of  the  enlargements  or  the 
obliteration  of  the  dilated  vessels  can  only  result  in 
harm. 

In  the  congestive  form  of  enlargement,  especially 
when  dependent  upon  indigestion,  relief  is  often  af- 
forded by  cleansing  and  a.stringent  applications  made 
to  the  base  of  the  tongue  by  means  of  a  good  spray 
atomizer,  attention  being  paid  meanwhile  to  the 
constipation,  or  to  the  hjTjeracidity  of  the  stomach, 
which  may  be  present. 

When  the  hypertrophic  masses  are  permanent, 
requiring  actual  removal,  surgical  means  are  called  for. 
Many  s]5ecial  methods  have  been  suggested  for  this 
purpo.se,  from  the  use  of  various  escharotics  to  actual 
ablation  b}-  means  of  cutting  instruments.  The  latter 
are  in  general  not  to  be  preferred.  On  the  whole, 
the  most  satisfactory  means  seems  to  be  either  the 
galvanocautery  applied  by  means  of  a  flat  electrode, 
the  galvanocaustic  snare,  or  the  cold  wire  snare. 
Under  local  anesthesia  the  operation  is  usually  not 
very  painful,  and  healing  takes  place  in  a  few  days. 

Suppurative  inflammation  of  the  lingual  tonsil  is 
rare.  It  may  come  from  the  impaction  of  a  sharp 
foreign  body.  When  it  is  present  it  is  necessary  to 
determine  the  precise  location  of  the  lesion,  and  to 
remember  that  such  attacks  are  sometimes  accom- 
panied bv  edema  of  the  larynx.  Evacuation  of  the 
abscess  during  sleep  may  prove  dangerous.  Chronic 
abscess  of  this  region  and  retention  cysts  have  been 
observed.  This  condition  is  sometimes  so  severe  as  to 
suggest  Ludwig's  angina.  D.  Bryson  Delavan. 


Topeka  Mineral  Wells. — Called  also  Phillips' 
Mineral  Springs.     Shawnee  Count}',  Kansas. 

Po.sT-oFFicE. — Topeka.     Hotel. 

These  wells,  two  in  number,  are  located  on  Harrison 
Street,  in  the  city  of  Topeka.  The  following  analysis 
of  the  water  was  made  by  W.  D.  Church,  chemist 
for  the   City   of   Topeka. 

Parts  per 

lon.ooo. 

Loss  on  ignition 3 .  482 

Silica 0 .  979 

Alumina  and  iron  bicarbonate 0.217 

Calcium  carbonate 55. 7.5.3 

Magnesium  carbonate 33. 195 

Calcium  sulphate 32.470 

Sodium  chloride 53.578 

Sodium  sulphate 166.890 

Sodium  carbonate Traces 

Total  solids 34fi..i64 

The  baths  have  been  in  operation  since  1879.  They 
are  highlj'  recommended  for  obstinate  cases  of  rheu- 
matic trouble.  The  water  is  also  used  commercially. 
The  analysis  shows  a  fairly  strong  saline-purgative 
water,  and  it  should  be  useful  in  cases  to  which  such 
waters  are  applicable.  Emma  E.  Walker. 


Toronto,  Canada. — This  city  with  a  population 
of  about  500,000   (1915)  lies  on  the  north  shore  of 


Lake  Ontario,  near  its  western  end,  in  lat.  43°  39'  N 
and  long.  79°  23'  W.  Railroads  radiate  east,  west, 
and  north,  and  steamers  ply  to  the  east,  west,  and 
south,  giving  easy  access  to  the  lake  ports  especially 
Niagara,  Hamilton,  Rochester,  St.  Lawrence  River 
ports,  and  Montreal.  Within  its  suburbs  are  included 
some  of  the  most  important  Pleistocene  sections  in 
North  America,  and  within  a  radius  of  100  miles 
the  main  geological  formations,  from  the  Archaean 
to  the  Devonian  may  be  studied.  The  region  is 
not  one  of  high  relief,  the  most  elevated  points 
to  the  southwest  not  exceeding  8,50  feet  and  to  the 
east  and  north  within  100  miles  probably  not  going 
beyond  1,200.  The  highest  point  in  the  Ontario 
peninsula  rises  to  something  over  1,700  feet  near 
Dundalk  seventy-six  miles  northwest  of  Toronto. 
Within  these  areas  there  is  evidence  of  a  succession 
of  glacial  lakes  which  covered  much  of  the  region. 
Two  of  these  are  of  greatest  importance — Lake 
Iroquois  which  occupied  the  basin  of  Lake  Ontario, 
but  at  a  higher  level  and  whose  shores  have  been 
traced  almost  aU  round  the  present  lake,  rising  176 
feet  at  Toronto,  and  Lake  Algonquin  which  covered 
most  of  the  great  upper  lakes  with  a  single  vast  sheet 
of  water  and  who.se  beaches  occur  near  London, 
Barrie,  and  other  points  west  and  north  of  'Toronto. 
The  belt  of  gently  sloping  deposits  between  the 
Iroquois  beach  and  the  shore  of  Lake  Ontario  is 
generally  from  two  to  five  miles  wide  and  provides 
some  of  the  most  valuaMe  fruit  lands  in  Canada  where 
apples,  grapes,  and  peaches  are  cultivated  on  a  large 
scale.  At  Toronto  these  deposits  have  a  thickness 
of  more  than  100  feet,  and  in  the  gravel  bars  remains 
of  mammoth  caribou,  and  other  mammals  have  been 
found. 

Lying  in  front  of  the  city  is  an  island,  a  .sandbar 
about  five  miles  in  length  formed  from  deposits  from 
cliffs  of  Scarborough  Heights  just  to  the  east  of  the 
city.  These  cliffs  show  the  finest  Pleistocene  section 
in  Canada,  including  3.5.5  feet  of  glacial  and  inter- 
glacial  beds.  The  island  bounds  a  bay  some  two 
miles  in  width  which  forms  a  land  locked  harbor. 
.\  Harbor  Commission  has  begun  work  on  plans,  which 
when  carried  out  will  give  Toronto  the  most  beautiful 
and  most  valuable  lake  front  in  America.  \  fund 
of  some  .819,000,000  has  been  provided  which  will  be 
expended  on  harbor  improvements,  boulevards,  etc., 
along  the  twenty  miles  of  shore  line  within  the  city 
limits. 

The  city  is  famed  for  its  well  kept  streets  and  its 
residential  sections,  wooded  with  forest  shade  trees, 
while  its  splendid  central  and  suburban  parks  and  the 
beautiful  wooded  and  deep  ravines  of  the  Humber  and 
Don  Valleys  give  the  visitors  special  pleasure.  Until 
recent  years,  the  city's  growth  to  the  north  was  re- 
stricted by  the  rising  ijlateaus  which  formed  the  shore 
line  of  the  ancient  lakes  but  this  region  within  the 
past  five  years  is  building  up  rapidly  and  forming 
the  fashionable  part  of  the  city. 

The  Island  is  the  holiday  home  of  the  thousands  of 
citizens  whose  business  keeps  them  in  the  city  during 
the  summer  and  is  an  attractive  point  for  tourists. 
The  popular  summer  resort  within  easy  reach  of 
Toronto  by  rail  are  Muskoka  and  the  Georgian  Bay. 
the  Kawartha  Lakes  and  the  shores  of  Lake  Huron, 
while  the  Niagara  di.strict  is  most  comfortably  reached 
by  boats  which  make  freciuent  daily  trips. 

The  University  of  Toronto,  a  Provincial  University 
with  its  cluster  of  federated  colleges  has  an  attendance 
(if  4,100  students  in  its  faculties  of  .\rt«.  Medicine. 
Applied  Science  and  Engineering,  Forestry,  Law,  and 
Household  Science.  The  Faculty  of  Me<iicine  re- 
quires five  years  study  for  degree.  Some  000  students 
are  in  attendance.  Clinical  facilities  are  offered  by 
the  New  General  Hospital  of  000  beds,  just  completed 
at  a  cost  of  about  §3,000.000;  St.  Michael's  Hospital 
with  375  beds,  the  ^^■cstorn  Hospital  with  2.50  beds; 
and  the  Hospital  for  Sick  Children  with  250  beds. 
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Instrui-tion  is  also  given  in  the  Isolation  Hospital 
and  the  Hospital  for  the  Insane  with  the  Psychiatric 
Hospital  for  acute  cases  under  observation.  The 
Academy  of  Medicine  has  its  home  in  a  well-appointed 
building"  in  the  Queen's  Park.  Here  is  a  growing 
library  of  9,000  volumes  and  the  doors  are  ever  open 
to  welcome  the  visiting  practitioner. 

Summer  sports  are  practically  those  of  all  American 
cities  while  its  situation  on  Lake  Ontario  with  an 
enclosed  bav  gi\es  especial  facilities  for  acjuatic 
sports.  In  winter  skating,  tobogganing,  snow-shoe- 
ing, curling,  hockev,  ice-boating,  and  other  amuse- 
ments ofTc-r  relaxation  and  pleasure.  Automobiles  can 
be  driven  tliroughout  the  winter. 

Toronto's  health  record  is  an  enviable  one  Th.e 
general  deatli  rate  for  lOl-t  is  lower  than  that  attained 
by  any  .\merican  city  or  British  town  in  191.3,  being 
fl.2.  "The  following" table  shows  the  rates  for  1913 
of  Toronto  and  those  cities  which  nearest  approach 
Toronto's  rate:  Toronto,  12.9;  Milwauke,  13.2; 
New  York,  13.S;  Chicago,  l.'j.l;  Bristol,  13.3;  London, 
Eng..  14.4.  This  record  is  the  result  of  active  work 
on  the  part  of  a  well-organized  Department  of  Public 
Health  under  an  energetic  Health  Officer. 

An  observatory  was  established  at  Toronto  in  1840 
and  meteorological  observations  have  been  taken 
continuously  ever  since.  The  Toronto  observatory  is 
also  the  central  office  of  the  Dominion  Meteorological 
Service,  whence  are  issued  all  weather  forecasts  and 
storm  warnings  and  also  all  Government  bulletins  and 
reports,  concerning  the  climatology  of  Canada.  The 
mean  annual  temperature  as  determined  from  readings 
of  the  maximum  and  minimum  thermometers  during 
seventy-one  years  of  observations  is  44°. 4.  The  sea- 
sonal means  are:  Winter,  23°. 4;  Spring,  41°. 0;  Summer, 
65°.8;  -Autumn,  47°. 5.  There  are  some  indications 
that  the  climate  has  changed  slightly  with  the  gradual 
clearing  away  of  the  vast  American  forests.  It  would 
appear  that  both  Summer  and  .\utumn  are  a  little 
warmer  and  that  Winter  is  colder  than  in  the  earlier 
days  of  settlement.  Considering  the  seasons  from  a 
popular  standpoint  their  duration  at  Toronto  might 
be  stated  as  follows:  Spring,  March  10  to  May  20; 
Summer,  May  21  to  September  10;  Autumn,  Septem- 
ber 11  to  November  25;  Winter,  November  26  to 
March  9. 

By  the  first  of  May  the  somewhat  frequent  cool 
periods,  which  retard  growth  in  plant  life  during  April, 
are  nmv  ))ractically  over,  and  with  leaps  and  bounds 
vegetation  goes  forward.  By  the  fifteenth  most  of  the 
spring  wild  flowers  are  in  bloom  and  many  trees  are  in 
full  leaf.     ,\bout  ten  days  later  horse  chestnut,  lilac, 


and  apple  are  in  bloom,  and  incubation  by  migratory 
birds  is  well  on  the  way.  The  average  date  of  the 
last  spring  frost  is  May  4.  It  is  not  uncommon  in  this 
month  for  the  daily  maxima  temperatures  to  exceed 
70°  for  spells  of  a  week  or  ten  days.  One  of  the  out- 
standing features  of  the  Toronto  summer  is  the  fact 
that  wholly  overcast  and  rainy  days  are  of  rare  occur- 
rence, the  rainfall  occurring  in  showers  and  thunder- 
storms, while  days  of  bright  sunshine  are  numerous; 
in  fact,  from  the  middle  of  June  until  the  end  of  .\ugust 
one  may  almost  count  on  days  of  at  least  part  sun- 
shine. There  is  an  average  of  791  hours  of  sunshine 
in  the  three  months.  By  May  20  the  normal  daily 
temperature  has  risen  to  53°. 5,  with  an  average  daily 
maximum  of  G4°  and  occasional  days  of  80°.  June 
has  an  average  daily  maximum  of  72°,  July  78°,  and 
August  76°,  and  during  the  first  ten  days  of  Septem- 
ber it  is  still  above  70°.  Spells  of  great  heat  occasion- 
ally occur,  but  temperatures  of  90°  are  not  of  frecjuent 
occurrence.  The  summer  rainfall  is  quite  evenly 
distributed,  each  month  averaging  a  little  under  three 
inches. 

The  downward  trend  of  the  temperature  curve  is 
not  rapid  during  the  autumn,  and  it  is  not  until 
October  7  that  50°  is  reached,  and  November  26  is  the 
average  date  on  which  the  mean  temperature  drops 
to  the  freezing-point.  On  November  26  the  normal 
mean  temperature  sinks  below  the  freezing-iioint  and 
then  gradually  lowers  until  the  minimum  of  the  winter 
is  reached,  about  February  4,  of  which  the  normal 
mean  is  19°. 6;  from  this  onward  the  curve  rises,  at 
first  slowly  and  then  more  rapidly,  until  on  March  26 
it  again  crosses  the  32°  mark.  The  normal  Toronto 
winter  is  not  then  very  severe,  and  extremely  low 
temperatures  are  of  infrequent  occurrence,  except  in 
abnormal  years.  January  and  February  have  much 
the  same  mean  temperature. 

The  normal  annual  snowfall  in  Toronto  is  sixty-five 
inches.  A  few  flurries  usually  occur  in  November,  and 
occasionally  several  inches  may  fall,  but  it  is  not  until 
December  that  the  ground  becomes  snow-covered,  and 
this,  as  a  rule,  not  until  well  on  in  the  month;  there  is 
no  sleighing  at  Christmas  in  more  than  one  year  in 
five,  and  in  many  winters  the  ground  is  bare  during 
Christmas  week.  During  Januarj'  and  February 
there  is  usually  sleighing,  but  toward  the  end  of  Feb- 
ruary the  snow  melts  fast,  and  it  is  only  occasionally 
that  the  surrounding  country  is  snow-covered  into 
March.  The  heaviest  snowfall  on  record  is  sixteen 
inches,  and  this  has  occurred  on  several  occasions. 

The  notes  on  climatology  are  excerpted  from  "The 
Climate  of  Toronto"  by  R.  F.  Stupart,  F.  R.  S.  C, 
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Director  Dominion  Meteorological  Service,  which 
appears  in  "The  Natural  History  of  the  Toronto 
Region,"  edited  by  J.  H.  Faull,  B.  A.,  Ph.  D.,  Toronto, 
1913,  to  which  volume  we  are  indebted  for  other 
matter.  J.  H.  Elliott. 


Torquay,  England. — This  resort,  which  is  one  of 
the  most  popular  and  attractive  winter  stations  in 
England,  is  situated  in  the  southern  portion  of 
England  on  Torhay  facing  the  south.  On  the  land 
side  it  is  surrounded  by  tree-clad  hills  which  shelter 
it  from  the  north,  northwest  and  partially  from  the 
nortlieast  winds.  Villas  and  gardens  are  attractively 
situated  on  the  slopes  of  these  hills  at  various  eleva- 
tions. The  soil  is  dry,  the  rainfall  moderate  for 
England,  and  the  winter  temperature  is  comparatively 
warm  and  equable.  There  is  some  difference  in  the 
quality  of  the  air  in  different  parts  of  the  town.  Near 
the  sea  it  is  more  sedative  and  relaxing,  and  higher  up 
on  the  hills  it  is  more  bracing. 

The  mean  annual  maximum  temperature  is  56.8°, 
and  the  mean  minimum  45.9°.  The  mean  daily 
range  10.9°.  The  monthly  means  are  as  follows: 
Januarv,  42.1°;  February,  42.6°;  March,  44.0°;  April, 
49.2°;  May,  5.3.5°;  June,  .59.1°;  Julv,  62.5°;  August, 
62.1°;  September,  58.8°;  October,  52.3°;  November, 
48.0°;  December,  44.7°. 

The  average  yearly  rainfall  is  32.5  inches,  and  the 
number  of  rainy  days  187,  an  all  day's  rain  being  rare. 
The  relative  humidity  is  from  79  to  86  per  cent. 
There  is  said  to  be  a  large  amount  of  sunshine. 

The  mildness  of  the  climate  is  indicated  by  the 
luxuriant  sub-tropical  vegetation,  such  as  palms  and 
aloes,  which  border  the  cliff  walks. 

The  town  is  a  very  liealthy  one,  the  death  rate  being 
14.2  per  1,000.  Twenty-five  per  cent,  of  all  deaths 
occur  at  seventy-five  and  over. 

The  drainage  and  water  supply  are  excellent. 

This  resort  and  climate  appear  to  be  particularly 
favorable  for  those  of  advancing  years,  "arresting  the 
degenerative  changes  of  age;  and  rendering  more 
tolerable  the  duration  of  chronic  ailment."  Arterial 
degeneration,  chronic  cardiac  changes,  chronic  bron- 
chitis, chronic  renal  degenerations,  are  all  benefited 
or  retarded  in  their  progress  in  this  climate.  So  also 
is  it  of  value  in  convalescence  from  acute  diseases,  antl 
in  the  case  of  delicate  and  scrofulous  children. 
Sufferers  from  asthma  are  said  to  obtain  great  relief. 

Although  Torquay  is  considered  a  winter  resort  for 
the  invalid  and  the  weak,  it  is  also  a  most  agreeable 
sea-side  summer  station  and  has  much  to  attract  the 
visitor;  indeed,  it  has  been  called  the  "Queen  of 
Western  Watering  Places"  and  the  beauty  of  its  situa- 
tion and  surroundings  is  hardly  excelled  by  any  other 
sea-side  resort  in  England.  There  are  sea-bathing, 
sailing,  fishing,  golf,  tennis,  and  delightful  excursions 
in  the  surrounding  country.  In  summer  there  are 
excursions  by  sea.  There  are  also  very  attractive 
walks  in  the  pleasure  gardens;  Royal  Terrace  Walk, 
Cliff  Walks  and  Promen.ade  Pier. 

The  accommodations  are  abundant  and  good  in 
hotels,  boarding  houses  and  attractive  villas  sur- 
rounded by  luxuriant  foliage.  On  the  esplanade  is  an 
elaborate  bathing  establishment  with  appliances  for  a 
variety  of  baths,  such  as  the  Nauheim,  vapor,  needle 
and  others,  with  well-trained  attendants. 

Torquay  would  appear  to  be  in  many  ways  an  ideal 
resort  for  elderly  persons  who  desire  to  grow  old 
gracefully  and  slowly,  or  for  those  suffering  from 
organic,  degenerative  disease  who  desire  to  defer  as 
long  as  possible  the  evil  day.  It  s  easily  reached  from 
London  in  four  or  five  hours.  Edw.\kd  O.  Otis 


Torticollis. —  (Synonym:  Wry-neck.)  Torticol- 
lis, as  the  name  indicates,  is  a  twisted  neck,  a  distor- 
tion caused  in  most  cases  by  active  contraction  or  by 


actual  shortening  of  one  or  more  of  the  lateral  muscles 
that  control  the  head.  Similar  distortion  may  be 
present  in  Pott's  disease,  but  in  this  instance  the 
deformity  is  a  symptom  of  a  more  important  di.sease, 
while  the  term  torticollis  implies  simple  deformity. 

TorticolUs  maj'  be  divided  into  two  classes — the 
congenital  and  the  acquired. 

CoNGENiT.\L  torticollis  is  a  painless  shortening  of 
the  tissues  of  one  side  of  the  neck  of  intrauterine 
origin,  .\cguired  torticollis  is  almost  always  accom- 
panied at  its  onset  by  discomfort  or  pain.  This 
aftenvard  subsides,  leaving  the  deformity;  thus 
torticollis,  from  a  therapeutic  standpoint,  may  be 
divided  into  the  acute  and  the  chronic  forms. 

Whatever  may  have  been  the  cause  of  the  deformity, 
the  sternomastoid  muscle  is  most  often  affected,  arid 
typical  torticollis  implies  contraction  or  shortening  of 
this  muscle.  As  an  effect,  tlierefore,  the  chin  is  slightly 
elevated  and  turned  away  from  the  contraction. 
The  head  is  tilted  toward  the  shortened  muscle,  and  as 


Fig.  4798. — Well-m.arked  Congenital  Torticollis  of  the  Left 
Side,  showing  the  Effect  of  the  Contraction  in  Displacing  the  Head 
toward  the  Opposite  Shoulder. 

a  whole  is  displaced  toward  the  opposite  shoulder. 
There  are  also  irregular  forms  of  torticollis  due  to  con- 
traction of  other  muscular  groups,  to  which  attention 
will  be  called  later. 

Torticollis  is  a  comparatively  uncommon  deformity, 
and  the  acquired  form  is  far  more  common  than  the 
congenital  variety.  The  sexes  are  about  equallj- 
affected,  and  one  side  as  often  as  the  other. 

Congenital  Torticollis. — In  most  instances  the 
deformity  is  slight  at  birth,  and  it  does  not  attract 
attention  until  the  child  is  able  to  support  the  head, 
and  in  many  cases  not  until  a  much  later  period.  In 
exceptional  instances,  however,  the  deformity  is  well 
marked  at  birth  and  is  accompanied  by  noticeable 
asymmetry  of  the  head  and  skull.  In  ca.ses  of  this 
character  the  contraction  often  involves  all  the  lateral 
tissues  of  the  neck,  indicating  that  its  cause  must  have 
been  a  fi.xed  or  constrained  position  in  utero,  an 
explanation  that  may  be  applied  to  the  great  majority 
of  the  milder  cases  also. 
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It  may  be  stated  in  this  connection  that  it  was  at  one 
time  generally  taught  that  so-called  congenital  tor- 
ticollis was  due  to  injury  at  birth,  the  sequence  of 
events  being  somewhat  as  follows:  The  sternomas- 
toid  muscle  was  ruptured;  rupture  was  followed  by 
hemorrhage  into  the  substance  of  the  muscle,  which  in 
turn  set  up  inflammation;  this  was  followed  bj'  scar 
contraction  and  by  deformity.  This  theory  has  now 
few  supporters,  for  the  following  reasons:  In  the 
majority  of  cases  of  true  congenital  torticollis  dis- 
covered in  early  infancy,  there  is  no  evidence  of 
hematoma.  Hematoma  is  in  but  few  instances  fol- 
lowed by  torticollis,  nor  is  rupture  of  muscle  in  later 
life  or  in  other  situations  followed  by  such  shortening. 
It  is  apparent,  of  course,  that  a  congonitally  .short 
muscle  might  be  injured  at  birth  with  a  resulting 
hematoma,  also  that  injury  at  birth  might  induce  irri- 
tation or  discomfort,  and  that  deformity  might  follow 
the  habitual  altitude  assumed  by  the  patient  for  the 
relief  of  this  discomfort. 

Palholngij. — In  the  ordinary  tj-pe  of  congenital  torti- 
collis, as  demonstrated  at  operations  on  children,  the 
substance  of  the  affected  muscle  or  muscles  is  simply 
lessened  in  amount,  and  there  is  a  disproportioruite 
area  of  tendinous  substance,  as  contrasted  with  the 
contractile  ti.s.suc.  In  other  instances  the  muscle  may 
be  traversed  by  fibrous  bands  or  patches  of  scar-like 
tissue.  Such  changes  are  far  more  common  in  ac- 
quired torticollis,  and  they  indicate  primary  or 
secondary  inflammation  of  the  muscular  substance 
In  cases  of  torticollis  in  infancy,  or  when  the  distor- 
tion is  slight,  there  is  but  little  general  effect  of  the 
local  contraction;  but,  if  the  deformity  persists, 
secondary  changes  appear.  The  face  on  tlie  affected 
side  is  flatter,  the  nose,  the  corner  of  the  mouth,  and 
the  eyelids  may  be  drawn  down  toward  the  contrac- 
tion, and  the  skull  even  may  be  markedly  deformed. 
There  is  also  lateral  distortion  of  the  cervical  spine, 
the  convexity  being  on  the  side  opposite  the  contrac- 
tion. Later,  secondary  curvatures  of  the  spine 
develop;  an  increase  of  the  dorsal  convexity,  "round 
shoulders,"  and  a  lateral  compensatory  curve  in  the 
direction  oppo.sed  to  the  superior  deformity. 

If  the  deformity  persists  the  neighboring  muscles 
become  involved,  together  with  the  other  tissues  on 
the  contracted  side,  the  fascia  presenting  the  greatest 
resistance  to  the  correction. 

Non-operalii'e  Treatment  of  Congenital  Torticollis.— 
U  the  deformity  is  discovered  in  early  infancy  it  may 
be  corrected,  in  many  instances,  bv  massage  and 
stretching.  In  this  manipulation  one  person  holds  the 
arin  firmly,  and  another  draws  the  head  in  the  oppo- 
site direction,  meanwhile  vigorously  massaging  the 
contracted  tissues.  This  treatment  is  carried  out 
twice  daily  for  about  ten  minutes  each  time  In 
holding  the  child  and  arranging  the  pillow  during 
sleep,  one  should  take  advantage  of  postures  that 
oppose  the  deformity. 

//tma/owa.— .4.S  has  been  stated,  hematoma  is  not 
unusual  after  difficult  labor.  It  forms  a  hard,  resist- 
ant, ovoid  swelling  in  the  substance  of  the  sterno- 
mastoid  muscle  It  is  usually  discovered  about  the 
second  week  after  birth.  Its  absorption  may  be 
hastened  by  massage  with  some  bland  ointment  If 
there  is  a  tendency  toward  contraction  or  toward  a 
posture  that  might  favor  deformity,  this  should  bo 
prevented  by  manipulation  and  by  posture. 

Operatire  Trcatimnt.~li  the  muscle  or  muscles  are 
actually  shortened  and  if  deformity  cannot  be  over- 
come by  manipulation  in  the  manner  described 
operative  treatment  is  indicated.  This  statement 
applies  to  practically  all  forms  of  tortico  lis   whe  he 

nersl'enf  ^Th'^T'l'  '?  ^'""''^  ''^'^  deformity  i 
persistent.  The  object  of  operative  treatment  is  to 
overcorrect  the  deformity  and  to  hold  the  head  in  the 

arifn^r^f '^1  P"''*'°"  ""*''  ^^^  P^rts  are  thoroughly 
adjusted  to  their  new  relations.  ^ 

Forcible  Correction.— This  operation  is  efficient  in 
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early  and  mild  cases.  The  patient  having  been 
anesthetized  the  shoulders  are  elevated  upon  a  hard 
pillow,  the  arm  is  then  held  firmly  by  an  assistant 
and  the  operator  begins  a  series  of  forcible  movements' 
alternately  stretching  and  relaxing  the  contracted 
parts  and  forcibly  massaging  them  with  the  ulnar 
border  of  the  liand.  If  the  shortened  muscles  are 
very  resistant,  it  is  well  to  divide  the  tendinous 
insertions  subcutaneously  as  a  preliminary  measure. 
In  this  operation  the  tendon  being  grasped  between 
the  thumb  and  finger,  it  may  be  divided  without  fear 
of  injuring  the  deeper  parts.  One  then  proceeds  with 
the  forcible  manipulation  until  all  resistance  has  been 
overcome,  and  until  the  lateral  curvature  in  the  cer- 
vical region  has  entirely  disappeared.  The  head  is 
then  fixed  in  the  attitude  of  extreme  overcorrection 
by  means  of  a  plaster  bandage.  This  should  include 
the  upper  part  of  the  chest  and  shoulders,  circular 
turns  being  made  about  the  head.  It  should  remain 
in  position  for  at  least  three  weeks,  and  for  a  much 
longer  time  if  the  appliance  is  comfortable,  and  if  it 
is  not  considered  objectionable.     After  removal  of  the 


Fig.  4799.— The  Method  of  Applying  the  Plaster  Bandage  after 
Operation  on  the  Left  .Side,  to  Hold  the  Head  in  the  Attitude  of 
Overcorrection.     (From  Whitman's  "Orthopedic  Surgery.") 

supporting  bandage  the  head  should  be  turned  forcibly 
from  time  to  time  into  the  attitude  of  overcorrection, 
for  the  purpose  of  preventing  recurrence  of  deformity; 
and  systematic  exercises  should  be  employed  to 
strengthen  the  muscles  and  to  reestablish  the  "normal 
poise. 

The  Open  Operation.— In  most  instances,  the  open 
operation  is  to  be  preferred.  An  incision,  just  above 
the  clavicle  m  the  line  of  the  fold  of  the  skin  is  made 
on  the  clavicular  insertion  of  the  sternomastoid  muscle, 
through  this  incision  all  the  resistant  bands  both  of 
tendon  and  fascia  are  divided  as  they  appear  under 
tension.  When  all  resistance  to  overcorrection  has 
been  removed,  forcible  manipulation  is  carried  out  and 
uie  head  IS  fixed  in  the  manner  already  described, 
in  is  fixation  IS  not  always  necessary  in  the  treatment 
of  older  subjects. 

It  should  be  stated  that  when  the  deformitv  is  of  long 
standing  It  may  be  impracticable  to  fix  the  head  at 
nrst  in  the  overcorrected  position,  because  of  the 
impairment  of  the  circulation  or  because  of  the  dis- 
comfort that  It  causes. 
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Acquired  Torticollis. —  As  has  been  stated,  ac- 
quired torticollis  is  far  more  common  than  the  congen- 
ital form.  At  least  eighty  per  cent,  of  these  cases 
begin  during  the  first  ten  years  of  life. 

The  deformity  may  be  divided  into  two  main  groups, 
the  common  form  or  so-called  acute  torticoUis  and  the 
irregular  forms. 

Acute  lorlicollis  is  a  painful  contraction  secondary  to 
injury  or  disease  of  the  muscles,  or  to  irritation  of  the 
peripheral  nerves.  As  a  rule,  the  sternomastoid  and 
trapezius  muscles  are  involved,  but  occasionally  other 
muscular  groups  are  affected.  A  common  form  of 
torticollis  is  the  so-called  rheumatic  or  stiff  neck,  in 
which  the  muscles  of  the  neck  are  stiff  and  sensitive  to 
pressure;  this  form  hardly  requires  consideration. 

By  far  the  most  important  form  of  acute  torticollis 
is  that  which  often  follows  irritation  of  the  peripheral 
nerves  in  the  nasopharynx  or  its  neighborhood;  thus 
it  is  often  a  sequel  of  tonsillitis,  measles,  diphtheria, 
and  the  like.  It  may  be  preceded  by  toothache  or 
earache,  and  it  is  often  accompanied  by  enlarged  or 
suppurating  cervical  glands.  The  onset  of  the  af- 
fection is  gradual,  often  preceded  by  fever,  and  the 
head  gradually  assumes  the  characteristic  attitude 
of  torticollis,  and  is  fixed  by  the  tonic  contraction  of 
the  affected  muscles.  Attempts  to  overcome  the  de- 
formity cause  great  pain,  as  do  unguarded  movements. 
It  is  particularly  difficult  to  place  the  head  in  a  com- 
fortable position  when  the  child  lies  down;  thus 
"getting  the   child  to  bed"   is  a  troublesome  task. 


Fig.  4800. — The  Thomas  Colla 
the  treatment  of  the 

The  patients  often  become  extremely  nervous,  and 
it  would  appear  tliat  the  affection  is  more  common 
among  children  of  the  nervous  type.  As  has  been 
stated,  the  deformity  is  usually  typical,  the  muscles 
affected  being  the  trapezius  and  the  sternomastoid. 
In  rare  instances  the  contraction  may  affect  both 
sternomastoid  muscles,  so  that  the  head  is  drawn 
forward  and  downward  between  the  shoulders;  or  the 
posterior  muscles  may  be  involved  and  the  head  is 
drawn  backward,  so-called  posterior  torticollis.  The 
muscles  and  other  tissues  become  shortened.  The 
pain  and  discomfort  finally  disappear  and  the  case 
becomes  one  of  chronic  torticollis,  although  in  the 
milder  forms  spontaneous  recovery  is  possible. 

Treatment. — The  treatment  is  symptomatic  and  pre- 
ventive. Support  is  always  indicated.  As  an  imme- 
diate application  the  neck  may  be  enveloped  in  a 
heavy  muff -like  collar  of  cotton;  this  should  reach 
from  the  shoulders  to  the  ears,  and  should  be  of  such 
thickness  as  actually  to  support  the  head.  It  is  held 
in  position  by  circular  bandages,  and  it  may  be  stiff- 
ened by  layers  of  adhesive  plaster.  This  provides 
Ijeat  and  fixation,  and  for  the  early  cases  it  is  often 
an  efficacious  remedy. 

In  most  instances  a  more  comprehensive  support  is 
indicated.  Such  a  support  is  afforded  by  tlie  plaster 
jacket  and  the  jury  mast;  the  elastic  tension  of  the 
halter,  if  properly  applied,  will  eventually  overcome 
the  spasm,  and  in  great  degree  at  least  correct  the 
deformity.  This  correction  is  further  assisted  by 
massage  and  by  gentle  manipulatiim  of  the  head. 
When  the  spasm  and  deformity  have  been  overcome, 
exercises  to  restore  the  ability  of  the  weakened  muscles 
may  be  employed.  This  treatment  is  particularly 
efficacious  in  those  cases  in  which  the  muscular  sub- 


stance is  involved  by  suppurating  cervical  glands. 
The  duration  of  the  treatment  may  be  from  several 
weeks  to  several  months.  If  the  deformity  has  per- 
sisted for  more  than  six  months  operative  treatment 
after  the  method  described  is,  as  a  rule  indicated.  It 
is  evident,  of  course,  that  if  acute  torticollis  is  of  sec- 
ondary origin  all  sources  of  possible  irritation  should 
be  looked  for  and  treated  if  found;  also  that  the  gen- 
eral condition  of  the  patient  should  receive  attention. 

Irregular  Forms  of  Torticollis. — Spasmodic  Tor- 
ticollis.— ^This  is  a  form  of  convulsive  spasm  of  the 
muscles  of  the  neck  resembling  somewhat  m  its  general 
characteristics  writer's  cramp.  It  is  e.ssentially  an 
affection  of  adult  life  and  is  more  common  in  individu- 
als of  a  neurotic  type.  The  onset  is  usually  gradual, 
the  first  indications  being  sensations  of  stiffness  and 
discomfort,  drawing  sensations,  and  twitchings  of  the 
liead.  When  the  affection  is  established  there  are  at 
intervals  spasmodic  contractions  of  the  affected  mus- 
cles, which  draw  the  head  with  a  jerking  motion  into 
the  attitude  of  extreme  deformity.  The  spasm  then 
relaxes,  to  recur  at  frequent  intervals.  These  con- 
tractions may  be  painless,  but  in  many  instances  the 
sensation  is  cramp-like.  After  a  time  deformity  per- 
sists, the  affected  muscles  becoming  hypertrophied  and 
structurally  shortened. 

Etiology. — Little  is  known  of  the  etiologj'.  Many 
of  the  patients  present  a  neurotic  family  or  personal 
history,  and  in  certain  instances  constant  or  con- 
strained attitudes  in  occupation,  defective  eyesight, 
and  the  like  apparently  induce  the  affection.  There 
is  little  tendency  toward  spontaneous  recovery. 

Treatment. — The  general  condition  of  the  patient 
should  receive  attention,  and  predisposing  causes, 
such  as  occupation,  should  be  avoided  if  possible. 
In  mild  cases  massage,  systematic  exercise,  and  in 
some  instances  support  in  the  form  of  a  collar  or  light 
metallic  brace  may  be  of  service.  In  confirmed  cases 
resection  of  the  nerves  that  supply  the  affected  mus- 
cles seems  to  be  the  most  effective  remedy. 

If  the  spasm  is  confined  to  the  sternomastoid  and 
trapezius  muscles  removal  of  a  portion  of  the  spinal 
accessory  nerve  may  be  sufficient.  An  incision  is 
made  along  the  anterior  border  of  the  sternomastoid 
muscle  from  the  mastoid  process  to  a  point  about  one 
inch  beyond  the  angle  of  the  jaw.  One  then  exposes 
by  blunt  dissection  the  transverse  process  of  the  atlas, 
which  lies  directly  below  the  mastoid  process.  This 
is  a  valuable  landmark  because  the  spinal  accessory 
nerve  usually  passes  directly  over  it,  or  slightly  in 
front  of  its  most  prominent  part.  Traction  on  the 
muscle  will  usually  make  the  nerve  prominent.  If  it 
is  not  readily  found  its  position  may  be  ascertained  by 
drawing  the  finger  nail  across  the  bottom  of  the  wound, 
a  sharp  contraction  following  pressure  on  the  nerve. 
This  having  been  isolated,  a  section,  at  least  an  inch 
long,  should  be  removed.  If  the  sternoniasfoid  mus- 
cle is  actually  shortened,  it  should  be  divided  and  a 
portion  of  the  trapezius  also,  if  this  resists  the  correc- 
tion of  the  deformity.  Fixation  of  the  head  is,  as  a 
rule,  not  recjuired  after  the  operation.  In  many 
instances  the  muscular  spasm  involves  the  other 
muscles  of  the  neck.  In  such  cases  resection  of  the 
posterior  branches  of  the  upper  cervical  nerves,  in 
addition  to  the  complete  division  of  the  contracted 
parts,  may  be  required. 

In  the  ordinary  ojjeration  an  incision,  about  three 
inches  in  length,  is  carried  downward  from  the  occiput, 
parallel  to  and  about  one  inch  from  the  spinous  proc- 
esses. It  is  continued  through  the  trapezius  and 
complexus  muscles,  exposing  the  posterior  branches  of 
the  nerves.  Those  of  the  tlirec  upper  ner\-es  are  then 
resected.  As  has  been  stated,  complete  division  of 
the  muscles  that  are  shortened  accompanies  the 
operation. 

Other  Forims  op  Irregular  Torticollis. — Paralytic 
Torticollis. — One  or  more  of  the  muscles  of  the  neck 
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inav  be  paralyzed,  most  often  the  result  of  an  exten- 
sive anterior  poliomyelitis.  Isolated  paralysis  of  the 
muscles  is  unconnnon. 

Diphtheritic  Torticollis. — Paralysis  of  muscles  may 
be  a  sequel  of  diphtheria,  the  trapezu  muscles  bemg 
most  often  involved.  This  allows  a  forward  droop  of 
the  head.     The  diaRnosis  is  usually  apparent. 

Posterior  Torticollis. — The  most  common  form  of 
))ostcrior  torticollis  is  the  so-called  cervical  opistho- 
tonos which  is  often  a  symptom  of  cerebrospuial  or 
biL<ilar  meningitis.  A  slight  dcRree  of  the  same 
(leformitv  is  not  uncommon  in  ill-nourished  infants. 

finrhit'ic  Torticollis.— In  the  progressive  stage  of 
rachitis,  in  which  the  characteristic  kyphosis  is 
present  in  the  lower  part  of  the  spine,  the  head  may  be 
tilted  backward  in  compensation.  Occasionally  the 
attitude  may  be  increased  by  slight  spasm  of  the 
posterior  muscle. 

Ocular  TnrticolUs.—la  rare  instances  the  head  may 
be  carried  habitually  in  an  attitude  of  lateral  distor- 
tion to  accommodate  defective  vision.  This  is,  how- 
ever, rather  an  improper  attitude  than  a  symptom  of 
torticollis.  The  treatment  of  these  uncommon  and  as 
a  rule  unimportant  varieties  of  deformity  does  not 
require  especial  consideration. 

RoY.\L  Whitm.\x. 


Toxascaris. — A  genus  of  roundworms  in  which 
the  anterior  end  of  the  body  is  bent  dorsally.  T. 
caiiis  is  the  common  ascarid  of  dogs  and  has  been 
recorded  from  man.     See  Nematoda.  A.  S.  P. 


Toxoplasma. — A  genus  of  parasites  which  resem- 
ble Leishmania,  but  possess  only  one  central  chromatic 
mass.     See  Protozoa.  A.  S.  P. 


Toynbee,  Joseph. — Born  at  Heckington,  Lincoln- 
shire, in  181.^.  He  studied  medicine  at  the  West- 
minster General  Dispensary,  and  at  St.  George's 
Hospital  in  London.  At  a  very  early  stage  of  his 
professional  career  he  showed  a  decided  predilection 
for  anatomical  work,  and  he  was  therefore  greatly 
pleased  when  the  opportunity  presented  itself  for  hira 
to  secure  a  position  as  Assistant  Curator  in  the  .Anat- 
omical Museum  of  the  Royal  College  of  Surgeons. 
During  the  years  18-11-55  he  published  in  the  Med- 
ico-Chirurgical  Transactions  five  separate  reports 
in  which  he  gave  the  results  of  his  sections  of  speci- 
mens of  the  organ  of  hearing.  In  1857  he  published  a 
catalogue  of  IG.W  such  sections,  suitable  explanatory 
text  being  furnished  wherever  such  explanations 
seemed  to  be  desirable.  But  Toynbee  was  not 
merely  a  worker  in  the  pathological  anatomy  of  the 
ear;  he  was  also  a  very  busy  otiatric  practitioner,  and 
taught  otologv  at  St.  Mary's  Hospital,  London.  He 
died  July  7,  .1866. 

To  Toynbee  belongs  the  credit  of  having  been  the 
first  to  carry  out  systematic  investigations,  on  a  large 
scale,  into  the  pathological  anatomy  of  the  organ  of 
hearing.  In  addition  to  the  valuable  works  which  he 
published  on  this  subject  he  was  the  author  of  a  text- 
book on  "Diseases  of  the  Ear"  (London,  1860)  and  of 
a  number  of  smaller  treatises  on  the  anatomy  and 
physiology  of  the  organ  of  hearing.  A.  H.  B. 

Tracheotomy. — The  term  tracheotomy  is  used  in 
general  to  signify  an  opening  made  from  without 
into  the  windpipe  in  any  part  of  its  course.  Accord- 
ing to  location  we  refer  to  tracheotomy  as  superior 
or  inferior;  superior  when  the  opening  is  made  above 
the  isthmus  of  the  thyroid  gland  and  inferior  when  the 
opening  is  below  the  isthmus  of  that  gland. 

Indic.vtioxs. — The  object  of  a  tracheotomy  may 
be  either  to  furnish  a  new  aperture  for  the  respiratory 
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current,  when  the  natural  one  is  no  longer  sufficient, 
or  to  afford  access  to  the  interior  of  the  tracheal  canal 
for  local  therapeutic  purposes  or  for  the  removal  of 
foreign  bodies  lodged  within  it.  In  these  cases  it  is 
a  remedial  measure.  In  addition,  it  may  be  indicated 
as  a  preventive  measure  as  a  preliminary  to  some 
surgical  operations  involving  the  cavity  of  the  nose, 
pharynx  or  larynx  and  to  facilitate  the  administration 
of  anesthetics. 

Any  affection,  laryngeal  or  supralaryngeal,  which  is 
causing  or  threatening  asphyxia,  is  an  indication  for 
remedial  tracheotomy.  These  conditions  may  be 
classified  into:  (1)  Traumatic  conditions;  (2)  inflam- 
matory conditions;  (3)  neoplasms.  Some  considera^ 
tion  of  each  of  these  classes  is  necessary: 

Traumatic  Conditions. — First  under  this  head  come 
wounds  of  the  larynx.  When,  as  a  result  of  such  a 
wound,  blood  is  flowing  into  the  trachea  and  the 
hemorrhage  cannot  be  controlled  by  ordinary  means, 
also,  when  the  wound  has  so  injured  the  epiglottis 
that  it  falls  upon  and  occludes  the  orifice  of  the 
glottis,  immediate  opening  of  the  trachea  is  imperative. 

Burns  of  the  larynx  and  pharynx,  the  result  of 
swallowing  hot  fluids  or  caustic  agents,  are  liable  to 
be  followed  by  edema  sufficiently  great  to  require 
tracheotomy. 

Fractures  of  the  larynx  or  •  displacement  of  the 
cartilages  may  bring  about  conditions  making 
tracheotomy  necessary.  Paralysis  of  the  glottic 
dilators,  from  injury  of  the  laryngeal  nerves  or  their 
compression  by  displaced  cartilages  or  inflammatory 
effusions  wUl  indicate  tracheotomy. 

Cicatricial  contractions  resulting  from  any  cause 
may  produce  stenosis  of  the  larynx  or  trachea  and 
greatly  embarrass  the  respirations.  Tracheotomy 
in  this  instance  will  not  only  relieve  the  dyspnea, 
but  measures  for  dilatation  of  the  stricture  are  facili- 
tated also.  Intubation  may,  however,  be  substituted 
for  tracheotomy  in  some  of  these  cases. 

Foreign  bodies  in  the  air  passages  are  most  likely 
to  be  arrested  at  the  upper  laryngeal  opening,  at  the 
ventricle  or  the  glottis,  at  the  bifurcation  of  the 
trachea,  or  in  the  right  bronchus.  They  are  more  apt 
to  enter  the  right  bronchus  than  the  left  because  the 
right  lung  is  larger  and  there  is  a  greater  intake  of 
air  and  a  stronger  current;  the  right  bronchus  has 
the  larger  transverse  diameter;  it  is  less  horizontal 
and  therefore  more  directly  a  continuation  of  thej 
trachea  than  the  left  bronchus. 

Infiammatorij  Conditions. — Stenosis  of  the  laryns 
of  such  severity  as  to  demand  tracheotomy  may  arise ' 
in  the  course  of  any  of  the  inflammatory  conditions 
to  which  the  larynx  is  subject.  Severe  dyspnea  which 
does  not  respond  to  therapeutic  measures  may  occur 
during  the  course  of  an  attack  of  acute  catarrhal 
laryngitis;  prompt  surgical  interference  would  be 
indicated  under  these  conditions  to  avert  a  speedily 
fatal  issue.  The  edema  in  some  of  these  cases  may 
develop  slowly  and  the  measures  other  than  surgical 
can  be  resorted  to.  Many  of  the  cases,  though  there 
may  be  great  apparent  danger  for  some  time, 
ultimately  end  in  spontaneous  recovery. 

The  results  of  tracheotomy,  when  done  for  the  relief 
of  acute  inflammatory  occlusion  of  the  glottis,  are 
very  encouraging,  when  done  with  the  proper  pre- 
cautions and  after-care.  The  question  of  chief  inv 
portance  to  the  phj-sician  in  care  of  an  acute  laryn- 
gitis is  to  determine  the  degree  of  urgency  attained 
by  the  suffocating  symptoms  justifying  him  in  open- 
ing the  trachea.  He  should  not  wait  until  the  patient 
is  in  extremis,  nor  should  he  be  precipitate  in  action 
for  spontaneous  recovery   may  super^■ene. 

Pseudomembranous  laryngitis  \\ith  the  formation 
of  a  pseudomembrane  upon  the  mucous  lining  of  the 
larynx  is  one  of  the  most  frequent  causes  of  laryngeal 
stenosis.  Intubation  has  become  such  a  common 
usage  in  these  pseudomembranous  conditions  that 
tracheotomy   is    not    done   nearly   so    frequently    as 
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formerly.  Tracheotomy  has  its  advantages  as  well 
as  its  disadvantages  in  these  conditions.  In  the  pro- 
cedure the  surgeon  is  given  ready  access  to  the  interior 
nf  the  trachea  and  is  enabled  to  remove  at  once  from 
it  any  masses  of  detached  exudate  that  may  be  present. 
The  entire  trachea  can  be  cleaned  and  pieces  of  mem- 
brane that  may  have  gone  as  far  down  as  the  bronchi 
can  be  removed.  Through  the  tracheal  opening 
local  medication  of  the  trachea  and  the  larger  bronchi 
is  facilitated,  a  more  direct  and  accessible  way  being 
provided  for  the  introduction  of  sprays  and  solutions, 
forceps  and  swabs,  as  the  after-course  of  the  disease 
may  require. 

When  the  indication  for  tracheotomy  is  present, 
viz.,  laryngeal  stenosis  to  such  a  degree  as  to  be  a 
source  of  danger  either  directly  or  indirectly,  there 
can  be  no  contraindication  to  the  operation.  What- 
ever the  degree  of  septicemia,  if  the  stenosis  is  great 
enough  materially  to  intensify  it,  the  operation  should 
still  be  done.  Coexisting  pneumonia,  bronchitis, 
exhaustion,  and  even  apparent  death,  instead  of 
contraindicating,  do  the  more  distinctly  indicate  it. 
These  and  other  complications  render  the  prognosis 
more  grave  but  do  not  justify  a  refusal  to  operate. 

Neoplasms  may  become  an  indication  for  trache- 
otomy either  by  pressure  from  without,  as  in  goiter, 
or  by  blocking  up  the  air  passage  from  within,  as  in 
carcinoma  and  papilloma. 

An'.\tomical  Considerations. — During  the  opera- 
tion of  tracheotomy  it  is  highly  important  that  the 
surgeon  keep  in  mind  the  anatomical  details  of  the 
region  in  which  he  operates.  The  vascular  condi- 
tions in  the  pretracheal  space  vary  so  much 
that  the  greatest  caution  should  be  used  in 
attempting  to  approach  the  trachea  through 
it.  There  is  no  line  of  safety  to  be  preserved. 
Whatever  freedom  from  other  complications 
may  be  present,  the  presence  at  least  of  an 
important  venous  plexus,  covering  the 
trachea  in  the  middle  line,  will  demand 
special  precautions  for  its  avoidance,  except 
in  occasional  instances. 

The  loose  character  of  the  connective 
tissue  which  fills  the  pretracheal  space  per- 
mits great  mobility  to  the  trachea  both 
vertically  and  from  side  to  side.  To  this 
mobility  is  due  the  mischance,  which  has 
happened  to  some  operators,  to  miss  the 
trachea  altogether,  by  reason  of  its  having 
been  pulled  to  one  side  from  the  line  of  in- 
cision, and  to  continue  their  dissection  until 
arrested  by  the  vertebral  column.  The  lax 
connective-ti.ssue  envelope  also  permits  the 
burrowing  of  the  tube  in  front  or  at  the 
side  of  the  trachea  w-hen  unskilful  or  hasty 
attempts  at  its  introduction  are  made  while 
the  lips  of  the  tracheal  incision  are  not 
properly  retracted,  and  the  field  of  operation  is  covered 
with  blood. 

The  cricoid  cartilage,  being  the  most  easily  and 
certainly  identifiable  point  along  the  laryngotracheal 
tube  from  the  outside  in  children,  becomes  the  most 
important  landmark  in  the  anterior  median  region 
of  the  neck  by  which  to  determine  the  first  incisions 
for  tracheotomy. 

Tracheotomy  may  be  done  at  any  point  between 
the  cricoid  cartilage  and  a  short  distance  above  the 
suprasternal  notch.  The  difficulties  of  the  operation 
increase  with  the  distance  from  the  cricoid  because 
the  depth  of  the  trachea  from  the  surface  increases 
as  it  approaches  the  thorax;  it  is  more  movable;  it 
is  more  completely  covered  in  by  the  sternohyoid 
and  the  sternothyroid  muscles;  it  is  more  apt  to  be 
overlapped  by  the  common  carotids,  or  crossed  by 
the  left  common  carotid  artery  when  it  arises  from 
the  innominate  artery,  or  by  various  venous  trunks, 
and  in  children  under  two  years  of  age  the  upper  edge 
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of  the  vascular  thymus  gland  may  lie  in  front  of  the 
trachea  at  the  root  of  the  neck. 

Superior  Tracheotomy. — The  first  ring  of  the 
trachea  being  the  only  one  usually  exposed  above  the 
isthmus,  it  is  evident  that  sufficient  room  for  a  satis- 
factory opening  into  the  tube  can  be  gained  only  by 
drawing  the  Isthmus  down  so  as  to  expose  the  rings 
behind  it  or  by  extending  the  incision  upward  through 
the  cricoid  cartilage.  The  high  operation  fcricotra- 
cheotomy)  and  the  advantages  of  it  may  be  considered 
by  the  inexperienced  operator.  The  operative  diffi- 
culties are  less,  the  parts  are  more  superficial  and 
the  likelihood  of  hemorrhage  is  not  so  great. 

Inferior  Tracheotomy. — In  most  of  the  conditions 
for  which  tracheotomy  is  required  the  low  incision 
Ls  preferable.  In  stenosis  from  diphtheritic  laryn- 
gitis, in  cases  of  foreign  bodies  in  the  air  passages 
(unless  there  is  good  evidence  that  the  body  Ls  fixed 
in  the  lar\-nx  or  high  up  in  the  trachea),  in  many  cases 
of  chronic  laryngeal  disease,  in  cases  of  stenosis  of 
the  trachea  and  preliminary  tracheotomy  to  facili- 
tate operations  upon  the  larynx,  it  is  desirable  to 
make  the  opening  into  the  trachea  at  some  point 
below  the  larynx.  The  disadvantages  of  operating 
at  this  point  have  been  discussed  above  under  the 
anatomical  considerations,  but  for  a  skilful  operator 
the  advantages  offered  at  this  point  more  thaa 
compensate  for  the  disadvantages. 

Operath-e  Technique. — Instruments. — The  instru- 
ments necessary  are;  a  small  scalpel;  a  small,  probe- 
pointed  curved  bistoury;  director;  six  pairs  of  hemo- 
static   forceps;    two    pairs    of    anatomical    forceps; 


Fia.  4801. — Showing  the  Relation  of  the  Inner   Tube  and  of  the  Obtunder  to 
the  Tracheal  Cannula. 

retractors;  sharp  double  hook  for  fixing  and  steadying 
the  trachea;  a  pair  of  curved  forceps  for  introduction 
into  the  trachea  and  a  tracheal  cannula. 

The  cannula  which  is  used  to  prevent  premature 
closure  of  the  tracheal  opening,  should  be  made  of 
silver  or  aknninum.  curved  so  as  to  approximate  the 
quadrant  of  a  circle  and  to  the  outer  end  is  loosely 
attached  an  expanded  shield-like  plate,  to  which 
tapes  are  fastened  to  secure  it  in  place.  The  tubes  are 
made  in  four  sizes,  ranging  from  5  to  10  millimeters 
in  the  outside  diameter,  30  to  50  millimeters  in  length, 
with  a  radius  of  curvature  of  from  19  to  29  milli- 
meters. The  cannula  consists  of  two  tubes,  an  outer 
and  inner.  The  inner  tube  can  be  removed  at  any 
time  for  cleansing  without  disturbing  the  outer  tube 
and  the  tissues  around  it. 

Anesthetics. — I'sually  complete  insensibilitv  has 
already  developed  from  the  asphyxia  which  is  the 
indication  for  tracheotomy,  and  no  anesthetic  is 
needed.     In  some  cases,  however,  the  blocking  of  the 
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air  passage  is  not  complete  and  an  anesthetic  can  be 
given.  Chloroform  is  preferred,  since  it  is  less  irritat- 
ing to  the  mucous  membrane  of  the  air  passages  which 
is  an  important  factor  in  these  cases. 

Pre  partitions  for  the  Operation. — Usually  these  opera- 
tions are  done  under  adverse  conditions  so  far  as  pre- 
paring for  the  operation  is  concerned,  and  provisions 
for  a  table,  lights,  assistants,  etc.,  have  to  be  met  the 
lx>st  way  possible.  Sponges,  ligatures,  tape  for  holding 
the  cannula  in  place,  a  piece  of  rubber  tubing  for 
in.sulation,  should  it  be  necessary,  and  iodoform  for 
application  to  the  wound  surfaces  should  all  be  ready. 

The  position  of  the  patient  should  be  one  in  which 
the  neck  is  thoroughly  extended.  A  firm  cushion 
should  be  placed  under  the  .shoulders — not  under  the 
neck — so  as  to  lift  them  up  and  cause  the  head 
to  fall  back  and  thus  extend  the  neck  as  the  patient 
lies  on  the  back. 

The  Opcralion.  —  Inferior  Tracheotorny.  —  F^very 
thing  being  ready,  the  cricoid  cartilage  is  identified  as 
the  fir-st  landmark  for  the  operation.  The  skin  is 
made  tauglit,  the  trachea  steadied  and  with  a  scalpel 
a  free  incision  is  made  through  the  skin  and  the  super- 
ficial lavcr  of  the  superficial  fascia  from  the  cricoid 
to  the  upper  border  of  the  sternum.  It  is  always 
best  to  make  a  free  external  incision.  .411  hemorrhage 
is  properly  controlled.  The  deeper  layer  of  fascia  is 
now  exposed  and  incised  throughout  the  length  of 
the  cutaneous  incision,  great  care  being  taken  to 
avoid  the  large  branches  of  the  anterior  jugular  plexus 
of  veins  which  closely  aproximate  each  other  in  the 
median  line  of  the  neck.  The  fascia  is  retracted  and 
the  connective  ti.ssue  which  joins  the  inner  margins  of 
the  anterior  ribbon  muscles  of  the.neck  is  exposed  and 
separated  by  blunt  dissection.  This  dissection  is 
continued  until  the  trachea  and  the  lower  border  of 
the  isthmus  are  exposed.  The  anterior  wall  of  the 
trachea  is  now  to  be  hooked  up  in  the  middle  line  by  a 
tenaculum  and  held  steadily  with  one  hand,  while, 
with  the  other  hand  the  knife  is  pushed  through  the 
wall  of  the  trachea  into  its  cavity.  The  incision  in 
the  tube  is  now  made  one  and  a  half  times  as  large 
as  the  diameter  cf  the  cannula  which  is  to  be  inserted 
by  the  probe-pointed  curved  bistoury.  As  soon  as 
the  cut  in  the  trachea  has  been  made,  its  edges  are 
retracted  by  the  tracheal  retracting  hooks.  An 
assistant  now  holds  these  hooks  while  the  operator 
makes  a  thorough  inspection  of  the  interior  of  the 
trachea.  The  trachea  is  cleared  of  pus  and  mem- 
branous flakes  as  nearly  as  possible,  care  being  taken 
to  keep  this  material  and  blood  from  the  lungs. 

All  hemorrhage  being  controlled  and  the  wound 
edges  dusted  with  iodoform,  the  cannula,  armed  with 
its  retaining  tapes,  is  slipped  in  place.  The  tapes  are 
passed  around  the  neck  and  tied  to  hold  the  cannula 
in  place.  The  tapes  should  not  be  too  tight  as  the 
later  swelling  of  the  tissues  will  increase  this  tension 
and  cause  nnich  suffering  to  the  patient.  The  final 
dressing  is  now  applied  in  the  form  of  a  compress  of 
gauze  which  is  large  enough  to  cover  the  wound  well. 
This  compress  should  be  slit  down  to  the  center  on 
one  side  so  as  to  apply  it  around  the  cannula.  A  veil 
or  sponge  wrung  out  of  hot  water  is  placed  over  the 
external  opening  of  the  cannula  to  keep  out  dust  and 
moisten  the  inspired  air.  This  completes  the  opera- 
tion and  the  patient  may  be  removed  to  his  bed. 

Superior  Tracheotomy. — The  cricoid  is  again  the 
landmark.  The  incision  is  at  least  one  and  a  half 
inches  long,  the  center  of  which  is  over  the  cricoid. 
Blunt  dissection  of  tlie  deep  fascia  will  expose  the 
lower  border  of  the  cricoid  and  the  isthmus,  the 
isthmus  being  loosened  and  retracted  downward 
and  the  upper  two  or  three  rings  of  the  trachea  are 
exposed.  The  toilet  of  the  trachea  and  the  insertion 
of  the  cannula  are  done  as  in  the  low  operation. 

After-treatment. — Keeping  up  the  normal  nutri- 
tion of  the  patient  may  be  difficult,  not  becau.se  it 
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hurts  him  to  swallow,  but  because  of  his  general 
state.  Partial  paralysis  may  prevent  the  proper 
closure  of  the  glottis  during  deglutition  and  violent 
coughing  may  be  provoked  by  food  entering  the  larynx. 
In  these  cases  feeding  must  be  done  by  rectum  or 
through  an  esophageal  tube.  The  air  should  be 
pure  and  abundant,  as  well  as  warm  and  moist. 
If  no  complication  arises,  the  fever,  which  is  usually 
slight,  will  demand  no  special  attention;  if  it  is  ex- 
cessive and  prolonged,  the  cause  for  it  should  be 
sought  in  some  complication  to  which  appropriate 
treatment  must  be  directed. 

The  Wound. — While  the  wound  remains  open,  no 
dressing  should  be  applied  which  will  retain  the 
secretions.  Twice  daily  the  wound  should  be  dusted 
with  iodoform  to  prevent  septic  changes.  After 
the  cannula  has  been  removed,  the  wound  rapidly 
contracts,  the  cannula  fistula  collapses,  its  walls 
quickly  adhere,  and  a  simple  superficial  granulating 
surface  is  left,  the  treatment  of  which  is  conducted  on 
general  principles. 

Gangrene  of  the  Wound. — This  may  manifest 
itself  either  in  a  progressive  ulcerative  process  that 
converts  the  wound  into  a  spreading  ulcer,  or  in  the 
formation  of  distinct  sloughs  of  necrosed  tissue.  A 
black  discoloration  of  the  cannula,  caused  by  the  dis- 
engagement of  sulphureted  hydrogen,  indicates  the 
beginning  of  the  gangrenous  process.  The  treat- 
ment consists  in  the  use  of  local  stimulants  and 
antiseptics. 

Care  of  the  Cannula. — A  constant  watch  should  be 
had  over  the  cannula.  The  nurse  must  be  thoroughly 
familiar  with  the  mechanism  of  the  double  tube  and 
know  how  to  remove  and  replace  the  inner  tube  with 
the  least  possible  disturbance  to  the  patient.  The 
inner  tube  should  be  removed  only  when  there  is  a 
manifest  occasion  for  it,  as  shown  by  some  interfer- 
ence with  the  free  passage  of  air.  If  the  toilet  of  the 
trachea  has  been  done  properly  before  the  tube  is 
introduced,  the  amount  of  expectoration  will  not  be 
groat  during  the  first  twenty-four  hours,  but  the  tube 
may  become  clogged  at  any  time  from  broken-down 
membranes  or  tracheal  secretions.  The  outer  tube 
may  not  be  disturbed  for  the  first  two  days.  .At  the 
end  of  this  time  it  will  be  desirable  to  remove  the 
whole  apparatus  for  cleaning.  The  wound  will 
usually  remain  open,  the  tube  can  be  cleaned  and 
easily  replaced.  Attempts  to  dispense  with  the  tube 
should  be  made  in  a  few  days.  As  soon  as  any  marked 
distress  is  caused  by  the  absence  of  the  tube  it  should 
be  replaced,  and  further  attempts  deferred  until 
another  daj'.  In  some  cases  the  tube  may  have  to 
be  worn  continuously,  but  usually  it  can  be  dispensed 
with.  "         P.   M.  Lewis. 


Tragacantha  (U.  S.). — Tragacanih,  a  gummy  exu- 
dation from  Astragalus  gummifer  L.,  and  from  other 
Asiatic  species  of  Astragalus  (fam.  Lcguminosa:).  The 
species  yielding  this  gum  are  straggling,  spiny  shrubs 
of  southwestern  'Asia,  some  of  them  extentling  into 
southwestern  Europe.  The  gum  is  a  product  of 
the  mucilaginous  degeneration  of  the  cell  walls  of 
the  pith.  At  certain  seasons  it  is  subjected  to  a 
great  pressure  within  the  stem,  by  which  it  is 
forced  out  through  any  opening  reaching  to  the  sur- 
face. Many  such  openings  occur  from  natural 
causes,  while  others  are  made  for  the  purpose  by  the 
gum  collectors.  The  form  of  the  exudate  varies 
somewhat  with  that  of  the  opening,  so  that  cylin- 
draceous  ("vermicelli"),  ribbon-like  ("flake"),  tear 
forms,  etc.,  occur.  Most  of  the  flake  form  is  obtained 
from  artificial  incisions.  The  gum  is  gathered 
promiscuously  by  the  collectors,  and  is  carefully 
a.ssorted  by  professional  pickers  after  being  marketed. 
There  are  numerous  commercial  grades,  primarily 
designated  by  number,  and  depending  upon  the 
rarity,  solubility,  and  whiteness  of  the  article. 
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Description. — In  narrow  or  broad  bands,  more  or 
less  curved  or  contorted,  marked  by  parallel  lines  or 
ridges,  white  or  faintly  yellowish,  translucent,  horn- 
like, tough,  and  rendered  more  easily  pulverizable 
by  a  heat  of  50°  C.  (122°F.). 

On  treating  tragacanth  with  water,  it  swells  and 
gradually  forms  a  gelatinous  mass,  which  is  tinged 
blue  by  iodine  T.S.,  and  the  fluid  portion  of  which  is 
precipitated  by  the  addition  of  alcohol,  but  is  not 
colored  blue  by  iodine  T.S. 

Tragacanth  consists  of  from  one-third  to  one-half 
its  weight  of  bassoriri  (CsHioOs),  an  insoluble  gum  com- 
mon in  a  number  of  commercial  products  (bassora 
gum,  simaruba  gum,  cherry-tree  gum,  etc.)  and  of 
extended  occurrence  in  the  vegetable  kingdom.  It 
is  capable  of  absorbing  a  good  many  times  its  weight 
of  water,  when  it  becomes  transparent,  soft,  and  jelly- 
like, but  will  not  dissolve  clearly  when  more  water  is 
added.  Bassorin  can  be  seen  reasonably  pure  by 
putting  a  piece  of  tragacanth  in  a  tumblerful  of  water 
and  letting  it  remain,  say,  twenty-four  hours  until 
the  soluble  gum  is  dissolved.  About  half  of  traga- 
canth consists  also  of  a  soluble  gum,  of  the  arabin 
series.  Water,  mineral  substances,  and  impurities 
constitute  the  remainder.  Tragacanth  has  no  medi- 
cinal, and  very  little  nutritive  value.  It  is  very 
largely  used  in  the  arts  for  sizing,  mucilage,  etc., 
and  has  considerable  employment  in  pharmacy,  where 
it  is  used  as  a  basis  of  emulsions,  for  the  suspension  in 
liquid  of  powders  and  insoluble  substances  in  "mix- 
tures;" as  a  body  for  troches,  etc.  It  appears  in  the 
following  preparations:  Trochisci  Acidi  Tannici. 
Trochisci  Ipecacuajihne,  Trochisci  Potassii  Chloralis, 
Trochisci  Tannici,  Trochisci  Zingiberis.  There  is  a 
Mucilage  of  tragacanth  (Mucilago  Tragacanlhcr. 
U.  S.  P.)  consisting  of  six  parts  of  tragacanth,  eighteen 
of  glycerin,  and  enough  water  to  make  a  hundred; 
this,  "diluted  with  about  as  much  water,  will  emulsion- 
ize  cod-liver  or  castor  oil  sufficiently  well;  the  usual 
method  is  to  make  the  emulsion  one-half  oil.  It 
may  be  flavored  with  peppermint,  almond,  or  other 
fragrant  substance.  For  desk  purposes,  as  an  ad- 
hesive mucilage,  tragacanth,  softened  with  thymol 
water  and  kept  from  evaporation,  will  not  decom- 
pose or  sour  in  the  least,  even  after  vears. 

"W.  P.  BOLLE.S. 


Training  Schools  for  Nurses. — The  early  history 
of  the  organization  and  development  of  training 
schools  for  nurses  was  so  well  described  in  1889  bj' 
Professor  W.  Oilman  Thompson  of  New  York,  that 
I  take  the  liberty  of  quoting  here  from  his  sketch  of 
that  date  in  the  first  edition  of  this  HA>rDB00K. 

"Organized  nursing  schools  are  of  very  recent  date, 
and  their  establishment  arose  from  the  experience 
of  army  hospitals  in  European  wars,  especially  the 
Crimean  War.  The  nurses  of  religious  sisterhoods, 
midwives,  and  monthly  nurses  were  originally  the 
women  who  followed  nursing  as  an  occupation.  In 
France  the  nursing  is  mainly  in  the  hands  of  Roman 
Catholic  sisterhoods,  and  in  the  hospitals  of  Paris 
alone  are  over  600  sisters  who  superintend  the  hired 
attendants.  In  Russia  the  Sisters  of  Mercy  have 
done  the  nursing  since  the  Crimea,  and  in  Italy  a 
similar  arrangement  obtains.  But  in  January,  1883, 
the  'St.  Paul's  Home  for  Trained  EngUsh-speaking 
Nurses'  was  started  in  Rome  by  a  few  graduates  of 
American  and  English  training  schools.  This  insti- 
tution has  been  very  successful.  Its  object  is,  how- 
ever, merely  to  afford  a  home  to  nurses  who  have 
been  trained  elsewhere.  In  Germany,  among  a  great 
variety  of  Protestant  and  Roman  Catholic  nursing 
systems,  many  have  become  famous.  Pastor  Theodor 
Fliedner  founded  the  'Institute  of  Deaconesses'  at 
Kaiserswerth  in  1836,  where,  in  after  years,  Miss 
Nightingale  completed  the  early  training  which  made 
her  such  a  successful  advocate  of  thorough  instruction 


in  nursing.  There  are  upward  of  three  thousand 
deaconesses  at  present  connected  with  this  institute 
and  with  others  in  Germany  modelled  after  it.  There 
are  many  Sisters  of  Charity  who  serve  as  nurses,  and 
one  of  the  best  secular  schools  similar  to  the  training 
schools  is  at  the  'Kaiserin  Augusta  Hospital'  in 
Berlin. 

"The  'International  Hospital  and  Field  Service 
Society  of  Surgeons  and  Nurses'  became  famous  on 
foreign  battlefields,  and  after  the  experiences  of  the 
German  wars  [in  1866  and  1870]  the 'Albert  Verein'  was 
organized  in  Dresden  and  Leipsic.  The  nurses  of  this 
society  are  thoroughly  trained  by  practical  courses 
and  lectures.  Rewards  and  favors  are  granted  for 
merit,  and,  if,  after  three  years  of  active  service,  their 
health  should  become  impaired,  they  are  pensioned. 
They  are  sent  out  from  the  school  to  nurse  private 
cases. 

"In  Vienna  the  nursing  is  done  by  sisters,  and  also 
by  women  who  work  without  special  organization. 
In  England  female  nurses  in  hospitals  are  mentioned 
as  early  as  1760,  and  in  1791  they  were  indorsed  by 
the  governors  of  the  London  Hospital.  In  1801  there 
were  women  nurses  in  the  Woolwich  Artillery  Hos- 
pital. For  the  past  thirty  years  special  attention  has 
been  directed  in  England  to  nursing  systems.  .At 
Guy's  Hospital  nurses  were  trained  by  Mrs.  Elizabeth 
Fry  for  many  years  before  a  school  w.-us  formally 
opened  in  November,  1879.  The  Protestant  orders 
of  St.  John  and  of  .\11  Saints  for  many  years  per- 
formed satisfactorily  the  nursing  for  King's  College 
Hospital,  Charing  Cross  Hospital,  and  the  University 
College  Hospital.  The  Order  of  St.  John  sent  nurses 
with  Miss  Nightingale  to  the  Crimea.  In  June,  1860, 
a  training  school  was  founded  at  St.  Thomas'  Hospital, 
London,  through  the  generosity  of  Miss  Nightingale. 
This  school,  after  being  in  successful  operation  for 
several  years,  was  made  the  subject  of  special  study 
by  the  New  York  State  Charities  .\id  .\ssociation, 
and  taken  as  a  model  for  the  Bellcvuc  Hospital  .School, 
as  well  as  for  most  of  the  other  American  schools.  In 
1874  a  school  was  opened  at  Westminster  Hospital, 
London,  and  ten  years  later  a  special  building  was 
erected  with  accommodation  for  fifty  nurses.  It  is 
desired  to  establish  district  nursing  among  the  poor 
in  connection  with  this  school.  In  1861  a  training 
school  was  founded  in  Liverpool  for  district  nursing, 
and  a  great  reform  in  the  quality  of  nursing  was  insti- 
tuted at  the  Liverpool  Workhouse.  In  1866  there 
were  two  schools  in  Dublin,  and  there  is  now  an  ex- 
cellent school  at  the  Glasgow  Royal  Infirmary.  In 
1867  a  school  was  founded  at  the  Sydney  Infirmary, 
New  South  Wales.  There  are  also  new  schools  in 
Russia,  Sweden,  and  Holland. 

"Toward  the  end  of  the  eighteenth  century  Dr. 
Valentine  Seaman  gave  a  course  of  twenty-six  lectures 
to  the  nurses  of  the  New  York  Hospital  upon  impor- 
tant topics  in  relation  to  nursing  and  hygiene.  These 
lectures  were  published  in  ISOO,  and  they  are  the  first 
recorded  effort  for  the  improved  training  of  nurses 
in  the  United  States.  In  Philadelphia  in  1838  the 
Society  of  Friends  formed  a  nurse  society  by  which 
they  raised  the  standard  of  nursing  and  relieved  the 
Roman  Catholic  sisterhoods  from  doing  the  work 
alone.  The  Philadelphia  Lying-in  Charity  h;is  in- 
structed nurses  in  special  branches  for  forty-two  years. 
St.  Luke's  Hospital  in  New  York  has  been  supplied 
since  1853  (until  recently)  with  nurses  of  the  Protes- 
tant Episcopal  Order  of  the  Holy  Communion.  Sev- 
eral Lutheran  charitable  societies  have  trained  nurses 
in  various  parts  of  the  country,  and  some  two  thou- 
sand of  these  women  served  during  the  War  of  the 
Rebellion.  During  this  war  women  nurses  were  also 
sent  to  the  field  and  hospitals  under  the  auspices  of 
the  Sanitary  Commission  and  of  the  .\inerican  Society 
of  the  Red  Cross.  The  latter  society,  aided  by  the 
enthusiasm  of  Miss  Clara  Barton,  has  done  a  great 
deal  in  recent  years  to  nurse  the  sufferers  from  \ollow 

243 


Training  Schools  for  Nurses 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


fever  and  from  Hoods  in  the  South  and  elsewhere. 
\t  Syracuse,  X.  Y.,  a  Protestant  Episcopal  sisterhood 
hius  nursed  for  the  Hospital  of  the  Good  Shepherd  for 
ten  years,  and  the  deacoiiesses  are  sent  out  to  nurse 
in  private  families,  in  other  institutions,  and  among 
the  poor.  Many  excellent  orders  of  like  nature  have 
long  existed  throughout  the  country  for  the  purpose 
of  trainins  and  supporting  nurses. 

"In  1S7:J  three  training  schools  for  nurses  were 
almost  simultaneously  established  in  New  York,  New 
Haven,  and  Boston,  and  from  this  year  dates  the  im- 
petus to  the  improved  nursing  system  which  has  led, 
in  fourteen  years,  to  the  establishment  of  over  thirty- 
five  schools  m  various  cities  of  the  United  States,  with 
an  outlay  of  many  thousand  dollars.  There  have  been 
thus  far"ncarly  two  thousand  nurses  graduated." 

During  the"  fir.st  fifteen  years  of  their  existence, 
dating  from  1873,  training  schools  for  nurses  made 
scarcely  any  progress  from  an  educational  standpoint. 
In  spite  of  this  fact,  however,  from  the  very  beginning 
their  influence  upon  the  establishment  of  hospitals 
throughout  the  country  has  been  most  marked.  With 
the  realization  of  the  value  of  systematized  methods 
of  caring  for  the  sick,  hospitals  began  to  multiply, 
and  with  the  founding  of  nearly  every  hospital,  a  train- 
ing school  for  nurses  was  made  part  of  the  organiza- 
tion. So  rapid  has  been  this  growth  that  there  are 
now  few  towns  in  the  United  States  of  any  size  with- 
out one  or  more  hospitals  in  which  the  nursing  shows 
the  influence  of  the  rajjid  advance  both  in  theory  and 
practice. 

The  great  flaw  in  the  training  schools  in  the  first 
years  of  their  organization  w-as  to  be  found  in  the  lack 
of  theoretical  work.  The  education  of  the  nurse  was 
almost  entirely  along  practical  lines  and  even  this  part 
of  her  training  was  somewhat  haphazard  and  mechan- 
ical. The  system  of  nursing  as  first  instituted  in  the 
leading  hospitals  required  as  a  rule  a  two  years'  course 
of  training,  and  during  the  first  year  the  only  theoret- 
ical instruction  given  ^vas  in  the  form  of  classes  and 
lectures  with  final  examinations  in  medical  and  sur- 
gical nursing,  these  examinations  being  conducted  by 
two  or  three  physicians.  The  didactic  course  usually 
con.sistcd  of  twelve  or  fifteen  lectures  given  gratui- 
tously by  busy  practitioners  who  were  often  not  able 
to  meet  the  nurses  at  the  class  hour.  In  addition, 
these  lectures  were  nearly  always  given  at  eight  o'clock 
in  the  evening;  consequently  a  nurse  on  night  duty 
was  obliged  to  miss  this  i)art  of  her  theoretical  training 
for  an  entire  month.  And  as  a  first-year  nurse  was 
often  sent  out  on  a  private  case,  it  was  considered 
satisfactory  if  a  pupd  could  attend  on  the  average 
half  the  lectures  during  her  training  period.  Then, 
too,  the  long  hours  of  work  left  the  nurse  too  weary 
for  mental  concentration.  In  regard  to  afternoon 
classes  held  by  the  superintendent  or  her  assistants, 
the  outlook  for  the  undergraduate  was  little  better. 
Frequently  she  could  not  be  spared  from  ward  work, 
and  the  night  nurse  in  order  to  attend  was  obliged  to 
curtail  her  hours  of  sleep.  On  account  of  these  vari- 
ous obstacles,  the  first-year  student  was  rarely  able  to 
attend  a  consecutive  course  of  class  instruction. 

The  aids  to  study,  in  the  way  of  books  especially 
prepared  for  teaching  the  principles  of  nursing,  were 
meager  in  the  extreme,  the  first  manuals  on  nursing 
being  exceedingly  elementary  in  their  subject  matter. 
The  subject  of  invalid  dietary,  if  attempted  at  all,  was 
co\'ered  in  a  few  informal  lectures  delivered  by  any  one 
who  was  willing  to  give  them,  and  the  nurse  was"  only 
required  to  sit  and  ob.serve  the  teacher's  methods, 
being  seldom  called  upon  to  prepare  food  with  her  own 
hands.  Here  again,  as  was  true  of  her  other  classes, 
the  pupil  nurse  was  so  frequently  absent  that  little  if 
any  benefit  was  derived  from  this  course.  The  only 
ethical  training  was  that  which  was  unconsciously 
experienced  from  the  admirable  discipline  which 
existed,  and  from  the  unquestioning  obedience  which 
was  always  required  from  the  junior  nurse  toward  the 
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medical  staff,  her  superintendent,  and  the  senior 
nurses.  In  addition  to  the  above,  cla.sses  and  lectures 
were  held  at  any  and  all  times  during  the  year,  and 
vacations  were  in  order  continuously,  so  that  in  a 
school  for  nurses  there  was  little  if  any  resemblance  to 
the  usual  order  that  obtains  in  almost  any  kind  of 
institution  of  learning. 

This  brief  sketch  of  the  early  days  of  training 
schools  for  nurses  has  been  given  in  order  that  the 
changes  that  have  come  about  in  recent  years  may 
be  more  readily  understood  and  appreciated,  and  the 
obstacles  that  stiU  hinder  the  highest  order  of  work 
may  be  realized.  As  training  schools  increased  in 
number  the  graduates  from  the  older  schools  were 
selected  to  become  the  superintendents  of  the  new 
ones,  and  it  necessarily  followed  that  at  first  much  the 
same  methods,  or  lack  of  methods,  were  introduced 
wherever  a  school  opened.  But  among  these  super- 
intendents there  was  gradually  developing  a  feeling  of 
dissatisfaction  with  the  courses  of  instruction,  and 
they  were  beginning  to  appreciate  that  justice  was  not 
being  done  the  women  who  entered  training  schools 
and  who  received  nothing  beyond  a  thorough  course  of 
training  in  nursing  the  sick.  At  the  same  time  the 
hospital  physicians  and  surgeons  were  requiring  at 
the  hands  of  their  nurses  greater  thoroughness  in  the 
details  of  the  work  and  a  fineness  of  finish  which  had 
not  heretofore  been  expected,  and  which  demanded 
a  higher  order  of  intelligence  to  execute.  Of  the 
nurse  it  is  now  expected  that  she  shall  have  some 
knowledge  of  the  principles  of  bacteriology  in  order  to 
appreciate  the  value  of  surgical  cleanliness  in  the  pre- 
vention of  disease,  and  to  be  able  to  do  effective  work. 
In  order  to  surround  her  patient  with  intelligent  care 
she  must  understand  the  principles  of  ventilation  and 
hygiene;  for  the  proper  care  of  the  body  she  requires  a 
knowledge  of  physiology;  to  aid  it  to  overcome  or 
resist  disease  she  must  be  taught  more  than  a  mere 
smattering  about  foods  and  the  preparation  of  invalid 
dietary.  Upon  the  nurse  must  devolve  the  execution 
of  all  such  minutia?,  and  to  do  such  work  well  it  is 
necessary  that  she  should  be  endowed  with  good  com- 
mon sense,  practical  ability,  and  intelligence,  and  then 
receive  a  proper  education  in  her  profession. 

At  first,  individual  efforts  took  the  form  of  trying  to 
improve  the  educational  side  of  nursing  by  grading  the 
two  years'  course  of  instruction,  making  a  junior  and  a 
senior  year,  with  a  separate  course  of  classes,  lectures, 
and  examinations  for  each  year.  The  junior  year  now 
included  instruction  in  the  first  principles  of  nursing 
together  with  such  medical  and  surgical  subjects  as 
were  needed  to  be  put  into  immediate  practice.  The 
senior  year  was  devoted  to  more  advanced  teaching 
and  the  study  of  more  difficult  subjects.  This  theoret- 
ical course  was  confined  to  the  eight  scholastic  months 
of  each  year,  beginning  in  October  and  ending  with 
examinations  in  June,  while  vacations  were  given  only 
during  the  summer  months.  An  effort  was  also  made 
to  divide  the  two  years  in  such  a  way  that  each  nurse 
might  spend  a  nearly  equal  amount  of  time  in  the  vari- 
ous branches  of  the  medical  and  surgical  services. 
In  many  schools  the  practice  of  sending  the  pupil  out 
to  private  duty  during  her  period  of  training  was  done 
away  with,  in  order  that  she  might  follow  an  uninter- 
rupted course  of  instruction.  Thus  by  degrees  the 
curriculum  in  many  schools  was  greatly  improved. 

But  to  protect  the  public  and  the  educated  nurse 
against  the  badly  trained  woman,  to  overcome  the 
commercial  spirit,  and  to  establish  a  uniform  standard 
of  education,  individual  superintendents,  however 
earnest  and  influential,  could  at  first  do  little;  and  until 
unity  among  nurses  as  a  body  had  been  effected  and  the 
need  for  reform  and  improvement  had  been  generally 
recognized  by  each  individual  nurse,  nothing  in  the 
way  of  permanent  progress  could  be  attained.  Among 
the  many  congresses  held  in  Chicago  during  the 
World's  Fair  there  was  one  made  up  of  trained  nurses, 
working  as  a  subsection  of  the  hospital  section  of  the 
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Congress  of  the  Associated  Charities.  This  was  the 
first  time  in  the  history  of  nursing  in  America  that 
nurses  had  come  together  as  members  of  the  same 
profession.  The  most  important  result  of  this  meet- 
ing was  the  organization  of  the  American  Society  of 
Superintendents  of  Training  Schools  for  Nurses,  and 
to  the  efforts  of  this  society  is  chiefly  due  the  progress 
since  made  in  the  teaching  of  nursing.  The  avowed 
objects  of  this  organization  were  to  lay  a  solid  founda- 
tion upon  which  a  good  practical  educational  standard 
might  be  established,  and  to  further  the  best  interests 
of  the  nursing  profession  by  promoting  fellowship 
among  its  members.  Recognizing  that  any  advance 
must  come  by  the  creation  of  an  interest  and  enthu- 
siasm in  the  work  and  in  the  awakening  of  an  esprit  de 
corps  among  graduates  of  the  same  school,  the  first 
step  was  the  organization  of  school  alumna  associa- 
tions. If  these  were  once  well  established,  the  leaders 
foresaw,  a  national  association  would  naturally  follow. 
With  such  rapidity  were  these  alumn:c  associations 
formed  that  at  the  end  of  two  years  thirty-one  were 
reported,  and  the  proper  time  having  now  arrived, 
steps  were  at  once  taken  to  form  the  national  asso- 
ciation, which  held  its  first  meeting  as  the  Asso- 
ciated Alumnffi  of  the  Vnited  States  and  Canada  in 
April,  1898.  Since  that  time  its  membership  has 
steadily  increased  until  it  now  includes  238  alumn;e 
associations. 

With  the  formation  of  this  association,  representing 
the  nurses,  and  that  of  the  Society  of  Superintendents, 
representing  the  teachers  and  leaders,  nurses  were 
prepared  to  do-  effective  work.  Nor  was  motive 
wanting,  for  almost  simultaneously  with  the  organiza- 
tion of  the  Associated  Alumnre,  the  Spanish-American 
war  began.  Although  too  late  in  its  organization  to  be 
of  service  as  a  body  in  the  war,  the  association  soon 
found  an  opportunity  to  work  for  a  permanent  reform 
in  army  nursing.  The  lessons  taught  by  the  lack  of 
an  efficient  and  properly  organized  nursing  force 
were  so  severe  that  at  the  close  of  the  war  the 
nurses'  societies  took  steps  to  remedy  the  evil;  and 
largely  to  their  work  and  influence  was  due  the  estab- 
lishment of  the  army  nursing  service  with  a  properly 
qualified  graduate  nurse  in  charge. 

The  army  nurses  have  passed  their  probationary 
stage  and  have  so  far  overcome  the  strong  prejudice 
against  women  in  army  hospitals  that  they  may  now 
be  regarded  as  a  permanency,  and  another  new  field  of 
work  is  opened  up  to  the  graduate  nurse.  Present 
arrangements  are  such  that  in  case  of  war  there  will 
be  perfect  harmony  between  the  plans  for  Red  Cross 
nursing  assistance  and  the  demands  of  the  army 
medical  service. 

In  a  very  recent  report  of  the  Red  Cross  Nursing 
Service  by  Miss  Jane  Delano  there  were  enrolled  6.200 
Red  Cross  nurses  who  are  available  for  service  in  time 
of  war.  During  the  first  eighteen  months  of  the 
present  European  war,  2.55  Red  Cross  nurses  were 
sent  to  Europe  from  this  country. 

In  this  connection  should  be  mentioned  a  later 
organization  conducted  along  similar  lines,  the  Naval 
Nurse  Corps,  with  headquarters  at  Washington. 

Another  important  event  was  the  establishment  of 
a  nursing  journal,  controlled  and  managed  bj'  nurses 
for  the  benefit  of  nurses.  The  need  for  such  a  pub- 
lication had  been  long  felt,  and  to  establish  it  had 
been  one  of  the  objects  of  the  Associated  Alumna>. 
In  October,  1900,  two  years  after  the  organization  of 
the  association,  the  American  Journal  of  Nursing  was 
started  under  its  auspices,  through  the  exertions  of 
individual  members  who  assumed  the  financial  re- 
sponsibility. It  is  now  owned  by  the  national  body 
called  the  American  Nurses'  Association. 

Both  societies  have  also  been  active  in  promoting 
a  system  of  hourly  nursing,  by  means  of  which  good 
care  of  the  sick  at  "home  is  supplied  at  reasonable  rates 
to  people  of  moderate  means  and  to  those  who  cannot 
very  well  go  to  hospitals.     The  nurse  who  lives  at 


home  and  pays  her  own  carfare  visits  her  patients 
once  a  day,  or  oftener  if  necessary.  By  this  plan  she 
is  enabled  to  care  for  several  patients  during  the  day, 
undertake  the  most  important  duties  herself  in  each 
ca.sc,  regulate  affairs  in  the  .sick-room,  and  then  in- 
struct some  member  of  the  family  what  to  do  during 
her  absence.  The  method  has  been  tried  in  several 
of  the  large  cities,  and  physicians  who  have  employed 
it  have  pronounced  in  its  favor  in  many  cases.  There 
is  much  to  be  said  for  some  such  form  of  private  nurs- 
ing, which,  when  properly  carried  out,  insures  proper 
care  for  many  whose  circumstances  do  not  entitle 
them  to  the  services  of  the  district  nurse,  relieves  the 
family  of  the  constant  presence  and  maintenance  of 
the  nurse,  and  lessens  the  expense  of  the  illness;  at 
the  sanie  time  it  enables  the  nur.se  to  lead  a  more  sys- 
tematic life,  gives  her  more  rest,  and  secures  for  her 
a  greater  degree  of  independence  while  pursuing  her 
work. 

The  present  field  for  the  nurse  requires  both  indi- 
vidual efficienc}'  and  technical  training.  It  is  due 
partly  to  these  existing  high  standards  and  partly  to 
the  increase  of  vocations  for  the  modern  woman  that 
the  number  of  applications  at  the  nurses'  training 
schools  has  decreased  so  markedly.  Dr.  C.  X.  B. 
Camac  in  a  recent  address  on  Individualism  or  Insti- 
tutionalism  given  to  the  graduating  class  of  the  City 
Hospital  School  of  Nursing,  New  York,  stated  that 
hospital  and  training  school  associations  are  now  con- 
sidering the  problems  of  the  'individual  efficiency' 
and  'preliminary  training'  of  the  nurse,  and  her  early 
influences,  social  and  domestic.  Physicians  need 
nurses  who  have  been  carefully  trained  in  various 
lines  of  medical  work,  operative  and  obstetrical,  in 
pediatrics,  in  the  care  of  contagious  diseases,  in 
dietary  and  metabolism  work.  The  State  needs 
nurses  trained  to  work  in  social  and  municipal  fields, 
and  institutions  of  wide  variety  are  asking  for  nurses 
in  their  accident  and  preventive  departments. 

In  1880  there  were  in  the  United  States  only  fifteen 
training  schools  with  323  students.  In  March,  191«i, 
there  were  1,029  schools  in  thirty-four  States  and  a 
total  of  70,218  registered  nurses  in  the  country.  In 
New  York  State  alone  there  were  135  schools  with 
13,247  registered  nurses. 

In  such  a  practical  era  as  ours  these  figures  are  evi- 
dence of  the  large  demand  there  is  for  the  well-trained 
nurse.  Nursing  has  become  a  highly  technical  pro- 
fession and  a  necessity  to  the  community.  In  discuss- 
ing the  openings  for  the  modern  trained  nurse,  Dr. 
Camae  gives  the  following  grouping: 

Philanthropical. — Municipal  work  (including  school 
nursing),  social  service  work,  district  visiting,  special 
clinic  nursing.  Red  Cross,  home  nursing  (not  private 
nursing  but  the  care  at  their  homes  of  hospital  and 
dispensary  patients). 

Instilutional. — Heads  of  hospitals  and  training 
schools,  heads  of  departments,  heads  of  diet  schools 
and  kitchens,  heads  of  operating  rooms,  hospital 
anesthetistSj  heads  of  accident  departments  in  stores 
and  industrial  plants. 

Purely  Bedside  Nursing. — General  nursing,  surgical 
nursing,  pediatrics,  obstetrics,  contagious  diseases, 
neurological  cases. 

Notable  among  special  efforts  made  by  the  nurses 
themselves  is  that  of  the  Nur.ses'  Settlement  in  New 
York,  situated  in  the  most  densely  populated  east 
side  portions  of  the  city.  It  aims,  in  addition  to 
nursing  the  sick  poor,  to  be  to  the  neighborhood  all 
that  the  college  settlements  stand  for.  This  settle- 
ment has  steadily  increased  in  size  and  usefulness,  and 
now  has  branches  in  various  parts  of  the  city.  Those 
who  know  whereof  they  speak  arc  ready  to  bear  wit- 
ness that  it  has  already  done  an  incalculable  amount 
of  splendid  work. 

Nursing  literature  has  been  much  improved  and 
good  text-books  in  the  subjects  taught  have  been 
specially  prepared  in  most  cases  by  superintendents 

245 


TralnInK  Scbools  for  Nurses 


REFERENCE   HANDBOOK   OF   THE    MEDIC.\L   SCIENCES 


tlieinsilvi'S  who  liavc  gained  by  long  experience  a  far 
better  appreciation  of  the  needs  and  requirements  of 
the  pupils  than  physicians  could  possibly  attaui. 
A  graded  course  of  instruction  is  arranged  for  in  most 
schools,  but  no  uniform  curriculum  has  so  far  been 
adopted.  Such  a  course  embraces,  as  a  rule,  the  fun- 
damentals of  anatomy,  physiology,  bacteriology,  hy- 
giene, and  materia  "medica,  and  the  principles  of 
nursing  in  all  branches  of  medicine  and  surgery.  In 
the  third  year  a  course  of  lectures  and  demonstrations 
in  massage,  obstetrics,  and  nursing  in  infectious  dis- 
eases and  in  diseases  of  the  eye,  ear,  and  skin  are  given. 
More  and  more  attention  is  being  paid  to  instruction 
in  invalid  dietary;  and  in  a  few  schools  a  teacheris 
engaged  for  this  "branch  alone,  and  the  pupils  take  a 
regular  four  to  six  weeks'  course  of  studj;  in  food  con- 
stituents and  in  the  preparation  and  serving  of  invalid 
diet.  During  this  time  they  are  not  expected  to  per- 
form anv  ward  duties.  In  the  matter  of  nursing  in 
eases  of  infectious  disease,  in  which  isolation  is  neces- 
sary, instruction  can  be  obtained  in  only  a  limited 
number  of  hospitals.  This  matter  belongs  to  post- 
graduate work. 

Lastly,  superintendents  are  beginning  to  realize  the 
importance  of  giving  more  detailed  and  systematic 
teaching  in  the  ethics  of  nursing,  the  constant  ob- 
servance of  which  is  just  as  important  to  the  graduate 
as  that  she  should  be  an  expert  in  practical  work. 

"Culture  courses"  have  been  advocated  as  an  addi- 
tion to  the  more  technical  studies,  and  have  proved 
very  successful. 

Most  women  of  to-daj'  have  not  had  a  thorough  sj's- 
tematic  training  in  the  details  of  housekeeping  so  es- 
sential for  a  good  nurse  or  a  good  manager  in  a  ward. 
To  supply  this  lack,  Miss  Nutting  developed  a  pre- 
liminary course  of  six  months  at  the  Johns  Hopkins 
Hospital,  and  she  was  given  thechairof"  Institutional 
Management."  This  was  the  first  course  of  the  kind 
in  the  United  States. 

In  1009  a  gift  was  made  to  Teachers'  College,  Col- 
umbia University,  New  York,  for  the  establishment 
of  a  course  offering  advanced  work  for  nurses  who 
wish  to  train  for  the  more  responsible  positions — as 
teachers  and  lecturers  in  the  various  branches  of  nurs- 
ing, and  as  superintendents  of  schools  and  hospitals. 

The  leading  religious  nursing  orders  have  kept  pace 
with  the  advancement  of  the  secular  schools. 

Carlisle  has  a  hospital  and  training  school  of  its  own 
where  Indian  girls  are  trained.  These  girls  excel  in 
their  profession.  Negroes  are  trained  at  various  hos- 
pitals.   Tuskegce  lia,s  a  three  years'  course. 

It  was  not  until  after  the  English  nurses  realized  the 
necessity  of  legal  status  that  the  Americans  awoke  to 
this  need.  Miss  Dock  in  "A  History  of  Nursing" 
gives  a  most  graphic  account  of  the  development  of 
State  registration  of  nurses.  "  While  State  protection 
of  the  nurse's  training  is,  at  top,  an  educational,  it  is 
at  bottom  an  economic  question." 

Two  nurses.  Miss  Sophia  F.  Palmer  of  Rochester, 
New  York,  and  Miss  Sylveen  Nye  of  Buffalo,  New 
York,  took  the  first  definite  steps  leading  toward 
State  registration.  Their  efforts,  although  almost 
simultaneous,  were  quite  independent.  Miss  Annie 
Danier  of  Buffalo  was  later  a  leader  in  national  organi- 
zation. It  is  not  easy  to  trace  the  first  thought  of 
State  registration  to  its  source.  But  the  first  public 
step  was  doubtless  Miss  Palmer's  paper  read  before 
the  State  Federation  of  Women's  Clubs  on  November 
9,  1899. 

The  history  of  the  action  of  the  various  States  in 
regard  to  State  Registration  for  nurses  forms  a  most 
interesting  chapter  but  only  the  most  cursory  glance 
is  within  the  range  of  this  brief  paper.  The  stand 
taken  on  this  question  by  medical  men  of  the  first 
rank  is  typified  by  the  words  of  Dr.  William  Welch. 
He  said  at  one  of  the  Maryland  meetings:  "  Now  I  am 
quite  sure  that  it  is  not  the  function  of  the  physician 
to  examine  the  nurses.     The  nurse  should  not  go 
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forth  without  having  come  under  the  guidance  of 
the  physician,  but  your  profession  is  a  skilled  pro- 
fession which  requires  special  knowledge  possessed  by 
the  trained  nurse  and  not  by  the  physician.  Akin  as 
the  professions  of  medicine  and  nursing  are,  they  are 
still  distinct  professions,  and  there  is  no  necessity,  in 
my  opinion,  and  there  are  certain  disadvantages,  in 
the  requirement  that  physicians  should  be  members  of 
the  nurses'  examining  board." 

The  laws  of  the  different  States,  although  far  from 
being  uniform,  still  have  many  points  in  common. 
^Iiss  Louie  C.  Boyd,  R.  N.,  in  her  State  Registration 
for  Nurses,  says:  "AH  the  laws  provide  for  a  period 
during  which  nurses  with  varying  lengths  of  training 
may  be  registered,  usually  without  examination, 
thus  protecting  suitable  nurses  who  trained  or  prac- 
tiscil  prior  to  the  time  when  legal  enactments  were 
thought  of  and  standards  of  training  were  in  the  for- 
mative period.  Upon  the  going  into  effect  of  the  por- 
visions  of  the  acts  there  is  no  State  which  registers 
an  applicant  who  has  had  less  than  two  years'  training 
and  the  majority  of  the  States  require  three  years' 
training.  Man}-  of  the  laws  specify  that  this  training 
shall  be  received  in  a  general  hospital,  while  some  rec- 
ognize the  training  given  in  the  special  hospital  when 
it  is  supplemented  by  a  specified  time  spent  in  an  insti- 
tution of  a  general  character.  Two  new  provisions 
are  coming  into  the  laws  of  later  date:  For  the  inspec- 
tion and  registration  of  training-schools.  Another 
provision,  found  in  a  very  few  laws  and  worthy  of  gen- 
eral adoption  by  the  States,  is  that  of  defining  what  is 
meant  by  'nurse'  and  'training-school,'  which  is 
equivalent  to  restricting  the  use  of  the  word  'nurse' 
to  the  trained,  graduate,  or  professional  woman,  and 
gives  the  training-school  a  place  among  educational 
institutions.  All  the  laws  give  the  licentiate  the  title 
of '  Registered  Nurse,'  with  the  right  to  use  the  abbre- 
viation 'R.  N.'  " 

Miss  Annie  W.  Goodrich,  R.  N.,  in  a  discussion 
on  State  registration  calls  attention  to  the  four 
distinct  Unes  of  legal  requirements,  preliminary  ed- 
ucation, professional  training,  licensing  tests,  and 
registry.  The  laws  for  State  registration  although 
still  very  faulty  and  not  uniform,  nevertheless  have 
raised  the  standard  of  the  schools,  and  are  leading 
to  greater  uniformitj-  in  curricula.  The  New  York 
State  law  seems  to  have  more  nearly  approached  the 
ideal  than  any  other.  The  registration  of  nurses  in 
New  York  comes  under  the  Public  Health  law;  the 
schools  are  placed  under  the  Regents;  and  the  third 
and  most  important  point  is  the  law's  reciuirement  of 
cooperation  on  the  part  of  the  Department  of  Educa- 
tion with  the  State  Nurses'  Association.  The  weak- 
ness of  the  New  York  State  law  is  that  at  present  it  is 
permissive  only.  Compulsory  legislation,  however,  is 
doubtless  near  at  hand. 

As  Miss  Nutting  has  recently  emphasized,  training- 
schools  for  nurses  need  a  sounder  economic  basis. 
"From  whatever  source  funds  may  come,  they  are 
necessary  to  place  schools  on  a  secure  and  dignified 
foundation,  and  to  release  them  from  their  present 
helpless  and  somewhat  ignominious  position,  due 
largely  to  an  entirelj-  unsound  economic  status." 

In  this  paper  reference  has  been  made  mainly  to 
changes  which  have  occurred  in  the  nursing  world  on 
this  continent  during  the  last  quarter  of  a  century. 

But  even  should  we  be  inclined  to  flatter  ourselves 
that  America  has  led  the  van,  it  must  not  be  supposed 
that  other  countries  have  been  far  behind  in  these 
matters.  It  should  be  a  matter  for  sincere  congratu- 
lation that  there  has  been  established  an  entente 
cordiale  between  the  members  of  the  nursing  profes- 
sion in  all  countries,  whereby  they  have  been  brought 
into  closer  touch  than  ever  before.  One  professional 
link  has  been  forged  between  America  and  England 
in  the  form  of  the  International  Council  of  Nurses, 
which  has  as  its  object  "the  furtherance  of  the  social 
and  professional  progress  of  all  nurses  and  the  main- 
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tenaiice  of  a  high  standard  of  nursing  ethics  and  esprit 
lie  corps,"  and  to  which  we  trust  nursing  associations 
in  aU  countries  may  become  affiliated  in  the  course  of 
time. 

It  is  a  satisfaction  to  be  able  to  record  that  in  no 
civilized  country  has  the  development  of  the  nursing 
profession  been  at  a  standstill,  and  everywhere  tlie 
members  have  been  working  out  their  own  problems 
according  to  their  several  needs. 

While  the  greater  part  of  the  progress  in  nursing  has 
been  mainly  due  to  the  efforts  of  nurses  themselves, 
they  have  been  fortunate  in  securing  in  their  under- 
takings the  active  sympathy  of  the  medical  profession 
and  of  hospital  authorities  who  have  appreciated  the 
fact  that  the  better  the  nurse  the  more  are  their  own 
efforts  strengthened;  and  although  all  of  the  nursing 
problems  are  not  yet  solved,  the  rapid  progress  of  the 
past  gives  promise  of  a  future  that  ^\ill  at  least  more 
nearly  approach  the  ideal. 

The  writer  wishes  to  acknowledge  the  various  sources 
from  which  she  has  freely  drawn,  especially  the  origi- 
nal article  on  this  subject  written  for  the  second  edi- 
tion of  this  H.iXDBOOK  by  Isabel  Hampton  Robb 
who  was  in  the  foremost  rank  of  those  who  have 
made  of  their  work  the  wonderful  profession  that  it 
is  to-day.  Emm.\  E.  W.\lker. 

Transfusion  of  Blood. — Definition. — By  the  term 
"transfusion  of  blood"  is  meant  the  transmission  of 
blood  from  the  circulation  of  one  living  individual  into 
that  of  another.  Transfusions  are  made  to  replace 
the  blood  lost  by  hemorrhage  or  destroyed  by  disease; 
to  check  any  tendency  to  hemorrhage  as  a  result  of  a 
deficiency  of  some  blood  elements;  to  increase  the 
resistance  of  an  individual;  to  supply  actively  func- 
tioning blood  cells  in  cases  of  poisoning  from  illuminat- 
ing gas;  or  to  supply  specific  antibodies  for  the  treat- 
ment of  certain  contagious  or  infectious  diseases. 

Historical. — The  operation  of  transfusion  is  an 
ancient  one.  References  to  transfusions  can  be  found 
in  early  historical  writings.  However,  it  was  not 
until  after  the  discovery  of  the  circulation  of  blood  by 
Harvey  in  1628,  that  the  transfusion  of  blood  was 
taken  up  with  added  interest  and  carried  out  on  a 
more  scientific  and  rational  basis.  In  16.52  Francesco 
Falli  described  his  method,  which  consisted  in  the  use 
of  two  cannulse,  one  of  bone  and  the  other  one  of 
silver.  These  cannulte  were  connected  by  a  piece 
of  prepared  artery.  Following  this  work  many  in- 
vestigators took  up  the  problems  and  many  methods 
and  inventions  were  reported.  In  England  in  1666 
successful  blood  transfusions  were  performed  on 
animals  by  Richard  Lower.'  The  following  year  the 
same  operator  transfused  a  young  man  on  three  differ- 
ent occasions  with  lamb's  blood.  The  carotid  artery 
of  the  animal  was  connected  by  means  of  a  cannula 
with  a  vein  in  the  arm  of  the  patient.  Priority  for 
human  transfusions  with  human  blood,  however, 
belongs  to  J.  B.  Dennis,-  Professor  of  Physiology  and 
Mathematics  at  the  University  of  Paris,  who  a  few 
months  previous  to  the  transfusions  reported  by 
Lower,  successfully  performed  the  operation  twice  on  a 
patient.  His  communication  appeared  on  June  2.5, 
1667.  in  the  Philosophical  Transactions,  and  represents 
the  first  accurately  recorded  human  transfusions  with 
human  blood.  Great  interest,  but  also  great  pro- 
fessional jealousy,  was  aroused  in  Paris,  and  the 
Courts  finally  issued  a  decree  prohibiting  human  trans- 
fusions in  France.  In  Italy,  Germany,  and  Holland 
the  operation  was  soon  taken  up  by  various  investiga- 
tors. The  technical  difficulties  of  transfusion,  as 
carried  out  at  that  time,  and  the  inability  to  obtain 
suitable  human  donors  were  great  drawbacks  to  the 
more  extensive  of  transfusion.  In  Germany,  trans- 
fusions with  defibrinated  blood  became  popular  about 
1863;  Panum'  and  Landois'  showed  that  the  operation 
was  simple  and  could  be  successfully  performed  in 
animals  and  man. 


In  1864.  the  first  transfusion  for  CO  poisoning  was 
done  by  Traube  (see  Landois').  Later,  blood  trans- 
fusion was  also  recommended  by  Eulenberg  and  by 
Landois  in  various  forms  of  poisoning,  especially 
CO2,  chloroform,  ether,  strjxhninc,  opium,  and 
phosphorus.  About  this  time  Dieffenbach  trans- 
fused without  success  a  case  of  hydrophobia,  and 
Neudorffer,  Esmarch,  and  Huter  cases  of  septicemia. 
Finally,  Blundel  (see  Landois')  recommended  trans- 
fusion of  blood  in  cases  of  inanition.  An  excellent 
monograph  on  blood  transfusion  was  published  by 
Landois'  in  1875.  In  this  work  he  gives  full  experi- 
mental data  on  transfusion  with  defibrinated  homolo- 
gous and  heterologous  blood. 

The  danger  of  intravascular  clotting  associated 
with  the  use  of  defibrinated  blood  and  the  difficulties 
inherent  in  direct  transfusions  led  v.  Bergmann  and 
others  to  condemn  the  operation  and  recommend  in 
its  place  the  intravenous  injection  of  physiological  salt 
solution.  Blood  transfusion  in  Germany  was  not 
entirely  given  up,  and  we  find  v.  Ziemssen  performing 
in  1894  indirect  blood  transfusions  by  means  of 
syringes. 

The  modem  practice  of  blood  transfusion  may  be 
said  to  have  had  its  origin  in  1897,  when  Murphy 
showed  the  practical  application  of  blood-vessel  suture 
in  transfusion.  About  this  time,  also,  the  French 
operators  Solomoni,  Brian,  and  Jaboulay  showed  that 
the  flow  of  blood  could  be  kept  up  indefinitely,  if  the 
vessels  were  so  approximated-  that  the  uninjured  inti- 
mas  came  into  close  contact.  In  1902,  Carrel*  pub- 
lished his  technique  of  blood-vessel  suture,  which  made 
the  direct  transfusion  of  blood  a  more  certain  proce- 
dure. In  1906,  George  W.  Crile' reported  his  method 
of  transfusion  by  special  cannute.  While  the  idea  of 
using  a  cannula  as  a  support  for  a  vessel  anastomosis 
was  not  new  with  Crile,  yet  he  perfected  the  cannula 
and  devised  a  special  convenient  handle  for  it.  By 
means  of  this  cannula  blood  transfusions  were  done 
by  a  number  of  operators  with  more  or  less  success. 
Several  modifications  of  the  cannula  were  subsequently 
devised  to  facilitate  the  threading  of  the  vessel  through 
the  cannula  and  the  anastomosis  between  the  vessels. 

The  transfusions  of  blood  through  cannulie,  bring- 
ing in  contact  intima  to  intima.  was  a  marked  advance 
in  the  technique  of  transfusions.  The  difficulties  of 
and  objections  to  an  extensive  wound  on  donor  and 
recipient,  the  obliteration  of  important  blood-vessels, 
and  the  frequent  failures  stinuilatcd  further  investi- 
gation and  development  of  more  simplified  and  certain 
method  of  indirect  transfusion.  The  syringe  method 
of  Lindeman,'  the  paraffined  tubes  of  Kimpton  and 
Brown,'  of  Satterlee  and  Hooker,'"  and  the  apparatus 
of  Unger"  represent  distinct  improvements.  Finally, 
the  use  of  anticoagulants  has  come  to  the  fore,  and  the 
citrate  method  of  blood  transfusion  seems  so  far  to 
represent  the  ideal  method  in  simplicity  of  technique, 
ease  of  procedure,  and  certainty  of  result.  The  pos- 
sibility of  using  anticoagulants  was  mentioned  by 
Gesellius  as  well  as  by  Landois  in  187.3-75.  J.  ^f. 
CotteriP-  recommended  and  practised  the  indirect 
transfusion  of  blood  by  the  addition  of  one  part  of  a 
5  per  cent,  solution  of  sodium  phosphate  to  three  parts 
of  blood.  In  1914,  Hustin''^  advised  the  use  of  0.2  per 
cent,  sodium  citrate  in  blood  transfusions,  with  the 
addition  of  a  small  amount  of  glucose  and  an  equal 
volume  of  salt  solution.  He  performed  a  successful 
human  transfusion  by  this  method.  A  year  later, 
R.  Weil"  stated  that  he  had  used  1  per  cent,  sodium 
citrate  in  several  successful  transfusions,  and  R. 
Lewisohn"  about  the  same  time  found  what  had 
already  been  shown  by  Hustin,  that  0.2  per  cent. 
sodium  citrate  would  jirevent  coagulation  and  was, 
therefore,  suitable  for  purposes  of  transfusion. 

Methods  of  TR.\xsrusioN. — The  modern  methods  of 
blood  transfusion  may  be  divided  into: 
I.  Direct:  (a)  Mediate,  (6)  Immediate. 
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II.  Indirect :  (o)  Without  use  of  anticoagulants,  (b) 
AVith  use  of  anticoagulants. 

I.  In  the  dind  mediate  method,  a  cannula  is  inter- 
polated between  the  vessel  of  the  donor  and  that  of 
the  recipient.  The  glass  tube  coated  with  paraffin 
recommended  by  Brewer'"  is  an  example.  Bernheini" 
described  a  method  somewhat  similar  to  that  of  Brewer, 
in  which  two  cannula-  are  used.  These  are  separately 
inserted  into  the  vessels  of  donor  and  recipient  and 
then  fitted  together.  The  tube  devised  by  Steel''  is  an 
improvement  in  that  no  open  operation  is  required. 
It  consists  of  a  glass  cannula  with  a  needle  attached  to 
each  end  bv  means  of  a  small  piece  of  rubber  tubing; 
one  needle 'is  inserted  in  a  distal  direction  into  a  vein, 
made  prominent  b.v  a  tourniquet,  on  the  forearm  of  the 
donor;  the  other  needle  into  a  vein  at  the  bend  of  the 
elbow  of  the  recipient.  In  all  these  methods,  the 
blood  has  a  tendency  to  clot  after  a  while  in  the  cannula 
and  thus  interrupt  the  progress  of  the  transfusion. 

In  the  direct  immediate  method  of  transfusion  the 
vessels  themselves  of  donor  and  recipient  are  brought 
together,  so  tliat  intima  is  in  contact  with  intima. 
The  suture  method  of  Carrel  may  be  mentioned  as 
one  of  the  first  immediate  direct  methods.  The  can- 
nula of  Crile  also  belongs  to  this  group.  The  blood 
does  not  flow  through  the  cannula,  but  the  latter  is 
used  to  facilitate  the  anastomosis  of  the  two  vessels. 
The  freely  dissected  and  divided  vein  of  the  recipient 
is  passed  through  and  cuffed  back  over  the  end  of  the 
cannula  where  it  is  tied  in  place.  Then  the  cannula 
carrying  with  it  the  reflected  vein,  the  intima  of  which 
covers  the  cannula,  is  inserted  into  the  artery  of  the 
donor,  which  is  tied  over  the  vein  and  cannula.  The 
two  intimas  are  thus  brought  into  contact.  Various 
modifications  of  Crile's  cannula  have  been  recom- 
mended to  simplify  the  operation,  the  best  of  which 
is  probably  that  of  Elsberg."  This  cannula  is 
divided  into  two  horizontal  halves  which  can  be  sepa- 
rated by  a  screw-like  arrangement.  The  artery,  and 
not  the  vein,  is  cuffed  over  the  cannula  and  held  in 
place  by  four  sharp  teeth  at  its  base.  The  end  of  the 
cannula  is  then  inserted  into  the  vein,  either  by  an 
end-to-end  anastomosis  or  through  a  lateral  slit  in 
the  vein  wall,  and  held  in  place  by  a  ligature.  The 
cannula  devi,sed  by  Soresi,-"  is  also  an  ingenious  little 
instrument,  which  consists  of  two  halves  on  a  sliding 
bar.  The  vessels  of  donor  and  recipient  are  threaded 
through  these  cannula;,  cuffed  back,  and  held  in  place 
by  sharp  prongs  at  the  base.  The  two  ends  are  then 
brought  closely  together,  so  that  the  intimas  come  in 
direct  contact. 

The  great  disadvantages  inherent  in  part  or  in  whole 
to  almost  all  the  direct  methods  of  blood  transfusion 
are  the  following:  (a)  The  necessity  of  a  large  incision 
over  the  artery  or  vein  of  the  donor  and  over  the  vein 
of  the  recipient.  (6)  The  destruction  of  an  important 
artery  of  the  donor  in  an  arterv-to-vein  anastomosis, 
(c)  The  inability  to  determine  the  quantity  of  blood 
transfused.  ((/)  The  great  technical  difficulties  con- 
nected with  caimula  and  suture  operations,  (e)  The 
frequent  failures. 

The  direct  methods  of  blood  transfusion  have  no 
advantage  over  the  indirect  methods. 

In  the  indirect  methods  of  blood  transfusion,  the 
blood  of  the  donor  is  collected  in  a  paraffined  glass 
cyhnder  or  aspirated  into  syringes,  and  then  rein- 
jected into  the  circulation  of  the  recipient.  These 
methods  can  also  be  subdivided  into  two  main  types: 

(a)  The  blood  is  collected  without  the  addition  of  a 
chemical  anticoagulant,  the  success  of  the  operation 
dependmg  upon  the  skill  and  rapiditv  of  the  operator. 
This  IS  especially  true  of  the  syringe'method  of  trans- 
fusion. In  some  of  the  methods,  where  a  large  con- 
tamer  is  used  to  collect  the  blood,  the  clotting  is  tem- 
porarily prevented  by  a  thin  coating  of  paraffin  or  a 
thm  layer  of  alboline.  Here  belong  the  tubes  of 
KimiJton  and  Brown,  and  of  Satterlee  and  Hooker 
The  apijaratus  of  Unger,  more  recently  devised,  is 
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much  simpler,  does  not  involve  an  incision  over  the 
vessels,  and  has  fewer  technical  objections. 

(6)  The  blood  is  mixed  with  a  chemical  anticoagu- 
lant as  fast  as  it  is  obtained  from  the  donor.  To  this, 
group  belong  substances  like  hirudin  or  leech  extract, 
which  acts  like  antithrombin  and  prevents  clotting. 
On  account  of  the  toxicity  of  the  commercial  prepara- 
tions and  the  inability  to  sterilize  the  solutions  of 
hirudin,  this  substance  has  been  generally  discarded. 
The  other  anticoagulants  that  have  been  recom- 
mended are  inorganic  salts,  like  sodium  phosphate  and 
sodium  citrate.  These  inactivate  the  calcium  of  the 
blood  by  the  formation  of  an  insoluble  calcium  com- 
pound. The  presence  of  a  small  amount  of  calcium 
in  solution  is  essential  to  the  process  of  coagulation. 
This  method,  by  its  simplicity  of  technique,  ease  of 
application,  and  avoidance  of  complicated  apparatus 
has  become  preferable  to  all  others  and  bids  fair  to 
displace  them  within  a  very  short  time. 

The  syringe  method  of  Lindeman,  the  stopcock 
apparatus  devised  by  Unger  and  the  citrate  method  of 
transfusion  will  be  described  in  detail. 

The  syringe  method  of  blood  transfusion  was  origi- 
nally devised  more  than  twenty  years  ago  by  v. 
Ziemssen,-'  but  it  is  to  the  credit  of  Lindeman  to  "have 
simplified  the  technique,  and  adapted  it  to  the  trans- 
fusion of  large  quantities  of  blood.  The  method 
requires  expert  assistants,  two  sets  of  special  telescop- 
ing cannulfe  and  a  large  number  (fifteen  to  twenty) 
of  20  c.c.  Record  syringes.  Considerable  skill  is 
required  and  the  method  has  often  failed  in  the  hands 
of  experienced  surgeons.  After  the  tourniquet  is 
applied  to  the  arm,  the  cannula,  held  almost  parallel 
to  the  vein,  is  forced  through  the  skin  into  the  vein. 
The  innermost  cannula,  which  is  the  longest  and  has  a 
bevelled  point  at  the  end,  is  partly  withdrawn  as  the 
second  cannula  is  forced  in,  and  finally  the  third  or 
outer  one  is  pushed  in  while  the  second  cannula  is 
partly  withdrawn.  The  outer  cannula  is  rounded  off 
at  the  end  to  avoid  injuring  the  intima  during  the 
manipulations  necessary  in  attaching  and  detaching 
the  syringes.  After  entirely  withdrawing  the  inner 
two  cannulas,  a  syringe  with  saline  is  attached  and  a 
slow  flow  of  saline  is  maintained  to  prevent  the  coagu- 
lation of  blood  in  the  cannula.  A  similar  cannula  is 
next  inserted  into  the  donor's  veins,  and  by  means  of 
an  empty  20  c.c.  Record  syringe  which  is  kept  within 
easy  reach,  the  blood  is  withdrawn  as  rapidly  as 
possible.  When  the  syringe  is  full,  an  assistant  de- 
taches it  and  passes  it  to  the  operator  on  the  recipient's 
cannula,  who  removes  the  saline  syringe,  attaches  the 
syringe  containing  blood,  and  empties  it  gently  but 
speedily  into  the  vein.  One  syringe  full  of  blood  is 
followed  by  another  in  rapid  succession  until  the 
desired  quantity  of  blood  has  been  transfused.  A 
little  saline  solution  is  injected  through  the  cannula 
of  the  recipient  after  each  syringe  full  of  blood.  This 
keeps  the  cannula  free  of  blood  and  lessens  the  possi- 
bility of  clotting. 

One  advantage  in  the  Lindeman  method  lies  in  the 
fact  that  no  incision  is  necessary  to  expose  the  vessels 
of  either  donor  or  recipient.  This  cannot  be  said  of  the 
niethods  suggested  by  Satterlee  and  Hooker  and  by 
Kimpton  and  Brown.  All  three  methods  are  excelled 
in  technical  simplicity  by  the  recently  devised  ap- 
paratus of  Unger.  This  instrument  consists  essen- 
tially of  a  stopcock  arrangement,  which  alternately 
connects  a  syringe  for  blood  to  the  donor,  and  at  the 
same  time  a  syringe  with  saline  to  the  recipient;  then 
by  turning  the  cock,  the  syringe  with  blood  is  immedi- 
ately connected  to  the  recipient,  and  the  syringe  with 
saline  to  the  donor.  Fig.  4802  is  an  illustration  of 
the  instrument,  and  Figs.  4S03  and  4S04  are  drawings 
illustrating  the  manner  of  operation.  One  assistant 
is  needed  who  slowly  forces  saline  out  of  his  syringe, 
while  the  operator  aspirates  and  injects  the  blood, 
changes  the  syringe  when  necessary,  and  turns  the 
cock  back  and  forth.     A  nurse  cleanses  the  syringes 
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as  fast  as  they  are  used  and  places  a  clean  one  within 
easy  reach  of  the  operator.  Recently  at  Elsberg's 
suggestion,  Unger  has  modified  the  technique  by  the 
use  of  a  spray  of  ether  from  an  ordinary  atomizer  to 
the  barrel  of  the  syringe.  The  evaporation  of  the 
ether  cools  the  syringe  and  thus  delays  the  coagulation 


Flo.  4802- — Unger's  Instrument  for  Syringe  Transfusion:  CS, 
Stop-cock;  B,  blood  syringe  connected  to  blood  outlet;  S,  saline 
syringe  connected  to  saline  outlet;  D,  donor's  cannula  con- 
nected to  donor's  outlet;  R,  Recipient's  cannula  connected  to 
recipient's  outlet;  St,  .stand;  P,  pedestal  by  which  the  stop- 
cock  is   raised   or    rotated. 

time  of  the  thin  layer  of  blood  in  contact  with  its 
walls.  This  permits  the  syringe  to  be  filled  and  emp- 
tied many  times,  and  thus  avoids  the  necessity  of 
using  more  than  one  syringe  for  a  transfusion.  The 
rapidity  with  which  the  syringe  is  filled  and  emptied 
prevents  to  any  great  extent  chilling  of  the  blood. 


FlQ.  4803. — Donor's  Pasition:  D,  donor's  outlet;  B,  blood  out- 
let;  SFK  blood  syringe.  Blood  passes  from  donor's  vein  through 
D,  out  at  B  into  SYR.  S.  Saline  outlet;  R,  recipient's  outlet. 
-Saline  is  forced  from  saline  syringe  through  S,  out  at -ff,  into  recip- 
ient's vein.  Channel  between  D  and  B,  donor  blood  circuit; 
that  between  S  and  R,  recipient  saline  circuit.  CS,  Central 
stopper  (rotates  through  an  arc  of  45  degrees) - 

The  Sodium  Cilrate  Method.—This  method  is  very 
simple,  and  requires  no  other  apparatus  than  a  syringe, 
a  large-gauge  needle  (No.  11),  a  sterile  ten  per  cent, 
solution  of  sodium  citrate,  and  a  salvarsan  needle  for 
reinjecting  the  blood  into  the  recipient. 

While  0.2  per  cent,  sodium  citrate  is  sufficient  to 
prevent  the  coagulation  of  blood,  the  writer--  recom- 


mends the  use  of  0..33  per  cent.,  finding  that  the  slightly 
larger  amount  of  sodium  citrate  is  an  added  factor  of 
safety.  The  citrate  method  has  the  following  great 
advantages:  (a)  Sodium  citrate  in  the  strength  recom- 
mended is  non-toxic  and  perfectly  safe.  (6)  The 
stock  solution  of  sodium  citrate  can  be  sterilized  by 
boiling  without  destroying  the  efficiency  of  the  salt, 
(c)  No  special  apparatus  is  required,  (d)  The  blood 
can  be  collected  in  one  place,  kept  and  carried  some 
distance  before  transfusion,  (c)  A  fairly  uniform  de- 
gree of  success  with  this  method  is  the  usual  experience. 
It  is,  therefore,  especially  applicable  in  emergencies. 
(/)  After  the  citrate  transfusion  the  coagulation  time 
of  the  recipient's  blood  is  not  perceptibly  lowered. 
This  method  of  transfusion  can,  therefore,  also  be 
utilized  in  conditions  associated  with  a  hemorrhagic 
tendency. 

The  citrate  method  of  transfusion  can  be  divided 
into  two  stages : 

In  the  first  stage,  the  blood  is  drawn  from  the  donor's 
vein  by  means  of  a  large  caliber  needle  (No.  1 1  gauge), 
to  the  hub  of  which  a  small  piece  of  rubber  tubing  is 


Fio  4804. — Recipient's  Position:  Sl'ff.  Blood  syringe;  R.  recip- 
ient's outlet-  Blood  is  forced  out  of  SYR  through  B.  out  at  K. 
into  recipient's  vein.  5,  saline  outlet;  D,  donor's  outlet.  Saline 
is  forced  from  the  saline  syringe  through  S  out  at  D  into  the 
donor's  vein.  Channel  between  B  and  R,  recipient  blood  cir- 
cuit; that  between  5  and  D,  donor  saline  circuit.  CS,  Central 
stopper. 

attached,  into  a  glass  cylinder  containing  the  citrate 
solution.  This  is  a  ten  per  cent,  solution  of  sodium 
citrate;  to  each  cubic  centimeter  of  the  citrate  solution, 
30  c.c.  of  blood  is  added.  This  makes  the  final  dilution 
of  the  sodium  citrate  0.33  per  cent,  .^s  the  blood  is 
flowing  into  the  glass  cyhnder,  it  is  gently  stirred  with 
a  sterile  glass  rod,  so  as  to  mix  it  with  the  citrate. 
Where  the  donor's  vein  is  small,  a  30  c.c.  Record 
syringe  and  a  No.  17  gauge  needle  is  used  in  aspirating 
the  blood.  One  .syringeful  of  blood  after  another  is 
rapidly  withdrawn," and  added  to  the  citrate  solution; 
it  will  be  foinid  preferable  in  such  instances  to  have 
2  c.c.  of  the  citrate  solution  in  several  100  c.c.  bottles, 
to  each  of  wliich  (iO  c.c.  of  blood  is  added  and  the  mi.\- 
ture  then  gently  shaken.  The  advantage  is  that 
the  blood  is  obtained  and  citrated  in  small  quantities, 
so  that  if  there  is  any  difficulty  with  dotting,  only  a 
small  amount  of  blood  would  have  to  be  discarded. 
As  an  additional  precaution  the  blood  is  next  passed 
through  several  layers  of  sterile  gauze,  or  transferred 
to  a  covered  beaker  bv  means  of  a  25  c.c.  pipette  with 
a  small  opening  at  the  tip.     This  will  make  certain 
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that  no  blood  clots  are  present  wliich  would  Inter  ob- 
struct the  needle  during  the  transfusion. 

The  second  stage  consists  of  reinjecting  the  blood. 
In  an  extreme  einerf^encv  an  ordinary  funnel,  a  piece 
of  rubber  tubing,  and  a  needle  will  often  answer  tlie 
purpose.  Generally,  an  apparatus  similar  to  a  sal- 
varsan  outfit  will"  be  found  convenient.  In  very 
small  children,  the  writer"  has  performed  a  number  of 
transfusions  by  means  of  a  30  c.c.  Record  syringe  and 
a  small  needle",  supplied  by  G.  Tiemann  &  Co.  under 
the  name  of  the  Goldenberg  salvarsan  needle.  In 
some  of  the  very  young  children,  in  whom  the  veins 
are  not  visible  o"r  pali)able,  a  small  incision  may  have 
to  be  made  to  expose  the  median-cephalic  vein  at  the 
bend  of  the  elbow.  The  rate  with  which  the  blood  is 
injected  can  be  controlled  with  perfect  ease  by  means 
of  the  syringe;  this  is  especially  important  while  trans- 
fusing small  children  or  individuals  with  weakened 
heart  walls. 

Many  citrate  blood  transfusions  have  already  been 
performed  by  various  operators;  they  have  been  used 
with  great  advantage  in  the  emergencies  of  the  operat- 
ing room,  of  obstetrical  and  gynecological  practice, 
and  in  the  surgical  emergencies  on  the  battlefield 
during  the  present  war. 

Sodium  phosphate  in  blood  transfusion  has  not  as 
yet  been  used  to  any  extent.  The  metaphosphate  of 
sodium  acts  as  a  perfect  anticoagulant  if  added  to  the 
blood  in  the  ratio  of  0.8  per  cent.  The  stock  solution 
can  also  be  sterilized  by  boiling  without  affecting  its 
anticoagulant  power. 

The  Indications  for  Blood  Transfusion. — These 
may  be  divided  into: 

I.  Simple  hemnrrhage,  including  various  traumatic 
hemorrhages;  also  hemorrhage  from  the  stomach  and 
intestines  in  cases  of  ulcer  or  typhoid  fever;  hemor- 
rhage from  the  kidneys  and  bladder;  from  the  uterus  in 
excessive  metrorrhagia  and  monorrhagia,  or  hemor- 
rhages associated  with  submucous  uterine  fibroids;  in 
postpartum  or  postabortive  hemorrhage;  in  ruptured 
ectopic  pregnancy;  in  postoperative  hemorrhage  and 
shock. 

II.  Hemorrhagic  diseases,  including  purpura  hemor- 
hagica,  hemophilia,  melena  neonatorum,  and  con- 
ditions associated  with  persistent  jaundice.  In  cases 
complicated  by  deep  jaundice  it  is  often  especially 
important  to  transfuse  before  the  operation  to  prevent 
subsequent  bleeding. 

III.  Primary  blood  diseases,  like  pernicious  anemia, 
splenic  anemia,  v.  Jacksch's  anemia,  and  the  various 
acute,  subacute  and  chronic  leucemias. 

IV.  General  infcclious  diseases,  intoxications,  and 
local  septic  infections — osteomyelitis,  endocarditis, 
sinus  thrombosis,  etc.;  toxic  cases  of  scarlet  fever  and 
measles,  especially  where  suitable  convalescents  can 
be  obtained  as  donors;  and  intoxications  like  morphine, 
illuminating  gas  poisoning,  and  eclampsia.  Trans- 
fusions have  also  been  attempted,  but  without  success, 
in  cases  of  diabetic  coma. 

y.  To  increase  the  resistance  of  the  patient  before  a 
serious  operation,  so  as  to  prevent  the  subsequent 
shock  from  hemorrhage. 

VI.  To  stimulate  the  lowered  and  devitalized  organism 
in  c.ises  of  marasmus;  repeated  small  transfusions  in 
these  cases  have  given  good  results  in  the  hands  of  the 
writer.  In  cases  of  carcinoma  and  sarcoma  trans- 
fusions have  no  specific  action,  but  may  be  indicated 
as  a  preliminary  to  an  extensive  operation. 

VII.  In  the  treatment  of  certain  skin  diseases,  like 
psoriasis  and  pemphigus.  Several  cases  of  pellagra 
have  been  transfused  apparently  with  beneficial 
results. 

The  indications  for  blood  transfusion  may  be  sum- 
marized under  two  main  headings :  (a)  those  conditions 
in  which  transfusions  are  done  as  a  life-saving  pro- 
cedure; (6)  those  io  which  transfusions  can  only  serve 
the  purpose  of  a  palliative  remedy. 
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Transfusion  as  a  life-saving  therapeutic  agent 
finds  its  greatest  field  of  usefulness  in  cases  of  simple 
hemorrhage,  especially  where  the  source  of  bleeding 
can  be  reached  and  checked.  The  most  striking 
clinical  effects  will  be  noted  in  these  cases.  The  long 
list  of  causes  need  hardly  be  enumerated  but  it  is 
important  to  remember  that  the  suitable  case  and 
the  right  time  will  often  present  themselves,  and  it  is 
the  duty  of  every  physician  and  surgeon  to  be  so 
trained  and  equipped  that  he  will  be  able  to,  when 
necessary,  perform  a  transfusion  at  a  very  short 
notice.  In  very  urgent  conditions,  the  otherwise 
necessary  hemolysis  and  agglutinations  tests  may  even 
be  omitted. 

In  the  hemorrhagic  diseases  transfusion  of  blood  has 
often  a  striking  effect  in  stopping  the  bleeding.  The 
effect,  however,  is  only  a  temporary  one,  depending 
upon  the  persistence  of  the  injected  blood  elements, 
and  the  operation  may  have  to  be  repeated  once  or 
twice  during  the  year.  It  is,  therefore,  important 
that  for  every  such  patient,  one  or  more  suitable 
donors  are  always  available  and  readily  reached.  In 
pernicious  anemia  transfusion  gives  only  temporary 
results  in  some  of  the  cases.  Ottenberg  and  Libman^' 
divide  pernicious  anemia  with  respect  to  transfusion 
into  two  groups:  (1)  chronic  cases  which  tend  to 
undergo  remissions  spontaneously  and  in  which  new 
remissions  can  be  brought  about  by  transfusions, 
and  (2)  virulent,  rapidly  progressive  cases  in  which 
transfusion  has  little  effect.  Transfusion  has  been 
combined  with  splenectomy  in  some  cases  of  pernicious 
anemia;  the  removal  of  the  spleen  acts  as  a  check 
upon  further  cell  destruction,  the  spleen  being  justly 
regarded  as  a  graveyard  for  the  red  blood  cells.  The 
combined  operation  of  transfusion  and  splenectomy 
has  given  more  promising  results.  In  cases  of  splenic 
anemia  transfusion  and  the  removal  of  the  spleen  is 
strongly  advisable.  In  the  leucemias,  transfusion 
of  blood  has  given  variable  but  no  permanent 
results. 

In  the  acute  infections,  the  transfusion  of  blood 
from  convalescents  or  immune  donors  or  from  indi- 
viduals who  have  been  immunized  with  vaccines  may 
prove  to  be  a  potent  remedial  agency.  It  is  possible, 
as  stated  by  Ottenberg  and  Libman,  that  the  immune 
bodies  are  present  not  only  in  the  plasma,  but  closely 
connected  with  the  living  and  functionating  red  blood 
cells.  A  more  probable  factor,  however,  for  the  \ 
efficiency  of  such  transfusion  lies  in  the  fact  that  bac- 
terial antibodies  of  human  origin  are  readily  comple- 
mented by  the  blood  complement  of  the  transfused  ' 
individual.  After  the  use  of  animal  sera,  however, 
the  contained  antibodies  have  very  little  efficiency 
as  a  therapeutic  agent,  probably,  as  stated  by 
Ehrlich  on  account  of  the  absence,  in  the  human 
blood,  of  suitable  complement.  As  a  prophylactic 
procedure  against  various  infectious  diseases  the 
transfusion  of  blood  from  immune  adults  or  the  sub-  ' 
cutaneous  injection  of  larger  amounts  of  adult  blood 
serum  may  have  a  distinct  value. 

The  Dangers  of  Blood  Transfusion. — The  dangers 
from  blood  transfusion  can  be  easily  avoided  and  the 
operation    made    perfectlj^    safe,     by    avoiding    the     ' 
following:    (a)    The   use   of  incompatible   blood;    (6) 
excessively   large   transfusions;   (c)    emboli  of   air  or     \ 
blood  clot. 

1.  Incompatability    of    the    Donor's    Blood. — Land- 
steiner,"    v.  Dungern  and  Hirschfeld,"  Mo.ss,"  and     ' 
Ottenberg  have  shown  the  presence  in  human  blood     j 
of    iso-agglutinins    and    iso-hemolysins.     These    sub-     ■ 
stances  will  cause  agglutination  and  hemolysis  of  the     ■ 
red  blood  cells  when  incompatible  bloods  are  mixed 
in  the  test-tube.     Moss  found  that  agglutination  fre- 
quently occurs  without  hemolysis,  but  that  hemolysis 
is  ^  always    associated    with    "agglutination.     Human 
bemgs  can  be  divided  into  four  groups,   depending 
upon  the  agglutinins  present  in  the  serum  and  the 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Transfusion  of  Blood 


capacity  of  the  cells  to  be  agglutinated.  If  a  trans- 
fusion is  to  be  safe,  botli  the  donor  and  the  recipient 
should  belong  to  the  same  group.  The  following  are 
the  four  groups  with  the  percentage  of  individuals  in 
ciifh  group: 

Group  I  (ten  per  cent.).  Serum  does  not  aggluti- 
nate any  red  blood  cells.  Red  cells  are  agglutinated 
by  the  sera  of  groups  II,  III  and  IV. 

"  Group  II  (forty  per  cent.).  Serum  agglutinates  the 
ri'd  blood  cells  of  Groups  I  and  III,  not  II  or  IV'. 
Red  cells  agglutinated  by  sera  of  III  and  IV,  not  I 
and  II. 

Group  III  (seven  per  cent.).  Serum  agglutinates 
the  red  blood  cells  of  Groups  I  and  II,  not  III  or  IV. 
Red  cells  agglutinated  by  sera  of  II  and  IV,  not  I  or 
III. 

Group  IV  (forty-three  per  cent.).  Serum  agglu- 
tinates red  blood  cells  of  Group  I,  II,  and  III,  not  IV. 
Red  blood  cells  not  agglutinated  by  any  sera. 

It  may  be  seen  that  no  serum  agglutinates  the  red 
l)lood  cells  belonging  to  its  own  group. 

Brem"  has  shown  that  with  a  known  Group  II  or 
III  blood,  the  group  of  any  other  unknown  blood  can 
be  determined  by  testing  the  known  serum  against 
the  unknown  red  blood  cells,  and  the  unknown  serum 
against  the  known  red  blood  cells.  With  a  list  of 
suitable  donors  on  hand  who  have  been  tested  and 
classified  according  to  groups,  a  suitable  donor  could 
be  readily  obtained.  Moss  states  that  the  group 
reactions  of  any  one  person  appear  to  be  permanent 
characteristics  which  have  been  inherited  according 
tu  Mendelian  laws. 

The  method  usually  employed  in  testing  for  agglu- 
tination and  hemolysis  consists  in  collecting  blood 
for  serum  in  Wright's  pipettes,  and  for  red  blood  cells 
in  a  one  per  cent,  solution  of  sodium  citrate.  After 
washing  the  red  cells  twice,  a  five  per  cent,  suspension 
is  made.  The  tests  are  set  up  in  Wright's  pipettes 
by  drawing  up  and  mixing  one  part  of  a  suspension  of 
red  blood  cells  of  donor  and  two  parts  of  patient's 
serum.  In  another  pipette  the  donor's  serum  and 
])atient's  red  cells  are  drawn  up.  The  tips  of  the 
))ipettes  are  sealed  in  the  flame.  Agglutination,  when 
])resent,  takes  place  rather  promptly  and  appears 
in  the  form  of  small  clumps,  which  are  visible  to  the 
naked  eye.  To  determine  the  presence  of  hemolysis, 
the  pipettes  are  placed  in  the  thermostat  for  two  hours; 
if  hemolysis  is  present,  a  distinct  tinge  will  be  noted 
in  the  serum. 

R.  Weil'*  has  suggested  a  modification  of  this  test, 
which  avoids  the  washing  of  the  red  cells  and  separa- 
tion of  the  serum.  Three  cubic  centimeters  of  citrated 
blood  is  obtained  from  the  donor  and  an  equal  amount 
from  the  recipient,  and  then  mi.xed  in  the  proportion  of 
0.9  c.c.  of  donor's  blood  to  0.1  c.c.  of  recipient's  blood, 
and  vice  versa.  If  agglutination  is  present  in  the  first 
tube,  it  shows  that  the  donor's  scrum  agglutinates 
the  recipient's  red  blood  cells,  and  in  the  second  tube 
that  the  recipient's  serum  agglutinates  the  donor's 
red  blood  cells.  A  slight  modification  of  this  has 
been  suggested  by  Rous  and  Turner-*  who  use  the 
white  blood  cell  counting  pipette  for  mixing  the 
bloods  and  observe  the  agglutination  with  the  micro- 
scope. These  modifications  of  the  original  method 
are  not  as  accurate  or  as  clear  cut,  and  do  not  show 
hemolysis  as  well. 

The  donor  and  recipient  should,  if  possible,  always 
belong  to  the  same  group.  Occasionally,  where  the 
donor's  serum  agglutinates  the  recipient's  red  cells, 
the  donor  may  still  be  used  for  transfusion;  Ottcnberg 
has  shown  that  the  agglutinins  become  so  diluted 
in  the  recipient's  blood,  that  they  fail  to  act.  Hemo- 
lytic donors,  however,  should  always  be  excluded. 

2.  The  second  danger  lies  in  transfusing  an  excessive 
amount  of  blood.  This  may  lead  to  embarrassment  of 
the  circulation,  dilatation  of  the  heart  and  pulmonary 
edema.  Occasionally  jaundice  has  followed  such 
transfusions.     This  danger  can  be  easily  avoided  by 


the  indirect  methods  of  transfusion,  when  the  amount 
of  blood  can  be  definitely  measured.  The  quantity 
of  blood  to  be  transfused  varies  with  the  age  and 
weight  of  the  individual,  and  with  the  condition  for 
which  the  transfusion  is  made.  With  regard  to  age, 
infants  under  six  months  should  not  receive  more  than 
two  or  three  ounces,  from  six  to  twelve  months 
three  or  four  ounces,  from  one  to  five  years  four  to 
six  ounces,  from  five  to  fifteen  years  six  to  ten  ounces, 
and  from  fifteen  to  twenty-five  years  ten  to  twenty 
ounces.  Adults  have  been  transfused  with  as  much 
as  thirty-two  ounces  of  blood.  The  condition  for 
which  the  transfusion  is  made  will  also  influence  the 
size  of  the  transfusion;  in  sudden  acute  hemorrhages 
a  much  larger  quantity  of  blood  is  indicated  than  in 
primary  anemias  and  in  hemorrhagic  diseases.  In 
illuminating  gas  poisoning  a  phlebotomy  and  a  large 
blood  transfusion  is  indicated.  Moderate  trans- 
fusions are  indicated  in  the  other  conditions  which 
have  already  been  enumerated. 

The  danger  from  emboli  should  be  avoided  by 
proper  technique.  In  using  citrated  blood  it  is  ad- 
visable to  pass  the  blood  through  -several  layers  of 
sterile  gauze,  or  aspirate  it  with  a  small  pointed  2.5 
c.c.  pipette  from  the  bottles  into  the  glass  beaker, 
before  the  transfusion. 

Occasionally  chills  and  febrile  reactions  have  fol- 
lowed transfusions.  These  have  been  attributed  to 
hemolysis  and  libration  of  the  hemoglobin  into  the 
circulation.  In  many  ca.ses  in  which  reactions  have 
followed  transfusion,  the  evidences  of  hemolysis 
appeared  in  the  urine  in  the  form  of  hemoglobinuria 
or  masked  as  urinary  blood  pigments.  It  is  probable 
that  transfusions  with  some  methods  give  more  re- 
actions than  with  others.  Careful  selection  of  donors 
will  also  diminish  the  number  of  reactions. 

Repetition  of  the  transfusion  depends  upon  the 
original  disease  and  different  indications  in  each  case. 
Repeated  hemorrhage,  pernicious  anemia,  septic  dis- 
ease, marasmus,  etc.,  may  require  several  transfusions. 
In  some  cases  another  transfusion  may  be  indicated 
within  a  few  days.  The  transfused  blood,  unless 
lost  by  hemorrhage,  continues  to  functionate  in  the 
new  host.  This  has  been  shown  by  numerous  experi- 
mental and  clinical  results.  It  is  probable,  however, 
that  the  newly  added  blood  has  also  a  stimulating 
function  in  its  action  upon  the  recipient's  blood-form- 
ing organs. 

The  selection  of  a  proper  donor  is  important.  In 
many  instances,  one  or  more  members  of  the  immedi- 
ate family  will  be  available  as  donors.  In  larger 
centers  of  population,  an  advertisement  in  one  of  the 
newspapers  will  bring  a  number  of  donors.  These 
donors  must  be  tested  with  the  Was.scrmann  reaction 
and  given  a  thorough  jjhysical  examination.  If 
accepted,  the  donor  should  be  required  to  sign  a  legal 
form  relieving  the  patient,  the  operator  and  the  insti- 
tution authorities  from  any  further  liability.  Donors 
can  be  used  for  repeated  transfusions  if  a  sufficient 
time  is  allowed  for  the  hemoglobin  to  reach  normal 
again. 

The  ease  and  simplicity  of  the  citrate  method  of 
transfusion  will  suggest  an  increasing  number  of 
indications  for  its  use.  .^s  stated  by  one  of  the  in- 
vestigators: The  subject  of  blood  transfusion  has 
thrilled  the  imagination  of  man  ever  since  the  discov- 
ery of  the  circulation  of  the  blood.  In  the  last  quarter 
of  a  century,  some  of  these  dreams  have  been  realized. 
The  diflicultics  of  technique  of  the  old  methods,  the 
uncertainty  of  success,  the  pain,  infection,  and  life- 
long scars  to  patients  and  donors,  and  the  empiricism 
of  its  therapeutics  relegated  its  use  to  the  court  of  last 
resort.  The  newer  methods  of  blood  transfusion 
make  possible  new  ai>plications.  They  open  up  a 
new  field  of  therapeutics,  a  field  that  will  possibly 
.<;olve  some  of  the  present  insoluble  enigmas  in  the 
treatment  of  disease  and  in  the  conservation  of  human 
life.  .\br.\h.\.m  ZmoHER. 
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Transplantation  of  Tissues. — While  entire  or- 
gans (Carrel)  and  joints  (Lexer)  have  been  trans- 
planted, sufh  procedures  have  not  won  a  place  for 
themselves  in  the  realm  of  practical  surgery.  The 
tissues  that  are  routinely  transplanted  with  success 
are  skin,  fat,  deep  fascia,  cartilage,  and  bone. 

Grafts  are  termed  autoplastic  if  derived  from  the 
same  individual,  homoplastic  if  derived  from  an  indi- 
vidual of  the  same  species,  and  heteroplastic  if  derived 
from  an  individual  of  different  species.  While  in 
isolated  cases  homoplastic  and  even  heteroplastic 
graft  operations  have  been  performed  with  complete 
and  permanent  success,  for  work  day  in  and  day  out 
autoplastic  grafts  ^\-ill  give  the  largest  percentage  of 
successes. 

Transplantation  OF  Skin  (Skin-gr^vfting). — Large 
cutaneous  defects,  the  results  of  operation  or  ulcera- 
tion, can  be  stimulated  to  heal  by  skin-grafting.  Of  all 
tissues  of  the  bodj-  cutaneous  or  mucosa  epithelium 
regenerates  most  rapidly,  provided  conditions  are 
favorable.  It  is  a  well-established  clinical  observation 
that  epithelium  will  not  grow  over  the  surface  of  an 
ulcer  unless  that  surface  is  in  a  perfectly  healthy 
condition.  It  could  not,  therefore,  be  expected  that 
a  graft  of  epithelium  should  thrive  in  the  presence  of 
an  unhealthy  ulccr-surfaee  (ulcer-base).  Included 
in  the  term  "unhealthy"  are  infected  ulcers,  those 
with  large,  pale,  edematous  granulations,  those  with 
cyanotic  granulations,  and  tliose  covered  with  cicatri- 
cial fibrous  tissue.  To  "prepare"  a  granulating  sur- 
face for  the  reception  of  a  graft  cicatricial  fibrous 
tissue  must  be  excised  in  toto;  the  circulation  of  cyan- 
otic granulations  mu.st  be  improved,  while  large, 
pale,  edematous  granulations  must  be  snipped  away 
with  scissors,  touched  with  nitrate  of  silver,  dried  with 
a  dusting  powder,  and  subjected  to  compression — in 
fact,  granulations  are  not  healthy  unless  they  are 
firm,  bright  red,  and  unless  they  bleed  readily  "when 
touched:  a  good  circulation  in  the  tissues  to  be  grafted 
upon  is  of  prime  importance — almost  a  sine  qua  non; 
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and  it  is  for  this  reason  that  cicatricial  tissue  must  be 
removed  from  the  ulcer's  base.  To  sterilize  the  ulcer, 
for  several  days  previous  to  the  grafting  operation 
t  he  part  should  be  dressed  with  gauze  soaked  in  formal- 
dehyde solution  (1  to  200);  the  tops  of  the  hardened 
granulations  are  then  gently  scraped  off  with  a  sharp 
razor,  just  before  applying  the  grafts.  The  ulcer  is 
then  washed  with  sterile  saline  solution  to  remove  the 
antiseptic  formaldehyde,  iodine,  picric  acid  in  weak 
alcoholic  solutions,  and  Dakin's  fluid  may  also  be 
used  for  purposes  of  sterilization.  Whatever  bleeding 
there  is  is  checked  with  pressure  by  sterile  gauze. 
The  skin  most  suitable  for  yielding  grafts  is  that 
covering  the  inner  surface  of  the  thigh  and  that  cover- 
ing the  inner  surface  of  the  upper  arm,  and  the  lateral 
thoracic  and  abdominal  wall,  since  in  these  regions  the 
skin  is  thin,  delicate  and  free  from  hair,  for  hair\-  skin 
is  difficult  to  sterilize. 

There  are  three  principal  methods  of  skin-grafting 
— the  Reverdin,  the  Thiersch,  and  the  Wolfe  or 
Krause. 

Reverdin's  Method. — The  skin  is  raised  upon  the 
point  of  a  needle  and  minute  bits  of  the  cuticle  are 
sliced  away  with  a  sharp  razor:  these  bits  are  imme- 
diately transferred  to  the  surface  to  be  grafted,  to 
which  they  are  applied  with  the  epidermic  side  up- 
ward and  at  close  intervals,  and  held  in  place  by  a 
layer  of  waxed  mesh.  Over  the  latter  a  dressing  of 
.sterile  dry  gauze  is  applied  and  retained  by  a  bandage 
or  adhesive  plaster  straps.  This  superficial  dressing 
is  changed  in  four  or  five  days.  That  certain  grafts 
have  taken  will  be  shown  by  the  presence  of  points  of 
bluish-white  epiderm,  which  may  be  seen  growing  in 
the  center  of  the  granulating  area.  When  these 
points  coalesce  the  previous  single  large  surface 
will  have  been  replaced  by  a  series  of  small  ulcers  sur- 
rounded by  epiderm. 

Thiersch's  Method. — Whereas  the  previous  method 
transplants  minute  bits  of  cuticle,  this  one  transplants 
long  strips  of  epiderm  with  only  the  topmost  layer 
of  the  cutis,  which  are  cut  by  a  razor  with  a  rapid 
sawing  motion,  the  skin  being  held  taut,  and  saline 
solution  flooding  the  field.  The  transplants  are  then 
spread  in  place  upon  the  granulating  surface,  and  a 
dressing  is  applied  as  described  above.  A  general 
anesthetic  is  required,  and  these  grafts  are  less  likely 
to  "take"  than  those  of  Reverdin,  but  when  they  dO' 
"take"  the  ulcer  heals  more  rapidly,  and  with  a  less, 
conspicuous  scar. 

Wolfe-Krause  Method. — Whereas  the  previous  twO' 
methods  transplant  but  part  of  the  thickness  of  the 
skin  in  bits  or  in  strips,  this  one  transplants  the  entire 
thickness  of  the  skin,  but  without  any  subcutaneous 
/issue.  As  to  the  size  of  each  Wolfe-Krause  graft, 
jneces  one  inch  in  diameter  are  large  enough,  as  many 
pieces  being  used  as  are  nece.ssary  to  cover  the  granu- 
lating area,  spaces  between  the  jjioces  being  left  for 
proper  drainage  of  the  ulcer.  In  making  Wolfe- 
Krause  transplants,  rigid  aseptic  precautions  must  be 
observed,  and  the  operative  field  should  be  dry. 
These  whole  skin  grafts  may  be  applied  to  the  wound 
at  the  time  of  operation,  for  example  in  the  radical 
removal  of  a  cancerous  breast,  when  it  is  impossible  to 
coaptate  the  skin  margins. 

Lexer  found  that  skin-grafts  (epidermal  and  cutis) 
may  undergo  any  of  the  five  following  changes:  (1) 
Acute  gangrenous  degeneration.  (2)  Apparent  heal- 
ing, followed  in  two  or  three  weeks  by  complete  sepa- 
ration of  the  grafts  in  association  with  suppuration. 
(3)  Apparent  healing,  and,  after  three  weeks,  drjnng 
of  the  transplanted  skin  without  suppuration,  but 
with  such  scar  formation  as  takes  place  in  simple  heal- 
ing under  a  crust.  (4)  Apparent  healing,  followed 
b}-  very  slow  cicatricial  substitution.  (5)  Transitory 
healing. 

Fascia  and  Fat  Tr.\nsplantations. — This  subject  • 
has  been  reviewed  recently  by  Dean  Lewis,  of  Chicago, , 
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whose  paper'  will  be  frequently  referred  to  in  this 
article. 

The  feasibility  of  direct  transplantation  of  fascia 
was  shown  by  Kirschner  in  expcriiiiental  work,  the 
results  of  which  were  published  in  1909.  Then  inter- 
est was  aroused  in  the  direct  transplantation  of  fat,  for 
in  certain  types  of  plastic  surgery  Ijoth  materials  must 
needs  be  transplanted  together,  or  the  fat  must  be 
transplanted  first  to  prepare  for  the  direct  transplanta- 
tion of  fascia. 

Fascia  is  an  ideal  material  for  transplantation. 
The  anioimt  is  relatively  inexhaustible.  Fascia  is  so 
thin  that  it  is  easily  permeated  by  serum  and  few  or  no 
degenerative  changes  occur  after  direct  transplan- 
tation. It  also  has  great  tensile  strength,  for  a  loop  of 
fascia  fastened  in  a  vise  wiU  sustain  a  weight  of  ninety 
pounds  without  breaking,  the  ends  of  the  fascia 
slipping  from  the  vise  first.  All  the  experimental 
work  which  has  been  done  demonstrates  conclusively 
that  fascia  transplanted  under  suitable  conditions  into 
subcutaneous  fat  or  into  muscles  remains  viable.  It 
is  not  encapsulated  like  a  foreign  body,  neither  is  it 
infiltrated  by  leucocj-tes,  nor  do  the  nuclei  and 
fibrilla-  lose  the  staining  reactions  ordinarily  shown 
by  living  tissues.  Fascia  contracts  somewhat  on 
being  removed  from  its  bed,  and  a  piece  of  fascia  lata 
is  usually  smaller  than  the  bed  from  which  it  has  been 
removed:  this  is  sometimes  called  the  primary  con- 
traction. The  secondary,  or  cicatricial  contraction, 
which  occurs  when  the  fascia  becomes  involved  in 
scar  tissue,  and  which  has  been  emphasized  by  Kredel, 
has  been  regarded  by  him  as  an  argument  against 
the  use  of  fascia  as  material  for  tubulization  after 
neurolysis. 

Fat  when  transplanted  under  favorable  conditions 
usually  remains  viable.  While  certain  changes  occur 
leading  to  absorption  or  liberation  of  fat  droplets, 
collections  of  other  groups  of  cells,  probably  derived 
from  the  original  fat-cell,  are  found,  which  indicate 
definite  growth  changes,  so  that  the  term  of  growth 
atrophy  may  not  be  inappropriately  applied  to  the 
changes  in  the  fat  following  transplantation.  The 
possibility  of  transplanting  large  masses  of  fat  widens 
considerably  the  field  of  plastic  surgery.  Czerny  was 
probably  the  first  to  attempt  the  transplantation  of 
large  amounts  of  fat.  He  reported  to  the  German 
Surgical  Congress  in  1S95  a  successful  transplantation 
of  a  lipoma  to  replace  a  breast  which  had  been  removed. 

Neuber  soon  after  reported  cases  In  which  he  had 
transplanted  fat  subcutaneously  to  raise  a  depressed 
scar  over  the  infraorbital  margin  resulting  from  an 
earlier  tuberculous  osteitis.  His  attempts  to  trans- 
plant large  pieces  of  fat  all  failed,  and  he  came  to  the 
conclusion  that  pieces  of  fat  which  exceeded  in  size 
a  bean  or  almond  could  not  be  successfully  trans- 
planted. 

The  use  of  fat  to  fill  bone  cavities  resulting  from 
osteomyelitis  has  been  frequently  attempted,  and  as 
is  the  case  with  most  operations  designed  to  do  this, 
the  final  result  depends  upon  the  amount  and  viru- 
lence of  the  infection.  If  the  cavity  can  be  so  cleaned 
that  the  chances  of  infection  are  greatly  reduced  or 
removed,  fat  may  be  used  to  fill  the  cavity,  but  the 
experience  with  fat  transplantation  in  the  coosure 
of  osteomyelitic  cavities  is  much  like  that  with  the 
Mosetig-Moorhoff  plug  and  Beck's  paste. 

Tuffier  has  used  fat  transplants  to  cover  the  end  of 
the  bone  after  amputation  of  the  femur,  after  resection 
of  an  elbow-joint,  etc.  In  two  cases  he  attempted  to 
close  an  emp^-emic  cavity  by  transplanting  a  lipoma, 
while  in  a  third  he  transplanted  a  piece  of  omentum 
which  had  been  kept  on  ice. 

But  few  attempts  have  been  made  to  use  fat  to 
correct  dcforrnitics  about  the  face.  Bier  operated 
upon  a  case  of  facial  hemiatrophy  and  increased  the 
size  of  the  half  of  the  face  affected  by  inserting  strips 
of  fat  removed  from  a  lipoma  beneath  the  skin.  Neu- 
ber used  it  to  raise  a  depressed  scar  over  the  frontal 


sinus;  Murphy  to  elevate  an  eyeball  which  had  become 
prolapsed  from  traumatic  loss  of  substance  of  the 
outer  wall  of  the  orbit;  Kanavel  to  correct  an  un- 
sightly scar  of  the  chin  which  followed  ulceration 
resulting  from  the  application  of  arsenical  paste. 

Ophthalmologists  have  used  fat  transplantation 
both  after  enucleation  and  evisceration  of  the  eye. 
The  value  of  fat-fascia  interposing  transplants  in 
arthroplasties  has  been  demonstrated  by  practical 
experience,  but  their  use  should  be  confined  to  non- 
weight bearing  joints  (Murphy). 

In  a  paper  entitled  "The  Transplantation  of  Free 
Flaps  of  Fat"  KanaveP  draws  the  following  conclu- 
sions: "Out  of  the  thirty-two  cases  here  reported 
secondary  infection  with  loss  of  the  fat  did  not  occur 
except  in  four  cases,  viz.,  the  breast  cases,  and  here  the 
result  was  probably  due  to  the  nature  of  the  operation 
and  the  large  field,  and  the  osteomyelitis  cases. 
Therefore,  it  would  seem  safe  to  say  that  fat  can  be 
transplanted  into  any  ordinary  field  with  the  assurance 
that  it  will  not  act  as  a  foreign  body.  Clinically, 
it  would  appear  to  live  and  become  a  part  of  the 
structure  in  which  it  is  placed.  It  surely  persists  for 
many  months  and  probably  years. 

"  Fat  may  be  transplanted  into  small  infected  areas 
with  some  degree  of  success  as  is  shown  by  the  two 
cases  reported.  The  fat  should  not  be  packed  too 
tightly  into  the  field  in  which  it  is  placed. 

"The  author's  results  would  seem  to  indicate  that 
the  greatest  value  of  fat  transplantation  is  to  be  found 
in  its  use  in  plastic  operations  to  restore  mobility  and 
remove  disfigurement,  as  a  protection  to  prevent  con- 
tracture about  vessels  and  nerves,  and  to  prevent  ad- 
hesions about  tendons  and  joints.  Its  use  in  tuber- 
culous joints  and  bones  is  still  a  fruitful  field  of  study, 
and  the  same  may  be  said  of  its  use  in  traumatic 
epileps}',  although  it  can  be  used  safely  to  obliterate 
defects  in  brain  tissue.  In  the  author's  hands  the  use 
of  fat  transplants  in  large,  open,  potentially  infective 
areas,  such  as  are  present  after  breast  amputations, 
etc.,  and  in  osteomyelitis,  has  not  been  satisfactory." 

Fat  transplantation  is  of  value  in  tenolysis  and 
neurolysis.  According  to  Lewis,  several  objections 
have  been  raised  against  fascia  in  these  operations. 
Kredel  and  Goldmann  were  compelled  to  perform  a 
second  operation  in  cases  in  which  fascia  had  been 
placed  about  a  nerve.  Cicatricial  contraction  of  the 
fascia;  the  formation  of  broad,  firm  adhesions  between 
the  nerve  and  the  fascia;  and  fatty  degeneration  of  the 
fascial  transplant  with  infiltration,  considerably  limit 
the  use  of  fascia  for  both  tenolysis  and  neurolysis. 
Under  appropriate  conditions  fascia  may  be  used  for 
both  purposes,  but  often  extensive  scars  are  en- 
countered when  these  operations  are  performed,  and 
the  use  of  fascia  is  therefore  limited. 

Experimentally  it  has  been  shown  by  histologic 
examination  that  transplanted  fat  heals  in  position 
with  extremely  little  or  no  reaction  of  the  foreign  body 
type.  There  is  but  little  leucocytic  infiltration.  In 
the  early  stages  transplanted  fat  becomes  adherent  to 
nerves  about  which  it  is  placed.  During  regeneration 
of  the  fat  the  adhesions  become  less  and  less,  and  the 
fat  either  merely  surrounds  the  nerves  or  is  separated 
from  it  by  a  connective-tissue  zone  of  microscopic 
width.  Eden  and  Rehn  believe,  as  a  result  of  their 
experimental  studies,  that  no  other  autoplastic  trans- 
l>lantablo  material  contracts  as  few  adhesions  with 
tissues  about  which  it  is  placed  as  fat. 

Because  of  these  properties,  fat  can  be  transplanted 
in  a  much  larger  proportion  of  cases  of  neurolysis  and 
tenolysis  than  fascia,  for  in  most  cases  in  which  the 
operation  is  indicated  there  is  considerable  scar  tissue. 
In  tubulizing  for  the  repair  of  nerve  defects,  in  which 
there  is  considerable  scar  formation,  it  is  well  to  take 
considerable  fat  with  the  fascia,  the  fat  being  placed 
upon  the  outer  side  of  the  tube. 

Fascia  Trnusplaiilnlion  in  KeuroJysis. — In  a  paper 
entitled,  "Fascial  Tubulization  in  the  Repair  of  Nerve 
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Defects"  Kirk  and  Lewis'  discuss  their  results  as 

follows:  ,  ,  „     ,    • ,      1  1 

"Defects  in  nerves  may  be  successfully  bridged  by 
fascial  tubes.  Histologic  preparations  show  that  tlie 
continuity  of  the  nerve  is  reestablished.  The  medul- 
lary shcaUis  have  not  yet  been  formed  in  the  speci- 
mens examined  by  us:  these  are  formed  late  in  the 
process  of  nerve  regeneration. 

"Regeneration  of  the  fibers  which  bridge  the  gap 
takes  place  entirely  from  the  proximal  stump,  as  has 
previously  been  shown  by  Ranson,  Ranvicr,  V'anlair, 
and  Forsmann. 

"The  proliferative  changes  in  the  proximal  stump 
are  very  active.  From  fifty  to  one  hundred  times  the 
number  of  axis  cylinders  normally  found  in  a  nerve 
are  formed.  If  one  ovit  of  fifty  of  these  axis  cylinders 
enters  the  empty  sheaths  of  the  distal  segment  it 
seems  certain  that  both  anatomic  and  physiologic 
restoration  of  the  nerve  would  occur.  It  has  been 
demonstrated  that  a  comparatively  few  axons  will 
permit  of  functional  activity  on  the  part  of  the  mus- 
cles supplied  by  them  (Vulpius  and  Stoffel). 

"The  time  required  for  bridging  depends  on  the 
length  of  the  defect,  also  on  the  age  of  the  animal,  and 
the  amount  of  tension  exerted  on  the  nerve  ends.  We 
believe  that  a  gap  of  one  centimeter  with  proper  use 
of  this  technique  will  be  bridged  in  nine  weeks,  the  axis 
cylinders  at  this  time  having  passed  well  into  the 
distal  segment. 

"The  oldest  observations  have  been  made  on 
animals  ten  and  sixteen  and  one-half  weeks  after 
tubulization.  Von  Fleischhauer  in  his  clinical  obser- 
vations has  found  that  a  cicatrix  is  a  nerve  usually 
undergoes  contraction  seven  or  eight  weeks  after  in- 
jury. In  our  oldest  experiments  there  has  been  no 
evidence  of  secondary  contraction  in  the  tube.  It 
has  often  thinned  out  so  as  to  be  almost  indistinguish- 
able from  perineurium.  We  believe  that  the  possi- 
bility of  cicatricial  contraction  of  the  fascia  is  pre- 
cluded when  the  proper  technique  is  employed  and  the 
fascia  inserted  only  under  proper  conditions." 

In  a  later  paper  the  latter  of  the  above  authors 
states  that  the  changes  occurring  in  a  fascial  tube  used 
for  this  purpose  would  seem  to  be  conducive  to  cica- 
tricial contraction.  During  the  first  day  the  tube  is 
filled  with  a  serous  exudate.  If  hemostasis  has  been 
adequate,  the  exudate  contains  few  or  no  red  cells. 
At  the  fifth  day  the  portions  of  the  tube  nearest  the 
cut  ends  are  filled  with  a  soft  grayish-white,  pulpj- 
material  resembling  brain  matter.  This  exudate 
comes  from  the  nerve  ends,  the  fascia  showing  no 
reaction.  Even  as  late  as  the  fourth  and  fifth  days, 
the  middle  of  the  tube  may  be  empty.  Experimen- 
tally this  tube  does  not  collapse,  and  an  excellent 
opportunity  is  afforded  for  the  study  of  regeneration 
of  nerves  after  tubulization.  One  of  the  most  striking 
things  revealed  by  the  study  of  nerve  regeneration  by 
this  method  is  that  protoplasmic  band  formation  pre- 
cedes the  downgrowth  of  axis  cylinders  from  the  cen- 
tral end,  and  that  while  protoplasmic  bands  develop 
from  both  ends  of  the  resected  nerve,  axis  cylinders 
develop  from  the  proximal  end  alone,  and  enter  the 
bands  which  act  as  conduits  for  the  developing  axis 
cylinders.  The  approximate  rapidity  of  growth  of 
the  bands  is  indicated  by  the  fact  that  after  removal  of 
a  segment  of  nerve  measuring  twelve  millimeters  in 
length,  the  protoplasmic  bands  have  completely 
bridged  the  lumen  of  the  tube  by  the  sixth  dav.  The 
bands  are  very  numerous  near  the  proximal  eiid  of  the 
nerve  at  this  time,  much  less  numerous  at  the  distal  end, 
and  least  numerous  at  a  point  about  ten  millimeters 
from  the  proximal  end  nf  the  resected  nerve.  This  indi- 
cates that  while  protoi)lasmic  band  formation  occurs 
at  both  ends,  the  format  ion  is  much  more  active  at  the 
proximal  end,  and  that  the  bands  forming  here  grow 
much  more  rapidly.  Fascia  cannot  be  successfully 
used  for  neurolysis  when  it  is  placed  about  a  scar  or  in 
a  bed  of  scar  tissue,  but  it  may  be  used  successfully 
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to  cover  a  line  of  suture  in  a  nerve,  and  has  been  so 
used  by  both  Law  and  Lewis. 

Fascia  in  the  Closure  of  Diiral  Defects. — Most  of  the 
attempts  which  have  been  made  to  close  dural  defects 
and  to  prevent  scar  formation  in  the  cerebral  cortex  by 
the  use  of  foreign  material  have  been  unsuccessful. 
The  two  best  materials  which  have  been  used  to  close 
dural  defects  are  fascia  and  peritoneum,  autoplastic 
transplants  being  used.  The  same  changes  occur  in 
both  after  transplantation  and  also  in  the  brain  cortex 
after  their  use.  The  results  of  experimental  work  in 
dural  plastics  vary.  Saar  found  adhesions  between 
the  fascia  and  pia  arachnoid  in  many  of  his  experi- 
ments. In  seven  of  the  ten  cases  examined  by  him, 
more  or  less  extensive  adhesions  were  found.  It 
seemed  to  be  the  rule  that  in  all  cases  in  which  the 
brain  was  traumatized  adhesions  formed  between  it 
and  the  fascial  transplant,  while  in  cases  in  which  the 
brain  was  not  injured  a  space  was  found  between  the 
transplant  and  brain  cortex.  In  some  cases  the 
fascia  was  covered  by  endothelium. 

Up  to  1914,  seventy-three  cases  had  been  reported  in 
which  fascia  lata  had  been  used  to  close  a  defect  in  the 
dura.  This  type  of  plastic  operation  was  performed 
for — 

Traumatic  epilepsy 14 

General  epilepsy 12 

Brain  tumor 13 

Dural  tumor 15 

Recent  compound  skull  fracture 3 

Simple  skull  fracture 2 

Old  depressed  fracture 3 

Gumma  of  the  brain 2 

Meningocele 1 

Character  of  injury  or  disease  unknown 2 

In  seven  of  the  seventy-three  cases  cerebrospinal 
fluid  escaped  after  the  operation.  In  five  of  these 
the  escape  of  fluid  ceased  after  a  few  days.  Haberer 
operated  upon  a  traumaticVyst  of  the  brain  in  which 
almost  the  entire  wall  of  the  lateral  ventricle  was 
removed  and  replaced  by  fascia.  Cerebrospinal  fluid 
escaped  for  one  day  after  this  and  then  the  discharge 
ceased.  In  one  of  von  Eiselsberg's  cases  the  discharge 
of  fluid  persisted  for  ten  days,  at  which  time  the  patient 
died. 

In  six  of  the  cases  the  brain  prolapsed.  In  two  of 
these  the  prolapse  occurred  after  the  fascia  had  been 
perfectly  transplanted.  In  three  the  prolapse  was 
probably  due  to  an  infection  which  developed.  In  one 
case  it  was  impossible  completely  to  replace  the  brain 
after  the  dura  had  been  removed,  and  technical  dif- 
ficulties prevented  the  proper  insertion  of  the  fascia. 
In  none  of  the  cases  has  enough  time  elapsed  since 
the  operation  to  permit  one  to  speak  positively  of  the 
results. 

But  few  opportunities  have  been  had  to  examine 
fascia  which  has  been  used  to  close  a  dural  defect  in 
man,  and  the  case  reported  by  Rehn  is  therefore  sig- 
nificant, for  it  indicates  what  procedure  must  be 
followed  if  the  results  are  to  be  improved. 

The  patient,  a  male  two  years  of  age,  had  epilepsy. 
After  removal  of  a  considerable  piece  of  dura  which 
was  under  pressure,  the  defect  was  closed  by  a  fascial 
transplant.  Because  of  recurrence  of  symptoms  some 
flve  months  after  the  operation,  a  second  operation 
was  performed.  The  bone  flap  which  was  not  closely 
united  was  turned  down,  and  the  fascial  transplant 
was  then  found  to  be  closely  adherent  to  the  surface 
of  the  brain.  A  distinct  difference  between  the  cen- 
tral and  peripheral  part  of  this  transplant  could  be 
made  out  by  the  naked  eye.  About  the  periphery  the 
fascia  had  retained  its  histologic  characteristics,  but 
toward  the  center  of  the  transplant  fewer  well-stained 
nuclei  were  found,  phagocji;es  loaded  with  pigment 
became  more  numerous,'  and  gnarled,  rolled-up 
bundles  of  degenerating  fibrillre,  rather  sharply  de- 
limited from  the  adjacent  living  fascia  were  seen. 
The  dense  adhesions  which  had  formed  between  the 
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brain  cortex  and  the  fascial  transplant  were  appar- 
ently the  result  of  necrosis  in  the  central  part  of  the 
fascia,  which  ended  in  fatty  degeneration  followed  by 
cicatricial  substitution. 

While  fascial  transplantation  closes  effectively  a 
dural  defect,  preventing  prolapse  of  the  brain  and 
probably  reducing  somewhat  the  chances  of  infection, 
it  does  not  fulfil  the  purpose,  for  which  it  is  frequently 
employed,  of  preventing  adhesions.  This  has  been 
demonstrated  experimentally  and  clinically.  Fat 
forms  much  less  dense  and  fewer  adhesions,  andforthis 
reason  it  is  advisable  that  when  a  duraplastic  opera- 
tion becomes  necessary,  a  layer  of  fat  be  included  with 
the  fascia,  and  that  the  fat  be  placed  toward  the  brain 
cortex.  If  adhesions  do  then  form,  they  will  be  more 
delicate  and  pliable  than  those  associated  with  any 
other  type  of  duraplastic  work. 

Fat  and  Fascia  in  Reconstruclion  of  Common  Bile- 
duct  and  Ureter,  and  Slrenglhening  of  Suture  Lines. — 
With  the  idea  of  determining  the  amount  of  resistance 
that  fascia  might  have  against  certain  body  excretions, 
Davis  and  Lewis  attempted  to  reconstruct  the  common 
bile-duct  with  a  free  fascial  transplant.  Attempts 
were  made  to  bridge  gaps  in  the  common  duct,  and  to 
patch  partially  severed  ducts.  In  all  cases  the  gastro- 
hepatic  omentum  was  destroyed  in  so  far  as  any  support 
was  given  to  the  common  duct.  In  one  series  of  cases 
the  common  duct  was  cut  across  and  the  ends  were 
allowed  to  retract  until  they  were  one-half  to  one  inch 
apart.  A  strip  of  fascia  was  removed  from  the  rectus 
muscle,  passed  beneath  the  duct,  fastened  by  silk 
sutures  to  the  proximal  portion  of  the  common  duct 
and  passed  well  up  on  the  cystic  and  hepatic  ducts. 
The  repair  of  the  distal  end  was  done  by  fixing  the 
fascia  behind  the  duodenum,  behind  the  entrance  of 
the  distal  end  of  the  duct  into  the  intestine.  The  fascia 
was  then  folded  to  form  a  tube,  and  two  continuous 
sutures  were  used  to  make  the  caliber  as  tight  as 
possible.  Over  this  the  omentum  was  w'rapped  as  an 
extra  precaution. 

In  the  second  series  the  common  duct  was  cut  par- 
tially across  and  then  slit  lengthwise  for  one-half  inch, 
a  strip  of  fascia  from  the  abdominal  wall  was  placed 
around  the  duct,  and  the  abdomen  was  closed  without 
drainage.  In  eleven  cases  it  was  necessary  to  close 
the  abdomen  without  drainage,  as  the  animals  pulled 
out  tubes  and  gauze  in  the  first  twenty-four  hours.  In 
some  cases  an  attempt  was  made  to  divert  the  bile 
from  the  field  by  draining  the  gall-bladder.  The  ani- 
mals died  from  the  escape  of  bile  into  the  abdominal 
cavity  after  the  tubes  had  been  remo\-ed  by  them. 
Leakage  rendered  the  experimental  results  nil.  Three 
dogs  in  which  the  duct  was  cut  lived  two  months.  Two 
when  killed  had  a  patent  common  duct,  and  the  stools 
were  normal  in  color.  The  third  dog,  which  lived  sixty- 
five  days,  had  a  constriction  on  the  intestinal  side  of 
the  common  duct,  and  the  duct  above  the  point  of 
constriction  was  enormously  distended :  the  fascia  was 
alive,  however.  In  one  dog  in  which  the  duct  was  cut 
longitudinally,  the  fascia  was  sutured  too  tightly  at 
the  duodenal  end,  but  even  in  this  case  the  fascia  was 
alive  and  strong  enough  to  retain  bile. 

In  a  paper  entitled,  "Autogenous  Fascial  Recon- 
struction of  the  Bile-duct"  Ginsburg  and  Speese' 
present  an  operative  case  and  review  the  methods  of 
reconstruction  of  the  bile-duct.  P.  G.  Skillern,  Jr.,* 
in  the  discussion  of  this  paper,  called  into  question  the 
permanency  of  the  patency  of  the  lumen  of  the  bile- 
duct,  for  the  fundamental  reason  that  the  operators 
failed  to  provide  an  epithelial  lining  to  their  exotic 
duct  on  the  following  grounds:  It  is  a  law  in  surgical 
pathology  that  when  the  epithelial  lining  of  a  soft- 
tissue  tube  is  destroyed  or  absent,  and  does  not  regen- 
erate, the  tube  becomes  involved  in  stricture-forma- 
tion at  the  site  of  the  missing  epithelium.  This  law 
applies  to  the  Eustachian  tube,  the  esophagus,  the 
stomach  (hour-glass  stomach),  the  intestines  (es- 
pecially the  rectum),  the  bile-duct,  the  ducts  of  sali- 


vary glands  (including  the  pancreas),  the  Fallopian 
tube,  the  ureter,  and  urethra.  Taking  the  urethra,  for 
example,  the  first  stage  of  .stricture-formation  is  de- 
struction with  permanent  loss  of  epithelium  followed 
by  the  formation  of  a  granular  patch  and  ultimately 
the  inevitable  cicatricial  constnctionj  and  no  plastic 
operation  for  the  permanent  restoration  of  a  patent 
lumen  succeeds  unless  the  exotic  ti.ssue  transplant 
bears  with  it  an  epithelial  lining.  Another  illustration 
is^  afforded  by  the  behavior  of  intestinal  fistula*. 
Nothing  closes  so  surely  and  rapidly  as  the  large  in- 
testine fistula  (cecum)  when  not  lined  by  epithelium; 
nothing  is  so  sure  to  persist  forever  as  a  similar  fistula 
when  lined  by  epithelium  from  bowel  to  skin.  Wit- 
ness the  persistency  of  branchiogenic  fistuUc!  Com- 
menting upon  Sullivan's  method  of  reconstruction 
of  the  bile-ducts  by  union  by  rubber  tube  of  com- 
mon or  hepatic  duct  to  duodenum,  W.  J.  Mayo  says, 
"This  is  by  all  means  the  simplest  method  of  restoring 
the  bile-channel,  but  unfortunately  the  newly-formed 
channel  is  not  mucosa-lined,  and  we  must  expect  that 
eventually  contraction  will  take  place  .  .  .  .  " 
This  is  one  reason  why  Walton's  method  of  recon- 
struction, which  was  referred  to  by  the  essayists, 
appealed  to  him,  for  restoration  is  made  by  a  pedicled 
duodenal  flap.  The  second  reason  why  Walton's 
method  is  preferred  is  based  upon  what  seems  to  him 
to  be  irrefutable  logic,  namely,  the  pedicled  duodenal 
flap  is  lined  by  mother  epithelium  from  which  the 
anlage  of  the  hepatic  bud  is  derived,  so  that  by  this 
method  the  place  of  the  missing  common  duct  is  taken 
by  homologous  tissue  lined  by  homologous  epithelium, 
and  provided  the  epithelial  edge  of  the  graft  has  been 
accurately  contacted  with  the  epithelial  edge  of  the 
duct-stump;  with  this  proviso  the  chance  of  stricture- 
formation  should  be  practically  nil.  Whether  or  not, 
in  the  plastic  of  the  essayists,  epithelial  regeneration 
will  spread  from  the  duct-stump  along  the  exotic 
fascia  duct  to  the  duodenum  is  problematic;  if  so,  the 
situation  would  be  saved;  if  not,  the  inevitable  con- 
striction which  forms  the  basis  of  Mayo's  argument 
against  Sullivan's  method  will  occur.  In  any  event 
the  interesting  problem  offers  first-class  opportunities 
for  experimental  investigation. 

Strauss  has  demonstrated  experimentally  that  fascia 
will  live  in  the  presence  of  urine,  even  when  infected. 
A  peculliar  ossification  of  the  transplant  occurs  in  the 
cases  in  which  fascia  is  used  to  bridge  an  ureteral 
defect.  The  lumen  of  the  tube  is  preserved  in  spite  of 
this  ossification,  but  the  ossified  segment  may  inter- 
fere with  the  flow  of  urine,  because  of  interruption  of 
the  peristaltic  wave.  Fascia  may  be  used  to  reinforce 
a  suture  line  of  the  ureter,  and  one  case  is  reported  in 
which  fascia  had  been  placed  about  a  repaired  ureter 
and  prevented  extravasation  of  urine  after  the  sutures 
gave  way. 

Fat  has  been  used  extensively  to  reinforce  suture 
lines  in  gastrointestinal  surgery.  Braun  was  the 
first  to  use  a  pedunculated  omental  flap  to  reinforce 
the  suture  line  over  a  perforated  gastric  ulcer.  Senn 
early  advised  the  use  of  omental  grafts,  free  or  attached, 
to  reinforce  the  suture  line  in  ga.stric  and  intestinal 
surgery.  In  closing  perforated  gastric  ulcers,  the 
suspensory  ligament  can  often  be  used  to  reinforce 
the  suture  line,  for  the  perforation  frequently  occurs 
close  to  this  ligament. 

Although  advised  by  Ivoenig  and  others  to  reinforce 
the  suture  line  in  intestinal  surgery,  fascia  cannot  be 
used  for  this  purpose,  because  of  its  tendency  to 
undergo  cicatricial  changes,  leading  to  constriction  of 
the  intestine  or  the  formation  of  adhesions  with  a 
neighboring  loop.  It  is  interesting  to  note,  however, 
that  defects  of  the  intestinal  wall,  which  have  even 
included  the  mucosa,  have  been  closed  by  a  fascial 
patch.  The  intestinal  mucosa  has  proliferated  in 
some  of  these  cases  so  that  the  inner  surface  of  the 
fascia  has  become  covered  with  epithelium. 

As  fat  and  fascia  can  be  transplanted  with  such  a 
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fair  degree  of  certainty,  both  probably  have  been  used 
in  many  instances  in'wliich  there  is  no  necessity  for 
the  use  of  these  materials.  Tlie  use  of  both  fat  and 
fascia  after  p\-elotomv  is  of  doubtful  value,  for  it 
occurs  that  the  wound  in  the  pelvis  soon  heals,  and 
besides,  stitches  about  the  pehis  after  the  removal  of 
a  stone  niav  form  the  nucleus  for  a  new  one.  Payr 
has  used  successfully  in  pyelotomy  a  pedunculated 
flap  from  the  fibrous  capsule  of  the  kidney.  If  the 
capsule  is  -so  thin  that  a  flap  cannot  be  easily  made,  a 
free  fascial  transplant  may  be  used,  or  a  fat  transplant. 

AVhilc  free  fascial  transplants  have  been  used  in 
fixation  of  the  kidney  and  in  orchidopexy,  Lewis 
doubts  the  necessity  or  wisdom  of  employing  fascia 
for  these  purposes.  Because  of  the  size  of  the  trans- 
plant required  in  kidnev  fixation,  fatty  degeneration 
of  Ihe  transplant  with  s'ubscciuent  cicatricial  contrac- 
tion is  apt  to  occur,  and  the  testicle  can  usually  be 
placed  in  the  scrotum  if  the  shortened  vessels  are 
resected,  and  t  he  bands  of  fibrous  ti.ssue  which  hold  the 
testicle  in  the  inguinal  canal  are  freely  severed.  In 
cases  in  which  the  testicle  cannot  be  placed  in  the 
scrotum  after  these  procedures  and  maintained  there 
by  a  pur.sc-striiig  suture  passed  abut  the  entrance  to 
the  scrotum.  Lewis  doubts  the  advisability  of  attempt- 
ing to  save  the  testicle. 

Fascia  in  Blood-vessel,  Suture,  Hernia,  etc. — In  dis- 
cussing Lewis's  paper  Francis  T.  Stewart^  makes  the 
following  comments.  Fascia  offers  a  staunch  material 
for  reinforcing  the  suture  line  after  angiorrhaphy,  but 
is  probably  inferior  to  muscle  as  a  hemostatic  agent. 
If  one  desires  both  the  firmness  of  fascia  and  the 
thrombokinetic  influence  of  muscular  tissue,  a  trans- 
plant composed  of  fascia  on  one  side  and  muscle  on 
the  other  can  easily  be  obtained.  For  the  gradual 
obliteration  of  a  large  artery,  e.g.  common  carotid, 
aorta,  a  tight  and  almost  occlusive  primary  wrapping 
of  Ihc  vessel  with  fascia,  to  be  followed  at  a  later 
period  by  definitive  ligation,  is  to  be  preferred  to  in- 
creasing compression  by  metallic  foreign  substances. 

In  those  varieties  of  inguinal  hernia  in  which  the 
usual  operations  give  only  mediocre  results,  e.  g.  large 
hernia,  recurrence  hernia,  direct  hernia,  sliding  hernia, 
fascial  transplantation  would  seem  to  promise  a  distinct 
amelioration  in  those  results,  and  be  superior  to  the 
implantation  of  foreign  substances,  which  not  infre- 
quently give  rise  to  trouble  later,  and  to  the  borrowing 
of  fascia  or  muscle  from  the  margins  of  the  defect, 
which  necessarily  results  in  a  weakening  of  those  mar- 
ginal structures.  Furthermore,  when  attached  flaps 
are  taken  from  the  immediate  neighborhood  of  a  her- 
nial ring  they  cannot  be  swung  into  the  plane  in  which 
they  would  be  of  the  greatest  benefit,  ?.  e.  between  the 
transversalis  fascia  and  the  peritoneum.  This  is  the 
point  at  which  recurrence  usually  begins,  and,  having 
once  begun,  is  seldom  restrained  by  the  overlying 
planes  of  tissue,  even  though  these  planes  have  been 
overlapped  or  otherwise  reinforced.  When  a  fascial 
transplant  is  sutured  on  the  exterior  of  the  muscles, 
it  is  at  once,  to  use  a  military  term,  outflanked  by  the 
recurrence,  which  follows  the  Une  of  least  resistance 
along  the  cord  and  appears  at  the  external  ring.  A 
further  advantage  of  placing  the  graft  beneath  all  the 
muscular  and  fascial  layers  is  that  it  is  more  likely 
"to  take."  It  should  never  be  placed  immediately 
beneath  arid  in_  contact  with  the  cutaneous  incision, 
in  which  situation  it  is  more  apt  to  become  infected 
and  suffer  elimination.  When  only  a  small  trans- 
plant is  desired  it  can  be  obtained  from  the  fascia 
lata  just  below  the  outer  end  of  Poupart's  ligament 
between  the  anterior  crural  and  the  external  cutane- 
ous nerves,  after  undermining  the  lower  lip  of  the 
cutaneous  incision.  When  a  larger  and  thicker  piece 
is  necessary,  however,  it  is  better  to  make  a  separate 
incision  over  the  trochanter  of  the  femur.  This  prin- 
ciple_  of  submural  implantation  Stewart  has  followed 
also  in  dealing  with  ventral  hernia,  suturing  the  graft 
beneath  the  transversalis  fascia  or,  particularly  in  the 
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upper  abdomen,  in  which  region  separation  of  the 
peritoneum  from  the  transversalis  fascia  is  sometimes 
tedious,  beneath  the  peritoneum.  Stewart  believes 
it  to  be  advisable  to  remove  all  fat  from  the  graft  when 
it  is  to  be  interstitial,  thus  encouraging  prompt  and 
firm  adhesions  to  the  tissues  between  which  it  is 
placed,  and  to  leave  the  fat  and  turn  the  fatty  side 
toward  the  viscera  when  the  graft  is  to  be  placed 
beneath  the  parietal  peritoneum,  thus  discouraging 
adhesions  to  the  under  surface  of  the  graft.  If  the 
fat  is  to  be  removed,  this  should  be  done  before  the 
graft  is  excised;  otherwise  the  graft  is  subjected  to 
increased  handling,  and  its  journey  from  its  old  to  its 
new  habitat  prolonged,  thus  violating  two  of  the  prin- 
ciples of  this  form  of  surgerj',  viz.,  minimal  trauma  and 
rapid  transportation. 

At  first  Stewart  occluded  the  pylorus  with  a  free 
transplant  of  fascia  from  the  rectus  abdominis,  but 
now.  uses  the  round  ligament  of  the  liver. 

The  largest  amount  of  fat  that  Stewart  has  trans- 
planted was  used  to  restore  the  contour  of  a  breast 
after  the  removal  of  a  massive  fibroadenoma.  A  year 
later  the  transplant  was  slightly  smaller,  more  firm, 
more  granular,  but  the  cosmetic  result  remained  un- 
affected. 

Kanavel'  has  reported  cases  of  fascial  transplanta- 
tion in  spina  bifida,  exstrophy  of  the  bladder,  and 
defects  of  the  abdominal  wall. 

Fascia  in  Repair  of  Tendons. — Fascia  lata  is  a  ten- 
don, and  the  same  changes  occur  in  it  as  in  a  tendon 
transplant,  but  to  less  extent.  Lewis  believes  that  it 
is  preferable  to  tendon  for  transplantation  in  the  re- 
pair of  tendon  defects  because  it  can  be  obtained  in 
such  large  amounts  and  removed  without  interfering 
with  function,  and  in  the  repair  of  extensor  tendons 
the  strip  can  be  made  to  correspond  in  size  and  form 
to  the  tendon  to  be  repaired. 

As  the  repair  of  tendons  is  usually  required  after 
extensive  burns,  lacerations,  or  infections  associated 
with  much  scar  tissue,  the  transplantation  of  a  flap 
of  skin  containing  considerable  fat  is  usually  first 
required.  In  the  repair  of  extensor  tendons  it  is  best 
to  transplant  a  flap  from  the  abdomen,  containing 
considerable  fat.  Lewis  has  taken  the  entire  thickness 
of  the  fat,  sacrificing  cosmetic  for  functional  results, 
which  are  more  certain  when  this  amount  of  fat  is 
taken.  Fascial  transplantation  is  not  attempted  un- 
til the  flap  is  entirely  healed.  Then  the  fat  is  tunneled 
through  with  artery  forceps  so  that  the  transplant  will 
run  through  a  fatty  tunnel. 

The  results  following  the  repair  of  flexor  tendons  are 
not  as  satisfactory  as  those  following  the  repair  of  the 
extensors.  The  play  of  the  flexor  tendons  is  greater 
than  that  of  the  extensors,  and  they  are  grouped  so 
much  more  closely  in  the  palm  that  slight  adhesions 
may  interfere  seriously  with  function.  The  technical 
difficulties  are  also  increased  when  the  transplantation 
is  carried  high  into  the  palm. 

Lewis  has  attempted  fascial  transplantation  in  the 
repair  of  tendons  when  the  skin  on  the  flexor  side  of 
the  finger  w-as  closely  adherent  to  the  bone,  and 
necrosis  of  the  skin  has  occurred.  In  such  cases  he 
believes  it  much  better  to  remove  this  skin  with  the 
associated  scar  and  perform  skin  transplantation  first, 
including  considerable  fat  in  the  skin  flap.  The  entire 
flap  should  not  be  raised  when  the  fascial  tube,  which  is 
preferable  to  the  fascial  strip,  is  inserted;  but  small 
incisions  should  be  made  at  the  side  of  the  phalanx, 
and  the  tube  inserted  after  a  good  sized  tunnel  has 
been  made  in  the  subcutaneous  fat. 

Lewis  had  the  opportunity  of  examining  the  fat  of 
a  fascial  tube  which  was  inserted  for  the  repair  of  the 
flexor  tendons  of  the  ring  finger.  The  patient,  who 
was  a  physician,  had  been  bitten  by  a  patient  upon 
the  ring  finger  of  the  right  hand  fourteen  months  be- 
fore entering  the  hospital.  A  severe  infection  devel- 
oped so  that  thirteen  days  after  the  injury  the  termi- 
nal phalanx  and  a  part  of  the  middle  phalanx  with  the 
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flexor  tendons  had  to  be  removed.  The  wound  con- 
tinued to  discharge  for  two  months.  At  the  time  he 
first  saw  the  patient,  scars  were  present  upon  the 
anterior  and  posterior  surfaces  of  the  ring  finger,  ex- 
tending to  the  middle  of  the  hand  and  down  to  the 
proximal  transverse  fold.  The  ends  of  the  flexor  ten- 
dons could  be  felt.  He  attempted  to  reconstruct  these 
tendons  by  means  of  a  fascial  tube.  A  piece  of  fascia 
including  a  layer  of  fat  measuring  about  three  inches 
in  length  and  one-half  inch  in  width  was  removed  from 
the  fascia  lata  of  the  right  thigh.  A  flap  was  then  dis- 
sected up  from  the  palmar  surface  of  the  finger,  the 
incision  being  carried  through  the  interdigital  fold  into 
the  palm  of  the  hand.  The  ends  of  the  tendon  were 
dissected  free  from  a  dense  scar  in  which  they  were 
imbedded,  and  a  fascial  tube  was  formed  which  sur- 
rounded the  ends  of  the  tendons  on  the  proximal  side 
and  was  prolonged  to  the  periosteum  of  the  middle 
phalanx  distally.  The  side  of  the  fascia  holding  the 
fat  was  made  the  inner  side  of  the  tube.  Active  mo- 
tions were  encouraged  at  once,  but  these  could  not  be 
carried  out  at  once  because  of  the  pain  associated  with 
them.  After  some  weeks  the  patient  could  flex  the 
finger  to  about  S0°,  when  the  newly  formed  tendon 
was  held  against  the  bone.  The  results  were  not  en- 
tirely satisfactorj-,  however,  and  nine  months  after  this 
operation  the  finger  was  amputated.  A  newly  formed 
tendon  was  found,  both  the  flexor  sublimis  and  flexor 
profundus,  separated  by  a  septum,  having  proliferated 
down  the  tube.  The  fat  which  formed  the  inner  side 
of  the  tube  had  been  absorbed,  so  that  the  newly  formed 
tendon  was  adherent  to  the  ascia,  which  was  fully  pre- 
served and  did  not  differ  histologically  from  fascia  re- 
cently removed. 

One  of  the  reasons  why  the  results  attending  con- 
struction of  the  flexor  tendons  are  not  as  good  as 
desired  is  that  at  the  present  time  we  have  no  satis- 
factory method  of  reconstructing  the  transverse 
bands,  which  are  usuall.v  destroyed  in  the  cases  re- 
quiring tendon  reconstruction.  In  the  case  of  fascial 
tube  reconstruction  just  cited,  considerable  impair- 
ment of  function  was  caused  by  the  newly  formed  ten- 
don leaving  the  bone  each  time  flexion  was  attempted. 
The  patient  soon  discovered  that  he  could  greatly 
increase  the  amount  of  flexion  by  holding  the  tendon 
against  the  bone  when  flexion  was  attempted.  Rehn 
has  encountered  the  same  difliculty  after  transplanta- 
tion of  tendon  to  repair  defects  in  the  flexor  tendons. 
When  a  ring  is  worn  holding  the  transplanted  tendon 
down  to  the  bone,  the  amount  of  flexion  is  greatly 
increased. 

McArthur  has  employed  a  method  in  the  prepara- 
tion of  a  fascial  transplant  which  is  of  distinct  value, 
as  it  will  lessen  the  fretjuency  with  which  secondary 
tenolysis  has  to  be  performed.  This  procedure  tends 
to  render  the  fat  over  the  fascial  transplant  more  suit- 
able for  transplantation.  In  the  plan  advised  by 
McArthur,  an  attempt  is  made  to  cover  the  trans- 
plant with  condensed,  closely  adherent  fat.  The 
fascial  strip  which  is  to  be  transplanted  is  finst  dis- 
sected up,  but  is  left  attached  at  both  ends.  Sub- 
cutaneous fat  is  then  placed  about  this  fascial  strip 
and  the  wound  is  closed,  leaving  the  fascia  with  tlie 
fat  about  it  lying  in  its  bed.  Six  weeks  later  Mc- 
Arthur reopened  the  wound  in  the  thigh  and  found 
the  fascial  strip  covered  by  abundant  closely  adherent 
fat.  The  fascial  and  fat  transplant  was  then  trans- 
ferred to  the  forearm,  and  sutured  to  the  flexor 
muscles  above  and  the  tendons  below.  In  this  case 
the  greater  part  of  the  bellies  of  the  flexor  muscles 
had  been  destroyed  by  a  corn  shredder.  The  results 
in  this  case  may  be  considered  extremely  good.  The 
fingers  cannot  be  flexed  indi\adually,  but  the  function 
of  the  hand  is  so  much  improved  that  the  patient  can 
grasp  a  pitchfork  and  work  about  the  farm. 

Fascia  may  be  used  to  advantage  in  the  treatment 
of  paralysis.  It  may  be  used  as  a  tendon  to  transfer 
"the  action  of  an  active  muscle  to  a  paralyzed  part  and 
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may  be  used  to  fix  a  muscle  to  overcome  a  deformity 
dependent  upon  paralysis.  Three  cases  have  been 
reported  in  which  fascia  has  been  used  to  correct 
ptosis.  _  The  fascial  strip  has  been  attached  above  to 
the  active  frontal  portion  of  the  occipitofrontalis,  and 
has  been  passed  beneath  the  skin  of  the  eyelid  and 
sutured  to  the  tarsus.  Two  of  the  results  ("Pavr  and 
Muehsam)  were  apparently  successful.  In  Aizner's 
case,  the  operation  being  performed  for  correction  of 
congenital  ptosis,  the  fascia  apparently  underwent 
cicatricial  contraction,  for  after  six  months  there  wa.s 
some  lagophthalmos,  and  the  lid  space  had  consider- 
ably widened.  Lewis  and  Davis  have  reported  a  case 
of  trapezius  transplantation  in  which  the  trapezius, 
after  being  separated  from  the  acromion  anrl  spine 
of  the  scapula,  could  not  be  brought  down  as  far  as 
desired  upon  the  humerus.  A  wide  fascial  strip  was 
sutured  to  the  trapezius  above  and  into  the  humerus 
below,  the  arm  being  held  and  dressed  in  abduction  at 
90°. 

Payr  in  a  case  of  deltoid  paralysis  split  the  upper 
part  of  the  trapezius  and  sutured  fascia  to  it.  The 
fascia  was  then  sutured  to  the  long  head  of  the  biceps 
below  and  was  fixed  over  the  joint.  Rothschild  and 
Cramer  have  both  used  fascial  transplantation  suc- 
cessfully in  the  correction  of  trapezius  paralysis. 

Busch  has  used  fascial  transplantation  in  the  cor- 
rection of  facial  palsy  by  the  so-called  suspension 
method.  In  order  to  correct  the  drooping  of  the 
angle  of  the  mouth,  the  skin  of  the  check  is  under- 
mined, and  a  fascial  strip  which  is  passed  beneath  it 
is  sutured  to  the  muscles  of  the  angle  of  the  mouth 
and  is  fixed  above  to  the  periosteum  of  the  zygoma. 
In  a  case  of  facial  palsy  operated  upon  by  Payr  two 
strips  of  fascia  were  used.  One  piece  was  fixed  above 
to  the  infraorbital  margin,  the  other  piece  was  sutured 
to  the  temporal  muscle.  An  excellent  result  was  ob- 
tained when  the  facial  muscles  were  at  rest,  but  no 
mobility  or  expression  was  obtained  through  the  strip 
attached  to  the  temporal  muscle. 

Transplantation  OF  Tendons. — According  to  Lewis, 
reconstruction  of  tendons  by  bridges  of  catgut,  silk,  or 
silver  has  never  been  entirely  satisfactory,  for  pres- 
sure-necrosis of  the  skin  often  followed  insertion  of  the 
foreign  material,  and  proliferating  neighboring  tissues 
have  in  some  cases  invaded  the  bridge  and  limited  the 
function  of  the  newly  formed  tendon.  This  criticism 
applies  particularly  to  the  reconstruction  of  tendons 
lost  as  the  result  of  infection  or  trauma.  The  advan- 
tage of  the  direct  transplantation  of  tendons  in  the 
repair  of  tendon  defects  has  been  especially  em- 
phasized by  Rehn.  There  are  some  disadvantages  in 
the  use  of  tendon  as  a  direct  transplant.  The  amount 
of  tendon  that  can  be  used  for  direct  transplantation 
without  seriously  interfering  with  function  is  small. 
The  tendon  of  the  palmaris  longus  is  practically  the 
only  one  that  can  be  used,  and  the  amount  furnished 
by  these  two  tendons  would  not  be  enougli  for  the 
reconstruction  of  a  number  of  tendons;  as  for  example, 
when  the  common  extensors  of  the  fingers  have  been 
destroyed.  The  objection  has  also  been  made  that 
tendon  when  transplanted  undergoes  degeneration  in 
the  deeper  parts  as  indicated  by  a  collection  of  leu- 
cocytes and  tlie  poor  staining  reaction  of  nuclei  and 
fibrillar.  Kirschner  in  particular  has  emphasized 
these  changes,  and  believes  that  these  are  more  or  less 
permanent,  for  he  does  not  think  that  tlio  periten- 
dineum externum  and  internum  repairs  this  degener- 
ated tissue,  for  the  peritendineum  has,  according  to 
him,  no  specific  function  in  repair  such  as  the  perios- 
teum has.  He  attempted  to  divide  tendon,  which 
he  would  transplant  into  small  pieces  in  orderto  secure 
better  nutrition,  liut  this  was  impractical. 

Transplanted  tendon  behaves  differently,  depending 
upon  whether  or  not  functional  activity  is  assumed 
early.  The  principle  announced  by  Roux  that  the 
fate  of  transplants,  providing  ordinary  biologic  laws 
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have  been  observed,  is  dependent  largely  upon 
whether  the  function,  for  which  the  tissue  was  origi- 
nal! v  intended,  has  been  assumed  early,  is  often  over- 
looked when  discussing  the  fate  <if  transplanted  tissue. 
This  principle  is  so  beautifully  illustratctl  in  the  case 
of  teiidon  transplant  that  it  is  worth  while  reviewing 
the  changes  occurring  in  tendon  transplanted  sub- 
cutaneouslv  and  into  a  defect  in  a  tendon  which  is 
made  to  assume  function  early,  for  these  changes  indi- 
cate procedures  which  should  be  followed  in  both 
tendon  and  fascial  transplantation  if  success  is  to  be 
attained.  Pieces  of  tendon  transjjlanted  subcutanc- 
ously  tend  to  shrink.  When  removed  some  five  weeks 
after  transplantation,  thcv  arc  found  to  be  but  one- 
third  as  large  as  when  placed  in  a  tendon  defect  and 
made  to  fuiu'tionate.  Although  such  pieces  can  be 
easily  identified  as  tendon  and  have  all  the  physical 
proi)cr1ies  of  tendon,  except  for  a  considcral)le  loss  of 
luster,  they  show  no  i>roliferative  changes  in  the  peri- 
tcnilineiiin  as  do  transplants  which  have  been  made 
to  assume  function  early.  Microscopic  examination 
of  tendon  transplanted  into  subcutaneous  fat  shows 
that  the  fibrilUe  and  nuclei  stain  well,  and  that  the 
segment  mav  be  regarded  as  viable.  There  is,  how- 
ever, some  leucocvtic  infiltration,  and  no  evidence  of 
proliferative  chaiige.  Such  a  transplant  may  be 
compared  to  a  paralyzed  limb:  it  is  alive  and  has 
ci  -culation,  but  it  has  Ix'conie  shrunken. 

The  changes  occurring  in  a  transplanted  tendon  made 
to  functionate  early  relate  mostly  to  size  and  form. 
At  the  end  of  seven  days  atransplanted  segment  whicli 
has  not  increased  much  in  size  lies  in  a  mantle  of  gray- 
ish red  granulation  tissue,  which  is  usually  separated 
from  the  transplant  pro])er  by  a  delicate  layer  of  con- 
nective tissue.  At  the  end  of  seventeen  days  a  trans- 
planted segment  is;  definitely  enlarged,  and  the  sur- 
rounding laver  of  granulation  tissue  has  formed  rather 
intimate  union  with  it.  At  the  end  of  three  weeks  the 
transplanted  segment  is  two  to  three  times  as  thick  as 
the  tendon  on  the  opposite  side.  The  transplanted 
segment  becomes  fusiform  and  no  longer  tapers  to  the 
point  of  attachment  as  does  the  normal  tendon.  The 
trans])lant  is  usually  widest  at  the  middle,  there  being 
a  gradual  reduction  in  size  to  the  line  of  suture  at  either 
extremity. 

All  these  changes  are  most  marked  in  the  third  week 
after  transplantation:  they  are  quite  marked,  how- 
ever, as  late  as  five  weeks.  They  are  due  to  prolifera- 
tive changes  in  the  tissues  surrounding  the  transplant, 
in  the  peritendineum  externum  and  internum,  as  well 
as  to  edema  in  the  transplant  resulting  from  an  imper- 
fect recstablishment  of  circulation.  While  some 
regressive  clianges  occur  in  all  transplanted  tendon 
segments,  as  evidenced  by  some  of  the  fibrillar  under- 
going hyaline  degeneration,  the  transplant  as  a  whole 
remains  viable.  The  transplanted  segment  does  not 
act  as  a  bridge  to  convey  tenoblasts  from  the  proximal 
to  the  distal  end  of  tlie  resected  tendon,  and  the  forma- 
tion of  new  tissue  in  a  transplant,  when  it  has  under- 
gone some  regressive  changes,  takes  place  from  the 
tissues  of  the  transplant  itself. 

Thc<lifTerence  in  behavior  between  pieces  of  tendon 
transplanted  into  a  tendon  defect  or  into  subcutaneous 
fat,  cannot  be  due  to  diircrences  in  nourishment,  for 
tendon  transplanted  intramuscularly  or  subcutane- 
ously  has  as  favoral)le  conditions  provided  forits  nour- 
ishment as  that  transplanted  into  a  tendon  defect. 
The  real  dilTcrence  seems  to  be  that  in  one  instance  the 
tendon  assumes  early  the  function  for  which  it  is  in- 
tended, while  in  the  other  it  is  permitted  to  undergo 
a  form  of  atrojihy  which  is  quite  comparable  to  dis- 
use atrophy,  which  eventually  ends  in  death  and 
absorption. 

The  Physiological  Method  of  Tendon  Transplantation. 
-—In  three  papers  with  the  above  title  Mayer*  has  out- 
lined a  system  of  tendon  operations  based  upon  the 
anatomy  and  physiology  of  the  structures  involved. 
In  the  first  paper  he  explained  first  the  inception  of  the 
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work  as  the  natural  outgrowth  of  an  experimental 
study  of  tendon  plastics  in  which  the  fuiuiamental 
principle  of  the  physiologic  method — the  restoration 
of  the  normal  relationship  between  tendon  and  sheath 
as  formulated  by  Biesalski  in  1910 — was  verified 
experimentally;  secondly,  he  described  the  compli- 
cated finer  anatomy  of  the  tendon  and  the  related 
connective-tissue  structures — the  sheath,  mesotenon, 
paratenon,  epitenon,  and  endotenon;  and  thirdly,  the 
liitherto  unknown  basic  facts  of  tendon  physiology — 
the  mechanism  of  tendon  motion,  and  the  laws  of 
tendon  traction  and  tension. 

In  the  second  paper  Mayer  formulated  the  operative 
technique  of  the  physiological  method  and  described 
three  of  the  twenty  operations  which  his  experience 
has  led  him  to  consider  physiologic. 

In  the  third  paper  Mayer  told  how  the  physiologic 
method  has  been  substantiated  by  animal  experiments, 
by  the  results  of  secondary  operations,  and  by  clinical 
experience. 

As  the  result  of  Mayer's  studies  the  following  tendon 
transplantation  operations  can  be  termed  physio- 
logical. 

1.  Foot. — 1.  For  talipes  valgus:  (a)  Extensor  proprius 
hallucis  through  the  sheath  of  the  tibialis  anticus,  or 
transplanted  with  the  sheath  to  the  inner  border  of  the 
foot.  (6)  Peroneus  longus  through  the  sheath  of  the 
tibialis  anticus.  The  fascial  plastic  is  in  this  instance 
necessary,  o  and  6  can  be  advantageously  combined; 
the  peroneal  tendon  is  run  through  the  tibial  sheath, 
the  extensor  hallucis  tendon  is  transplanted  with  its 
sheath,  (c)  The  extensor  longus  digitorum  and  the 
peroneus  tertius  subcutaneously  to  the  inner  border  of 
the  foot.  In  the  operation  the  normal  relation  be- 
tween tendon  and  sheath  cannot  be  restored,  but  all 
other  demands  of  the  physiologic  method  are  met. 
((/)  The  flexor  longus  digitorum  through  the. sheath  of 
the  tibialis  posticus,  inserted  into  the  scaphoid.  _  The 
flexor  digitorum  is  in  its  original  situation  a  supinator 
and  an  abductor,  but  transferring  its  insertion  to  the 
scaphoid  increases  these  actions  and  helps  maintain 
the  normal  contour  of  the  foot. 

2.  For  talipes  varus:  (a)  Tibialis  anticus  through  the 
sheath  of  the  extensor  longus  digitorum  and  peroneus 
tertius  to  the  base  of  the  fifth  metatarsal  bone.  (6) 
The  extensor  proprius  hallucis  through  the  same 
sheath  to  the  same  insertion.  This  operation  is  in- 
dicated in  milder  cases  of  varus  deformity,  (c)  The 
flexor  longus  hallucis  through  the  sheath  of  the  pero- 
neus brcvis  to  the  fifth  metatarsal.  This  operation  is 
extremely  difficult  technically,  since  the  tendon  must 
be  freed  in  the  sole  of  the  foot  and  its  attachment  to  the 
flexor  longus  digitorum,  present  in  95  per  cent,  of  the 
cases,  must  be  severed  before  the  tendon  can  be 
transplanted.  At  one  point  in  its  course  from  its 
original  sheath  to  the  peroneal,  the  tendon  must  pass 
through  a  fascial  septum,  the  septum  intermusculare 
posterius.  To  this  extent  the  operation  fails  to  meet 
the  physiologic  demand,  but  the  fatty  upper  pole  of 
the  flexor  hallucis  sheath  can  for  a  short  distance  be 
transplanted  with  the  tendon  and  thus  protect  it  from 
gross  adhesions  to  the  fascia. 

3.  For  talipes  calcaneus:  (a)  Flexor  longus  hallucis 
to  the  tuberosity  of  the  os  calcis.  (b)  Peroneus  longus 
to  tuberosity  of  the  os  calcis.  a  and  b  are  advan- 
tageously performed  at  the  same  time.  When  the 
talipes  calcaneus  is  combined  with  marked  cavus 
deformity  a  preliminary  astragalectomy  (Whitman)  is 
indicated. 

4.  For  talipes  equinus:  (a)  Transplantation  of  the 
peroneus  longus  through  the  tibialis  anticus  sheath  to 
the  internal  cuneiform,  (b)  Transplantation  of  the 
peroneus  brevis  subcutaneously  to  the  base  of  the 
fourth  metatarsal,  a  and  6  are  always  performed 
together. 

Other  operations  for  talipes  equinus,  such  as  trans- 
planting the  tibialis  posticus,  the  flexor  longus  digito- 
rum and  the  flexor  longus  hallucis  prove,  after  careful 
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cadaver  experiments  and  clinical  observation,  to  be 
unphysiolfigic. 

5.  Claw  toe:  Jones's  operation  of  inserting  the  long 
extensor  tendon  into  the  head  of  the  metatarsal  bone, 
meets  all  physiologic  demands. 

II.  Knee. — 1.  For  paralysis  of  the  quadriceps  ex- 
tensor: (a)  Subcutaneous  transplantation  of  the  biceps 
to  the  patella.  (6)  Subcutaneous  transplantation  of 
the  sartorius,  gracilis  or  semitendinosus  to  the  tuber- 
osity of  the  tibia.  It  is  well  to  combine[the  transplan- 
tation of  the  biceps  with  one  of  the  muscles  of  the 
second  group,  so  as  to  prevent  an  outward  dislocation 
of  the  patella.  The  semimembranosus  does  not  lend 
itself  to  transplantation,  because  it  is  needed  to 
maintain  the  stability  of  the  posterior  capsule  of  the 
knee. 

III.  Hand. — 1.  For  paralysis  of  the  extensors:  (a) 
Flexor  carpi  radialis  through  the  sheath  of  the  extensor 
carpi  radialis  longior  to  the  base  of  the  second  meta- 
carpal bone.  (6)  Flexor  carpi  ulnaris  subcutaneously 
to  the  tendon  of  the  extensor  carpi  radialis.  The 
tendon  is  too  short  to  reach  the  bony  insertion,  but  it 
can  be  sutured  to  the  extensor  tendon  sufficiently  near 
the  insertion  of  the  latter  to  give  good  operative  re- 
sults. This  operation  should  never  be  performed 
alone,  since  the  extensor  carpi  ulnaris  has  little  exten- 
sor effect,  except  when  combined  with  the  extensor 
carpi  radialis.  (c)  Flexor  sublimis  digitorum  subcu- 
taneously to  the  extensor  communis  digitorum,  or 
through  the  sheath  of  the  extensor  carpi  radialis 
longior  and  brevior  to  the  base  of  the  second  and  third 
metacarpal  bones.  The  latter  operation  is  indicated 
when  extension  of  the  fingers  is  possible,  but  exten- 
sion of  the  wrist  not. 

2.  For  replacing  the  extensor  tendon  of  a  single  finger: 
Transplantation  of  the  index  finger  tendon  of  the  ex- 
tensor communis  digitorum. 

3.  For  replacing  the  flexor  tendons  of  a  single  finger: 
Transplantation  of  the  adjacent  flexor  sublimis  digi- 
torum tendon. 

IV.  Elbow. — For  paralysis  of  the  biceps.  Trans- 
plantation of  the  long  head  of  the  triceps  subcutane- 
ously to  the  insertion  of  the  biceps. 

Mayer  concludes  that  these  physiological  tendon 
transplantation  operations  are  technically  difficult. 
They  should  not  be  performed  unless  the  surgeon  can 
conscientiously  satisfy  the  following  qualifications: 
First,  he  must  be  the  absolute  master  of  tendon  anat- 
omy, not  only  of  the  gross  topography  of  tendons  as 
given  in  the  standard  text-books,  but  to  their  finer 
structures  and  relations;  secondly,  he  must  have  per- 
formed the  operations  on  the  cadaver  sufficiently  often 
to  know  their  every  detail;  thirdly,  he  must  have 
sufficient  general  surgical  skill  to  operate  with  speed, 
accuracy,  and  minimal  traumatism.  An  extensive 
bibliography  is  appended  to  Mayer's  paper. 

_  Cartilage  Transplantation. — Adult  cartilage  can 
be  transplanted  from  one  portion  of  the  body  to 
another  under  the  same  conditions  that  bone  is  trans- 
planted, with  uniformly  good  results.  Transplanta- 
tion of  cartilage  differs  from  the  transplantation  of 
bone  because  it  is  not  necessary  for  the  viability  of  the 
transplant  that  the  cartilage  should  be  in  contact  with 
other  cartilage  or  bone.  It  is  not  at  all  necessary  to 
preserve  the  perichondrium  in  order  to  secure  a  good 
result.  Experimental  work  by  Macewen  in  the  trans- 
plantation of  embryonic  cartilage  shows  that  young 
cartilage,  when  transplanted  into  the  subcutaneous 
tissues,  continues  to  grow,  and  in  this  way  a  great 
many  cartilaginous  tumors  have  been  produced  in 
animals.  Davis's  work  shows  that  when  adult  carti- 
lage is  transplanted  it  lives  with  no  apparent  growth  or 
change  in  its  composition,  up  to  three  months.  It  is 
not  necessary  to  transplant  cartilage  immcdiateh';  it 
may  be  placed  in  saline  solulion  and  kept  in  a  re- 
frigerator for  many  days  before  being  transplanted. 
The  most  convenient  source  of  supply  of  cartilage  for 


purposes  of  transplantation  is  the  costal  cartilages, 
especially  the  broad  seventh  costal  cartilage. 

Bailleul'  described  a  method  of  treating  ankylosis  of 
the  fingers  by  grafts  of  costal  cartilage.  First  the 
stiffened  joint  is  resected.  Then  1.5  cm.  of  the  ninth 
co.st al  cartilage  is  taken ;  from  this  slices  are  cut  1  ..5  mm. 
thick,  carefully  preserving  the  perichondrium,  which 
greatly  assists  in  securing  grafts  in  position.  The  joint 
is  now  exposed  by  a  V-shaped  flap,  the  convexity  of  the 
V  extending  to  about  the  middle  of  the  phalanx,  distal 
to  the  affected  articulation.  This  incision  avoids 
leaving  a  scar  over  the  joint  and  gives  free  access  to 
the  parts.  Next  expose  the  extensor  tendon,  free  it 
from  the  capsule  of  the  joint,  and  divide  it.  Incise  the 
capsule  transversely  and  retract  it  upward  and  down- 
ward to  expose  the  joint.  Remove  the  articular  sur- 
faces with  pliers  and  remove  edges  of  resulting  flat 
surfaces,  the  concavoconvex  articulation  favoring  wide 
movement  with  stability.  Place  four  sutures  at 
cardinal  points  of  disc.  A  fine  Hagedorn  needle  with 
No.  000  catgut  is  first  passed  through  the  cuff  of 
periosteum  and  the  joint-capsule  on  the  palmar  sur- 
face and  then  through  the  margin  of  the  disc.  Before 
tying  this  suture  the  other  sutures  are  inserted.  The 
other  disc  is  now  applied.  Suture  the  capsule  of  the 
joint  with  No.  00  catgut.  Suture  the  extensor  tendon. 
Suture  the  flap  of  skin.  "The  earUer  cases  have  been 
under  observation  two  months  and  have  shown  not 
only  no  tendency  to  recurrence  of  ankylosis,  but 
progressive  improvement  in  the  functional  value  of  the 
finger." 

Beckman"  describes  the  operative  technique  of 
correction  of  depressed  fractures  of  the  nose  by  trans- 
plantation of  cartilage:  "If  the  nasal  bones  are  widely 
separated,  it  is  best  to  refracture  them  and  place  a 
lateral  splint  upon  each  side  of  the  nose,  letting  the 
splint  remain  for  five  or  six  days,  in  order  to  procure  a 
suitable  narrowing  of  the  bridge  of  the  nose.  .\s  soon 
as  it  is  certain  that  there  are  no  breaks  in  the  nasal 
mucous  membrane  and  that  the  circulation  about  the 
nose  is  again  perfect,  the  transplant  can  be  made.  I 
have  followed  the  custom  of  taking  a  portion  of  the 
costal  cartilage  from  the  seventh  rib,  since  the  carti- 
lage is  much  broader  at  this  point  and  a  good-sized 
portion  can  be  obtained,  still  leaving  costal  attach- 
ment between  the  ribs  and  sternum.  One  is  often 
surprised  to  find  that  a  large  portion  of  cartilage  is 
necessary  to  remedy  an  apparently  small  defect.  A 
wax  model  of  the  nasal  defect  is  valuable  as  a  guide  in 
shaping  the  cartilage,  which  may  be  easily  whittled 
with  a  scalpel  to  any  desired  size  or  shape.  No  at- 
tention need  be  paid  to  the  perichondrium. 

"Ab  incision  a  quarter  of  an  inch  in  length  is  made 
transversely  through  the  skin  over  the  nose,  and  just 
between  the  two  inner  canthi  at  a  point  where  the 
bridge  of  the  ordinary  spectacles  rest.  There  is  usu- 
ally a  slight  w^rinkleintheskin  at  this  point  so  the  scar 
is  not  visible.  With  a  periosteal  elevator  the  skin  and 
subcutaneous  tissues  are  elevatetl  from  the  bone  and 
cartilage  straight  down  the  bridge  of  the  nose  nearly  to 
the  tip.  The  separation  should  not  be  carried  later- 
ally on  eitherside  fartherthan  necessary  to  secure  room 
to  transplant  the  cartilage.  The  transplant  is  then 
slipped  into  place,  and,  .as  the  tissues  have  been  sepa- 
rated only  in  the  midline,  the  transplant  is  held  in 
place  and  is  not  dislodged  to  either  side.  It  may  be 
necessary,  however,  to  place  a  stitch  at  the  upper 
portion  of  the  transplant  to  keep  it  from  slipping  up- 
ward. The  small  incision  is  closed  with  two  or  three 
interrupted  stitches  of  horsehair;  the  wound  is  scaled 
with  cotton  and  compound  tincture  of  benzoin." 

Bone  Tr.'^.vspl.\nt.\tion. — The  successful  _  trans- 
plantation of  bone  has  in  many  ways  revolutionized 
the  practice  of  orthopedic  surgery.  While  good  results 
have  been  reported  in  the  transplantation  of  bone  from 
one  individual,  or  even  from  one  animal  to  another, 
the  best  results  have  been  attained  in  the  transplanta- 
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tion  from  one  area  to  another  in  the  same  individual. 
That  foreign  bodies  may  heal  permanently  in  the 
living  tissues  is  an  established  fact.  Glurk,  Bircher, 
and  Konig  have  recorded  the  successful  replacement 
of  bone  by  ivory.  C.  H.  Mayo  used  ivory  .successfully 
as  an  intramedullary  plug  to  induce  repair  in  fractures 
of  various  kinds.  Heteroplastic  transplantation  of 
bone  from  animals  was  an  earlv  practice,  as  evidenced 
bv  the  fact  that  in  16S2  Jobi  .\Ieckrcn  used  a  piece  of 
the  skull  of  a  dog  to  fill  a  defect  in  the  cranium  of  a 
soldier.  The  operation  was  successful,  but  the 
Church,  considering  it  improper  that  a  man  should 
retain  dog's  bone  in  his  skull,  forced  the  surgeon  to 
remove  it.  From  1810  to  the  present  time  Merrem, 
Flourens,  Wolff,  Oilier,  and  others  have  reported 
hetcroi)lastic  transplants.  Many  have  cited  in- 
stances of  the  death  of  the  transplanted  bone,  but 
these  were  heteroplastic  and  not  autogenous  trans- 
plants. All  emphasized  the  importance  of  the  peri- 
osteum and  the  marrow  substance,  claiming  the  for- 
mation of  new  Haversian  canals  and  the  deposition 
of  new  bone  about  these  canals  by  the  osteoblasts. 
The  exact  value  and  the  function  of  the  periosteum 
have  been  questions  of  no  inconsiderable  interest. 
The  work  of  Oilier,  published  in  1S76,  showing  that 
periosteum  was  the  chief  factor  in  the  regeneration  of 
bone,  was  accepted  for  years.  Macewen  has  prob- 
ably done  more  than  any  other  man  to  disprove  this 
broad  statement.  A  review  of  a  large  number  of  re- 
ported experiments  shows  a  lack  of  constancy  in  the 
results  obtained.  One  observer  was  able  to  grow  bone 
from  periosteum  in  a  majority  of  his  experiments, 
another  in  a  minority.  McWilliams  concluded  that 
a  bonegraft  was  more  apt  to  live  in  its  new  habitat 
if  the  periosteum  was  retained,  which,  after  all,  is  the 
clinically  important  question,  and  not  whether  the 
periosteum  is  capable  of  regenerating  bone.  Practi- 
cally no  one  depends  upon  the  periosteum  to  fill  in 
bony  defects  or  to  repair  fractures. 

The  transplantation  of  bone  has  been  tried  and  ad- 
vocated for  many  and  varied  conditions.  Its  great 
field  of  usefulness  is  to  repair  fractures  and  to  replace 
defects  in  bone.  Albee  and  Murphy  have  both  been 
prominent  in  bringing  forward  this  work,  and  have 
greatly  aided  in  its  technique.  In  the  treatment  of 
fractures,  the  transplantation  of  bone  may  be  said  to 
be  confined  to  the  cases  of  delayed  union.  The  metal 
plates  so  strongly  advocated  by  Lane  may  be  used  in 
recent  fractures.  Before  the  transplantation  of  bone 
was  introduced,  the  metal  plates  were  used  in  eases  of 
delayed  union,  and  in  many  instances  were  not  suc- 
cessful, but  in  the  transplantation  of  bone  we  have  a 
procedure  which  will  bring  about  union  in  practically 
all  cases.  There  are  two  ways  of  using  bonegrafts: 
the  intramedullary  and  the  inlay  method.  In  the 
former,  the  meduUari,'  cavity  is  reamed  out  and  the 
graft  inserted  accordmg  to  the  method  described  by 
Murphy"  ("Contribution  to  the  Surgerv  of  Bones, 
Joints,  and  Tendons").  In  the  latter,"a  trough  is 
made  for  the  piece  to  be  transplanted  and  the  graft  is 
laid  in  the  trough,  thus  obtaining  an  anatomic  approxi- 
mation of  periosteum  to  periosteum,  cortex  to  cortex, 
and  intramedullary  lining  to  intrameduUary  lining, 
according  to  the  method  described  by  ."Ubee.'^  This 
method,  which  has  also  been  advocated  by  Buchanan 
and  Henderson,  brings  under  the  control  of  the  sur- 
geon a  heretofore  most  discouraging  group  of  cases. 
The  bonegraft  may  further  be  employed  for  tuberculo- 
sis of  the  spine,  as  a  wedge  in  the  scaphoid  in  clubfeet, 
and  as  a  means  of  stiffening  tuberculous  knees.  Its 
use,  .as  advocated  by  Albee  {loc.  supra,  cit.),  to  bring 
about  fixation  of  the  spine  in  tuberculosis,  has  been 
tried  quite  extensively  and  has  been  enthusiastically 
championed.  Albee  and  others  have  shown  by  post- 
mortem specimens  that  the  bonegraft  becomes  at- 
tached firmly  to  the  spinous  processes,  which  would 
seem  just  grounds  for  expecting  much  good  from  this 
spmal  operation. 
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Extensive  resection  of  bone  may  be  made  for  malig- 
nancy, and  the  gap  may  be  filled  in  with  a  bone  trans- 
plant. The  tibia  can  furnish  large  pieces  of  bone,  and, 
if  necessary,  practically  the  entire  fibula  may  be  used. 

Some  surgeons  advise  the  use  of  bone  transplant  in 
the  spine,  as  recommended  in  tuberculosis,  for  the 
treatment  of  scoliosis,  particularly  in  cases  following 
infantile  paralysis.  The  spine  should  be  straightened 
by  plaster-of-Paris  jackets,  etc.,  as  much  as  possible, 
the  graft  placed,  and  the  patient  maintained  in  the 
corrected  position  until  the  graft  firmly  unites.  Thus 
far  this  method  has  been  only  recommended.  Albee 
has  performed  a  few  operations  of  this  tj^pe. 

Transplantation  of  Joints. — The  transplantation  of 
entire  joints  has  been  successfully  performed  in  a  few 
instances.  The  difficulty  of  obtaining  suitable  ma- 
terial for  transplantation,  and  the  uncertainty  of  the 
result  have  deterred  many  surgeons  from  attempting 
it.  Tuffier  has  twice  transplanted  the  elbow-joint. 
In  one  instance  the  joint  was  obtained  from  a  fresh 
cadaver  and  held  in  cold  storage  for  five  days.  Eight- 
een months  after  the  transplantation  there  was  good 
functional  result.  His  second  case  was  successful, 
but  was  too  recent  at  the  time  of  report.  Lexer" 
wrote  of  the  present  progress  in  transplantation  of  the 
knee-joint.  He  cited  a  case  examined  six  years  after 
transplantation  of  the  knee-joint  in  which  the  roent- 
genogram showed  partial  absorption  and  conditions 
similar  to  those  found  in  arthritis  deformans,  but 
motion  and  function  were  satisfactory.  The  flexion 
of  this  joint  was  not  normal;  there  occurred  pseudar- 
throsis.  He  stated  that  all  ankylosed  joints  are  not 
equally  suitable  for  grafting  of  joints,  particularly 
tuberculous  arthritis,  which  is  apt  to  cause 
suppuration.  Morris  Booth  Miller. 
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Traumatol — iodocresol,  orthocresol  iodide,  C6H4.- 
CH3.OI — is  a  reddish,  odorless  insoluble  powder  which 
is  used  as  an  antiseptic  substitute  for  iodoform  in 
wounds  and  ulcers.  It  is  an  efficient  drying  powder 
and  deodorizer,  but  is  somewhat  expensive. 

W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Trematoda. — The  Trematoda,  or  Flukes,  consti- 
tute a  prominent  class  of  the  branch  or  phylum  Plat- 
helminthes,  the  characteristics  of  which  were  out- 
lined under  the  Cestoda.  In  1800  J.  G.  H.  Zeder,  a 
practising  physician  in  Germany,  with  gre.at  clearness 
of  vision  separated  the  then  accepted  class  of  Hel- 
minthes  or  intestinal  worms  into  five  groups  of  closely 
related  forms  to  which  in  1809  K.  A.  Eudolphi,  the 
celebrated  Berlin  helminthologist,  gave  the  scientific 
names  of  Nematoda,  Acanthocephala,  Trematoda, 
Cestoda,  and  Cj'stica;  the  last  have  since  been  shown 
to  be  immature  stages   of  the  Cestoda.     The  un- 
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natural  character  of  the  association  Helminthes  was 
demonstrated  in  1851  by  C.  Vogt  who  also  then  es- 
tablished the  phylum  of  flatworms  (Plathelminthes) 
in  which  are  now  included  the  flukes,  the  tapeworms, 
and  the  free-Living  flatworms,  as  three  great  classes. 

In  certain  features,  such  as  the  simple  body,  the 
presence  of  an  alimentary  canal,  and  in  some  cases 
even  of  special  sense  organs,  the  Trematoda  stand 
much  nearer  the  free-living  forms  than  do  the  Cestoda. 
Although  all  of  the  species  included  in  both  classes 
are  parasitic,  the  consistent  parasitic  habit  is  varied 
by  a  modification  in  degree  among  the  flukes,  which 
are  both  ecto-  and  endo parasitic;  this  contrasts 
strongly  with  the  intensive  endoparasitism  of  the 
Cestoda.  Among  the  flukes  such  as  are  ectoparasitic 
preserve  in  some  degree  those  features  of  free-living 
forms  that  are  lost  with  the  assumption  of  endopara- 
sitic  existence.  The  group  of  flukes  embraces  both 
fewer  species  and  fewer  human  parasites  than  the 
Ce-stoda. 

The  Trematoda  are  generally  flattened  and  elon- 
gate, more  rarely  cylindrical,  conical,  or  irregular  in 
form,  with  arched  dorsum  and  plane  ventral  surface 
on  which  are  located  the  sexual  pores.  The  mouth 
lies  at  or  near  the  anterior  tip  of  the  body  and  the 
excretory  pore  is  similarly  related  to  the  posterior 
end.  An  oral  sucker  is  generally  present  and  other 
suckers  may  occur  on  the  ventral  surface,  at  the 
posterior  end,  or  more  rarely  on  the  margin  or  dorsal 
surface.  In  connection  with  the  suckers  chitinous 
hooks  or  anchors  are  found  as  additional  organs  of 
attachment,  and  the  exterior  of  the  body  is  often 
covered  more  or  less  completely  by  scales  or  snines 
of  varying  form  and  size.  Most  flukes  are  compara- 
tively insignificant  in  size,  measuring  only  a  few  (one 
to  fifteen)  millimeters  in  length,  though  a  few  species 
exceed  both  limits. 

A  cross-section  shows  that  a  body  cavity  is  want- 
ing. All  flatworms  are  forms  in  which  parenchy- 
matous tissue  fills  the  space  between  the  organs, 
giving  a  firm  consistency  to  the  mass.  The  exterior 
is  bounded  by  a  homogeneous  membrane  of  varying 
thickness  known  as  the  cuticula.  which  actually  is 
formed  by  the  fused  bases  of  cells  lying  deeper  in  the 
tissue,  but  which  presents  the  appearance  of  a  base- 
ment membrane.  It  was  formerly  construed  as  such, 
and  the  trematodes  were  believed  to  be  without  an 
epithelial  covering  in  the  adult  condition.  As  a 
matter  of  fact,  the  pyriform  epithelial  cells  lie  in 
bunches  between  or  within  the  diagonal  muscles, 
and  are  connected  by  numerous  fine  processes  with 
the  basal  surface  of  the  so-called  cuticula.  Some  of 
these  cells  are  especially  developed  as  unicellular 
glands. 

The  dermomuscular  sac  which  lies  just  within  the 
cuticula  consists  of  layers  of  circular,  longitudinal, 
and  diagonal  fibers  surrounding  the  body  and  of 
varying  thickness  in  diflerent  regions.  Running 
obliquely  from  one  surface  to  the  other  occur  also 
dorsoventral  or  parenchymatous  muscles  inserted  on 
the  cuticula.  Especial  development  of  the  muscular 
layers  is  found  in  the  suckers,  which  consist  of  muscle 
fibers  extending  in  throe  directions  and  designated  as 
equatorial,  meridional,  and  radial;  these  correspond 
to  the  circular,  longitudinal,  and  dorsoventral  muscles 
respectively.  In  addition  one  finds  a  special  set  of 
muscles  radiating  from  the  sucker  through  the  tissue. 
In  certain  cases  at  least  special  muscles  are  developed 
in  connection  with  the  reproductive  organs,  with  the 
hooks,  and  even  with  the  surface  spines,  as  in  the 
common  liver  fluke.  The  highly  developed  muscular 
system  and  the  absence  of  special  skeletal  structures, 
combine  to  make  the  form  of  the  flukes  extremely 
mobile  and  variable.  Locomotion  is  achieved^  by 
means  of  the  body  musculature  and  the  suckers,  aided 
in  rare  cases  by  the  cuticular  spines  already  mentioned. 

An  alimentary  canal  is  always  present  and  forms 
the  ultimate  distinctive  feature  between  Trematoda 


and  Cestoda.  In  all  cases  it  has  but  a  single  opening, 
the  mouth,  which  lies  at  the  anterior  tip  of  the  body, 
or  more  rarely  on  the  ventral  surface  and  in  all  higher 
forms  is  surrounded  by  the  oral  sucker  (O,  Fig.  4805). 
In  lower  members  of  the  group  two  or  more  suckers 
may  lie  near  the  oral  opening,  or  the  latter  may  be 
entirely  unarmed.  In  form  the  alimentary  canal  may 
be  rhabdocoel,  though  much  more  frequently  it  is  of 
the  triclad  type.  In  the  latter  case  one  can  distin- 
guish an  initial  unpaired  region  variable  in  length, 
which  extends  posteriad  from  the  oral  ojMjning  and  is 
called  the  esophagus.  It  is  thin-walled  and  not  diges- 
tive in  function,  though  frequently  numbers  of  uni- 
cellular salivary  glands  are 
connected  with  it.  Near 
its  oral  end  a  prominent 
sphincter  muscle  forms  a 
bulbous  mass  known  as 
the  pharynx.  By  its  action 
the  oral  sucker  is  clo.sed 
posteriorly  to  act  as  a 
simple  organ  of  prehension, 
or  stands  in  open  communi- 
cation with  the  canal,  for 
which  it  serves  as  an  aid 
in  the  ingestion  of  food. 

The  simple  esophagus 
divides  into  two  intestinal 
crura  (/,  Fig.  4805j,  which 
form  the  digestive  and  ab- 
sorptive region  of  the  canal. 
The}-  are  blind  sacs,  usually 
symmetrically  placed  right 
and  left,  but  of  variable 
length  and  character.  In 
some  genera  they  are  so 
short  as  not  to  reach  the 
sides  of  the  body ;  in  other 
cases  they  extend  to  the 
posterior  end,  and  may 
even  be  connected  by 
several  commissures  or  an- 
astomoses. Usually  the 
crura  are  of  uniform  caliber 
throughout,  and  yet  in 
some  genera  they  manifest 
an  irregular  wavy  outline, 
or  even  possess  numerous 
lateral  diverticula  which 
may  branch  again  and  give 
the  system  a  dendritic  as- 
pect. The  endoparasitic 
forms  subsist  on  the  intes- 
tinal contents  and  secre- 
tions of  the  host,  but  also 
ingest  epithelial  cells  and 
blood,  thus  giving  rise  in 
some  cases  to  severe  hepatic 
or  intestinal  disturbances, 
the  gravity  of  which  is  pro- 
portionate to  the  extent  of 
the  invasion. 

The  excretory  system 
agrees  in  type  with  that  of 
the  Cestoda.  One  finds  a  variable  number  of  primi- 
tive nephridia  or  "flame  cells"  (Fig.  480(5)  scattered 
throughout  the  tissue.  The^e  cells  are  stellate  in 
form,  with  a  bunch  of  long  cilia  which  lie  on  one  side 
in  a  narrow  canal.  The  constant  motion  of  the  group 
of  cilia  simulates  the  flickering  of  a  candle  flame, 
whence  the  name.  The  tubules  from  these  flame 
cells  unite  into  larger  ducts,  and  ultimately  combine 
in  a  single  vessel,  which  opens  at  the  posterior  end  of 
the  body  by  a  simple  excretory  pore  (p.  Fig.  4807). 
The  final  vessel  may  be  short  and  expanded  or  a 
longer  median  canal.  In  both  cases  it  apparently 
functions  are  as  an  excretory  reservoir  or  bladder  (res. 
Fig.  4774).     The  system,  which  was  formerly  called 
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Fig.  4805.— Opisthorchis 
pseudo/elincus  Ward.  From 
liver  of  cat.  Ex.  Excretory 
bladder;  J.  intestinal  crura: 
O.  oral  sucker;  T.T,  testes: 
Vt,  uterus;  V,  ventral  sucker: 
T(,  vitcllaria;  Ve,  vas  efferens; 
Vs.  vesicula  seininalis.  X  7 
(Original.) 


Trematoda 
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a  water-vascular  system,  contains  a  clear  fluid,  some- 
times  sliglitlj-   tinted,    with    occasional   granules    or 
concretions.     It  is  produced  by  the  activity  probably 
of  the  terminal  cells,  the  cilia  of  which  serve  to  niain- 
tain  movement.     The  presence  of  uric  acid  in  the 
fluid  is  sullicient  evidence  of  its  excretory  nature. 
In  accord  with  the  parasitic  habit  of  the  group,  the 
nervous  system  is  poorlv  developed.     It  con.sists  of 
two  small  lateral  aggregations  of 
:■■;    "fi    .-,         ganglion  cells  (r<7.  Fig.  4S07)  near 
the  pharvnx,  which  are  joined  by 
a  ring  of  fibers  that  encircles  the 
i   ^  .  _        esophagus,  and  of  nerves  extend- 

'       ■  ing   anteriad   and  posteriad  from 

these  ganglia.  The  three  pairs 
passing  anteriad  are  short  and  in- 
nervate the  oral  sucker  witli  ad- 
jacent dermal  areas,  muscles,  and 
primitive  sense  organs.  The  pos- 
terior nerves  form  dorsal  (d),  lat- 
eral (0,  and  ventral  (i)  paired 
cords.  The  ventral  nerve  cords 
are  much  the  most  prominently 
developed;  the}'  join  each  other 
near  the  posterior  end,  as  do  also 
the  dorsal  cords.  Circular  com- 
missures at  somewhat  regular  intervals  unite  all  three 
pairs  of  nerves,  and  gangUon  cells  occur  most  fre- 
quentlv  at  the  points  of  union,  though  also  rarely 
elsewhere  in  the  course  of  the  nerves.  A  dermal  nerve 
plexus  is  at  least  often  present,  and  stands  in  im- 
mediate connection  with  the  main  ner\'e  trunks. 
Sense  organs,  of  the  most  primitive  sort,  occur  in  the 
skin,  while  in  the  free-swimming  larvie  as  well  as  in 


Fia.  4800.— Flame 
Cell  Excretory  Tu- 
bule of  Azygia  terrti- 
collit  (R.)  X  700. 
(.■Vfter  Looss.) 


Fio.  4807  — Nervous  and  Eicretory  Systems  in  Opisthioglyjie 
mdoloba  (Duj.).  e.g..  Cerebral  ganglion;  d,  dorsal,  I,  lateral,  r. 
ventral  nerve  trunks;  p,  excretory  pore;  res,  excretory  bladder 
X  30.     (After  Looss.) 

ectoparasitic  forms  simple  eye  spots  are  found.  Other 
sense  organs  are  not  known. 

Reproductive  System. — The  Trematoda  with  rare 
exceptions  arc  hermaphroditic,  and  possess  highly 
complicated  organs  of  reproduction.  One  of  the 
human  parasites  illustrates  the  unusual  condition  of 
separate  sexes,  and  will  be  considered  under  the 
appropriate  heading;  here  it  is  sufficient  to  outline 
the  general  conditions. 

The  testes  (T,  T',  Fig.  4S05)  are  usually  two  in 
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number,  symmetrical  in  size  and  location,  although 
there  may' be  but  a  single  one,  or  on  the  other  hand 
a  series  "of  several.  These  organs  are  commonly 
round  or  oval  in  outline,  with  freciuent  variations 
toward  a  lobed  condition,  or  even  to  a  dendritic  form. 
The  two  vasa  eflerentia  unite  sooner  or  later  into  a 
single  vas  deferens  which  may  or  may  not  possess 
an  enlarged  region  used  as  a  seminal  vesicle.  The 
duct  opens  on  the  surface  of  the  body,  or  into  a 
genital  cloaca  at  the  common  genital  jjore,  and  the 
terminal  portion  of  the  canal  may  form  by  e\ersion 
a  protrusible  copulatory  organ.  More  frequently 
this  region  possesses  a  highly  developed  muscular 
organ  known  as  the  cirrus,  and  this  with  or  without 
the  seminal  vesicle  may  be  enclosed  in  a  sac  denomi- 
nated the  cirrus  pouch,  and  provided  with  unicellular 
glands  (prostata).  When  highly  developed,  this 
copulatory  apparatus  forms  a  conspicuous  organ,  and, 
as  has  recently  been  elucidated  by  Looss,  constitutes 
a  valuable  taxonomic  character. 

The  female  reproductive  organs  show  an  unusual 
specialization  in  the  separation  of  the  germarium, 
ordinarily  denominated  the  ovarium,  from  the 
vitellaria"  or  3-olk  glands.  The  germarium  (G,  Fig. 
4808)  is  small,  located  ordinarily  in  front  of  the  testes, 
and  usually  round  or  oval  in  outline,  although  it  may 
also  be  dendritic  in  form.  The  vitellaria  are  paired, 
highly  lobed  or  dendritic  in  form,  and  extend  usually 
along  the  sides  of  the  bodj'  lateral  to  the  intestinal 


Fig.  480S. — Female  Sexual  Organs  of  Opisthorchis  pseudofe- 
line-US  Ward.  Highly  magnified  to  show  relation  of  ducts.  G, 
Germarium;  LC,  Laurer's  canal;  R,  seminal  receptacle;  So.  shell 
gland;   VI,  beginning  of  uterus;   Vt.d,  vitelline  ducts.     (Original.) 

crura.  Their  secretion,  long  supposed  to  be  yolk 
material,  is  in  fact  shell-forming  substance  and  the 
name  vitellaria  is  distinctly  misleading.  The  duct 
from  each  vitelline  gland  tends  toward  the  germarium, 
and  near  this  organ  unites  with  that  from  the  opposite 
side  in  a  common  yolk  or  vitelline  duct,  on  which  at 
the  junction  there  is  at  times  an  enlargement  known 
as  the  vitelline  reservoir.  The  short  germ  duct, 
coming  from  the  germarium,  and  the  common  yolk 
duct,  unite  to  form  a  short,  slightly  expanded  tube 
known  as  the  ootype  on  the  sides  of  which  are  found 
unicellular  glands,  often  crowded  together  into  a 
mass  collectively  denominated  the  shell  gland  {Sg, 
Fig.  4808),  or  better,  Mehlis'  gland.  This  gland 
secretes  a  waterj'  fluid  and  not  shell  substance.  From 
the  ootype  a  short  inconspicuous  canal  rises  to  the 
dorsal  surface;  this  organ,  called  Laurer's  canal 
(L.C.),  is  clearly  rudimentary,  and  its  significance  is 
not  beyond  dispute,  although  it  is  usually  homologized 
with  the  vagina  of  ectoparasitic  forms,  and,  accord- 
ing to  recent  observations,  still  functions  as  such  in 
rare  cases.  It  maj-  bear  near  the  proximal  end  a 
bulbous  lateral  expansion,  the  seminal  receptacle  {R). 
The  ootype  expands  immediately  beyond  the  shell 
gland  to  form  the  uterus  (t'O,  which  as  a  long  con- 
voluted tube  often  fills  much  of  the  body  with  its 
coils  crowded  with  opaque  brown-sheUed  eggs.  In 
the  portion  of  the  uterus  which  lies  near  the  ootjrpe 
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there  is  usually  a  mass  of  sperm,  so  that  the  region 
has  been  called  the  uterine  seminal  receptacle.  The 
uterus  terminates  in  a  short  heavy-walled  region 
devoid  of  eggs,  known  as  the  metraterm.  This  lies 
alongside  of  the  cirrus  pouch,  and  opens  at  the  female 
genital  pore  on  the  surface  of  the  body,  or  into  the 
genital  cloaca,  and  serves  to  receive  the  cirrus  in 
coition.  In  these  forms  cross-fertilization  is  the 
rule,  and  cases  have  been  observed  in  which  one 
individual  only  functioned  as  the  male  as  well  as 
others  in  which  both  were  thus  functional.  In  a 
few  instances  self-impregnation  has  been  found.  The 
genital  pore  lies  ordinarily  in  the  median  line  near 
the  ventral  sucker,  or  between  it  and  the  fork  of  the 
alimentary  canal;  but  a  marginal  position,  or  one 
near  the  oral  sucker,  or  even  at  the  posterior  end  of 
the  body,  is  also  to  be  found. 

In  the  arrangement  of  the  reproductive  organs  one 
finds  the  double  condition  designated  sexual  am- 
phitj-py,  in  wliich  one  in- 
dividual is,  as  it  were, 
the  mirror  image  of  the 
other.  Usually  one  can 
be  designated  as  having 
the  normal  arrangement, 
but  the  relative  frequency 
may  be  such  that  neither 
can  be  said  to  be  more 
typical  than  the  other. 
Such  a  reversed  arrange- 
ment was  first  observed 
among  the  Opisthorchi- 
iuie,  where  it  seems  to  be 
very  common ;  it  has  also 
been  shown  to  exist  among 
the  DicrocoeliinEe,  and 
again  in  Paragonimus 
(Figs.  4820,  4821). 

This  description  ob- 
tains for  the  endoparasitic 
forms,  particularly  for  the 
Fasciolidae,  which  are  of 
especial  importance  here. 
In  other  families,  espe- 
cially among  the  ecto- 
parasites, somewhat  rad- 
ical differences  from  the 
plan  outlined  may  be  ob- 
served. 

The  egg  of  the  Trem- 
atoda  is  more  or  less  oval 
or  ellipsoidal,  rarely  flat- 
tened asymmetrically. 
It  is  provided  with  a 
heavy  chitinous  shell 
which  is  transparent  when 
first  formed,  but  darkens 
soon  in  the  first  coils  of 
the  uterus  to  a  deep  yellowish-brown,  almost  en- 
tirely opaque.  In  ectoparasitic  forms  the  egg  shell 
possesses  a  polar  filament  by  which  it  is  attached 
when  deposited;  but  this  is  not  present  in  endo- 
parasitic forms.  At  most  one  finds  an  irregular 
protuberance  at  one  pole,  such  as  is  present  in 
Schistosoma  hcematohium.  The  shell  regularly  pos- 
sesses a  cap  or  lid  which  is  sprung  at  the  appropriate 
time  to  allow  of  the  escape  of  the  enclosed  embryo. 
The  eggs  may  be  found  in  the  waste  of  the  body, 
excreta,  or  sputa,  or  may  occur  adventitiously  in 
various  tissues.  Under  such  circumstances  they 
have  in  the  past  been  diagnosed  as  eoccidia. 

Development. — When  first  formed  the  shell  con- 
tains the  single  fertilized  egg  cell  surrounded  by  a 
mass  of  highly  granular  yolk  cells.  The  latter  may 
be  distinct  or  may  be  already  broken  down  into  an 
indistinct  granular  mass.  This  serves  for  the  nutri- 
tion of  the  embryo  during  early  development.  The 
cleavage  of  the  fertilized  ovum  begins  at  once,  and 


Fig.  4809.— Miracidium  of 
Fnifciola  kepatica  (L.);  in  cross 
section,  showing  eye  spot  (e), 
embryonic  cell  masses  (e-.m.), 
flame  cells  (/i.e.),  cephalic  glands 
(gl),  and  excretory  pore  (p.) 
Much  magnifled.     (After  Coe.) 


ordinarily  proceeds  so  as  to  bring  the  embrvo  to 
development  at  the  time  when  the  egg,  extruded  from. 
the  uterus  of  the  parent  worm,  is  carried  into  the 
external  world  with  the  waste  jjroducts  of  the  host. 
This  is  simple  since  the  normal  seat  of  the  parasite 
is  the  alimentary  canal  or  some  of  its  outgrowths, 
liver,  lungs,  etc.,  and  the  eggs  are  dis- 
tributed with  sputa,  feces,  or  rarely 
urine. 

The  modified  environment  brings 
about  the  opening  of  the  egg  shell 


FiQ.  4810. — Rediffi  of  Fasciola  hepatica  (L.).  X  120.  A. 
Young  specimen  with  cell  masses  just  forming:  B,  older  individual 
with  young  rediK  developing;  C,  form  with  developing  cercariae. 
(After  Leuckart.) 

and  the  escape  of  the  embryo.  The  embrj-o  (Fig. 
4809),  designated  a  miracidium,  is  somewhat  elon- 
gated in  form,  with  a  conical  tip,  and  sometimes 
also  a  sharp  boring  spine  at  the  anterior  end.  The 
ectoderm  is  composed  of  large  cells  and  is  ciliated. 
One  may  distinguish  also  a  pair  of  flame  cells  (fl.  c. 
Fig.  4809),  or  primitive  excretory 
organs,  and  a  rudimentary  X-shaped 
eye  spot  (c).  The  interior  cells  are 
smaller  and  are  arranged  irregularly 
about  a  cavity  into  which  they  are 
set  free  singly  or  in  groups.  These 
do  not  become  prominent  until  the 
miracidium  has  attained  its  location 
in  a  new  host,  and  this,  which  it 
seeks  at  once  on  emergence  from 
the  egg  shell,  is  almost  universally  a 
moUusk.  Embedded  in  the  tissue 
of  the  mollusk,  which  is  known  as 
the  secondary  or  larval  host,  the 
miracidium  loses  its  coating  of  cilia, 
its  eye  spot,  and  its  special  form, 
becoming  a  mere  irregular  sac,  now 
designated  as  the  sporocyst,  in 
which  one  finds  cell  masses  crowd- 
ing the  cavity  and  developing  into 
a  new  generation.  In  the  ordinarj- 
case  their  form  is  that  known  as  the 
redia,  and  when  developed  they 
escape  from  the  sporocyst  only  to 
enter  upon  a  similar  method  of 
reproduction,  which  gives  rise  to 
another  new  generation.  In  struc- 
ture the  redia  (Fig.  4810)  is  charac- 
terized by  an  elong.ate  form,  a  mouth 
with  single  oral  sucker,  a  rhabdocoel 
alimentary  canal,  two  short  locomotor  protuberances, 
and  an  orifice  known  as  the  birth  opening  through 
which  the  new  brood  escapes. 

This  new  generation  originates  as  did  that  in  the 
sporocvst  from  cells  or  cell  masses  set  free  from  the 
■wall  of  the  cavity.  The  form  developing  therefrom 
may  be  a  redia  like  that  which  produced  it ;  more  often 
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Fir..4811.— Fr«> 
Cercaria  of  Faxcioia 
hepalUa  (I..). 
Magnified.  (After 
Leuckart.) 


Tremaloda 
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it  is  still  another  new  form,  known  as  a  cercaria,  and 
in  some  cases  the  cercaria  may  even  be  produced 
directly  from  the  first  generation,  the  miracidium 
metamorphosed  into  a  sporocyst  or  a.  redia.  In 
form  the  full-grown  cercaria  (Fig.  4811)  is  somewhat 
broader  than  the  redia  and  possesses  a  ventral  sucker 
as  well  as  an  oral,  a  triclad  alimentary  canal,  and  an 
active  caudal  appendage  for  swimming;  though  in 
some  forms  designated  as  varieties  of  this  stage  this 
tail  may  be  wanting  or  modified.  The  cercaria  is 
in  fact  the  young  distome,  supplied  with  an  organ 
of  locomotion  when  some  part  of  the  life  cycle  is  to 
be  spent  in  the  open.  Now,  if  not  before,  the  young 
fluke  is  ready  for  the  change  of  hosts  which  accom- 
panies its  attainment  of  the  adult  condition.  The 
transfer  may  be  passive  or  it  may  be  associated  with 
an  active  migration  from  the  secondary  host  and  a 
period  of  existence  in  the  open  water  before  the 
primarv  host  is  reached.  Once  that  the  latter  is 
attained,  the  tail  of  the  cercaria  is  thrown  off  and  the 
further  development  to  the  adult  form  is  gro^-th, 
chiefly  of  the  reproductive  organs  which  were  present 
before  only  in  rudimentary  form.  An  encysted  stage 
frequently  intervenes.  This  the  cercaria  attains  by 
burrowing  into  the  tissue  of  some  animal,  or  by  settling 
upon  1  he  surface  of  some  plant  or  other  object.  !n 
the  latter  case  the  cyst  is  formed  of  the  expressed 
secretion  of  derm.al  glands  which  hardens  about  the 
cercaria  after  it  has  cast  off  its  tail.  In  cither  event 
the  digestive  fluids  of  the  final  host  are  the  means  of 
liberating  the  worm  from  its  cyst  to  enter  upon  the 
final  stage  of  its  career. 

Great  differences  in  detail  are  found  in  different 
species.  The  following  table,  taken  from  Hertwig, 
exhibits  in  synoptic  form  the  principal  lines  of  de- 
velopment,   "individual  features  connected  with  the 


be  followed  by  the  permanent  establishment  of  the 
parasite  only  when  a  suitable  larval  or  secondary 
host  is  available.  The  sheep  liver  fluke,  Fasciola 
hcpatica,  has  thus  secured  a  footing  in  certain  regions 
of  the  United  States,  and  has  become  an  important 
factor  in  the  handling  of  domestic  animals.  It 
remains  to  be  seen  whether  the  human  blood  fluke, 
Schistosoma  hcematobium,  probably  introduced  from 
Africa  to  the  Southeastern  States,  and  the  Asiatic 
ijlood  fluke,  Schistosoma  japonicum,  the  Asiatic 
liver  fluke,  Clonorchis  siiiensis,  and  the  lung  fluke, 
Paragonimus'  ringeri,  undoubtedly  brought  to  the 
Pacific  coast  from  the  East,  will  establish  themselves 
similarly  to  the  detriment  of  the  human  species. 

The  encysted  cercaria  or  immature  distome  occurs 
rarely  in  mammals,  e.g.  the  pig,  more  frequently  in 
amphibians  and  fishes  and  also  among  invertebrates. 
The  mature  trematodes  are  parasitic  only  in  verte- 
brates; the  ectoparasitic  forms  inhabiting  chiefly 
the  skin  or.gills  of  aquatic  species,  and  the  endopara- 
sitic  forms  occurring  largely  in  the  alimentary  canal, 
though  almost  all  organs  may  harbor  them  at  times. 
Next  to  the  canal,  its  adnexa,  the  lungs  and  liver, 
are  favorite  seats  of  these  parasites,  but  the  latter  are 
not  wanting  in  the  genito-urinary  ducts,  where,  for 
instance,  they  occur  in  birds  so  frequently  as  to  be 
occasionally  enclosed  within  the  egg  shell  during  its 
formation  and  are  subsequently  discovered  there. 
While  adult  flukes  usually  move  freely  about  in  the 
cavity  of  the  affected  organ,  they  are  in  some  cases 
more  or  less  completely  encysted  in  its  substance. 
Thus  the  Asiatic  lung  fluke,  Paragonimus  ringeri,  is 
found  in  pairs  in  pulmonary  cysts,  and  in  rare  in- 
stances such  an  association  in  pairs  is  connected  with 
the  secondarily  acquired  dioecious  condition  of  the 
individual  species. 


Development  op  the  Distomes. 
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species  which  occur  as  human  parasites  may  be  found 
under  the  appropriate  headings.  The  entire  process 
was  formerly  regarded  as  the  true  alternation  of  a 
sexual  generation,  the  adult  worm,  with  one  or  more 
asexual  generations,  sporocyst,  and  redia;  but  at 
present  the  reproduction  of  the  latter  is  regarded 
rather  as  premature  parthenogenesis  or  pa?dogenesis, 
and  the  alternation  is  called  alloiogenesis.  Some 
authors  regard  it,  however,  as  merely  a  complicated 
metamorphosis,  which  is  distributed  over  several 
generations.  The  transfer  of  the  parasite  from  one 
host  to  another  may  be  passive,  as  when  the  encysted 
form  is  eaten  and  set  free  in  the  alimentary  caiial  of 
the  new  host  by  digestion,  or  it  may  be  active  in  that 
the  free  swimming  larva  is  engulfed  with  drinking 
water  by  chance,  or  bores  its  way  into  the  body  of 
the  water-inhabiting  mollusk  which  it  seeks  out.  The 
earlier  stages  in  the  life  history,  sporocyst  and  redia, 
occur  only  in  mollusks,  and  the  selection  of  the 
secondary  host  is  somewhat  narrow,  so  that  not  only 
is  a  direct  infection  from  the  adult  fluke  contrarv  to 
all  experience,  but  also  the  introduction  of  the  adult 
and  the  dissemination  of  the  ova  in  a  new  region  can 
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Taxonomy. — Valuable  recent  work,  especially  by 
Odhner  w-ho  is  followed  here,  makes  it  possible  to 
outline  a  reasonable  system  of  the  group.  Only  the 
parts  dealing  with  human  parasites  will  be  particularly 
considered. 

I.  Subclass  Monogenea:  Trematoda  with  power- 
fully developed  sucking  organs  usuall}-  with  chitinous 
hooks.  Excretory  pores  double,  anterior,  dorsal. 
Uterus  short,  containing  at  one  time  only  a  single 
egg.  Development  direct.  Ectoparasites  of  fishes, 
amphibians  and  a  few  reptiles. 

II.  Subclass  Digenea:  Endoparasitic  Trematoda 
usually  with  one  or  two  suckers,  no  chitinous  hooks. 
Excretory  pore  single,  terminal.  Uterus  long,  con- 
taining many  eggs.  Development  with  alternation 
of  hosts.     Often  in  mammals  and  man. 

1.  Order  Gasterostomata:  Mouth  ventral;  no  oral 
sucker;  intestine  rhabdoccel.  At  anterior  end  an 
imperforate  sucker.     Intestinal  parasites  of  fishes. 

2.  Order  Prosostomata:  Mouth  anterior,  with 
oral  sucker;  another  sucker  if  present  ventral  or 
posterior. 

One   family,    the    Aspidobothrida^,    with    a    simple 
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sac-shaped   intestine   parasitizes   worms,   fishes,   and 
turtles. 

The  other  families  all  have  a  triclad  alimentary 
canal;  eight  of  them  which  contain  parasites  of  man  are 
briefly  described  in  order  in  the  following  text  together 
with  the  species  important  as  human  parasites. 

FASCiOLiD^ffi). — Large,  leaf-shaped  distomes  with 
powerful  acetabulum  near  anterior  end.  Genital 
pore  median,  anterior  to  acetabulum.  Sexual  organs 
highly  developed;  uterus  short,  in  front  of  ovary. 
Eggs  very  large,  thin-shelled.  Parasites  of  intestine 
and  liver  of  mammals. 

Fascioia  Linnaeus  1758. — Anterior  end  a  conical 
cap  or  tip,  small,  distinctly  set  ofl  from  posterior  body; 
acetabulum  at  junction  of  two  regions.  Esophagus 
short,  with  pharynx  and 
prepharynx;  intestinal 
crura  extend  almost  to 
posterior  tip,  l.ving  near 
medmn  line  with  short 
simple  median  branches 
and  long  dendritic  lateral 
branches.  Excretory 
sNstem  much  branched, 
bladder  long  median 
spmdle-shaped  sac,  with 
many  lateral  inlets  and 
smgle  terminal  pore. 
Genital  pore  in  midventral 
line,  cirrus  and  sac  con- 
spicuous, enclosing  sem- 
inal vesicle;  anterior  to 
acetabulum.  Vitellaria 
highly  developed,  lateral, 
extend  from  acetabulum 
to  posterior  tip,  with 
prominent  lateral  and 
transverse  ducts.  Ger- 
marium  anterior  to  trans- 
verse yolk  duct,  lateral, 
dendritic;  testes,  one  on 
each  side  of  median  line, 
posterior  to  transverse 
yolk  duct,  much  branched, 
oblique  to  each  other. 
Uterus  in  form  of  a  rosette 
anterior  to  germ  glands: 
Laurer's  canal  present, 
receptaculum  wanting. 
Eggs  large,  not  numerous, 
undeveloped  when  laid. 
Parasitic  in  gaU-ducts  of 
herbivora  and  rarely  om- 
nivora. 
Fasciolahcpaticah.\75S. 
(Attei  — (Syn. :  Distoma  hepati- 
cumHetziusl7S&;  Fascioia 
hximana  Gmelin  1790; 
IHslomum  caiioe  Sonsino  1890;  Cladoccelium  hepati- 
cuni  Stossich  1892.) 

Body  foliate  (Fig.  4812),  reddish-brown  in  color, 
20  to  30,  rarely  35  to  50  mm.  long,  5  or  8  to  13  mm. 
broad,  with  anterior  region  4  to  5  mm.  long,  and  dis- 
tinctly set  off  from  the  posterior;  posterior  extremity 
bluntly  pointed.  Dermal  spines  over  entire  body 
except  small  area  near  posterior  end.  Oral  sucker 
terminal,  nearly  spherical,  about  1  mm.  in  diameter, 
acetabulum  at  junction  of  two  regions  about  1.6  mm. 
in  diameter,  spherical  with  triangular  aperture. 
Pharyngeal  bulb  covering  nearly  entire  esophagus, 
intestinal  crura,  with  numerous  dendritic  branches  di- 
rected laterad;  vitellaria  lateral,  dendritic,  both  dor- 
sal and  ventral  of  intestine.  Germarium  and  testes 
both  dendritic,  former  anterior,  latter  posterior  to 
transverse  volk  duct  and  side  bv  side.  Eggs  oval, 
130  to  145m" long  by  70  to  90m  broad,  deposited  before 
cleavage  begins. 


Fio.  4812. — Fascioia  hcpal 
(I..)-  American  Specimen  fro 
Cattle.  Magnified. 
Stiles.) 


The  large  liver  fluke  occurs  abundantlv  in  the 
biliary  ducts  of  sheep,  also  in  many  other  ruminants, 
cattle,  goat,  horse,  ass,  deer,  antelope,  camel,  and  at 
times  in  kangaroo,  beaver,  squirrel,  rabbit,  guinea 
pig;  more  rarely  in  hog  and  man. 

Distribution. — The  parasite  is  found  over  all  Europe 
and  has  been  introduced  into  North  and  South  .Ajner- 
iea  and  Australia,  no  doubt  with  domestic  animals. 
Records  of  its  occurrence  in  Asia  and  Africa  depend 
in  part  on  the  same  factor  and  in  part  are  due  to 
confusion  with  closely  related  .species  (cf.  F.  giganlica). 

Life  History. — Leuckart  and  Thomas  worked  out 
the  general  features  of  the  complicated  development, 
to  which  later  students  have  contributed  important 
details.  The  eggs  are  distributed  over  the  ground 
with  feces  of  the  host  and  by  chance  arrive  in  a  water 
body  where  in  some  weeks  at  ordinarv-  temperature 
is  developed  a  ciliated  larva  (miracidium,  Fig.  4809). 
The  larva  when  hatched  out  swims  about  in  search  of 
a  small  snail,  Limiicea  trrnicatula  Miill.  =  L.  viinuta 
Drap.,  commonly  found  in  overflowed  meadows  and 
in  small  pools  of  water.  In  North  .\merica  L.  humUia 
Say  is  an  intermediate  host;  in  other  regions  still 
other  species. 

After  attaching  itself  to  a  snail  the  miracidium 
throws  off  its  cilia  and  penetrates  to  the  snail's 
liver  where  it  is  transformed  into  a  sac  a  few  milli- 
meters long,  the  sporocyst,  filled  with  developing 
masses  of  cells.  These  become  redis  (Fig.  4810  A , 
5),  and  may  under  conditions  give  rise  to  a  second 
generation  of  radia;  also,  but  sooner  or  later  they 
produce  eercariie  (Fig.  4810  C  and  4811).  .All  these 
stages  are  found  in  the  snail  host;  the  cercaria  which 
in  its  body  presents  the  main  features  of  the  distome 
structure  is  the  migrating  form  and  possess  well- 
developed  muscles  and  a  powerful  locomotor  organ  in 
the  tail.  It  deserts  the  snail  and  swims  about  actively 
in  the  water,  soon  climbing  a  blade  of  grass,  the  leaf 
of  a  water  plant,  or  some  similar  object,  and  having 
arrived  at  or  near  the  water  limit,  it  casts  off  the  tail, 
gathers  itself  into  a  spherical  mass  and  expres.ses 
forcibly  from  prominent  dermal  cells,  the  cy-stogenous 
glands,  a  secretion  which  hardens  into  a  cyst.  Pro- 
tected against  desiccation,  the  young  distome  in  the 
form  of  a  granule  attached  to  some  plant,  or  floating 
lightly  on  the  bottom  of  the  water,  awaits  introduction 
into  a  host  grazing  on  the  meadow.  Ssinitzin's  experi- 
ments show  that  two-thirds  of  the  cercaria-  encyst 
within  five  millimeters  below  the  water  surface,  one- 
fourth  deeper  than  that,  and  only  ten  per  cent, 
above  the  water  surface.  .\  good  many  form  free 
cysts  at  the  surface  film  and  such  floating  cysts 
carried  with  the  water  spread  the  contamination 
widely. 

Set  free  from  the  cyst  in  the  intestine  of  the  host, 
the  young  distome  is  small,  transparent,  and  possessed 
only  of  undeveloped  cell  masses  in  the  place  of  repro- 
ductive  organs. 

Lutz  and  later  Railliet  have  shown  that  the  young- 
est distomes  occur  in  the  hepatic  tissue,  and  appar- 
ently enter  the  liver  by  the  circulatory  system. 
This  explains  both  the  phlebitis  of  hepatic  veins 
long  known  in  cases  of  massive  infestation  with  this 
parasite  and  also  the  "erratic"  cases  when  the  para- 
site appears  in  other  parts  of  the  body  or  in  sucklings 
or  indeed  in  a  fetus,  as  recorded  several  times.  Ssinit- 
zin  was  fortunate  in  finding  these  young  distomes 
in  the  bodv  cavity  which  they  reach  by  penetrating 
the  intestinal  wall.  They  feed  on  blood  corpuscles 
sucked  from  the  capillaries  and  are  attracted  to  the 
surface  of  the  liver  which  they  penetrate,  finding  there 
the  location  for  their  further  growth. 

The  distome  attains  sexual  maturity  in  three  to 
four  months  and  while  a  year  may  terminate  the  life 
span,  vet  isolated  hosts  have  retained  their  parasites 
as  long  as  three  years.  Infection  of  the  final  host 
occurs  most  readilv  in  the  moist  seasons,  fall  and 
spring;  the  rate  of  development  of  the  eggs  varies 
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witli  tlio  external  temperature  and  is  very  slow  during 
the  cold  season. 

Pathology. — The  sheep  liver  fluke  was  clearly  de- 
scribed in  a  treatise  of  Jehan  de  Brie  in  1379.  Its 
presence  in  man  (although  only  that  of  an  occasional 
parasite),  wliile  probably  indicated  in  accounts  of 
Malpighi  and  others,  was  first  positively  recorded  by 
Pallas  in  1700  from  a  dissection  in  Berlin.  Most 
human  cases  involve  isolated  specimens  detected  in 
anatomical  dissections  or  the  occurrence  of  ova  dis- 
covered in  fecal  examinations.  Cases  of  the  latter 
type  are  open  to  confusion  with  other  species.  From 
thirty  to  fifty  well-established  records  are  discussed 
by  iicuckartj  Blanchard,  Moniez,  and  others.  In 
mild  cases  no  special  symptoms  were  observed  and 
in  severe  cases  which  occasionally  have  resulted  in 
death,  the  svmptoms  noted,  such  as  enlargement  and 
tenderness  of  the  liver,  icterus,  etc.,  indicate  only 
general  affection  of  the  organ.  Positive  identifica- 
tion of  the  ova  in  the  feces  would  confirm  a  diagnosis. 
In  two  or  three  cases  obstruction  of  the  ductus  hepa- 
ticus  s.  choledochus  led  to  a  fatal  termination. 

Light  infections  are  reported  by  Kratteo  as  fre- 
quent in  Dalmatia,  and  Perroncito  found  the  ova  fre- 
quent in  fecal  examinations  among  laborers  at  the 
St.  Gotthard  tunnel.  In  Tonkin  Gaide  has  recorded 
two  cases  in  man. 

All  well-established  cases  of  the  occurrence  of 
Fasciola  hepalica  in  man  are  reported  from  European 
countries  save  one  which  comes  from  Australia.  To 
be  sure,  Chabert.  reported  in  1852  that  this  parasite 
had  been  taken  in  Boston  associated  with  Ta;nia  in 
the  same  host ;  but  Leuckart  and  Cobbold  have  shown 
clearly  that  the  statement  is  erroneous  and  rests 
upon  "the  confusion  of  isolated  tapeworm  segments 
with  the  fluke.  However,  in  some  regions  of  North 
America  this  fluke  is  abundant  and  there  one  may 
expect  to  find  some  day  cases  of  human  infection. 

In  most  human  cases  Fasciola  hepatica  has  not 
been  reported  from  the  liver,  its  normal  habitat, 
but  as  an  erratic  parasite  in  the  lungs,  blood-vessels, 
subcutaneous  tumors  and  elsewhere.  This  is  clearly 
explained  by  Ssinitzin's  observations  that  the  young 
Fasciola  hepatica  is  a  body  cavity  parasite  and  only 
secondarily  invades  the  liver.  In  the  body  cavity 
it  feeds  on  blood  in  superficial  capillaries  and  may 
easily  become  involved  in  the  circulatory  system  so 
as  to  be  carried  to  distant  parts  of  the  body. 

The  occurrence  of  erratic  individuals  in  different 
organs  suggests  readily  a  basis  for  the  interpretation 
of  various  organisms  as  possibly  belonging  to  this 
species.  Thus  Ilcxathyridium  venaritm,  reported  by 
Treutler  in  1793  from  the  tibial  vein  of  a  young  man 
which  was  ruptured  while  the  patient  was  bathing,  is 
regarded  by  many  as  an  erratic  specimen  of  Fasciola 
hepatica.  However,  Leuckart  says  there  is  more 
reason  to  regard  it  as  a  free-living  planarian  which 
was  accidentally  obtained  from  the  water  and  did  not 
come  from  the  vein  at  all. 

Source  and  Severity  of  Infection. — Water  cress, 
lettuce,  and  other  uncooked  plants  which  had  been 
grown  in  damp,  low-lying  places  where  infected  snails 
would  be  common,  and  where  consequently  cercaria; 
swimming  about  would  have  opportunity  to  encyst  on 
the  leaves,  have  always  been  regarded  as  the  probable 
source  of  human  infection.  But  since  the  recent 
demonstration  of  Ssinitzin  that  many  cercaria;  encyst 
at  the  water  surface  and  that  such  free  cysts  are 
carried  about  in  the  water,  it  has  become  evident 
that  a  polluted  water  supply  and  chance  drinking  of 
surface  waters  in  an  infected  region  are  equally  natural 
means  of  infecting  the  human  host.  It  is  also  clear 
that  in  man,  chance  is  against  a  serious  infection  and 
that  cases  will  be  infrequent  as  well  as  mild.  On 
the  other  hand,  when  infected  meadows  are  used  for 
grazing,  the  infection  of  domestic  animals  may  easily 
become  very  severe  and  in  fact  losses  from  liver  rot 
in  sheep  have  reached  extreme  figures  in  certain  years 
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in  France  and  England.  Thus  in  1830  two  million 
sheep  were  lost  from  this  disease  in  England;  in  1862 
CO  per  cent,  of  the  sheep  in  Ireland  died,  and  even  as 
late  as  1891  an  English  sheep-raiser  lost  over  ten 
thousand  sheep. 

As  already  noted,  severe  cases  are  unknown  in  man 
and  unUkely  under  norrnal  conditions.  In  North 
Lebanon  (Syria)  the  fluke  is  said  to  be  a  frequent  and 
serious  human  parasite  under  extraordinary  condi- 
tions. The  natives  are  accustomed  to  eat  caw  livers, 
especially  of  goats,  and  when  the  flukes  in  the  livers 
which  are  infected  become  free  in  the  pharynx  and 
succeed  in  attaching  themselves  to  its  walls  they  cause 
inflammation  and  enlargement  of  the  tissues  so 
marked  as  to  lead  to  dyspnea,  dysphagia,  loss  of 
speech,  and  congestion,  sometimes  in  very  severe  and 
even  fatal  form.  The  Syrians  term  this  trouble 
"Halzoun";  it  lasts  several  hours  or  even  days,  when 
after  vomiting  rapid  recovery  sets  in.  If  the  flukes  in 
the  liver  reach  the  stomach,  they  are  soon  digested, 
and  it  is  only  those  specimens  which  affect  a  lodgment 
on  the  way  that  are  to  be  feared. 

Diagnosis  of  suspected  cases  can  be  made  positive 
by  the  discovery  of  eggs  in  the  feces.  The  location 
of  the  adult  parasite  at  this  time  deep  in  the  tissues  of 
the  liver  makes  its  removal  by  anthelmintics  im- 
possible. Surgical  interference  is  unnecessary  in 
mild  cases  and  impracticable  in  severe  cases  because 
of  the  extent  of  tissue  involved.  Care  in  the  use  of 
uncooked  plants  in  infected  regions  and  in  the  selec- 
tion of  drinking  water  are  evident  precautions  against 
infection. 

Two  cases  of  great  interest  and  historic  renown 
are  probably  to  be  included  as  concerning  this  species 
of  fluke  although  the  data  are  too  incomplete  to  permit 
of  final  judgment.     The  worms  in  question  are  called 

Agamodistomum  ophthalmobiinn  (Diesing  1850). — 
(Syn.:  D.  oculi  hiimani  Geschiedt  1833;  [?]  Monos- 
tomum  le?itis  Geschiedt  1833;  Distomum  ophthal- 
mohiiim  Diesing  1850).  In  one  case  four  immature 
distomes  were  removed  from  the  eye  of  an  infant 
only  five  months  old.  The  child  suffered  from  len- 
ticular cataract  with  partial  opacity  of  the  capsule. 
The  other  case  was  that  of  an  elderly  woman  from 
whose  eye  eight  so-called  monostomes  were  removed 
from  the  lens  substance.  The  descriptions  of  the 
parasites  are  imperfect  and  one  can  neither  assert 
nor  deny  their  identity.  It  is  certain,  however,  that 
they  were  both  erratic  parasites  and  were  very  young 
and  immature  specimens.  One  thinks  naturally  of 
the  liver  flukes,  since  their  erratic  occurrence  in  the 
body  of  various  hosts  is  already  well  established. 
Some  authors  would  interpret  these  eye  parasites  as 
young  of  the  lancet  fluke  {Dicrococlium  lanceatum) 
which  had  been  carried  into  this  unusual  location 
by  the  circulation.  They  were  undoubtedly  patho- 
genic as  are  certain  other  species  which  occur  fre- 
quently in  the  eyes  of  other  vertebrates  (e.g.,  fish). 

Fasciola  gigantica  Cobbold  1856. — (Syn. :  Distomum 
giganleum  Diesing  1858;  Fasciola  gigantia  Cobbold 
1858;  Cladocfelium  giganteum  Stossich  1892;  Fasciola 
hepatica  var.  angusta  Railliet  1895;  F.  hep.  var. 
a-gyptiaca  Looss  189G;  F.  angusta  Looss  1899.) 
Very  similar  to  F.  hepatica  but  distinguished  by 
great  elongation,  parallel  sides,  larger  acetabulum, 
which  is  also  closer  to  the  oral  sucker,  and  larger 
eggs.  Length  30  to  75  mm.,  width  6  to  12  mm. 
Oral  sucker  1.2  mm.  in  diameter;  ventral  sucker  1.7 
mm.,  within  only  about  2  mm.  from  anterior  tip. 
Eggs  150  to  190m  by  75  to  90^.  In  bile-ducts  of 
giraffe,  cattle,  zebu,  buffalo,  sheep,  and  goat. 

Gouvea,  a  physician  in  Rio  de  Janeiro,  was  called 
to  attend  a  French  marine  officer  who  suffered  from 
fever,  cough,  and  spitting  of  blood.  Pulmonary  ex- 
amination demonstrated  only  a  single  defect  in  the 
form  of  a  sharply  defined  spot  at  the  base  of  the  left 
lung.  Twenty  days  later  the  patient  coughed  up  a 
fluke  corresponding  in  form  to  this  species.     Since 
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the  patient  had  spent  July  of  the  same  year  in  Dakar 
(Seneganibia),  where  according  to  Railliet  this  species 
of  fluke  is  common  in  slaughtered  animals,  the  infec- 
tion was  doubtless  acquired  at  that  place  and  tlie 
diagnosis  of  Railliet  may  be  accepted  without  question. 
This  and  previous  cases  demonstrate  the  sus- 
ceptibility of  man  to  infection  with  Fasciola  and 
emphasize  the  potential  importance  of  the  North 
American  species  for  which  no  case  of  human  in- 
fection is  yet  reported.  But  in  view  of  its  frequence 
in  certain  regions  and  wide  distribution  on  this  con- 
tinent the  probability  of  its  occurrence  sometimes 
in  the  role  of  a  human  parasite  cannot  be  over- 
looked. 

Fasciola  magna  (Bassi  187.5)  Stiles  1894. — (Syn.: 
Distomum  magnum  Bassi  1875;  F.  carnosa  Hassall 
1891;  F.  americana  Hassall  1891;  D.  lexanicum 
Francis  1891;  D.  crassum  [in  part]  Leidy  1S91; 
Claducalium  giganteum  [in  part]  Stossich  1892.) 
Body  flesh-colored  when  alive,  broad,  thick;  much 
larger  and  thicker  than  F.  hepatica;  length,  23  to  100 
mm.;  breadth,  11  to  26  mm.;  thickness,  2  to  4.5  mm. 
Conical  anterior  part  not  distinctly  set  off  from 
posterior;  posterior  end  bluntly  rounded,  and  margin 
more  convex.  In  general,  very  similar  to  /•'.  Iiepalictt, 
except  esophagus  longer,  one  and  one-half  to  three 
times  as  long  as  pharynx,  intestines  more  branched, 
yolk  glands  confined  to  ventral  side  of  intestine. 
Eggs  oval,  109  to  168m  long  by  75  to  96m  wide. 

This  fluke  is  found  in  cysts  in  the  liver  and  lungs  of 
cattle  and  of  several  species  of  deer,  and  is  very 
widely  distributed,  occurring  on  the  authority  of 
various  persons  in  Texas,  Arkansas,  California,  Iowa, 
lUinois,  New  York  (Adiron- 
dacks),  and  Italj-.  It  is 
probably  present  in  most 
parts  of  this  country.  In 
importance  it  stands  hardly 
second  to  F.  hepatica,  but 
of  its  life  history  nothing  is 
definitely  known. 

Fasciolopsis  hooss  1898. — 
No  separated  anterior  con- 
I  -  t   ^  1  ical     region.       Acetabulum 

\         powerfully  developed,  with 
4         cavity  extending  posteriad 
G     -*  -  *nS^  /  j         as    sacculate    invagination. 

'—I  Intestinal   crura  wavy,  but 

-•-Vt    without  invaginations.    Re- 
j         ceptaculum  seminis  present. 
I         Cirrus     covered    with    fine 
\{         spines;    cirrus    pouch    very 
1  ^         large,  cylindrical,  containing 
I         spiral  tubular  seminal  ves- 
I        icle  with  peculiar  cecal  ap- 
pendage. 

Fasciolopsis  biiski  (Lan- 
kester  1857).— (Syn.:  Dis- 
lomum  buski  Lank.  18.i7; 
Distoma  crassum  Busk  1S59, 
Cobbold  IStiO,  nee.  v.  Sieb. 
1836).  Length,  24  to  37 
mm.  or  even  70  mm.  aver- 
age about  30;  breadth,  5.5 
to  12  mm.  rarely  14  mm. 
average  9  mm.  gre.itest 
thickness,  1.5  mm.  body 
(Fig.  4813)  flattened,  linguiform,  anterior  region  taper- 
ing, but  not  sharplv  marked  off  from  posterior  body. 
Skin  with  spines  a'lways  present  in  fresh  specimens 
often  lost  in  preserved.  Anterior  sucker  0.5  mm.  in 
diameter,  acetabulum  seijaratcd  by  not  more  than 
its  diameter  (1.6  to  2  mm.  from  anterior  end,  with 
deep  triangular  lumen.  Pharynx  large,  powerful; 
prepharvnx  present;  esophagus  very  short;  mtestmal 
crura  slondcr,  extending  to  extreme  posterior  end  in 
three  shallow  curves.  Testes  dendritic  one  behmd 
the  other  in  median  field,  and  both  posterior  to  trans- 
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I  I  G  4  813  — Fascto/opvi 
'  /  A.  (Lank  )  C5  Cirri; 
sac  other  abbrexiations  a 
I  efore.    X  3.     (.\fter  Odl  ner 


verse  j'olk  duct;  cirrus  sac  median.  Germarium 
small,  dendritic,  anterior  to  testes,  and  to  transverse 
yolk  duct;  Laurer's  canal  present;  uterus  in  scanty 
irregular  open  coils,  anterior  to  ovary;  yolk  glands 
lateral  with  numerous  very  small  acini  extending 
length  of  body;  genital  pore  immediately  at  anterior 
margin  of  acetabulum,  cirrus  covered  with  many  fine 
spines;  eggs  numerous,  120  to  130m  by  70  to  80^- 

Distribution. — In  intestine  of  pig  and  man  in 
China,  especially  soutliern  portion.  Cochin  China, 
Siam,  Assam,  Sumatra,  and  India.  In  many  regions 
very  common.  In  1843  Dr.  Busk  discovered  this 
parasite  at  the  necropsy  of  a  Lascar  sailor  who  died 
in  London.  It  was  first  described  and  named  by 
Lankester  in  1857.  The  second  and  third  cases  were 
recorded  in  1873  by  Dr.  Joseph  Leidy  to  whom  Dr. 
J.  G.  Kerr,  a  missionary  physician  m  Canton,  had 
sent  the  specimens.  Up  to  ten  years  ago  the  parasite 
was  considered  to  be  rare,  buc  since  that  date  Goddard, 
Heanley,  Jefferys,  JMaxwell.  Barrois  et  Noc,  and  others 
have  furnished  ample  evidence  of  its  frequence  and 
pathologic  importance  in  tlie  Ea.st. 

The  presence  of  the  para.site  in  man  Ls  said  to  be 
accompanied  by  liigh  temperatures  (up  to  106°  F.), 
bloody  diarrhea,  emaciation,  tympanic  abdomen,  and 
edema;  in  general,  typhoid  symptoms.  Fatal  cases 
are  on  record  and  this  outcome  is  due  in  part  at  least 
to  delay  in  securing  treatment.  Calomel,  thymol  with 
castor  oil  or  salts,  and  eucalyptus  oil  have  all  been 
used  with  success  in  expelling  the  parasites. 

The  encysted  young  distomes  are  said  to  occur  in 
shrimps.  Otherwise  nothing  is  known  of  the  life 
history  or  of  the  manner  of  human  infection. 

Of  especial  interest  to  the  American  student  is  the 
record  of  Leidy  in  1891  tliat  he  had  received  specimens 
of  this  parasite  from  the  liver  of  a  doe  in  New  York 
and  from  cattle  in  Arkansas  and  Texas.  As  was 
shown  positively  later  these  specimens  were  Fasciola 
magna,  and  Fasciolopsis 
liusid  is  nowhere  endemic 
on  this  continent.  The  in- 
troduction through  foreign 
laborers,  as  predicted  in 
the  earlier  edition  of  the 
Reference  H.\.n'dbook,  was 
confirmed  by  Moore  and 
Terrell  who  obtained  it  in 
Galveston  at  the  necropsy 
of  a  Lascar  sailor  that  had 
died  of  tyjihoid. 

Fasciolopsis  rathouisi 
(Poiricr  1887 ).— (Syn.: 
Distomum  rathouisi  Poirier 
1887.)  Length  15  to  19 
mm.,  breadth  8.5  to  10.5 
mm.,  thickness  up  to  3  mm. : 
oval  or  elliptical  with  short 
anterior  cone  (Fig.  A). 
Oral  sucker  small,  subter- 
minal,  0.25  to  0.29  mm. 
broad  bj'  0.2  mm.  long;  ace- 
tabukim  1.32  to  1.38  mm. 
broad  by  0.68  to  0.7  mm. 
long.  Esophagus  very 
short.  Much  like  F.  buski 
except  as  follows :  intestinal 

crura  more  irregular,  cirrus  sac  smaller,  testes  more 
compact,  broader,  with  heavier  branches.  1't.erus  in 
broad,  heavy,  thick-set  coils;  vitellaria  with  more 
numerous  fine  acini.  Eggs  oval,  thin-shelled,  with 
delicate  operculum. 

While  much  like  the  former  species,  and  on  the 
b.asis  of  a  renewed  study  of  Poirier's  original  declared 
by  Odhner  to  be  identical  with  the  former,  yet  the 
two  can  be  easily  and  promptly  distinguished  in 
fresh  m.aterial  as  is  maintained  by  Goddard,  Maxwell, 
and  Jefferys,  and  as  I  was  able  to  confirm  on  careful 
examination  of  alcoholic  specimens. 
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rnlh>uisi;  specimen  from 
Shanghai  sent  by  Dr.  W.  H. 
Jefferys.  X  2J.  (.Author's 
illustration.) 
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Goddard  states  that  the  parasite  is  well  known 
to  the  Chinese  and  is  common;  "the  relation  of 
the  disease  to  the  liver  is  interesting.  The  stools 
are  usually  light  yellow  in  color  and  of  a  peculiarly 
offensive  odor.  Under  the  microscope  I  have 
found  groups  of  bile-stained  cells  resembling  liver 
cells."  *    "  .^    , 

Two  other  related  forms  have '  been  described. 
Fasciolopsis  fiillcborni  (Rodenwalt  1907)  rests  on 
.three  specimens  ob- 
jtained  from  a  Hindoo 
sailor  treated  in  the 
^Marine  Hosjjit.al  at 
Hamburg.  While  the 
author  noted  its  resem- 
blance to  F.  buski,he 
regarded  the  anatomical 
differences  as  adequate 
to  separate  the  two 
.species. 

Fasciolopsis  goddardi 
nVard  1909  (Fig.  4815) 
was  based  on  material 
sent  from  China  by 
Goddard  and  Jefferys. 
While  much  like  F.  ra- 
thouisi  these  worms  ap- 
peared different  in  life 
and  on  microscopic 
study  showed  characters 
which  seemed  adequate 
to  separate  the  two. 
Thev  are  somewhat 
larger  (21  to  22  by  9 
mms.),  slenderer,  and 
light  yellowish  gray  in 
color.  The  oral  sucker 
is  smaller,  the  testes 
coarser  and  more  twist- 
ed, the  acini  of  the  vit- 
ellaria  larger  and  re- 
stricted to  the  extracecal  zone,  and  the  uterus  in 
heavier,  more  crowded  coils. 

Judgment  on  these  two  species  must  be  suspended 
pending  the  submission  of  more  information.  They 
serve  at  least  to  emphasize  the  variation,  wide 
distribution,  and  importance  of  the  genus  in  the 
east. 

EcHrNOSTOMrD.s:. — Elongate  distomes  with  powerful 
acetabulum  near  anterior  end.  Oral  sucker  weak  and 
surrounded  by  a  collar  which  carries  a  series 
of  spines.  Alimentary  canal  simple  un- 
branched.  Genital  pore  median,  in  front 
of  acetabulum.  Sexual  organs  generaOy 
well  developed;  uterus  short,  in  front  of 
ovary.  Eggs  large,  thin-shelled.  Parasitic 
in  intestine  of  birds  and  mammals. 

Echinostoma  Rud.  1809. — Collar  pro- 
vided with  single  or  double  row  of  spines 
of  which  the  ventral  terminal  spines  are 
larger  than  the  others.  Ovary  in  front  of 
both  testes.  Uterus  in  more  or  less  com- 
pactly arranged  transverse  loops. 

Echinostoma  ilocanum  Odhner  1911. —  p^a  48 
(Syn.  Fascioletla  ilocana  Garrison  190S.) 
Body  linguiform  (Fig.  4816),  4  to  6  mm. 
long,  0.75  to  1.35  mm.  broad,  0.5  to  1.0  mm.  thick. 
In  life  reddish  gray,  fairly  transparent.  Collar  with 
forty-nine  spines  of  which  five  or  six  are  terminal. 
Anterior  half  of  body  with  closely  set  scales  along  tha 
sides.  Germarium  oval,  entire,  anterior  to  middle  of 
body.  Testes  unequal  in  size,  deeply  indented. 
Vitellaria  begin  in  marginal  fields,  halfway  from 
acetabulum  to  ovarj^  extending  behind  testes  into 
median  area  and  almost  reaching  posterior  tip.  Cirrus 
sac  moderately  long.  Eggs  89  to  115m  long  by  56  to 
82/j  broad.     Normal  host  unknown. 
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Fig.  4815. — Fasciolopsis  god' 
dnrrfi;  specimen  from  ShaDghai 
Bent  by  Dr.  W.  H.  Jefferys.  X 
2}.     (-\uthor*s  illustration.) 


Discovered  by  Garrison  in  native  Filipinos,  but 
rare,  ova  having  been  observed  five  times  only  in 
fecal  examinations  of  five  thousand  convicts  at 
Manila.  In  one  case  the  worms  were  obtained  by 
administration  of  anthelmintics.  This  host  and 
others  infected  came  from  the  province  of  llocos  Sur. 
After  brooding  eggs  ten  days  in  cultures,  they  hatch 
typical  miracidia.  Man  is  only  an  occasional  host 
of  this  form  which,  according  to 
Odhner,  is  normally  parasitic  in  a 
species  of  Paradoxurus. 

Echinostoma  malayanum  Leiper 
1911  is  another  species,  8  to"  12  mm. 
long,  3  mm.  broad,  and  1.3  mm.  thick, 
with  forty-three  spines  in  the  collar. 
The  entire  ventral  surface  is  covered 
with  large  rectangular  scales  which  on 
the  dorsal  surface  extend  back  to  the 
posterior  margin  of  the  pharynx  only. 
The  eggs  measure  120  to  130^  by  SO 
to  90m. 

Leiper  found  this  in  the  intestine 
of  two  natives  (Tamils)  of  Malacca. 
Like  the  previous  species  this  is  prob- 
ably only  an  occasional  parasite  of 
man. 

Artyfechinostomum  sufrartyfex,  de- 
scribed by  Clayton  Lane  in  1915,  from 
India,  is  a  third  species  of  this  family. 
It  has  thirty-nine  spines  on  the  collar; 
two  of  them  are  large  terminal  spines. 
The  parasites  were  obtained  from  a 
young  native  girl  in  Assam  who  died 
shortly  after  of  general  debility. 

These  cases  show  clearly  that  nu- 
merous parasites  of  other  animals 
may  accommodate  themselves  to  the 
human  host  when  suitable  conditions 
for  bringing  about  an  infection  are  given. 

TR0GLOTREMATID.S:. — Body  more  or  less  flattened 
and  compressed  with  arched  dorsum.  Skin  thickly 
spined.  Cirrus  sac  wanting.  Ovary  pretesticular, 
lobed.  Vitellaria  very  richly  developed,  spread  out 
under  dorsal  surface.  Parasites  of  carnivorous  mam- 
mals and  birds,  living  in  pairs  in  cysts. 

Paragonimus  Braun  1899. — Body  "thick,  egg-shaped. 
Spines  dagger-shaped.  Intestinal"  crura  wavy,  lobed 
but  not  branched.  Germ  glands  coarsely  iobed  or 
branched.  Eggs  large,  thin-shcled.  In"  lungs  of 
mammals. 


Fig.  4S16.— 
Echinostoma  ilo- 
canum  (Garri- 
son). X15. 
(After     Odhner.) 


PkelUcotti 


Tfringe 


Pwestermonii 


— Spines  on  cuticula  of  Paragonimus;  species,  as  marked.     Highly 
magnified.     (After  Ward  and   Hirsch.) 

^  The  first  of  these  lung  flukes  wag  discovered  by 
Kerbert  in  the  lungs  of  a  royal  tiger  that  had  died  in 
Amsterdam  and  he  named  it  Distoma  xcestermanii. 
A  little  later  Manson  described  distome  eggs  from  the 
sputum  of  a  Chinese  patient  suffering  from  hemopty- 
sis and  mentioned  a  fluke  found  in  another  patient  by 
Ringer.  Cobbold  named  this  form  Distoma  ringeri. 
Two  months  later  Baelz  found  similar  eggs  and  sent 
them  toLeuckart,  though  he  did  not  at  first  recognize 
their  true  nature.  In  1883  he  published  a  descrip- 
tion of  this  worm  under  the  name  of  Distoma  pul- 
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monale.  Leuckart,  who  studied  the  specimens,  as- 
serted their  identity  with  Herbert's  earlier  find. 
In  1S94  Ward  reported  the  occurrence  of  a  similar 
parasite  in  the  dog  and  cat  in  North  America.  Stiles 
and  Hassall  (1900)  added  the  hog  to  this  list  and  gave 
an  extended  account  of  the  parasite.  In  1915  Ward 
and  Hirsch  published  a  detailed  study  of  all  these 
forms,  showing  that  at  least  three  species  are  involved ; 
these  may  be  most  readily  and  positively  differen- 
tiated by  the  small  spines  on  the  external  surface  which 
have  a  form  and  arrangement  characteristic  of  the  spe- 
cies (Fig.  4S17).  These  features  are  summarized  in  the 
following  table: 


Shape.. .  .    Lancet-shaped ...  Chisel-shaped. . . . 

Very  slender Moderately 

Distribu-   Sparse,  somewhat  Circular  rows,  in 

tion           irregular,  singly  groups 


Chisel-shaped 
Heavy 


The  form  found  in  man  may  be  discussed  in  detail 
under  its  proper  name. 

Paragonimus  ringeri  (Cobbold  ISSO). — (Syn.:  Dis- 
tomariiigeri  Cobbold  ISSO;  D.  pulmonale  Baelz  1883; 
D.  pulmonalis  K.  S.  and  Y.  1881;  D.  xcestermanii  in 
part.) 

Worm  reddish  brown  in  life,  plump,  ventral  surface 
slightly  flattened.  Length  5  to  12  mm.  breadth  4.5 
to  6  mm.  thickness  3.5  to  5.5 
r^ra.  Oral  sucker  0.75,  acetab- 
ulum 0.8  mm.  in  diameter. 
Spines  chisel-shaped  in  groups 
in  circular  rows.  Pharynx  0.4 
bj  0.3  mm.  esophagus  verj' 
s^hort;  intestinal  epithelium 
bc'5ins  short  distance  beyond 
br  mching  of  canal ;  ceca  looped 
11  regularly.  Ovary  on  right 
'■ide  just  behind  acetabulum; 
uterus  tightly  coiled  tube  on 
left  side,  often  partly  preace- 
tabular.  Ova  (Fig.  4818)  81 
to  87  by  49  to  51^. 

[n  pairs  in  cysts  in  the  lungs 
of  man,  abundant  in  certain 
regions  of  Japan,  Korea,  China 
and  Formosa;  also  in  the 
Philippines.  Probably  found 
also  in  the  pig  and  dog  in 
Japan.  Other  hosts  uncer- 
tain. 
Life  History. — An  oval,  completely  ciliated,  miraci- 
dium  develops  in  the  egg  after  twenty-five  to  thirty- 
five  days  in  cultures  kept  at  about  30°  C  These 
eggs  do  not  endure  well  the  influence  of  sunlight, 
desiccation,  or  sea  water. 

Nothing  further  is  known  of  the  early  stages. 
Nakagawa  reports  the  discovery  in  Formosa,  where 
the  fluke  is  abundant,  of  developmental  stages  in  two 
snails,  Melania  libertina  and  .1/.  obUqucgra7>osa.  He 
obtained  a  cercaria  which  he  assigned  to  the  lung  fluke; 
it  was  0.12  mm.  long,  0.09  mm.  broad  with  a  tail 
0.054  mm.  long  and  two  pyriform  bodies  attached  to 
the  oral  sucker;  the  excretory  bladder  was  cordiform. 
In  a  second  intermediate  host  the  young  distome 
was  found  encysted  (Fig.  4819).  The  most  common 
host  was  Pota'mon  obtusipcs,  the  red  crab,  a  fresh 
water  species  which  was  infected  in  100  per  cent,  of 
all  examined.  Half-grown  C3-sts  occur  in  the  liver  of 
the  crab  and  full-grown  cysts  in  the  gills.  Cysts 
in  other  organs  do  not  reach  full  maturity.  Yo- 
shida  working  independently  in  Japan  ascertained 
that  there  three  species  of  river  crab  are  infected;  all 
three  are  common.    These  aie Sesarma  dehaanii  (Milne 


Fig.  4S1S.— Egg  of  Para- 
gonimus ringeri  (Cobb) 
Magnified  500.  (.\ftei 
Katsurada.) 


Edwards),  in  the  lower  reaches  of  the  streams,  not 
used  as  food;  Eriocheir  japonicus  (de  Haan),  the  fur 
crab,  an  edible  species  but  always  cooked  before  being 
eaten;  and  Polamon  dehaanii  (White),  the  pond 
crab,  in  shallow  waters  of  mountain  streams,  eaten 
both  raw  and  cooked.  In  infected  regions  twenty  to 
eighty-five  per  cent,  of  these  crabs  arc  infected;  the 
cysts  are  chiefly  in  gills,  muscles  and  hypodcrm, 
rarely  in  the  liver;  they  are  so  frequent  that"  as  many 
as  343  cysts  were  taken  from  a  single  specimen.  Such 
cysts  measure  0.3  to  0.55  mm.  in  diameter,  with  a 
thick  transparent  wall  and  an  enclosed  larva  which 
is  easily  recognized  by  its  light  red  pigment. 

Both  authors  succeeded  in  infecting  kittens  and 
puppies  brought  from  uninfected  districts.  The 
larvse,  released  from  the  cysts,  bore  through  the  in- 
testinal waU  near  the  jejunum  and  reach  the  ab- 
dominal cavity.  After  traversing  this  they  perforate 
the  diaphragm  and  enter  the  pleural  cavity,  traveling 
below  the  pleura  to  points  where  the  parenchyma  of 
the  lung  is  entered  and  cysts  formed.     Some    may 


Fio.  -1819. — Developmental  stages  of  l.un; 
ringeri.     a.  Cyst  from  gill  of  Eriocheir  japon. 


from   cyst: 
X  30.     (Afte 


young  distome  fron 
Yoshida.) 


luke,  Paragonimus 

;  6,  larva  escaping 

abdominal  cavity  of  kitten. 


penetrate  the  abdominal  wall  and  wander  about  in 
the  muscular  or  connective  tissue.  Such  migrations 
explain  the  cerebral  and  spinal  paragonimiases  often 
reported.  These  young  flukes  measure  at  first  0.3 
to  0.5  mm.  and  grow  to  be  1  to  2  mm.  fong  in  ten  days, 
4  mm  long  in  thirty  to  fifty  days,  and  6  to  7  mm.  long 
in  ninety-  days  when  the  sexual  organs  have  become 
complete  and  are  producing  perfect  ova. 

From  studies  in  Korea,  Kakami  doubts  that  the 
crabs  are  wholly  responsible  as  the  natives  cook  the 
crabs  before  eating  and  dogs,  which  are  heavily  in- 
fected, never  eat  crab.  Yoshida  has  shown  finally 
that  such  cysts  do  become  loosened  from  the  gills  and 
then  drift  around  in  the  water^  so  that  its  use  for  drink- 
ing purposes  would  result  in  infection.  This  accords 
with  the  facts  in  the  distribdtion  of  the  disease.  It 
is  confined  to  areas  watered  by  certain  streams  and 
the  villages  taking  water  direct  from  the  river  are 
most  heavily  infected. 

Distribution. — The  home  of  this  species  is  undoubt- 
edly China,  Formosa,  Korea,  and  Japan.  In  China 
its  distribution  is  not  yet  known.  In  Formosa 
seventy-three  per  cent,  of  cases,  according  to  a  ten- 
year  record  of  Nakagawa,  come  from  the  Shinchiku 
Prefecture.  Here  all  the  crabs  in  some  places  are 
infected  and  from  thirty  to  fifty  per  cent,  of  the 
inhabitants  harbor  the  "lung  fluke.  In  Korea  the 
parasite  occurs  in  the  middle  reaches  of  the  rivers 
flowing  east  into  the  Japan  Sea.  It  was  not  found 
in  waters  affected  by  the  tide  or  on  the  other  hand  in 
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the  head  waters  where  the  streams  are  purer  ami 
colder.  On  the  average  seventy  per  cent,  of  the  crabs 
are  infected  and  the  cysts  begin  to  ajipear  in  them  in 
June.  In  some  villages  human  infection  ran  up  to 
eighty-two  per  cent.  Kakami  gives  the  results  of 
four  hundred  and  seventy-one  examinations  as  follows: 

Age  of  patient  in  years 

0-10  10-20  20-30  30-40  40-50  50-60  60 

Percentage  infected 

25       57         63         45         39         36       20 

In  all,  fifty  per  cent,  of  males  were  infected  and  only 
thirty-three'  per  cent,  of  females.  Examinations  of 
the  ollicial  class,  i.f.  teachers,  doctors,  etc.,  disclosed 


Fia.  4820. — Paragonim' 
Japanese  speci 


(Kerb.)  in  Ventral  Aspect. 
X  7.     (After  Katsurada.) 


no  infections,  whereas  forty  to  fifty  per  cent,  or  over 
of  coolies,  farmers,  peddlers,  and  those  of  no  occupa- 
tion were  infected.  Dogs  were  infected  as  heavily 
as  man,  but  only  one  or  two  per  cent,  of  pigs,  and 
cattle  not  at  all. 

According  to  Katsurada,  no  district  in  Japan  is 
entirely  free  from  the  lung  fluke  but  the  mountain 
provinces  of  Kumamoto,  Nagano,  Okayama  and 
Tokyshima  are  most  heavily  infected.  The  disease 
is  apparently  more  prevalent  in  males  than  in  females 
and  seventy-five  per  cent,  of  cases  occur  in  farmers. 
Both  facts  are  explicable  on  the  basis  of  the  use  of 
surface  water  for  drinking  while  at  work.  This  accords 
also  with  the  statement  of  Yamagiwa  that  the  weak 
are  "less  susceptible"  [i.e.  less  infected)  than  the 
strong  who  le.ad  in  outdoor  activities. 

Outside  of  tlu;  countries  just  discussed  the  distribu- 
tion of  the  lung  fluke  is  uncertain.  Musgrave  and 
others  have  studied  groups  of  cases  from  the  Philip- 
pines and  as  many  of  them  concern  natives  the  parii- 
site  is  probably  endemic.  Arce  has  reported  several 
cases  in  natives  in  Peru  where  the  disease;  intro- 
duced through  the  immigr.ation  of  Oriental  laborers, 
has  increased  in  recent  years.  In  North  America 
many  cases  have  been  reported  but  all  thus  far  from 
similar  hosts.  Null  has  recorded  its  presence  in  cats 
and  dogs  in  Oriental  quarters  in  San  Francisco  and 
the  possibility  of  its  spread  to  our  population  must 
be  frankly  recognized. 
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As  already  stated  the  form  found  in  dog,  cat,  and 
hog  and  reported  from  Minnesota,  Wisconsin,  Mich- 
igan, Ohio,  and  southward  is  a  distinct  species,  P. 
kdlicolti,  which  has  not  yet  been  found  in  man  but 
probably  may  be  transmitted  readily  to  that  host 
under  conditions  favoring  infection.  This  species  is 
undoubtedly  endemic  in  North  America  though 
apparently  not  abundant. 

Pathology. — Manson  who  in  1880  first  reported  the 
disease  in  man,  called  it  parasitical  hemoptysis  and 
later  endemic  hemoptysis.  The  terms  pulmonary 
distomatosis  and  paragonimiasis  have  also  been  used. 

The  common  and  normal  seat  of  the  parasite  is  in 
the  lungs  where  the  worms  early  in  life  burrow  into  the 
lung  tissue,  but  later  lie  in  cystic  tumors  along  the 


Fig.  4821. — Paraaommus  kellicoUi  Ward  in  Ventral  Aspect. 
-American  specimen  from  dog.  Note  reverse  position  of  reproduc- 
tive organs  as  compared  with  Fig.  4820.      X  5.     (Original.) 

dorsal  border  directly  under  the  pleura  and  often  sur- 
rounded by  a  capsule.  It  seems  that  the  species  from 
the  tiger  and  perhaps  others  are  found  two  in  each 
cyst,  but  the  human  parasite  occurs  singly  though 
exceptions  are  recorded.  Such  cysts  contain  also 
masses  of  eggs  and  Charcot's  crystals,  more  rarely 
cholesterin  crystals  also.  In  old  cysts  after  disinte- 
gration or  migration  of  the  fluke  the  eggs  and  crystals 
alone  remain.  Fine  openings  that  communicate  with 
the  bronchi  discharge  the  eggs  and  crystals  in  masses 
of  blood  and  mucus.  The  number  of  eggs  discharged 
in  the  course  of  twenty-four  hours  by  a  single  patient 
is  often  enormous  and  in  one  who  had  suff'ered  thirteen 
years  from  the  malady  was  calculated  to  be  not  less 
than  twelve  thousand. 

Erratic  specimens  of  the  fluke  have  been  recovered 
from  many  organs  of  the  body.  In  locations  outside 
the  lungs  they  do  not  fully  attain  their  growth  and 
reproductive  activity.  These  foci  are  significant  in 
accordance  with  their  special  location  and  Yamagiwa 
has  described  them  from  the  occipital  and  parietal 
lobes  of  the  brain.  Such  cases  are  characterized  by 
epileptic  attacks  (Jacksonian  or  cortical  epilepsy). 
Some  of  the  earlier  records  of  the  presence  of  ova  in 
various  tissues  are  to  be  explained  on  the  basis  of  the 
then  unknown  Japanese  blood  fluke  Schistosoma 
japonicum,  and  not  of  the  lung  fluke. 


REFERENCE    HANDBOOK    OF    THE    .MEDIC.\L   SCIENCES 


Trematoda 


Symptomatology. — The  lung  distome  produces  per- 
iodic hemoptysis;  a  chronic  cougli  with  rusty  mucoid 
expectoration  is  commonly  accompanied  by  spitting 
of  blood  but  not  always.  Percussion  yields  almost  no 
abnormal  sounds  and  the  condition  of  the  patient 
remains  good.  According  to  Yamagiwa  the  disease 
was  formerly  diagnosed  in  Japan  as  tuberculosis  with 
which  its  general  facics  is  identical.  Positive  diag- 
nosis is  effected  by  the  demonstration  of  the  eggs  in 
the  sputum.  The  destruction  of  lung  tissue  may  lead 
to  the  accidental  rupture  of  a  large  blood-vessel  or  in 
severe  cases  general  anemia  may  ensue;  otherwise  the 
prognosis  is  good,  and  removal  from  an  infected  dis- 
trict leads  regularly  to  complete  recovery. 

Prevention. — In  Korea  heroic  measures  are  being 
taken  under  a  sanitary  commission  to  destroy  all 
snails  in  infected  territory.  The  control  of  drinking 
water  is  likely  to  be  effective  where  it  can  be  carried 
out  since  communities)  that  drank  well,  water  escaped 
almost  entirely  unless  the  wells  became  contaminated 
during  floods.  The  consumption  of  raw  crabs  or  cray- 
fish should  evidently  be  entirely  prohibited. 

DicRoccELiiD.a;. — Elongated,  flattened,  transparent 
distoraes  with  weak  suckers.  Intestinal  crura  do  not 
reach  posterior  end.  Excretory  bladder  spindle- 
shaped,  reaching  to  cen- 
ter of  body.  Genital 
pore  median,  preacetab- 
ular.  Vitellaria  lateral, 
small;  uterus  prominent, 
fining  entire  body  behind 
germ  glands  which  lie  in 
anterior  half.  Eggs 
numerous,  thick-shelled. 
In  gall-duct^  of  Amniota. 
Dicroctelium  Dujardin 
184.5. — Attenuated  at 
both  ends;  skin  without 
spines.  Cirrus  sac  with 
seminal  vesicle  conspic- 
uous, just  anterior  to 
acetabulum.  Germ 
glands  in  series,  posta- 
cetabular. 

DicToajelium  dcndriH- 
rum  Rudolphi  1819.— 
(Syn.:  DicroaeKum  lance- 
atum  Stiles  and  Hassall 
1896;  Fasciola  lanceolata 
Rudolphi  1803,  nee 
Schrank  1790;  Distomum 
l.nirenlatiim  Mehlis  1825; 
Dicroarlium  lanceolatum 
Dujardin  184.5.)  Body 
lanceolate  (Fig.  4822) 
tapering  most  sharply  to 
anterior  end;  8  to  10 
long,  1.5  to  2.5  mm. 
broad;  maximum 
breadth  behind  center  of 
body.  Suckers  separated 
by  one-fifth  of  the  body 
length.  Eggs  yellow  to 
dark  brown  measuring  38  to  45  by  22  to  ZQn',  contain- 
ing an  oval  or  spherical  miracidium  ciliated  only  in 
anterior  region. 

The  lancet  fluke  parasitizes  the  gall-ducts  of  her- 
bivora  and  some  omnivora,  often  in  company  with 
Fasciola  hepalica.  Sheep,  cattle,  goat,  ass,  horse,  deer, 
rabbit,  pig,  and  dog.  It  has  been  often  confused  with 
Opisthorchis,  to  which  all  cases  from  the  cat  certainly 
belong;  hence  all  earlier  records  need  verification. 
The  distribution  is  much  the  same  as  that  of  Fa.-iciola 
hepatica,  but  less  extensive.  Abundant  in  most  of 
Europe,  it  is  reported  also  from  northern  .\frica, 
Siberia,  and  Turkestan;  in  Japan  and  South  America 
its  occurrence  though  reported  is  doubtful;  in  England 


Fig.  4S22. — DicrocaKum  lance- 
"lum  Stiles  and  Hassall.  X  12. 
Uifter  Braun.) 


and  North  .\merica  it  seems  to  be  lacking.  Leuckart 
regarded  Planorbis  as  the  intermediate  host;  Plana, 
certain  small  land  snails;  neither  view  has  been 
confirmed. 

It  is  much  more  infrequent  in  man  than  Fasciola 
hepatica  and  less  than  ten  established  cases  of  human 
infection  arc  on  record,  but  light  eases  would  easily 
escape  observation  and  may  be  more'  numerous  in  in- 
fected territory.     Thus  Galli-X'ulerif.  in  examination 


Fig.  4823. — Heterophyea  heterophyes  (v.  Sieb.)  in  Ventral 
.Aspect,  a,  Cuticular  spines  from  margin  of  genital  sucker,  P. 
Other  letters  as  before.      X  42.     (After  Looss.) 

in  Switzerland  of  three  hundred  and  sixty-five  fecal 
masses  deposited  at  large  in  alleys,  etc..  found  one  in 
which  the  eggs  of  this  fluke  were  abtmdant.  Cases 
of  human  infection  come  from  Germany,  France, 
Switzerland,  Italy,  Bohemia,  and  Egypt. 

HETEROPHYro.E.— Small  compact  flukes  with  weak 
suckers.  Cirrus  sac  and  cirrus  lacking.  Genital 
organs  variable  in  development.  Eggs  very-  small, 
numerous. 

Heterophyes  Cobbold,  1866. — Anterior  region  more 
slender,  mobile;  posterior  region  broad,  thick,  im- 
mobile, containing  genital  organs.  Skin 
thickly  covered  with  scales.  Genital 
pore  surrounded  by  prominent  genital 
sucker  and  circle  of  antler-shaped 
chitinous  rods. 

Helerophyes    heterophyes    (v.    Siebold 
1852). — (Syn.:  Dixtomum  heterophyes  v. 
Siebold    1852;  Mesogonimus  heterophyes 
n  e»  i-r-    R'*'"''^*'  1890;  Comogonimus  heterophyes 

phya.  x'soo"  Looss  1900;  Coiylogonimus  heterophyes 
(After  Looss.)  '    Luhe   1900.) 

Pyriform  body  (Fig.  4823)  2  mm. 
long,  0.4  mm.  broad.  Oral  sucker  0.09,  acetabulum 
0.23,  genital  sucker  0.15  mm.  in  diameter.  Intestinal 
crura  turning  together  in  posterior  end  and  terminat- 
ing near  excretory  pore.  Testes  near  crura  and  each 
other  in  posterior  end.  Uterus  covering  nearly  entire 
posterior  region,  in  genital  coronet  seventy-five  to 
eighty  spines.  (Fig.  4823.  a.)  Eggs  thick-shelled, 
light  brown,  30  by  17^,  enclosing  a  completely  ciliated 
miraeidium  when  deposited  (Fig.  4824). 

Discovered  by  Bilharz  in  1S51  at  the  necropsy  of  a 
boy  in  Egypt,  and  not  seen  again  until  reported  in 
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Egg  of  Hetero- 
phyes       helero- 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


1891  bv  lilaiidianl,  it  appeared  rare.  Looss  found, 
however,  that  it  occurs  not  infrequently  and  suggested 
that  its  insignificant  size  caused  it  to  be  overlooked 
ordinarily.  Even  in  large  numbers  it  appears  to 
be  harmless, as  it  frequents  the  food  masses  on  \yluch 
it  feeds  and  does  not  attack  or  even  irritate  the  intes- 
tinal mucosa.  Neither  blood  corpuscles  nor  epithelial 
cells  appear  in  its  intestine.  Its  seat  is  the  middle 
third  of  the  small  intestine.  It  is  abundant  in 
Egvptian  dogs  and  rare  in  cats.  Only  a  single  record 
for"  Japan  and  another  for  China  by  Leiper,  and  that 
of  Janscn  for  dogs  in  Japan,  indicate  its  occurrence 
outside  of  northern  Eg>-pt  (Cairo,  Alexandria,  etc.). 

Although  the  worm  has  prominent  spines  on  the 
entire  bod  v,  Looss  was  unable  to  detect  any  mechanical 
or  other  injury  in  the  mucosa  due  to  its  presence. 
He  regards  its  pathological  influence  as  nil.  The 
species  occurs  most  frequently  in  the  rural  population 
and  is  rare  or  wanting  in  residents  of  the  cities  as  well 
as  in  Europeans.  No  explanation  of  this  condition 
is  at  hand  and  the  life  history  of  the  parasite  is  entirely 
unknown. 

Metagonimus. — Much  like  Heterophyes  but  with 
acetabulum  and  genital  sucker  united  in  a  single 
sucking  organ  which  is  displaced  to  the  right. 

Metagonimus  ynkngnwni  Katsurada  1913. — (Syn.: 
Yokawaga  yokagaicai  Leiper  1913.)  Body  elliptical, 
spinous,  1  to  2..5  mm.  long,  0.43  to  0.73  mm.  broad. 
Oral  sucker  0.075  to  0.085  mm.  ventral-genital  suck- 
er 0.12  to  0.1-1  mm.  in  diameter.  Intestinal  crura 
close  to  lateral  margins.    Eggs  27  to  30  by  15  to  17^. 

Parasitic  in  human  intestine  in  Formosa  and  Japan; 
common  in  individual  districts.  In  a  single  case  some 
four  tliousand  worms  were  driven  out  by  anthel- 
mintliics.  Severe  infections  are  associated  with 
chronic  intestinal  catarrh. 

The  parasite  has  been  grown  experimentallj'  in 
mice  and  dogs.  Eggproduction  begins  on  the  second 
or  third  day  after  infection,  the  uterus  is  filled  in 
four  to  five  days,  and  the  deposition  of  eggs  contain- 
ing ciliated  miracidia  begins  in  seven  to  ten  days  with 
the  feces  of  the  host.  The  young  distome  was  found 
encysted  on  gills,  scales,  tins,  and  tail  of  a  fresh-water 
salmonid  {Plcroglossus  altirelis  Temm.)  and  more 
rarely  in  Crassius  and  Cyprinus.  It  is  present  also 
in  the  subcutaneous  connective  tissue  and  super- 
ficially in  the  musculature  of  this  host  which  cut  in 
slices  is  consumed  raw  by  the  populace  as  a  delicacy. 

These  worms  occur  in  the  jejunum,  rarely  in  the 
cecum.  They  burrow  into  the  mucosa,  occurring 
frequently  in  the  glands  which  they  destroy.  Their 
work  does  not  extend  into  the  submucosa.  At  post- 
mortem examinations  they  appear  as  small  brown 
seeds  in  the  inner  layer  of  the  intestinal  wall. 

OpiSTHORCHiiDiE. — Long,  flattened,  transparent  dis- 
tomes  with  weak  suckers.  Intestinal  crura  extend 
to  posterior  end.  Excretory  bladder  Y-shaped  with 
short  branches  and  long  stem.  No  cirrus  or  sac. 
Germ  glands  in  posterior  region;  uterus  long,  in 
transverse  coils,  anterior  to  glands.  Eggs  very 
numerous,  small,  asymmetrical.  In  gall-ducts  of 
amniota. 

Opisthorchis  R.  Blanchard  1895. — Anterior  end 
tapering,  posterior  conical,  suckers  relatively  close 
together.  Long  median  stem  of  Y-shaped  excretory 
bladder  curving  like  an  S  between  testes.  Testes 
lobed.  Receptaculum  seminis  prominent.  Vitel- 
laria  lateral,  a  series  of  clusters  of  small  follicles, 
between  acetabulum  and  germ  glands.  Uterine 
loops  inside  intestinal  crura. 

Opisthorchis  felineus  (Rivolta  1885). — Syn.:  Dis- 
toma  conns  Gurlt  1831,  nee  Creplin  1825;  D.  lancco- 
latum  V.  Siebold  1836,  v.  Tright  1889,  nee  Mehlis 
1825;  D.  sibiricum  Winogradoff  1892;  D.  tenuicoUe 
Muhling  1890.) 

In  life  yellowish  red,  very  transparent.  Fore- 
body    (preacetabular   region)   mobile,   in   life,   or  in 
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contracted  specimens  set  off  from  rest  of  body  by 
marked  taper  at  acetabulum  (Fig.  4825).  Length 
8  to  10  mm.  breadth  1.5  to  2  mm.  Suckers  separated 
by  one-fifth  to  one-sixth  of  bod}-  length,  equal  in  size, 
flsophagus  very  short.  Testes  slightly  oblique;  ante- 
rior four,  posterior  five-lobed.  Eggs  oval,  with  con- 
spicuous lid,  30  by  11^. 

Parasitic  in  gall-bladder  and  ducts  of  the  domestic 
cat,  also  in  dog,  fox,  glutton,  and  perhaps  other  hosts. 
Different  species  are  not  easily 
distinguished  and  much  confusion 
exists  in  the  records.  As  Braun 
has  shown  this  form  was  earlier 
taken  for  Dicrocoelium  dendriiicum 
despite  the  distinct  variance  in 
structure.  Even  now  some  in- 
cline to  view  the  form  reported 
from  man  in  Russia  ("  Distoma 
sihiricxim")  as  a  distinct  species 
(Fig.  4825,  B). 

Opisthorchis  feli- 
neus occurs  in 
Holland,  P>ance, 
Italy,  Roumania, 
Hungary,  Scandi- 
navia, northern 
Germany  (espe- 
cially East  Prus- 
sia), Russia,  Sibe- 
ria and  perhaps 
Japan  and  Tonkin 
(a  closely  related 
species,  at  least). 
Most  abundant  on 
the  shores  of  the 
Baltic,  its  distri- 
bution conforms 
.strikingly  to  that 
of  the  human  fish 
tapeworm,  Dibo- 
thriocephalus  latus, 
(See  article  on 
Cestoda.) 

Life  History. — 
The  eggs  contain 
when  deposited  a 
iiliated  miracid- 
lum  that  accord- 
ing to  Braun  does 
not  hatch  out  in 
water  but  only 
when  brought  into 
the  intestine  of 
young  snails  (Lim- 
it c^a  slagnalis)  in 
which,  however,  further  development  does  not  take 
place.  Winogradoff  reported  the  hatching  of  eggs  after 
a  stay  of  a  month  in  water  at  37°  C.  and  the  presence 
of  free  miracidia  in  gall  from  a  human  subject  and 
from  a  dog.  Such  occurrences  certainly  do  not  belong 
to  the  normal  course  of  development. 

The  final  stage  and  its  introduction  into  the  defini- 
tive host  are  known  from  the  experiments  of  Askanazy 
and  later  students.  The  larval  distomes  occur  en- 
cysted in  various  fish  (Idus  melanotus,  Leuciscus 
rutilus,  etc.)  which  are  taken  abundantly  in  the 
Baltic  region  and  eaten  uncooked  by  the  common 
folk.  In  Roumania  other  fishes  are  suspected 
{Abramis  brama,  Tinea  vulgaris,  etc.). 

Rindfleisch  fed  infected  fish  to  cats  in  1905,  two 
months  later  distome  eggs  were  found  in  their  feces, 
and  three  years  later  many  distomes  were  found  at 
the  autopsy  of  these  hosts  in  the  gall-ducts  which 
were  much  modified  pathologically.  In  1892  Wino- 
gradoff reported  from  Tomsk  "(Siberia)  the  first 
nine  cases  of  human  infection;  later  others  were 
described  by  Cholodkovsky  from  St.  Petersburg  and 
Askanazy   and    Rindfleisch   from    East    Prussia.     In 


Fia.  4825. — Opislhorchis  felineus  (Riv.). 
A,  Elongated  specimen  from  liver  of  cat. 
(,\fter  Braun.)  B,  "Distomum  sibiri- 
cum" from  liver  of  man.  (From  Braun, 
after  Winogradoff.)     Magnified. 
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Tomsk  the  parasite  occurred  in  six  and  one-half 
per  cent,  of  autopsies.  In  the  medical  clinic  at 
Konigsberg,  East  Prussia,  between  1899  and  1909 
forty  eases  were  diagnosed.  Winogradoff  found  up 
to  several  hundred  parasites  in  a  single  host.  In  no 
instance  was  the  death  of  the  host  due  to  the  para- 
sites but  the  latter  had  worked  serious  pathological 
changes  in  the  liver,  especially  enlargement  of  the 
gall-ducts,  thickening  of  their  walls,  inflammation, 
and  even  in  spots  atrophy  of  liver  tissue.  Icterus 
and  ascites  were  also  noted. 

The  forty  cases  from  the  Konigs- 
berg cHnic  were  carefully  studied 
by  Rindfleisch.  At  the  same  time 
with  O.  felhieus  almost  all  sheltered 
Dibothriocephalus  /aJus  which  utilizes 
Esox,  Lota,  and  Perca  as  interme- 
diate hosts.  Among  the  forty  cases 
twenty-five  were  detected  incident- 
ally by  discovery  of  the  eggs  in 
routine  fecal  examinations;  the 
cases  manifested  no  symptoms  of 
hepatic  disease.  In  ten  cases  de- 
monstrable changes  in  the  liver  and 
disturbances  in  \'isceral  organs  were 
recorded;  and  finally  in  five  cases 
the  liver  or  gall-ducts  and  bladder 
were  the  seat  of  neoplasms. 

Infection  is  apparently  due  to  the 
consumption  of  uncooked  fish  and 
will  cease  with  the  abandonment  of 
that  habit. 

A  closely  related  species  from 
North  America  is  O.  pseudofelineus 
Ward  (Fig.  4805)  a  frequent  para- 
site of  the  cat  in  some  parts  of  the 
country,  found  more  rarely  in  dog 
and  coyote  also.  Many  facts  point 
to  some  fish  as  the  second  inter- 
mediate host  of  this  species.  Under 
circumstances  it  might  infect  the 
human  host  also. 

A  number  of  species  not  yet  well 
known  are  probably  of  significance  in  human  pathol- 
ogy in  India  where  they  have  been  reported  from 
various  hosts  including  man  himself.  The  most  im- 
portant are  briefly  noted  here : 

Opisthorchis  noverca  Braun  190.3,  recently  assigned 
by  Barker  to  a  new  genus  Amphimerus  which  is  not 
yet  adequ.ately  established,  is  a  species  of  which  little 
precise  information  is  at  hand.  It  was  discovered 
by  McConnell  in  1876  at  a  necropsy  of  two  Moham- 
medans at  Calcutta.  Cobbold  referred  this  parasite 
to  Distoma  conjunctum  from  the  American 
fox.  In  1872  Lewis  and  Cunningham  found 
in  the  liver  of  street  dogs  at  Calcutta  a 
parasite  to  which  was  given  the  same  name 
(D.  conjunctum).  This  is  e\adently  a 
difl'erent  species  now  known  as  Opisthor- 
clds  cauinus  Barker. 

Musgrave  has  described  a  form  found  in    ^ 

China  and  in  the  Philippines  which  may  be  cionorcK. 
the  same  as  one  of  the  above  and  the  sinensis 
records  of  "O.  felineus"  from  Tonkin  and  (Cobb.) 
even  Japan  may  concern  these  also.  The  xsoo.  (.\f- 
former  reported  by  Verdun  and  Bruyant  ^"  Katsur- 
was  a  mixed  infection  with  Clonorchis  sin-  ' 

ensis  in  native  .\namese. 

Recently  Leiper  has  reported  the  occurrence  in 
Siam  of  another  related  form  obtained  from  prisoners 
in  the  Chiengmai  jail  which  he  identifies  provisionally 
with  0.  riverrini  from  the  Indian  civet  cat.  In  all  of 
these  cases  man  is  an  occasional  host  rather  than  the 
normal.  Probably  under  favorable  conditions  many 
others  of  these  parasites  will  accommodate  themselves 
to  the  human  host. 

Winogradoff  found  in  one  ca.se  in  Tomsk  a  small 
spiny  distome  which  he  regarded  as  the  young  O. 
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Fio.  4  82  6.— 
Clonorchis  sinensis 
(Cobb.)  Contract- 
ed specimen  from 
man  in  Japan.  X 
6.  (.\fter  Kat- 
surada.) 


Fig.  4828. — 
Clonorchis  en- 
demicus  Loosa 
in  Ventral  As- 
pect. (.Wter 
Looss.) 


felineus  but  which  Braun  has  identified  tentatively  a.s 
Metnrchis  truncatus  (Rud.),  a  normal  para-site  of  "cat, 
dog,  fox,  and  glutton.  It  probably- 
reached  the  human  host  in  the  same  fish 
food  with  O.  felineus  just  as  related 
species  have  been  obtained  in  feeding 
experiments  on  animals  undertaken 
to  secure  O.  felineus  by  Askanazy  and 
Ciurea. 

Clonorchis  Looss  1907. — Much  like 
Opisthorchis.  Testes  dendritic,  with 
branches  extending  ventrally  bej'ond 
intestinal  crura.  S-shaped  excretory 
bladder  dorsal  to  testes  with  lateral 
branches  extending  far  anteriad.  In 
gall-ducts  of  man  and  mammals. 

Clonorchis  sinensis  (Cobbold  1875). 
— (Syn. :  Distoma  sinense  Cobbold 
1875;  D.  spathulatum  Leuckart  1876, 
nee  Rucolphi  1819;  D.  hepalis  endemi- 
cum.  s.  perniciosum  Baelz  188.3;  D. 
hepatis  innocuum  Baelz  1883;  D.japoni- 
cum  R.  Blanchard  IHSii;  D.  endemicum 
Ijima  1886;  Opisthorchis  sinensis  R. 
Blanchard  1895.) 

Body  translucent,  elongate,  atten- 
uate anteriorly,  blunt  posteriorly  (Fig. 
4826).  Length  6  to  IS  mm,  breadth 
2  to  4  mm.  Often  with  yellowish  or 
brownish  pigment  granules  in  paren- 
chyma. Anterior  testis  with  four 
branches,  posterior  with  five.  Eggs 
26  to  30m  long  by  15  to  17m  with  lid 
sharply  set  off'  (Fig.  4-827). 

After  careful  study  of  abundant 
material  Looss  proposed  to  distin- 
guish two  closely  related  but  separa- 
ble species:  the  true  CI.  sinensis 
larger,  found  chiefly  in  China  and 
rare  in  Japan;  and  CI.  endcmicus 
(Fig.  4828)  smaller,  very  abundant  in 
Japan  and  also  found  in  Annamand 
Tonkin.  These  species  have  been 
accepted  as  only  varieties  by  some,  a 
distinction  which  is  purely  subjec- 
tive. The  most  recent  investigations 
of  Kobayashi  throw  grave  doubts 
on  the  constancy  of  the  differential 
features  listed  by  Looss  and  incline 
to  the  view  that  the  forms  intergrade. 
Consequently  they  are  here  treated 
together. 

Distribution. — The  parasite  is 
abundant  in  Japan  and  probably 
also  in  China,  Korea,  Formosa,  .\n- 
nam.  Tonkin,  and  India,  where  its 
occurrence  is  recorded  but  less  Ls 
known  regarding  it.  Musgrave  and  Fio.  4  829. — 
others  have  reported  cases  from  the  Clonorchis  sinensis 
Philippines.  Isolated  cases  have  (Cobb.).  Moder- 
been  recorded  in  Mauritius,  Port  "'^'y  extended 
Said.   Hamburg,  Canada,  and   New    fpoemon  from  inan 

,.      ,      -^..  J?^.  ..       e  1       ■    1  A  in  Calilornia.    L  asc 

^ork  City.  White  found  eighteen  ^j  vvhite.  .Mag- 
cases  of  this  parasite  (Fig.  4829)  in  ni6ed.  (Original.) 
San  Francisco.  All  were  detected 
at  necropsies  and  of  them  sixteen  cases  were  pest-in- 
fected, one  had  beri-beri.  and  one  valvular  heart  dis- 
ease. No  evidence  has  been  found  to  show  that  the 
species  is  established  on  tliis  continent. 

Life  History. — Kobayashi,  who  ha.s  done  much  work 
on  the  development  of  this  species,  found  in  Mctania 
libcrlina  (?)  ccrcaria^  so  much  like  later  stages  in  the 
life  cycle  that  he  regards  this  snail  as  the  first  inter- 
mediate host.  The  encysted  distome  he  discovered 
to  be  abundant  in  the  subcutaneous  tis.sues  and 
muscles  of  a  dozen  Japanese  freshwater  fish.  The 
cysts  are  135  to  145m  long  by  90  to  lOOji  broad  and 
contain   a   spiny    distome   flexed    on    itself.     Young 
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cvsts  appear  in  the  early  fall.  Feeding  experiments 
sii..w  the  youiis  distomes  free  in  the  gall-bladder  and 
bilc-diiets  within  fifteen  hours.  Twenty-.six  _  days 
after  infection  eggs  of  the  parasite  arc  pre.scnt  in  tlic 
feces  of  the  host.  Kobayashi  found  the  rate  ot 
growth  dependent  upon  the  size  of  the  host  and  the 
number  of  parasites  present.  He  succeeded  m  rearing 
the  para-site  from  larva  to  adult  in  three  new  hosts : 
rabbit,  guinea  pig,  and  rat. 

SoHisTosoMATiD^  Looss  1899.— Elongate  dioecious 
distomes  with  weak  suckers.  No  pharynx;  intestinal 
crura  uniting  to  form  a  single  median  stem  and 
extending  to  posterior  end.  Genital  pore  post-ace- 
tabular.  Male  broader  with  lateral  margins  rolled 
ventrad.  Female  cylindrical.  Vitellaria  median, 
accompanying  median  stem  of  intestine.  Ovary 
elongate,  .anterior  to  union  of  intestinal  crura.  Eggs 
very  large,  thin-shelled,  scanty.  In  blood-vessels  of 
birds  and  mammals. 


Fia.  4S30.— .s\V,is(<,soma  hicmalohium  (Bilharz).  Male  .ind 
female  in  copula  and  before  the  beginning  of  the  production  of 
eggs.     X  12.     (After  Looss.) 

Schistosoma  AVeinland  1858.  Oral  and  ventral 
suckers  close  together.  Margins  almost  meeting 
vent  rally  to  form  closed  canalis  gynaecophorus  within 
which  fem.nle  is  enclosed.  Ova  contains  when  laid  a 
generally  cihatcd  miracidium  with  two  large  gland 
cells.     In  blood-vessels  of  mammals. 

Schislosoma  licFmalnbimn  (Bilharz  1852). — (Syn.: 
Distnma  hamatohium  Bilharz  1852;  Gyncecoph'orus 
hcFmalnhius  Diesing  1858;  Bilharzia  hcematobia 
Cobbold  18.59;  Thecosoma  hcematobium  Moq.  =  Tand. 
1860;  Bilharzia  cnpensis  Harlev  1864.)  Male  white, 
usually  10  to  14  mm.  long,  1mm.' broad,  0.1 4 to  0.17  mm. 
thick :  female  usu.ally  13  to  20  mm.  long,  0.28  mm.  broad, 
0.21  to  0.25  mm.  thick,  oral  sucker  in  male  0.2,  in  female 
0.07  mm.  in  diameter.  Acetabulum  pedunculate; 
diameter  0.28  mm.  in  male,  0.059  mm.  in  female.  Male 
with  four  or  five  large  testes.     Crura  unite  late  so 
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that  median  cecum  is  short.  In  female  ovary  in  pos- 
terior half  of  body.  Vitellarium  in  posterior  fourth 
of  body.  Uterus  voluminous  with  many  eggs.  Eggs 
120  to  190m  long  by  50  to  73m  broad,  spindle-shaped 
with  median  enlargement  and  with  rudimentary 
filament  or  terminal  spine  at  posterior  end. 

Structure. — This  parasite  departs  markedly  in 
structure  from  the  other  human  flukes  already  de- 
scribed. The  two  sexes  agree  only  in  the  delicacy 
of  structure  consonant  with  their  existence  in  the 
blood-stream.  The  male  (Fig.  4830)  bears  warts 
or  papilla;  over  the  entire  dorsal  outer  surface  save 
near  the  two  extremities.  Within  and  without  the 
suckers  are  found  fine  cuticular  spines  which  also 
cover  the  ventral  (inner)  surface  from  the  genital 
pore  to  the  posterior  tip.  This  surface  lines  the  so- 
called  gynecophoric  canal.  _  The  spines  form  also 
a  narrow'  zone  on  that  margin  of  the  dorsal  surface 
which  is  turned  under  the  _ 

other  in  forming  the  canal. 
The  pharynx  is  wanting 
but  the  esophagus  has  two 
enlargements  (Fig.  4831, 
A,  B)  covered  with  salivary 
cells.  The  crura  diverge 
just  in  front  of  the  acetab- 
ulum but  join  again  later 
to  form  a  median  impaired 
cecum  which  in  this  species 
is  distinctly  short.  The 
food  mass  in  the  alimentary 
canal  of  the  fluke  consists 
chiefly  of  leucocytes  with 
hepatic  pigment  and  a  few 
erythrocytes. 

The  sexes  are  separate 
and  the  reproductive  sys- 
tem simple  and  strikingly 
unlike  that  of  other  flukes 
described  here.  In  the 
male  (Fig  4831)  four  or  five 
testes  lie  alternately  right 
and  left  of  the  median  line 
just  behind  the  acetab- 
ulum; the  group  represents 
in  fact  a  single  deeply  lobed 
organ.  A  short  duct  joins 
the  sausage-shaped  vesicle 
which  empties  by  a  short 
simple  canal.  Neither 
copulatory  organs  nor 
glandular  adnexa  appear 
to  be  present. 

The  filiform  female  is 
smooth  skinned  except  for  testis 
the  inner  surface  of  the  x  48. 
suckers  and  the  posterior 
tip  of  the  body.  The  female  reproductive  organs  (Fig. 
4832)  lie  chiefly  between  the  acetabulum  and  the 
median  intestinal  cecum.  The  vitellaria  with  sym- 
metrical follicles  right  and  left  of  the  cecum  occupies 
the  posterior  fourth  of  the  body.  The  ovary  is 
located  anteriad  to  the  origin  of  the  cecum  just  behind 
the  center  of  the  body.  Egg  and  yolk  ducts  run 
parallel  to  join  at  the  shell  gland  shortly  in  front  of 
the  ovary.  The  ootype  is  short  and  the  uterus  a 
tube  slightly  convoluted  and  of  nearly  uniform 
caliber,  in  this  species  somewhat  voluminous  and 
enclosing  many  eggs.  It  terminates  at  the  genital 
pore  which  lies  immediately  behind  the  acetabulum. 

The  egg  (Fig.  4833)  has  the  form  of  a  compressed 
spindle  somewhat  inflated  at  the  center.  The  pos- 
terior pole  is  prolonged  into  a  short  irregular  tip, 
homologous  to  the  filament  on  the  eggs  of  ectoparasitic 
trematodes.  In  this  species  the  spine  is  terminal 
or  abnormally  in  young  females  slightly  lateral  or 
asymmetrical  (Looss).  Eggs  voided  in  the  urine 
of  the  host  contain  a  mature  miracidium,   covered 


Fig.  4831.  — Sch  istosoma 
hmmatobium  (Bilharz).  An- 
terior end  of  male  showing 
male  genital  organs  and  also 
in  part  nervous  and  alimen- 
tary systems;    A,   B,  enlarge- 


ments 
glands; 
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with  cilia;  in  form  it  is  cylindrical  with  a  conical 
anterior  tip,  without  eyes  and  with  two  large  gland 
cells  on  each  side  of  the  rudimentary  intestinal  sac. 
The  posterior  end  is  filled  with  masses  of  developing 
germ  cells. 

Life  History.— The  miracidia  do  not  hatch  out  if 
the  eggs  remain  in  urine  but  on  the  addition  of  water 
the  shell  bursts  and  releases 
the  embryo  which  swims 
about  actively.  If  left  in 
urine  the  embryos  die  iti 
the  shell  within  twenty-four 
hours.  Leiper  has  recently 
given  us  the  outline  of  the 
heretofore  entirely  unknown 
history  of  this  embryo. 
After  entering  a  snail  (either 
Bullinus  contortus  or  B.  dy- 
bowski  may  function  as  inter- 
mediate host)  it  gives  rise  to 
a  sporocyst  which  in  turn 
produces  daughter  sporo- 
cysts.  These  migrate  to  the 
digestive  gland  and  ramify, 
producing  ccrcaria^  which  are 
discharged  periodically  into 
the  open  water.  The  cer- 
caria  possesses  a  bifid  tail 
but  lacks  both  pharynx  and 
eye  spots.  These  cercarife 
penetrate  the  skin  of  living 
mice  and  other  experimental 
animals  immersed  in  the  fluid 
containing  them.  The  route 
taken  in  reaching  the  portal 
system  is  not  yet  known. 
Development  in  the  final  host 
is  gradual  growth  and  not 
metamorphosis. 

Distribution. — The  para- 
site is  known  most  abund- 
antly from  man;  and  white 
rats  and  mice,  the  Egyptian 
desert  rat,  guinea  pigs  and 
Mangabey  monkej-s  have 
been  infected  experimen- 
tally. Eg.vpt  is  the  historic 
home  of  this  parasite  which 
is  widespread  today  and  has 
been  identified  in  mummies 
of  the  XX.  Dynasty  (1250 
to  1000  B.C.).  The  coasts 
of  Africa,  especially  the  East 
coast,  Madagascar,  Mauri- 
tius, Reunion,  Syria,  Mesopotamia,  Cyprus,  Australia 
(?),  and  many  parts  of  the  interior  of  Africa  are 
places  where  it  is  said  to  be  not  infrequent.  In 
North  and  South  America  its  occurrence  is  sporadic, 
but  all  positive  cases  concern  foreigners  and  the  para- 
site has  apparently  not  yet  gained  a  footing  on  this 
continent. 

Pathology. — The  worms  seem  to  come  from  the 
liver  where  the  young  worms  are  invariable'  found  in 
the  portal  system,  and  travel  against  the  blood-stream 
to  their  various  locations.  Worms  in  copula  occur 
in  the  veins  of  the  submucosa  in  the  bladder.  The 
egKs  are  evidently  laid  in  a  ves.sel  of  small  caliber 
fully  blocked  by"  the  female  so  that  they  are  not 
carried  back  but  escape  in  the  stasis  produced.  How 
these  eggs  leave  the  vessels  is  not  clear;  the  hypothesis 
of  Ward  that  by  virtue  of  the  terminal  spine  they  are 
passively  forced  through  the  tissue  with  variations  in 
tension  and  pressure  suffices  to  explain  the  case  of 
this  species  adequately;  it  is  more  difficult  to  apply 
to  the  spineless  eggs  of  S.  japotiicum  (f/.c).  A\  hen 
the  occlusion  of  the  vessels  is  incomplete  masses  of 
eggs  or  even  the  worms  themselves  may  be  carried 
back   into   the   vena   cava   and    ultimately   reach   a 


Flu.  4S32. — Schistosoma 
hwmatobium  (Bilharz).  An- 
terior region  of  female  in 
ventral  aspect.  Tlie  uterus 
does  not  contain  as  yet  any 
developing  ova.  Letters  as 
before.    X19.    (.\fter  Looss.) 


variety  of  organs.  The  liver  and  lungs  are  commonly 
seats  of  nests  of  ova  which  in  the  latter  organ  simulate 
the  lesions  of  miliary  tuberculosis.  The  mesenteric 
ganglia,  spleen,  peritoneum,  and  skin  are  affected 
in  similar  fashion  though  more  rarely. 

The  characteristic  location  for  the  escaping  ova 
of  this  species  is  the  wall  of  the  bladder  where  their 
presence  gives  rise  to  serious  symptoms.  At  first 
one  finds  inflamnuition  and  swelling  of  the  mucosa, 
followed  by  hypertrophy  and  the  formation  of  dry, 
hard,  circular  areas,  the  sandy  patches  characteristic 
of  the  bladder  form  of  the  disease.  Deposits  of 
phosphates  and  vesicular  calculi  are  regularly  formed. 
Papillomata  of  variable  form  appear  and  "often  in- 
volve extensive  areas  of  the  bladder  wall.  Pain  in 
the  lumbar  region  is  felt  and  accompanied  at  mictura- 
tion  by  the  appearance  of  blood  and  pus  in  the  urine. 
These  phenomena  increase  with  the  progress  of  the 
disease  which  has  long  been  known  as  Egyptian 
hematuria,  or  bilharziosis  as  it  is  also  called  after  the 
distinguished  surgeon  Bilharz,  who  was  the  rliscoverer 
of  the  parasite.  The  malady  may  be  diagnosed  by 
the  microscopical  demonstration  of  eggs  in  the  urine 
and  these  are  often  found  when  no  blood  has  been 
voided. 

The  complaint  is  protracted,  even  to  six  or  eight 
years,  and  may  terminate  without  more  serious  mani- 
festations. Repeated  infection  intensifies  the  cystitis 
and  often  leads  to  urethritis  as  well.  In  the  frequent 
urinary  calculi,  the  nucleus  of  the  stone  may  be 
demonstrated  to  consist  of  one  or  more  ova  and  sta- 
tistics from  Egypt  show 
coincidence  of  bilharzio- 
sis with  lithiasis  in 
eighty  per  cent,  of  cases. 

In  many  if  not  all  of 
the  severest  cases  there 
is  a  joint  infection  of 
this  with  the  following 
species  which  has  here- 
tofore always  been  con- 
fused  with  it.  The 
changes  produced  in- 
volve kidneys,  ureters, 
and  colon;  the  urine 
contains  large  amoimt.-; 
of  blood  and  eggs  antl 
the  feces  are  similarly 
affected.  The  symp- 
toms resemble  tropical 
dysentery;  nutrition 
sufl'ers  and  finally  death 
ensues  from  uremia, 
pyemia,  pyelonephritis 
or  general  marasmus. 
Examination  discloses 
excessive  thickenings  in 
the  walls  of  colon  and 
bladder  and  extensive 
ulcerations.  The  sever- 
ity of  the  disease  de- 
ponds  on  the  degree  of 
infection  and  the  trouble 
is  often  self-terminating. 
Anthelmintics  and  ves- 
icular lavage  have  been 
tried  with  variable  re- 
sults. 

Prevention. — Villages  using  filtered  water  are 
almost  entirely  free  from  the  parasite.  Bathing 
evidently  afl'ords  an  opportunity  for  the  cercaria  to 
enter  the  skin  and  cannot  be  indulged  in  safely  unless 
the  water  has  been  held  in  storage  long  enough  for 
the  cercaria'  to  die  off.  The  time  involved  is  only 
thirty-six  hours.  Leiper  has  advocated  the  regulation 
of  irrigation  so  as  to  leave  the  ditches  entirely  dry  for 
periods  long  enough  to  kill  off  the  snails  which  persist 
in  the  pools  that  stand  in  low  places  along  these  drains. 
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Fia.  4S33.— Ekk  of  ScAislotom.i 
hcrmatobium  (BUhari).  X  5tH), 
(.\fter  Looss.) 


Trematods 
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Schistosoma  mansoni  Sambon,  1907. — Much  like 
the  preceding  species  and  generally  confused  with  it 
until  very  recently.  In  experimentally  infected 
mice  Leiper  has  bred  worms  from  which  the  following 
structural  characters  were  determined. 

Adult  males  with  eight  or  nine  small  testes  and 
with  long  terminal  cecum  produced  by  early  union 
of  intestinal  crura.  Female  with  ovary  in  anterior 
half  of  bodv;  uterus  short,  containing  only  one  egg. 
\itellaria  extensive,  occupying  posterior  two-thirds  of 
bodv.  Ova  (Fig.  4S34)  124  to  170m  long  by  56  to  89^ 
wide,  with  lateral  spine  17  to  26m  long  by  5  to  9m  wide. 

The  intermediate  host  is  Planorbis  boissyi  in  Egypt. 
According  to  Leiper  the  cercaria;  differ  in  the  suckers, 
relative  length  of  tail  and  in  other  minute  points  from 
those  of  aSlVl  hcematohiiiin;  exact  details  are  as  yet 
unpublished.  In  general  the  life  history  of  the  two 
species  is  doubtless  very  similar. 

Distribution. — The  Congo,  Brazil  (Babia),  West 
Indies  (Guadeloupe,  Naos,  Martinique,  Antigua), 
Panama,  Venezuela,  and  some  parts  of  the  southern 
United  States  have  been  recorded  as  points  in  which 
this  parasite  occurs.  It  also  is  found  in  some  places 
in  Eg.\pt  where  it  is  probably  the  form  referred  to 
frequently  by  Looss  and  other  authors  as  "young," 
and  noted  as  sheltering  only  a  single  ovum  or  two  in 
the  uterus.  These  "young  forms"  occur  most  fre- 
(luenfly  in  the  portal  vein  and  liver  and  the  eggs  are 
discharged  from  the  intestine  rather  than  the  bladder. 
The  pathological  changes  produced  are  similar  in 
general  character  to  those  involved  in  the  vesicular 


of    Schistoson 

Martinez.) 

disease  but  by  virtue  of  location  this  type  of  the  dis- 
ease is  designated  intestinal  bilharziosis.  In  a  fatal 
case  described  by  Darling  the  area  involved  was  that 
supplied  by  the  inferior  mesenteric  vein. 

As  early  as  1903  Manson  called  attention  to  the 
fact  that  in  the  West  Indies  the  characteristic  bladder 
phenomena  are  wanting  in  schistosomiasis  and  that 
the  eggs  which  are  eliminated  with  the  feces  and 
never  in  the  urine  have  a  lateral  spine.  On  this  basis 
Sambon  described  and  named  the  new  species  in  1907 
and  later  authors,  among  whom  Holcomb  and  Piraje 
di  Silva  may  be  noted,  extended  the  description  and 
emphasized  the  fact  that  in  the  regions  studied  onlv 
lateral-spined  ova  are  found.  The  experimental  work 
of  Leiper  clinched  the  demonstration  by  producing  a 
distinct  adult  from  exposure  to  infection  with  a  single 
type  of  cercaria. 

In  Porto  Rico  Gonzalez  has  investigated  this  species 
and  the  disease  it  produces  more  carefully  than  has 
been  dtme  in  any  other  region.  He  believes  it  was 
imported  from  the  Congo  bv  the  slave  trade,  has  be- 
come established  in  Porto  Rico,  and  is  spreading.  It 
IS  common  to  low-lying  regions,  particularly  swampv 
lancls  where  cane  is  cultivated.  In  agreement  with 
earlier  investigators  he  finds  this  species  produces  the 
intestinal  form  of  the  disease,  not  a  single  case  of  the 
genito-urinary  form  having  been  recorded.  The- 
incidence  of  the  disease  varies  from  two  to  eight  per 
cent,  in  different  localities.  It  is  generally  benio-n 
determining  in  its  most  serious  form  but  slight  ane- 
mia, and  cures  spontaneously  in  a  period  often  years 
or  more  after  removal  from  an  infected  center 

In  Venezuela  studies  by  Iturbe  have  shown  Ampul- 
lana  luteostoma  Swains  to  be  the  intermediate  host. 
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Schistosma  japonicum  Katsurada  1904. — (Syn.:  S. 
cattoi  of  Catto  1905.)  Male  averages  16  mm.  long, 
fore-body  short,  flat.  Spines  markedly  caducous. 
Acetabulum  stalked,  larger  than  oral  sucker.  Six  to 
eight  elliptical  testes,  closely  crowded  together. 
Female  averages  22  mm.  long.  Uterus  long,  occupying 
almost  half  of  the  post-body.  Eggs  without  sjjine, 
but  often  with  minute  irregular  lateral  process  near 
one  end;  size  variously  given,  75  to  90m  by  53  to  75m; 
enclosing  fully  developed  ciliated  miracidium  when 
voided. 

Life  History. — The  miraeidia  hatch  in  water  shortly 
and  live  only  twentj'-four  hours.     In  a  snail,  Katayama 


Fig.  4835.— Ctrcari:!  of  .Sr/, ,>(„,<„, mi  jnpoincum 
Lateral  Aspects.  Taken  from  sporocysts  in  live 
nosophora.      X  150.     (.\fter  Leiper  and  Atkinson.) 


nosophora  they  produce  sporocysts  and  later  cer- 
carise  (Fig.  4835) .  These  enter  the  body  of  the  host 
through  the  skin  but  the  route  taken  to  reach  the 
portal  vein  is  unknown.  Infection  occurs  in  Japan 
during  the  summer,  especially  May  to  July.  Bathing 
or  even  wading  in  infected  water  is  adec(uate  to  pro- 
duce the  disease  and  about  a  month  thereafter  ma- 
ture worms  are  present. 

Distribution. — The  parasite  is  endemic  in  certain 
provinces  of  Japan  (Yamanashi,  Hiroshima,  Okay- 
ama,  Saga),  China  (the  Yang-tze  basin —  Hunan, 
Honan,  Hupeh,  Anhwei,  Kiangsi),  and  the  Philippines. 
Imported    cases    are   recorded   in   England   and  the 


Fio.  4836.— Mesentorj  nnd  Cut  of  Experimentally  Infected 
Mouse,  showing  Paired  Schii,tO!,oma  japonicum  in  Portal  Veins. 
Natural  size.     (After  Leiper  and  Atkinson.) 

United  States.  Man  appears  to  be  the  most  fre- 
quent host,  but  cattle,  dogs  and  cats  are  naturally 
infected  also;  mice  have  been  infected  experimentally 
(Fig.  4836).  The  parasite  is  found  in  the  portal  and 
mesenteric  veins  but  not  in  the  veins  of  the  bladder.  * 
The  eggs  are  most  abundant  in  the  wall  of  the  colon 
but  appear  also  in  the  small  intestine  and  at  times  in 
the  brain. 

Pathology. — The  malady  which  is  protracted  and 
at  times  fatal  is  known  in  Japan  as  the  Katayma  dis- 
ease. It  is  particularly  common  among  those  who 
work  on  or  near  water  and  is  much  more  frequent 
among  men  than  women.  The  enlargement  of  liver 
and  spleen  is  accompanied  in  the  Yang-tze  valley  at 
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least  by  a  recurrent  fever  with  an  evening  temperature 
of  40°  C.  and  a  fall  to  normal  in  the  morning.  Marked 
depression  follows  such  an  attack.  Special  changes 
in  liver  and  colon  often  become  very  serious  as  the 
disease  progresses.  The  eggs  in  masses  in  the  liver 
produce  granulomata;  there  is  first  enlargement  and 
then  contraction  of  the  organ  with  rough  granular 
surface,  the  parasitic  embolic  cirrhosis  of  Yamagiwa. 
In  the  colon  accumulations  of  eggs  produce  polypoid 
growi;hs,  often  extensive  arid  branched;  blood}'  mucous 
diarrhea  ensues  with  digestive  disturbances  and 
general  anemia  due  to  loss  of  blood. 

The  introduction  of  the  disease  into  the  United 
States  is  regarded  with  such  grave  concern  that  Public 
Health  regulations  exclude  infected  immigrants  and 
provide  quarantine  control  of  citizens  such  as  to  secure 
absolute  disinfection  of  the  stools. 

In  Japan  infection  is  mdespread  but  variable  in 
degree;  in  some  districts  of  the  province  Okayama 
Katsurada  found  fifty-six  to  sixty-seven  per  "cent. 
infected  of  those  subject  to  fecal  examination.  In 
this  pro\ance  also  two  hundred  and  twenty  fatal 
eases  were  recorded  in  twelve  j'ears.  In  Tonkin 
and  Annam  Mathis  et  L^ger  found  thirty-two  per 
cent,  of  males,  twenty-two  per  cent,  of  females  and 
only  four  per  cent,  of  children  infected.  The  per- 
centage of  infection  increases  with  age.  Statistics 
from  China  show  the  frequence  to  be  in  Hongkong 
three,  in  Chao-Chow  sixteen,  Hankow  two,  Shanghai 
four-  tenths,  and  in  Chemulpo  four  per  cent. 

Pathology. — The  changes  brought  about  by  the 
invasion  of  the  flukes  are  largely  mechanical  and  de- 
pend on  the  duration  of  the  disease  and  the  number 
of  worms  present  which  may  reach  even  ten  thousand 
in  a  single  host.  The  lesions  are  of  two  sorts:  the 
first  due  to  occlusion  of  the  biliary  ducts  by  the  para- 
sites whereupon  stasis  of  the  bile  ensues  with  dilation 
of  the  ducts  and  resulting  effects  on  general  nutrition. 
The  resulting  inflammation  leads  to  desquamative 
catarrh  and  concurrent  thickening  of  the  epithelium 
with  glandular  hyperplasia.  Proliferation  of  the 
connective  tissue  together  with  increase  in  blood 
capillaries  and  cellular  infiltration  leads  to  reduction 
in  liver  tissue  and  obliteration  of  bile-ducts.  Atrophy 
and  glandular  degeneration  with  destruction  of 
capillaries  ultimately  transforms  regions  of  the  liver 
into  cicatricial  tissue  containing  metamorphosed  gall- 
ducts. 

At  the  same  time  mechanical  injuries  to  capillaries 
produce  multiple  hemorrhages  which  discharging 
through  gall-ducts  result  in  anemia.  Movements  of 
the  flukes  abrade  and  inflame  the  walls  of  blood-vessels 
and  may  introduce  the  parasites  into  the  arterial 
system  by  which  they  are  carried  to  various  parts  of 
the  body.  Proliferation  of  connective  tissue  ulti- 
mately compresses  or  partially  obliterates  branches 
of  the  portal  system  and  the  ensuing  circulatory  stasis 
is  followed  by  ascites  or  edema.  Enlargement  of 
the  spleen,  pathological  changes  in  the  pancreas  and 
chronic  gastrointestinal  catarrh  have  been  noted 
when  these  organs  become  involved.  In  fluke  disease 
in  animals  it  has  also  been  observed  that  the  blood  was 
poor  in  hemoglobin  and  subnormal  in  number  of 
corpuscles. 

This  parasite  has  been  found  outside  of  the  ali- 
mentary organs  in  several  cases,  e.g.  in  pus  of  a 
phlegmon  on  the  right  side  of  the  abdomen,  and  again 
on  the  diaphragm. 

PARAMPHisToiuDiB. — Large  thick  distomes  with  a 
sucker  at  each  end;  excretory  pore  dorsal  to  pos- 
terior sucker.  Genital  pore  median,  in  anterior  third 
of  body.  Ovary  behmd  testes;  vitellaria  highly 
developed.  With  special  lymph  sj^stem.  Eggs  very 
large,  thin-shelled. 

Gastrodincus  hominis. — (Syn. :  Amphislomum  hominis 
Lewis  and  McConnell  1876.)  Body  elongate  with  dis- 
coidal  posterior  region;  reddish  in  life;  4  to   8  mm. 


long,  3  to  4  mm.  broad.  Eggs  1.50  by  72^.  This  form 
IS  probably  a  normal  parasite  of  some  herbivore.  It 
was  discovered  in  1S.57  at  a  necropsy  of  a  cholera 
patient  in  India  and  again  in  1876  in  a  similar  case. 
Giles  has  more  recently  found  it  frequent  in  .\.ssam 
and  it  is  also  recorded  from  Cochin-China.  Manson 
reported  it  from  a  Hindoo  immigrant  in  British  Guiana. 
Cladorchis  watsoni  (Syn.:  Amphislomum  walsoni 
Conj'ngham  1904)  was  discovered  in  a  negro  in 
German  West  Africa  and  has  been  found  once  since 
then  in  a  monke.V  (Cercopithecus  callilrichus)  from 
French  Guinea.  Neither  is  probably  its  normal  host. 
Henrt  B.   Ward. 
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Tremor. — By  tremor  is  meant  the  rhythmic  move- 
ment of  a  muscle  or  group  of  muscles  in  short  excur- 
sions to  and  fro  from  a  central  position.  That  the 
phenomenon  is  due  to  disturbance  of  innervation 
seems  probable,  but  we  know  nothing  more  definite 
as  to  the  mechanism  of  its  production. 

The  movements  of  tremor  vary  in  rapidity  from 
three  to  five  per  second  (coarse  tremor)  to  eight  to 
ten  per  second  (fine  tremor). 

Tremor  may  be  general,  or  it  may  be  limited  to  the 
head,  to  one  or  both  extremities,  to  half  the  body,  or 
to  one  group  of  muscles  only. 

Besides  the  localization,  it  is  important  to  note  in 
tremor:  (1)  its  relation  to  rest  and  to  movement; 
(2)  its  rapidity;  (3)  its  amplitude;  (4)  its  relation  to 
muscular  effort;  (5)  if  it  is  influenced  by  attention  or 
emotion;  (6)  whether  it  can  be  suppressed  by  an 
effort  of  the  will. 

Tremor  mav  occur,  when  the  part  is  at  rest,  when 
it  is  attempted  to  hold  a  limb  in  a  certain  position 
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(static  tremor),  or  when  a  voluntary  movement  is 
being  made  (intention  tremor).  . 

A  very  fine  tremor  may  become  appreciable  only 
when  the  hand  or  a  sheet  of  paper  is  laid  upon  the 
afTcetrd  part.  Intention  tremor  is  usually  brought 
out  by  having  the  patient  touch  his  nose  with  his 
finger^  or  bring  a  well-filled  glass  of  water  to  his 
mouth.  .  . 

Tremor  occurs  in  emotional  conditions  and  es- 
pecially in  fright  and  rage,  from  toxic  causes — 
endogenic  as  in  Graves'  disease  and  after  acute 
infections;  exogenic,  as  from  alcohol,  opium,  chloral, 
the  metaUic  poisons  as  lead,  mercury,  copper,  etc.; 
in  various  organic  diseases  of  the  nervous  system, 
notably  in  multiple  sclerosis  and  in  paralysis  agitans, 
after  hemiplegia  and  in  other  focal  lesions  (lesions 
of  the  peduncles),  in  general  paresis,  in  Friedreich's 
disease,  and  in  senility.  It  has  also  been  noticed 
occasionallv  as  a  unique  symptom  in  healthy  subjects, 
being  generally  hereditary  here.  Lastly,  an  hysterical 
tremor  simulates  anv  of  the  other  varieties. 

The  character  of  tremor  varies  in  different  diseases 
and  mav  be  of  considerable  value  in  diagnosis.  For 
instance,  the  tremor  of  Graves  disease  is  very  fine 
and  rapid,  that  of  alcoholism  is  of  greater  amplitude 
and  slower,  in  multiple  sclerosis  there  is  intention 
tremor  as  is  usually  the  case  in  general  paresis,  the 
tremor  of  paralysis  agitans  is  generally  unilateral 
for  a  time  at  least,  it  is  rather  coarse,  affecting  es- 
pecially the  thumb  and  forefinger,  so  that  a  peculiar 
"pill  rolling"  is  produced  and  it  ceases  during  sleep. 
Further  consideration  of  the  character  of  tremor  in 
difr<'rcnt  disoa.sos  will  be  found  under  the  appropriate 
headings.  Since  tremor  is  a  symptom  only,  in 
diagnosing  its  cause  the  history  of  the  case  and  the 
other  symptoms  present  must  always  be  considered. 
Charles  Lewis  Allen. 


Treponema. — A  genus  of  spirochetes  in  which 
the  body  is  cylindrical  and  twisted  into  a  number 
of  fine  coils.  T.  pallidum  causes  syphilis;  and  T.  per- 
teri  ue,  vaws.     See  Protozoa.  A.  S.   P. 


Trichinclla. — A  genus  of  roundworms  which  in- 
cludes minute  hair-like  parasites.  T.  spiralis  is  the 
cause  of  trichinosis.  It  enters  the  body  encysted  in 
raw  or  poorly  prepared  pork,  such  as  ham  or  sausage. 
The  larvae  are  freed  during  digestion  and  mature  in 
the  intestine.  The  females  lodge  in  the  mucosa  and 
give  birth  to  living  young  which  bore  through  the 
muscles,  causing  .serious  trouble.  After  migrating  the 
larva;  become  encysted  and  do  little  harm  except  to 
stiffen  the  muscles.     See  Nemaloda.  A.  S.  P. 


Trichinellidje. — Roundworms  in  which  the  an- 
terior portion  of  the  body  is  thin  and  whip-like; 
posterior  portion  thick  "with  genetalia.  Mouth 
small,  without  papillae.  Oesophagus  very  short  and 
traversing  a  peculiar  strand  of  cells.  Important 
genera  are  Trichinella  and  Trichuris.     See  Nemalnda. 

A.  S.  P. 

Trichloracetic  Acid. — C2HCI3O2.  This  is  one  of 
three  ehloracetic  acids  produced  by  the  substitution 
of  chlorine  for  hydrogen  atoms.  It  is  a  colorless 
crystalline  salt,  deliquescent  and  freely  soluble  in 
water,  alcohol,  and  ether;  it  has  a  faint  odor  and  a 
sharp  caustic  taste. 

This  acid  is  used  as  a  very  convenient  and  delicate 
test  for  albumin  in  the  urine. 

Trichloracetic  acid  is  now  being  much  employed 
as  an  escharotic  to  replace  chromic  acid.  The  ad- 
vantage of  this  cauterization  is  that  the  effects  are 
very  localized  and  do  not  extend  into  the  surround- 


ing soft  tissue.  It  has  been  used  with  success  in  the 
treatment  of  venereal  warts,  jjapillomata,  and  other 
cutaneous  growths.  It  is  used  pure,  a  crystal  being 
placed  upon  the  part,  which  produces  its  effect  at 
once.  A  dry,  white,  adherent  scab  forms,  which 
detaches  itself  after  a  few  days  without  causing  any 
reaction  whatever,  and  leaving  a  raw  surface  which 
rapidly  cicatrizes.  A  single  application  may  be 
sufficient  for  small  growths,  while  for  larger  ones  it 
may  be  necessary  to  repeat  the  application  several 
times. 

These  are  not  very  painful,  and  may  be  rendered 
painless  by  the  use  of  cocaine.  Nsevi  are  also  reported 
to  have  been  cured  by  three  or  four  applications,  the 
cicatrix  remaining  being  very  superficial  and  hardly 
noticeable.  It  has  also  been  used  successfully  in  the 
treatment  of  chronic  inflammations  and  hj-pertrophied 
conditions  of  the  mucous  membrane  of  the  nose  and 
throat.  In  chronic  gonorrhea  it  has  been  used  by 
applying  it  directly  to  the  source  of  the  trouble  by 
the  aid  of  an  endoscope.  Beaumont  Small. 


Trichocephalus. — A     synonym    for    the     genus 
Trichuris.     T.     trichiura     is     the     whip-worm.     See 

Nemaloda  A.  S.   P. 


Trichomonas. — A  genus  of  flagellates,  possessing 
pyriform  bodies,  three  or  four  flagella,  and  an  undulat- 
ing membrane.  Three  species  have  been  found  in 
the  human  body — in  the  intestine,  vagina,  and  lungs. 
See  Protozoa.  A.  S.  P. 


Trichomycetes. —  Microorganisms  of  this  group, 
called  also  the  higher  bacteria,  may  rightly  be  consid- 
ered, according  to  their  development,  as  a  transition 
group  between  the  simple  bacteria  and  the  more 
highly  developed  fungi. 

The  various  members  of  this  group  of  microorgan- 
isms have  not  as  yet  been  clearly  described.  Some  of 
them  at  least  are  pathogenic  for  man.  These  organ- 
isms, while  having  many  points  of  resemblance  to 
bacteria,  yet  differ  from  them  in  other  important 
respects  which  connect  them  with  the  fungi.  Like 
the  mould  fungi  they  develop  from  spore-like  bodies 
into  cylindrical  dichotomously  branching  threads 
which  grow  into  colonies,  finally  becoming  visible  to 
the  naked  eye  as  irregular  radiating  thread  masses  or 
mycelia.  Under  favorable  conditions  single  threads 
or  fruit  hypha)  grow  upward  out  of  the  substance,  free 
in  the  air,  and  break  up  into  chains  of  round,  spore- 
like bodies  or  conidia,  which  being  detached  from  the 
plant  are  carried  by  the  air,  and  thus  the  preservation 
of  the  species  is  assured.  The  bacilli  of  tuberculosis, 
leprosy,  diphtheria,  and  glanders  are  believed  by  some 
properly  to  belong  to  the  higher  bacteria  on  account 
of  the  true  branching  forms  developed  by  them  under 
certain  conditions.  The  best  known  of  this  group, 
which  includes  leplothrix,  cladothrix,  aclinomyc.es, 
and  nocardia,  sometimes  classed  under  the  one  genus 
streptothrix,  is  the  actinomyces  or  ray  fungus. 

Actinomyces.- — This  microorganism  was  first  de- 
scribed by  Bollinger  (1871)  in  cattle,  in  which  it  forms 
the  affection  known  as  "big  jaw."  In  man  actinomy- 
cosis was  first  recognized  lay  Israel  (1885),  and  subse- 
quently Ponfick  insisted  upon  the  identity  of  the 
affection  in  man  and  cattle.  So-called  "madura- 
foot,"  an  ulcerative  disease  of  the  feet,  rarely  of  the 
hands,  is  by  some  also  thought  to  be  another  form  of 
infection  caused  by  this  organism. 

Microscopical  Appearances. — In  both  man  and 
animals  the  organism  can  be  observed  in  the  pus  from 
the  affected  regions  as  small,  yellowish  granules  from 
0.5  to  2  ^  in  diameter.  Microscopically  these  bodies 
are  seen  to  be  made  up  of  threads  which  radiate  from  a 
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center  and  present  bulbous,  club-like  terminations. 
These  are  generally  arranged  in  pairs,  closely  crowded 
•together,  and  exhibit  a  glistening  appearance.  The 
threads  which  compose  the  central  masses  are  from 
0.3  to  0.5  /I  in  diameter;  the  clubs  are  from  6  to  8  ;i  in 
diameter,  and  are  either  single  or  branching. 

Staining  Reactions. — The  thread  fungi,  not  the 
clubs,  stain  best  by  Gram's  method.  Double  .staining 
can  be  obtained  with  the  Gram  method  and  then  with 
picrocarmine  or  saffronin,  the  thre.ad  being  stained  a 
blue-black  color  by  Gram's  solution,  while  the  clubs 
are  stained  red. 

Biological  Characters. — Aerobic  and  faculative  an- 
aerobic, growing  on  all  artificial  culture  media  at  room 
temperature,  but  best  with  access  of  air  and  at  the 
temperature  of  the  body. 

On  hlooil  serum  and  agar  isolated  colonies  at  first  de- 
velop on  the  surface  of  these  media,  but  on  keeping  the 
cultures  for  a  week  or  two  the  colonies  run  together 
and  form  .a  thick,  wrinkled  mass  which  sinks  into  the 
medium.  The  individual  colonies  are  yellowish  to  red 
in  color,  and  are  covered  by  a  whitish  fluffy  down,  con- 
sisting of  fine  cobweb-like  hairs;  occasionally  the  cul- 
ture is  colored  brown.  In  stah  cultures  the  growth 
-usually  presents  a  tree-like  appearance,  but  this  varies 
•considerably.  Bouillon  is  not  clouded,  but  round 
masses  are  formed  in  the  bottom  of  the  tube,  which 
are  separated  with  difficulty  by  shaking.  On  potato 
the  growth  is  somewhat  slower,  resulting  in  a  thick, 
viscid,  membranous  deposit  on  the  surface,  upon  which 
the  same  yellowish-red  color  and  cobweb-like  thread 
;are  developed.  On  eggs,  either  raw  or  cooked,  Wolff 
;and  Israel  have  cultivated  especially  well-developed 
branching  forms. 

Vitalilij. — The  cultures  are  quite  resistant  to  outside 
influences,  old  cultures  retaining  their  vitality  for 
months.  Dried  they  may  be  kept  for  a  year  or  more. 
They  are  killed  by  a  temperature  of  75°  C.  in  five 
minutes. 

A  number  of  other  members  of  this  group  have  been 
described  in  connection  with  various  pathogenic  proc- 
esses, but  most  of  them  are  not  well  defined.  They 
have  been  found  in  abscess  of  the  brain,  cerebro- 
spinal meningitis,  inflamed  pneumonic  area,  and  other 
pathological  conditions.  Eppinger  injected  cultures 
of  a  streptothrix  found  by  him  in  brain  abscess  into 
rabbits  and  guinea-pigs,  and  from  this  a  pseudo- 
tuberculosis developed.  Consolidation  of  portions 
of  both  lungs,  thickening  of  the  peritoneum,  and 
scattered  nodules  closely  resembling  tubercles  were 
also  noted  by  Flexner  in  a  case  of  human  infection 
from  a  variety  of  streptothrix,  the  pathological  con- 
ditions so  nearly  resembling  tuberculosis  that  the  two 
diseases  could  be  distinguished  only  by  the  morpho- 
logical and  other  characteristics  of  the  causative 
microorganisms  in  each  case. 

Arthur  R.  Guerard. 


Trichostrongylus. — A  genus  of  roundworms. 
Three  species  have  been  recorded  from  man  in  all 
parts  of  the  world.     See  Nematoda.  X.  S.   P. 


Trichuris. — A  genus  of  roundworms  in  which  the 
body  is  long  and  thread-like,  the  anterior  portion 
much  more  slender  than  the  posterior.  T.  trichiura 
is  the  whip-worm,  which  is  usually  easy  to  identify  by 
its  peculiar  eggs  in  the  feces.  It  usually  causes  little 
harm  but  may  give  rise  to  disturbances  such  as  appen- 
dicitis.    See  'Nematoda.  A.  S.  P. 


Tricresol  is  a  clear,  colorless  (reddish  when  older) 
watery  liquid  claimed  to  consist  of  thirty-five  parts  of 
orthocresol,  forty  parts  of  metacresol,  and  twenty- 
five  parts  of  paracresol.  It  is  soluble  in  fifty  parts  of 
water,  and  readily  in  alcohol,   ether,  and  the  fatty 


oils.  Major  Reed,  in  a  bacteriological  investigation, 
obtained  prompt  destruction  of  manv  pathogenic 
bacteria  by  a  one-per-cent.  solution. 

Tricresol  was  designed  as  a  purified  substitute  for 
creolm  or  lysol,  a  lieiuid  similar  to  the  latter  being  pre- 
pared by  adding  fifty  parts  of  tricresol  to  thirty-five 
of  soft  soap  and  fifteen  of  water.  For  use  3i-5i 
(4.0-30.0)  of  this  mixture  is  added  to  one  or  two  liters 
(quarts)  of  water.  Tricresol  has  been  used  for  steril- 
izing instruments,  and  as  a  preservative  of  diphtheria 
antitoxin.  Some  of  the  untoward  effects  of  antitoxin 
have  been  attributed  to  tricresol.  •  De  Schweinitz  and 
sub.sequently  Jackson  found  one  part  in  a  thousand  an 
excellent  non-irritating  preservative  of  eye  washes. 
McGowan  cites  a  number  of  cases  indicating  its 
efficiency  in  alopecia  areata;  other  observers  have  used 
it  much  as  a  vaginal  douche;  and  Vopelius  has  given 
it  internally  in  dose  of  ten  to  fifteen  drops  as  a  substi- 
tute for  creosote  in  respiratory  troubles.  (See  also 
article  on  Ethylene-diamine.)  W.   .K.  Bastedo. 

R.  J.  E.  Scott. 


Trillium,  N.F.  Beth-rool;  Birth-mnt;  VTake-rohin. — 
The  dried  rhizome  of  Trillium  erectum  L.,  or  of  closely 
related  species  of  Trillium  (Fam.  Liliaceir).  The 
trilliums  are  among  our  earliest,  most  beautiful  and 
most  beloved  of  spring  flowers.  They  are  perennial 
herbs,  from  a  few  inches  to  one  or  two  feet  high,  and 
produce  at  the  top  of  the  erect  stem  a  circle  of 
three  large  leaves  and  a  solitary  trimerous  flower.  That 
of  the  species  named  is  of  a  chocolate-purple 
color,  an  albino  form  being  occasionally  seen. 
Other  species  are  variously  colored.  They  grow 
throughout  eastern  and  central  North  .\merica.  The 
rhizomes,  as  seen  in  commerce,  are  short  and  .stout, 
varying  from  spheroidal  to  oblong  or  short-conical, 
truncate  at  the  lower  end  and  more  or  less  scaly  at 
the  summit  with  the  remains  of  leaf-sheaths.  Root- 
scars  are  obvious  below  and  fine  annula-  exist  about 
the  crown.  The  color  is  yellowish  brown.  The  taste 
is  at  first  starchy  and  sweetish,  but  later  bitter  and 
acrid.  The  activity  depends  upon  a  constituent  of 
the  saponin  group,  and  the  drug  can  be  used  accord- 
ingly as  a  stomachic,  laxative,  stimulating  diuretic 
and  emmenagogue.  Its  chief  use  is  as  a  uterine  stimu- 
lant. Therapeutically,  it  is  the  practical  equivalent 
of  Caulophyllum.  Hexry  H.  Rusbt. 


Trimethylamine. — N(CH3)j.  Trimethylamine  is 
a  tertiary  monamine,  foimd  native  in  various  plants 
and  also  in  various  animal  fluids,  notably  in  herring- 
brine,  whose  strong,  rank  odor  is  due  to  this  ingredient. 
Prior  to  the  researches  on  the  amines  by  Hofmann, 
native  trimethylamine  was  thought  to  be  the  isomeric 
body,  propylamine,  NH2(C3H;).  and  considerable  con- 
fusion still  exists  in  medical  understanding  on  the  sub- 
ject, through  the  misapplication  of  the  term  propyla- 
mine to  what  is,  in  truth,  trimethylamine.  As  a 
matter  of  fact,  propylamine,  properly  .so  called,  is  not, 
and  never  has  been,  used  .as  a  medicine,  and  all  medical 
preparations  passing  under  that  name  are  preparations 
of  trimethylamine.  Trimethylamine  is  a  mobile, 
colorless  liquid  of  the  specific  gravitv  0.673  at  0°  C. 
(32°  F.),  and  boiling  point  between  9°  and  10°  C.  (48.2° 
and  50°  F.).  It  is  very  solulile  in  water,  which  fluid 
also  eagerly  absorbs  and  dissolves  the  vapor  of  tri- 
methylamine. It  is  combustible,  and  so.  too,  is  its 
concentrated  aqueous  .solution.  Trimethylamine  has 
a  powerful  and  very  searching  ammoniacal  and  fishy 
odor. 

For  medical  purposes  an  impure  solution  in  water, 
prepared  from  herring-pickle,  was  first  employed. 
This  solution  contained  also  ammonia  and  various 
undetermined  ammoniacal  compounds,  and  probably 
other  organic  matters.  Its  proportion  of  trimethyl- 
amine was  variable,  in  accordance  with  the  varying 
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constitution  of  the  samples  of  herring-pickle  of  dif- 
ferent vears'  make.  Hence,  of  later  yeai^,  the  defimte 
salt  Irimethi/lamine  hydrochloride,  N(Cn3)3iH-l,  '«i>s> 
proposed.  This  salt  occurs  in  white,  very  deliques- 
cent crystals,  freely  soluble  in  water,  and  is  the  best 
form  of  trimethvlaraine  for  medical  administration. 

Trimethylamine  is  a  powerful  irritant,  its  concen- 
trated solution  being  even  mildly  caustic,  ^ake" 
internallv,  large  doses— such  as  in  excess  of  thirty 
grains  (2.00)— produce  decided  symptoms  of  gastrt)- 
intestinal  irritation  with  burning  in  the  throat  and 
stomach.  After  absorption  the  medicine  evinces  a 
tendencv  to  depress  the  force  and  frequency  of  the 
pulse,  the  body  temperature,  and  the  e.xcretion  ot 

Trimethylamine  was  at  one  time  used  for  the  treat- 
ment of  rlieumatism  and  gout,  but  of  late  years  has 
been  so  comijletcly  superseded  by  the  salicylates  as  to 
have  become  obsolete  as  a  medicine.  If  used  at  all, 
the  drug  is  best  administered  in  the  form  of  an  aqueous 
solution  of  the  hydrochloride,  aromatized  to  cover 
the  rank,  fishy  taste.  The  dose  of  hydrochloride  will 
range  between  one  and  five  grains  (0.06-0.3)  several 
times  a  day.  Edward  Curtis. 

R.  J.  E.  Scott. 


Trinitrotoluene,  Poisoning  by.— Trinitrotoluene, 
or  trinitrotoluol,  known  as  T.N.T.,  a  high  explosive,  is 
made  by  nitrating  toluene  (CeHjCHa)  with  resulting 
formula  Cr,H2CH3-(N02)3.  It  occurs  as  a  fine  powder 
which  stains  the  skin  and  hair  a  characteristic  yellow 
and  readily  enters  the  nose  and  mouth  from  which  it  is 
aspirated  and  swallowed.  It  can  be  removed  from  the 
skin  only  by  certain  solvents  such  as  ether  and  ben- 
zine. Under  certain  manufacturing  conditions  it  is 
volatilized  and  its  fumes  inhaled.  It  occurs  alone 
and  in  special  combinations  and  may  also  contain 
impurities. 

During  the  present  world  war  T.N.T.  has  become 
recognized  as  an  industrial  poison.  While  the  majority 
of  workers  resist  its  action  throughout  a  certain  pro- 
portion show  intoxication  after  a  period  varying  from 
several  weeks  to  several  months  of  exposure  and  one- 
third  of  all  such  cases  end  fatally.  The  mortality  is 
very  much  higher  than  this  figure  in  adolescents; 
hence  workers  with  this  substance  should  be  at  least 
twenty  years  old.  While  all  subjects  are  exposed  alike 
to  the  entrance  of  dust  or  fumes  into  the  food  and  air 
passages  there  appears  to  be  marked  individual  sus- 
ceptibility in  regard  to  absorption  by  the  skin.  In 
severe  cases  the  latter  doubtless  plays  a  prominent 
r61e.  It  occurs  during  night  as  well  as  in  work- 
ing hours.  Sleeping  in  garments  worn  during  the  day 
also  favors  absorption.  The  severe  morbidity  and 
high  mortality  in  affected  subjects  is  due  to  the  fact 
that  T.N.T.  causes  destructive  changes  in  the  blood 
and  especially  in  the  liver  causing  obstructive  (?) 
jaundice.  The  two  are  not  connected  and  appear  to 
stand  in  an  inverse  relationship.  Clinically  there  are 
two  different  tj^jes  of  disease  according  as  jaundice  is 
absent  or  present.  Jaundice  usually  appears  at  a 
variable  period  in  the  disease — never  before  the  first 
four  weeks — and  in  fatal  cases  lasts  about  three  weeks, 
terminating  in  coma  or  convulsions.  Autopsies 
have  shown  that  the  liver  is  alwaj's  severely  compli- 
cated in  fatal  cases.  The  process  may  be  acute  or 
subacute.  In  either  case  we  see  side  by  side  increase 
of  connective  tissue  with  necrosis  or  degeneration  of 
parenchyma.  There  is  always  more  or  less  atrophy 
of  the  liver,  amounting  in  acute  cases  to  one-half  its 
substance.  Destructive  blood  changes  unconnected 
with  jaundice  include  methemoglobinemia  and  occa- 
sionally hemolytic  aplastic  anemia. 

Trinitrotoluene  is  both  a  locally  irritant  and  a  sys- 
ternic  poison.  It  causes  a  dermatitis  and  simple  irri- 
tation of  the  alimentary  canal,  apart  from  any  absorp- 
tion.    It  is  found  in  the  feces  unchanged.     Once  it 
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enters  the  blood  it  is  soon  eliminated  in  part  by  the 
kidney  but  never  in  the  pure  state.  In  all  likelihood  it 
remains  in  the  body  for  a  variable  period  and  occasion- 
ally reenters  the  blood  causing  late  symptoms  of 
poisoning. 

Symptoms. — Clinically  the  patients  show  the  char- 
acteristic staining,  often  with  dermatitis.  In  unjaun- 
diced  cases  there  are  pallor  and  livid  lips.  Jaundice 
when  present  may  be  limited  to  the  conjunctivie  or 
generalized.  As  a  rule  there  is  constipation,  with 
marked  abdominal  distention.  Not  much  can  be 
learned  from  examination  of  the  liver.  The  pruritus 
and  bradycardia  of  jaundice  are  usually  absent.  The 
patient's  own  history  of  his  condition  is  of  little  help 
and  often  misleading.  The  skin  eruptions  are  often 
of  interest.  The  face  usually  shows  erythema  with 
slight  swelling  while  the  hands  and  fingers  are  the  seat 
of  bullous  lesions.  All  exposed  portions,  the  feet  and 
sites  of  pressure  and  friction  may  be  the  seat  of  in- 
tensely itching  patches  of  eczema  or  dermatitis  often 
complicated  with  scratch  infection. 

Unless  it  is  known  positively  that  the  patient  has 
worked  for  a  long  time  with  T.N.T.,  or  unless  the 
presence  of  the  substance  has  been  demonstrated  in 
the  excretions,  skin,  etc.,  diagnosis  is  by  no  means 
easy,  because  other  explosives  can  cause  a  similar  pic- 
ture. This  is  notably  the  case  with  picric  acid,  which 
also  stains  yellow  and  causes  jaundice.  The  latter 
condition  in  T.N.T.  poisoning  might  also  be  con- 
founded with  ordinary  forms  of  jaundice,  with  some 
one  of  which  it  might  further  coexist.^ 

Prevention  of  this  form  of  intoxication  involves  the 
use  of  all  methods  employed  in  the  hygiene  of  workers 
exposed  to  dust  and  fumes.  In  addition  the  workers 
must  be  healthy,  not  under  twenty  or  above  fifty 
years  of  age,  and  must  work  only  in  alternating  shifts 
of  two  weeks'  duration.  They  must  have  separate 
night  wear. 

Treatment  consists  of  rest  in  bed,  brief  for  mild  eases, 
prolonged  for  all  severe  cases.  The  bowels  must  be 
kept  open.  The  chief  nourishment  is  milk,  although 
in  mild  cases  soft,  bland  dishes  may  be  added.  Demul- 
cent drinks  are  useful.  Alkalies  and  alkali  formers 
are  given — usually  bicarbonates  and  citrates.  In 
the  gravest  types  saline  infusion  and  proctoclysis  are 
used  in  conjunction.  Death  is  assumed  to  be  due  in 
part  to  acidosis.  The  urinary  tests  for  T.N.T., 
which  are  very  complicated  can  be  found  in  the 
report  on  trinitrotoluene  poisoning  by  the  British 
Ministry  of  Munitions  published  in  December,  1916. 
Edward  Preble. 


Trional  and  Tetronal. — These  two  hypnotics 
are  closely  allied  to  sulphonal,  being  formed  by  sub- 
stituting ethyl  groups  for  those  of  methyl.  In 
sulphonal  there  are  two  ethyl  and  two  methyl  groups; 
in  trional  an  additional  ethyl  group  replaces  a  methyl 
group;  and  in  tetronal  the  two  methyl  groups  are 
replaced  by  two  of  ethyl.  The  following  formulEe 
explain  the  differences  in  their  construction: 

Sulphonal,  (CH5)2C(S0sC!H6):;  trional,  C2H6CH3- 
C(S0|.C2H6)!;  tetronal,   (C2H5):C(S02C,Hi)o. 

These  compounds  were  prepared  upon  the  supposi- 
tion that  each  ethyl  group  added  to  their  efficacy 
as  hypnotics,  trional  being  superior  to  sulphonal 
and  tetronal  being  added  later  as  an  improvement 
on  trional.  Tetronal  is  now  rarely  employed,  as 
many  undesirable  effects  followed  its  use. 

Trional  holds  its  position  with  sulphonal  and  has 
been  added  to  the  U.  S.  P.  under  the  title  "Sulphon- 
ethyl  methanum." 

Its  action  is  similar  to  that  of  sulphonal  and  it  is 
employed  usually  as  an  hjrpnotic.  The  advantage 
claimed  for  it  is  a  more  rapid  effect,  sleep  following  in 
as  short  a  period  as  one  hour.  The  dose  is  from 
fifteen  to  thirty  grains.  Beaumont  Small. 
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Triticu  m. — Couch  Grass. — Docj  grans.  "  The  dried 
rhizome  of  Agropijrum  repens  (L.)  Beauv.  (fum.  Grami- 
naceie),  and  roots"  (U.  S.  P.).  It  is  a  perennial  grass 
with  a  straggling  zigzag  stem,  and  a  two-rowed  ear 
of  pointed  spikelets.  It  spreads  principally  by 
means  of  long  subterranean,  horizontal  rhizomes  of 
most  remarkable  vitality  and  peristence  of  growth. 
Introduced  from  Eurojje  and  Asia,  it  has  become  a 
troublesome  weed  in  some  parts  of  this  country.  The 
drug  comes  principally  from  Germany.  The  dried 
rhizome  is  generally  cut  in  short  pieces  (one  centimeter 
or  so  long),  about  two  millimeters  in  diameter.  It  is 
hollow  excepting  at  the  joints,  dull-yellow,  and  odor- 
less, or  having  a  slight  mixed  smell  of  hay  and  earth; 
taste  sweetish,  not  remarkable.  There  is  nothing  nota- 
ble in  its  composition  or  medical  qualities,  still  it  has 
some  reputation  in  chronic  inflammation  cf  the  bladder 
and  kindred  disorders.  It  is  a  favorite  article  for  pre- 
paring patients  for  operations  for  cystic  calculi.  It  con- 
tains sugar,  gum,  and  trilicin,  which  is  very  similar 
to  inulin.  We  have  an  official  fluid  extract,  dose  2 
to  8  c.c.  (fi.  3ss  to  ij),  and  it  is  commonly  given  in 
decoction. 

The  worthless  Bermuda  grass  is  largely  substituted 
for  it.  Henry  H.  Rusby. 


Triturations. — -Triturations  are  mixtures  of  one 
part  of  a  powdered  drug  with  nine  parts  of  sugar  of 
milk.  They  are  convenient  to  meet  the  case  of 
powerful  drugs  of  small  dose,  when  administration  in 
condition  of  powder  is  desired.  The  dose  of  a  tritura- 
tion of  a  given  drug  is,  self-evidently,  ten  times  the 
quantity  of  the  undiluted  powdered  drug  itself.  Of 
drugs  likely  to  be  prescribed  in  trituration,  the  dose  of 
trituration  can  commonly  be  taken  dry  upon  the 
tongue  and  swallowed  with  the  help  of  a  gulp  of  water, 
all  without  undue  disagreeable  taste.  From  the 
hardness  of  the  particles  of  sugar  of  milk,  the  drug 
substance,  in  a  well-made  trituration,  comes  to  be 
very  finely  subdivided  during  the  process  of  making, 
and  so  is  in  a  condition  fit  for  speedy  solution,  and 
hence  absorption,  when  swallowed.  Triturations  are, 
therefore,  apt  to  be  cjuicker  of  medicinal  action  than 
other  solid  forms  of  medicines.  There  is  one  tritura- 
tion official  in  the  United  States  Pharmacopoeia, 
namely,  the  triluraiio  elaterini  (trituration  of  elaterinj, 
dose  \  grain  (0.03).  R.  J.  E.  Scott. 


Trochisci. — The  troche  or  lozenge  {Irochiscus)  is  a 
well-known  disc-shaped  preparation,  consisting  of  an 
inert  basis  impregnated  with  a  proper  charge  of  some 
medicinal  substance,  and  intended  for  slow  solution  in 


Constituents — 100  troche 


Trorhisci  Acidi  tannic] .  . 
(Troches  of  Tannic  acid) 


Trochisci  Ammonii  chlo- 

ridi. 
(Troches  of  Ammonium 

chloride). 
Trochisci  Cubebie 

(Troches  of  Cubeb). 


Trochisci  Potassii  chlora- 

tis. 
(Troches  of  Potassium 

chlorate). 
Trochisci  Sodii  bicarbon- 

ati?. 
(Troches  of  Sodium  bi- 
carbonate). 


Tannic  acid,  6  gm.;  powdered  sugar,  65 
gm.;  powdered  tragacanth,  2  gm.; 
stronger  orange  flower  water,  a  sufEcient 
quantity. 

Ammonium  chloride,  10  gm.;  extract  of 
liquorice,  20  gm.;  powdered  tragacanth, 
2  gm.;  powdered  sugar,  40  gm.;  syrup  of 
tolu,  a  sufficient  quantity. 

Oleoresin  of  cubeb.  2  gm.;  oil  of  sassafras, 
1  c.c;  extract  of  liquorice.  25  gm.;  pow- 
dered acacia,  12  gm.;  syrup  of  tolu,  a 
sufficient  quantity. 

Potassium  chlorate,  15  gm.;  powdered 
sugar,  60  gm.;  powdered  tragacanth,  3 
gm.;  water,  a  sufEcient  quantity. 

Sodium  bicarbonate,  18  gm.;  powdered 
sugar,  54  gm.;  bruised  nutmeg,  1  gm.; 
mucilage  of  tragacanth,  a  sufficient 
quantity. 


the  mouth,  commonly  for  the  purpo.se  of  medicating 
directly  the  mucous  surface  of  the  mouth  or  pharynx. 
Since  slowness  of  solution  is  here  an  obvious  desidera- 
tum, tragacanth  is  the  material  commonly  taken  for  the 
basis  of  troches.  Troches  are,  generally,  weakly 
medicated  and  pleasantly  flavored.  Five  troches  are 
official  in  the  United  States  Pharmacopeia- 

R.  J.  E.  Scott. 


von     Troeltsch,     Anton     Friedrich.— Born     at 

Schwabach,  near  Xurnberg.  Germanv.  on  .\pril  .3, 1829. 
He  received  the  degree  of  Doctor  of  \Iedicine  from  the 
University  of  Wurzburg  in  1853.  Aft«r  graduation 
he  visited  Berlin  and  Prague  for  the  purpose  of  fitting 
himself  to  practise  as  an  eye  specialist,  but  after  a  time 
he  abandoned  this  plan  and  devoted  all  his  energies  to 
the  acquirement  of  otological  knowledge.  With  this 
object  in  view  he  visited  Dublin  fSir  William  Wilde), 
London  (Jo.seph  Toynbee),  and  Paris  (Itard,  Bonna- 
font,  and  possibly  Mdnidre),  and  then  returned  to 
Wiirzburg,  where  at  first  he  conducted  a  general 
practice.  In  1860  he  pa.ssed  successfuUv  the  exami- 
nation required  by  the  University  of  those  who  intend 
to  give  instruction  in  otology,  "and  in  1864  he  was 
chosen  Professor  Extr.aordinarv  of  that  branch  of 
medical  science.     He  died  Jan.  10,  1890. 

To  von  Troeltsch  is  due  the  credit  of  having  per- 
fected the  methods  of  examining  the  membrana  tym- 
pani  and  external  auditory  canal  by  means  of  re- 
flected daylight  or  lamplight,  and  of  "having  founded 
(in  1864)  the  Archiv  fur  Ohrenheilkunde — the  first 
special  periodical  devoted  to  otiatric  interests.  During 
the  fir.st  nine  }-ears  of  its  existence  he  was  alone  in  the 
editorial  management  of  the  Archiv,  but  after  that 
date  Politzer  and  Schwartze  became  his  a.ssociates. 

Of  von  Troeltsch's  published  writings  the  following 
deserve  to  receive  special  mention:  "Die  angewandte 
.\n.atomie  des  Ohres,"  1860;  "Lehrbuch  der  Ohren- 
heilkunde," 1862  (7th  edition  in  ISSl);  "Die  chir- 
urgischen  Wundkrankheiten  des  Ohres."  in  Pilha  and 
Bitlroth's  Handhuch,  1866;  and  "Gesammelte  Beitrage 
zur  pathologischen  Anatomic  des  Ohres,  etc.,"  1883^ 

A.  H.  B. 


Trombidiidje. — The  family  including  the  harvest 
mites.  These  are  usually  predaceous,  feeding  on 
smafl  insects,  but  often  attack  man  while  in  the 
larval  state  and  cause  severe  dermal  eruption  and 
itching.     See  Arachnida.  A.  S.   P. 


Trombidoidea. — A  suborder  of  mites  in  which  the 
last  joint  of  the  palpi  is  bent:  the  body  is  often  hairy. 
Three  families  belong  here:  Trombidiido'Ahe  harvest- 
mites:  Tetranychidip;  and  C'hcyh:lid(r.     See  Arachnida. 

A.  S.   P. 


Tropacocaine  hydrochloride,  CHm.NO.CiHjO.- 
HCl,  is  benzoyl-pseudotropcine,  a  principle  at  first 
isolated  from  a  Java  coca  leaf,  but  now  prepared 
synthetically  from  atropine  or  hyoscyamine.  It  forms 
colorless  crystals  which  are  readily  soluble  in  water 
and  have  .strongly  alkaloidal  properties.  Resembling 
cocaine  in  its  physiological  effects,  tropacocaine  is  said 
by  Vamossy  to  be  much  less  toxic  and  more  rapid  in 
its  local  action,  and  to  cause  none  of  the  ischemia, 
hyperemia,  and  irritation  of  cocaine.  It  is  employed 
in  solution  of  one-half  to  ten  per  cent,  in  the  same 
manner  as  cocaine,  but  its  use  is  confined  fo  that  of  an 
anesthetic.     See  Anesthesia,  Local  (vol.  i,  p.  390) 


R.  J. 


ScOTT. 


Trousseau,  Armand. — Born  at  Tours,  France,  on 
Oct.   14,   1801.     He  studied  medicine  at  first  in  his 
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native  citv,  untier  the  guidance  of  Brctonneau,  anil 
then  went  to  Paris,  where  he  received  his  doctor  s 
(icurec  in  1S25.  In  1826  he  was  made  an  Agr6ge  of 
tlie  Medical  Faculty.  In  1831,  after  a  successful 
competitive  examination,  he  was  appointed  hospital 
physician,  and  in  1S37  received  the  Great  grand  prize 
of  "the  Acadcmie  dc  Mc'-decinc  for  his  classical  essay 
entitled:  "Traite  pratique  do  la  phthisic  laryng^e,  dc 
la  larvngite  chronique,  et  des  maladies  dc  la  yolx 
(an  English  translation  was  published  at  Philadel- 
phia in  1S39).  Two  years  later  he  received  the  ap- 
pointment of  Physician  to  the  St.  Antoine  Hospital, 
and  shortly  afterward  he  was  made  Professor  of 
Therapeutics  and  Materia  Medica  in  the  Medical 
Faculty.  In  ISoO  he  was  chosen  regular  Professor 
of  the  "Medical  Clinic,  Attending  Physician  at  Hotel- 
Dieu,  and  Member  of  the  Academy  of  Medicine.  He 
died  June  27,  1867. 


Fu:.  4S37.  .\rinand 

Trousseau  fully  merited  the  reputation  which  he 
possessed  of  being  a  wise  and  skilful  physician.  He 
also  had  the  gift  of  portraying  disease  in  an  interesting 
or  even  fascinating  manner,  and  his  powers  as  a 
diagnostician  were  quite  remarkable.  Of  the  numer- 
ous writings  which  he  published  the  following  deserve 
to  receive  .special  mention:  "Trait(5  c'l(5mentaire  de 
th^'-rapeutique  et  de  mati&re  m^dicale,"  2  volumes, 
Paris,  lS3fi-39  (8th  edition,  1868-70;  also  an 
English  translation);  "Nouvelles  recherches  sur  la 
tracheotomic  pratiqu6e  dans  la  pdriode  extreme  du 
croup,"  Paris,  18ol;  "Clinique  mddicale  de  I'Hotel- 
Dieu  de  Paris,"  2  volumes,  1861  (this  was  Trousseau's 
great  work);  and  "Sur  la  fifevre  typhoide,"    1856. 

A.  H.  B. 


Trypanosoma. — A  genus  of  flagellates  in  which 
the  periblast  forms  a  longitudinal  undulating  mem- 
brane along  which  the  single  flagellum  runs.  Many 
species  have  been  described,  T.  gambiense,  causing 
sleeping  sickness;  T.  evansi,  surra;  T.  brucei,  nagana; 
T.  eguinum,  mal  de  caderas;  T.  eguiperdum,  dourine; 
T.  cruzi,  Chagas'  disease,  etc.     See  Prolozoa. 

A.  S.  P. 


Trypanosomidae. — A  family  of  flagellates.  There 
is  a  well-developed  flagellum  and  undulating  mem- 
brane. The  kinetonucleus  is  anterior  to  the  tropho- 
nucleus.  Schizogony  takes  place  by  longitudinal 
fission.  Three  genera  are  known:  Trypanosoma, 
Trypanoplasjna,  and  Trypanophis.     See  Protozoa. 

A.  S.  P. 


Trypsin. — The   proteolytic   enzyme   of   the   pan- 
creatic juice  is  trypsin.     This  enzyme  is  characterized 
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by  its  ability  to  split  proteins  into  amino  acids  in 
acid,  alkaline  or  neutral  media.  It  is  possible,  how- 
ever, that  this  action  is  induced  by  the  presence 
of  another  enzyme  acting  in  conjunction  with  trypsin. 
See  Erepsin,  Pancreatic  Juice,  and  Digestion. 

F.   P.  U. 


Tuberculin. — Any  one  interested  in  the  subject 
must  be  struck  with  the  scarcity  of  articles  on  tuber- 
culin occurring  at  present  in  the  literature  as  com- 
pared with  the  flood  of  communications  appearing 
from  every  quarter  from  1901  to  1913.  The  reason 
for  this  is  that  tuberculin,  at  the  present  date,  is  being 
hoisted  with  its  own  petard — it  is  undergoing  a  re- 
action. In  the  limited  space  allotted  to  an  article 
such  as  this,  it  has  been  impossible  to  deal  with  every 
preparation  of  tuberculin  that  is  or  has  been  on  the 
market.  Indeed,  such  detail  would  not  be  desir.ible, 
and  consequently  those  products  have  been  chosen  for 
special  mention  which  are  more  or  less  before  the  pro- 
fession at  present  and  which  have  received  the  greatest 
amount  of  endorsement  at  its  hands. 

History. — The  life  history  of  tuberculin  may  be 
divided  into  the  following  periods : 

First  Era. — That  of  "tuberculin  delirium,"  dating 
from  1890,  when  Koch  made  public  his  discovery  of 
the  product,  to  1892  or  therabouts.  Tuberculin  was 
heralded  as  a  specific  cure  for  tuberculosis,  and  the 
highway  to  recovery  was  thought,  to  be  before  every 
patient. 

Second  Era. — That  of  "tuberculin  execration," 
lasting  from  1893  to  1901.  It  w!xs  speedily  seen  that 
though  some  patients  were  benefited  by  the  heroic 
doses  of  tuberculin  administered,  a  large  number  were 
made  worse  by  the  violent,  repeated,  local  and  systemic 
reactions  that  were  intentionally  brought  about. 
Unquestionably  many  patients  were  killed  by  tuber- 
culin. As  a  result,  the  profession  and  laity  united 
against  the  product  and  the  word  "tuberculin" 
became  anathema.  The  physician  that  had  the 
temerity  to  continue  its  use  was  looked  at  askance  by 
his  fellows,  was  suspected  and  censured  in  secret,  if 
not  openly. ' 

Third  Era. — That  of  "tuberculin  enthusiasm," 
lasting  from  1903  to  1913.  Despite  the  second  era,  a 
few  earnest  workers  continued  to  use  tuberculin. 
They  used  it  in  far  smaller  doses  than  originally  ad- 
vocated, and,  if  not  avoiding  all  reactions,  attempted 
to  make  them  the  exception  rather  than  the  rule. 
Also,  they  did  not  employ  tuberculin  in  cases  running 
high  fever  and  already  overloaded  with  toxins.  A 
new  system  of  mild  dosage  was  devised  and  under  its 
use  good  results  were  reported  from  all  sources. 
Then  it  was  that  tuberculin  was  almost  universally 
adopted.  Every  man  treating  a  case  of  tuberculosis 
used  it.  The  pharmaceutical  houses  sensed  the  need, 
and  "serial  dilutions"  were  put  forth  and  widely 
advertised,  the  bottle  bearing  on  its  label,  not  alone 
the  strength  of  the  solution  but  the  mode  of  adminis- 
tration and  directions  for  increase  in  dosage.  This 
general  enthusiasm  in  favor  of  tuberculin  was  bound 
to  be  followed  by  an  unfavorable  reaction,  because  too 
many  individuals  incompetent  to  deal  with  such  a 
powerful  substance  were  using  the  product,  because 
smaller  and  smaller  doses  were  recommended,  reaching 
at  length  a  ludicrous  dilution,  because  too  many 
patients  were  considered  fit  subjects  for  tuberculin 
treatment,  and  because  it  was  attempted  to  administer 
treatment  in  a  routine  manner,  without  sufficiently 
modifying  the  dosage  both  as  to  size  and  frequency,  to 
the  individual  case.     Hence,  there  set  in  the 

Fourth  Era. — That  of  "tuberculin  apathy."  This  is 
the  era  in  which  we  find  ourselves  to-day.  Three 
causes,  it  would  seem,  are  in  the  main  responsible  for 
its  existence:  (1)  The  apparent  futility  of  tuberculin, 
due  in  all  probability  to  the  ridiculously  small  doses 
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advocated  by  some  {e.g.  O.OOO.UOU, 000,001  of  O.  T. 
or  B.  E.).  (2)  Lack  of  specific  indications  for  its 
use,  due  in  part  to  the  too  free  administration  of 
tuberculin  to  almost  all  classes  of  cases,  arising  from 
an  imperfect  knowledge  of  what  the  product  is,  what 
it  can  do  and  what  it  is  supposed  and  desired  to  do. 
(3)  Lack  of  an  accurate  method  of  controlling  dosage. 

The  era  of  apathy  has  had  one  good  effect;  no  new 
tuberculins  have  appeared.  If  we  consider  tuber- 
culin as  denoting  any  product  of  the  tubercle  bacillus 
used  for  therapeutic  purposes,  the  family  at  one  time 
numbered  some  seventy  members,  each  differing  from 
the  other  in  some  slight  qualification.  Each  had  its 
own  advocates  and  opponents.  Fortunately,  the 
vast  majority  of  these  tuberculins  have  been  relegated 
to  the  limbo  of  forgetfulness,  and  to-day  the  tuber- 
culin most  used  is  the  father  of  them  all,  tlie  same  O.  T. 
first  manufactured  by  Robert  Koch  in  1890.  While 
each  exploiter  of  a  new  tuberculin  claimed  some 
quality  of  superior  excellence  for  his  product,  wise  and 
far-seeing  minds  dwelt  upon  the  inherent  unity  of  all 
tuberculins  and  stressed  the  point  that  their  specificity 
depended  npon  one  common  substance. 

Wolff-Eisner'  champions  most  heartily  the  basic 
unity  of  all  tuberculins  and  rests  his  contention  upon 
the  reactions  obtainable  by  the  use  of  any  and  all  of 
the  members  of  the  tuberculin  family.  He  claims  that 
in  their  action  tuberculins  differ  in  degree  only,  and 
asserts  that  the  differences  in  action  can  be  observed 
in  O.  T.  secured  from  various  manufacturers,  and  al.so 
in  different  "batches"  of  O.  T.  put  upon  the  market 
by  the  same  manufacturer.  Speaking  of  O.  T. 
and  B.  E.,  which  are  as  different  one  from  the  other  as 
any  two  members  of  the  tuberculin  family  can  be, 
he  says:  "  .  .  .  .  The  potent  factor  in  O.  T.  is  not 
the  extractives  (soluble  toxins  and  proteins),  but  the 
microscopic  or  ultramicroscopic  particles  of  the  bacil- 
lary  bodies  which  are  found  in  both  B.  E.  and  O.  T." 
Much  misunderstanding  has  resulted  from  the  at- 
tempts of  each  exploiter  of  a  new  tuberculin  to  show 
that  some  characteristics  of  his  product  gave  it  a 
marked  superiority  over  any  other.  "Thus  it  came 
about,"  says  Wolff-Eisner,  "that  the  partisans  of  the 
various  tuberculins  understood  each  other  as  imper- 
fectly as  though  they  spoke  different  languages." 

Sahli^  declares  that  though  hypotheses  and  theories 
are  necessary  in  science,  it  would  appear  that  the  lack 
of  success  of  tuberculin  in  many  cases  has  been  laid 
to  the  preparation  used,  or  to  the  particular  mode  of 
treatment.  In  conclusion  he  says:  "If  we  ask  our- 
selves what  every  physician  seeks  to  accomplish  with 
any  of  the  tuberculins,  the  answer  can  be  but  this: 
he  seeks  to  bring  about  an  active  immunization  by 
means  of  increasing  the  amount  of  poison  given  off 
from  or  contained  within  the  bacilli  (exotoxins  or 
endotoxins)  so  that  the  organism  to  be  immunized 
will  be  stimulated  to  a  sufficient  production  of  pro- 
tective substances." 

The  unbiased  adherents  of  tuberculins  seem  to  be 
converging  toward  the  view  of  the  unit}'  of  tuberculins 
and  toward  the  conclusion  that  the  important  point  is 
not  which  preparation  is  used,  but  familiarity  on  the 
part  of  the  administrator  with  the  particular  tuberculin 
lie  elects  to  administer. 

Prep.\hations.* — The  following  tuberculins  are 
those  most  in  vogue  at  present : 

0.  T. — Old  Tuberculin,  or  Original  Tuberculin; 
more  in  use  at  present  than  any  of  its  descendants. 
0.  T.  is  made  by  growing  human  tubercle  bacilli  on 
temperature,  from  six  to  eight  weeks.  At  the 
alkaline  five  per  cent,  glycerin  bouillon  at  body 
end  of  that  time  the  bouillon  is  evaporated  over  a 
water  bath  to  one-tenth  its  original  volume.  Glycerin 
not   evaporating   constitutes   fifty   per   cent,   of   the 

•  As  the  metric  system  is  the  standard  universally  in  use  in 
measuring  tuberculin  dosage,  all  doses  given  are  expressed  in  grams, 
cubic  centimeters,  and  millierams  or  fractions  thereof. 


resulting  mixture.  The  bacteria  which  have  been 
killed  by  the  heat  incident  to  the  prolotiged  evaporation 
are  now  removed  by  filtration  through  a  Chamberland 
filter.  The  result  is  a  dear,  dark  brown  fluid  with  a 
peculiarly  characteristic  odor. 

Administration. — O.  T.  is  administered  hypo- 
dermically,  beginning  usually  with  0.000,001  and  in- 
creasing by  0.1  c.c  of  the  particular  dilution  used. 
Injections  are  given  first  every  three  da\s  or  twice 
weekly.  If  reactions  occur  the  offending  dose  is  either 
repeated,  or  a  reduction  is  made.  When  no  reactions 
occur,  dosage  is  steadily  increased.  As  higher  doses  are 
reached,  0.001  and  over,  intervals  between  doses  are 
lengthened,  until  finally  ten  days  or  two  w-ecks  elapse 
between  injections.  The  maximum  dose  is  1  cubic 
centimeter  of  O.  T.  or  1000  milligrams. 

T.  O. — Tuberkulin  Oberes,  and 

T.  R. — Tubercidin  Residue.'  Bacilli  are  grown  as 
for  O.  T.,  filtered  off  and  dried  in  a  vacuum.  One 
gram  of  bacilU  are  ground  in  a  mortar  until  no  intact 
bacilli  are  found.  One  hundred  cubic  centimeters  of 
water  are  added  and  the  mixture  centrifugalized. 
The  supernatant  fluid  is  known  as  T.  O.  (Tuberkulin 
Oberes) — "upper"  tuberculin.  The  aedimeni  is  dried, 
powdered,  treated  with  water  and  again  centrifugal- 
ized. This  process  is  repeated  an  indefinite  num- 
ber of  times  until  no  sediment  is  obtained.  The 
result  is  a  slightly  opalescent  fluid.  The  iolal  of  all 
liquids  used  in  centrifugali zatiojt ,  exrepl  the  first,  are 
mixed  and  twenty  per  cent,  glycerin  added  as  a  pre- 
servative. Each  cubic  centimeter  contains  two  milli- 
grams of  solids  so  diluted  as  to  rejiresent  ten  milligrams 
of  dried  tubercle  bacilli.  This  is  T.  R.  It  would  ap- 
pear that  this  product  should  contain  none  of  the 
bacillary  secretions,  in  contradistinction  to  O.  T.  and 
should  contain  substances  from  the  bodies  of  the 
bacilli. 

Administration. — The  initial  dose  is  0.000,2.  In- 
jections are  given  every  other  day  and  doses  gradually 
increased,  care  being  taken  to  avoid  marked  reactions. 
When  a  dose  of  O.o  is  reached  injections  are  given 
twice  a  week,  and  with  doses  from  1  to  2  c.c,  only 
one  injection  a  week  is  given.  As  a  diluent,  a  twenty- 
per  cent,  glycerin  solution  is  necessary,  and  dilutions 
must  be  freshly  made.     The  maxinuun  dose  is  2  c.c. 

B.  E. — Bazillen  Emulsion.  Bacilli  are  grown  as 
for  O.  T.,  filtered,  ground,  not  washed,  and  one  part 
of  the  powder  is  suspended  in  one  lumdred  parts  of 
water,  an  equal  amount  of  glycerin  being  added. 
One  cubic  centimeter  contains  five  milligrams  of  bacil- 
lary bodies  without  any  of  their  excretions  into  the 
culture  fluid.     This  tuberculin  is  really  a  vaccine. 

Administration. — Injections  are  given  at  first 
twice  weekly,  beginning  with  0.000.000,1,  measured 
in  terms  of  solid  substance  (i.e.,  powdered  bacillary 
bodies),  and  increase  is  made  usually  by  0. 1  c.c.  of 
the  dilution  used,  the  first  two  doses  of  the  next 
higher  dilution  being  often  repeated,  even  in  the 
absence  of  any  reactionary  phenomena.  Reactions, 
when  they  occur,  are  to  be  dealt  with  along  the 
same  lines  as  indicated  in  the  paragraph  dealing  with 
the  administration  of  O.  T.  .\s  dosage  increases, 
the  time  interval  between  injections  is  lengthened 
until  finally  from  ten  to  fourteen  days  elapse  be- 
tween doses.  The  maximum  dose  is  0.005.  li.  E. 
theoretically  should  confer  a  maximum  amount  of 
antibacterial  immunity. 

B.  F. — Denys'  Tuberculin.'  Bacilli  are  grown  as 
for  O.  T.  After  from  six  to  eight  weeks  the  culture 
fluid  is  filtered  through  a  porcelain  filter  that  retains 
all  the  bacillary  bodies.  No  heat  whatsoc\er  is  em- 
ployed and  the  filtrate  is  ready  for  use.  It  contiiins 
all  "soluble  toxins  and  proteins  unchanged,  as  derived 
from  the  culture  fluid.  This  Denys  regards  as  a 
distinct  advantage. 

Administration. — Initial  doses  are  very  small, 
0.000,000,01,  or  thereabouts,  and  increase  in  dosage 
and  intervals  between  injections  are  carried  on  in  the 

283 


TuberruIlD 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


same  manner  as  delailed  under  O.  T.  and  B.  E.  The 
maximum  dose  is  1000  milligrams.  B.  F.  and  O.  T. 
theoretically  should  confer  a  maximum  amount  of 
antitoxic  immunity. 

Berancck's  Tuberculin^ — Beraneck  makes  use  of 
two  elements — an  exotoxin  and  an  endotoxin.  The 
former  (exotoxin)  is  obtained  by  growing  tubercle 
bacilli  in  non-pcptonized  and  non-neutralized  fivc- 
per-cent.  givcerin  bouillon.  The  latter  (endotoxin)  is 
obtained  by  shaking  the  residue  of  the  culture  mass 
with  one  per  cent,  orthophosphoric  acid.  The  bouil- 
lon containing  the  exotoxins  and  the  orthophosphoric 
extract  containing  the  endotoxins  are  then  mixed  in 
equal  parts,  the  result  being  Beraneck's  Tubercuhn  H, 
the  chief  action  of  which  is  said  by  its  discoverer  to  be 
a  stimulation  of  the  bacteriolytic  activities  of  the 
leukocvtes. 

Administration. — The  tuberculin  is  highly  diluted, 
the  series  being  numbered  H  (pure  tuberculin) — then 

^  _  ^  _  A A  _  A.     Beraneck  and  Sahli,  the 

latter  being  the  most  prominent  champion  of  this 
particular  product,  advocate  beginning  with  extremely 

small  doses  (  0.1  c.c.  of  ^  or  j^j  ,  increasing  slowly 

and  bearing  in  mind  that  all  febrile  reactions  must  be 
avoided  and  that  the  size  of  the  dose  given  is  not 
the  important  thing,  but  on  the  contrary,  the  per- 
fect tolerance  by  the  patient  of  whatever  dose  is 
administered. 

Kosenbach's  Tuberculin.^ — This  product  consists  of 
tubercle  bacilli  altered  by  symbiosis  with  a  trichophy- 
ton fungus  which  is  said  to  destroy  the  toxic  prop- 
erties of  the  bacilli,  but  not  their  immunizing 
powers. 

Administration.— Injections  are  begun  biweekly 
with  a  ten  per  cent,  solution  and  are  given  weekly 
when  the  original  solution  is  reached.  Increase  is 
made  at  first  by  doubling  the  dose  and  when  the 
original  solution  is  reached  by  giving  half  as  much 
again  iis  the  previous  dose.  By  following  out  this 
scheme,  no  febrile  reactions  are  obtained. 

Landmann's  Tuberculol.' — Landmann  wished  to 
obtain  all  extractives  of  tubercle  bacilli,  both  those 
able  and  unable  to  withstand  heat.  Hence,  after 
growing  a  highly  virulent  strain  of  tubercle  bacilli 
he  extracted  at  various  temperatures  from  40°  C.  to 
100°  C.  and  mixed  together  all  the  extracts.  The 
concentrated  culture  fluid  is  added  to  this  and  the 
whole  is  filtered  through  porcelain.  One-half  per 
cent,  phenol  is  added.  This  is  known  as  Tuberculol 
A.  Tuberculol  B  is  bacillary  extract  and  Tuberculol 
C  the  bouillon  component. 

Speiujlcr's  Tuberculin.' — The  radical  point  of  de- 
parture adopted  by  Spengler  con.sists  in  his  using 
bovine  instead  of  human  bacilli  for  the  manufacture 
of  his  tuberculins.  His  theoretical  basis  for  this  was 
reasoning  by  analogy  from  Jenner's  immunization 
against  smallpox  by  inoculation  with  cowpox.  The 
chief  preparations  used  by  Spengler  are:  P.  T.  O., 
similar  to  O.  T.,  save  that  bovine  bacilU  (Perlsucht 
bazillen)  are  used.  P.  E.,  similar  to  B.  E.,  save  that 
bovine  bacillus  is  used. 

Administration. — Practically  the  same  as  in  the 
case  of  O.  T.  and  B.  E.,  save  that  Spengler  considers 
the  bovine  products  less  toxic. 

T.  B.  V.  and  P.  V.  are  preparations  containing  both 
the  intracellular  and  extracellular  toxins,  the  former 
being  made  from  cultures  of  human  bacilli  and  the 
latter  from  cultures  of  bovine  bacilli.  The  bacilli 
from  which  these  preparations  are  made  are  grown 
upon  a  special  medium.  The  initial  dose  is  0.000  - 
000,01  to  0.000,000,1  miUigram.  The  same  in  febrile 
cases.     Maximum  dose,  0.01  milligram. 

Spengler's*  I.  K.  (Immunkdrpcr). — This  product  is 
really  not  a  member  of  the  tubercuhn  family,  but  as  it 
has  a  specific  action  against  tuberculosis  and  as  it  has 
many  warm  champions,  it  has  been  included  in  the  Ust. 
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I.  K.  is  a  product  derived  from  the  blood  of  an  animal 
that  has  been  highly  immunized  against  tuberculosis. 
Spengler  showed  that  protective  substances,  such  as 
agglutinins,  precipitins,  etc.,  are  present  in  far  greater 
quantity  in  the  red  blood  cells  than  in  any  other 
element  of  the  blood. 

When  bacteriolysis  occurs  endotoxins  of  the  organ- 
isms that  are  destroyed  are  set  free  and  their  action 
must  be  combatted  by  antitoxins  present  in  the  blood 
of  the  host.  To  be  thoroughly  immunized  an  indi- 
vidual should  possess  both  a  lytic  and  an  antitoxic 
immunity.  The  lytic  immunity  may  be  present,  but 
the  antitoxic  immunity  may  be  insufficient  to  "cover" 
the  antitoxins  liberated  as  a  result  of  lysis.  Spengler 
has  sought  by  careful  experiments  to  combine  lytic 
and  antitoxic  immunizing  forces  in  I.  K.,  so  as  to 
furnish  both  to  the  patient. 

I.  K.  is  a  solution  of  the  whole  biood  of  an  animal 
(rabbit)  that  has  previously  been  immunized  against 
tuberculosis.  The  blood  is  greatly  diluted  and  tested 
for  lytic  and  antitoxic  properties.  Spengler  found 
that  in  a  high-grade  immune  blood,  the  maximum 
lytic  effect  lies  between  the  miUion-foId  and  one  hun- 
dred million-fold  dilution,  and  the  maximum  antitoxic 
effect  between  the  thousand  million-fold  and  the  one 
hundred  thousand  million-fold  dilution. 

Administration. — Previous  to  beginning  the  treat- 
ment, the  patient's  sputum  is  carefully  examined  and 
classified  according  to  a  special  standard  devised  by 
Spengler.  If  possible,  also,  the  precipitin  content  of  the 
blood  should  be  estimated.  One-half  cubic  centime- 
ter of  .solution  No.  5,  which  represents  the  "original" 
solution  diluted  one  hundred  thousand  times,  is  given 
hypodermically  as  initial  dose.  Some  administrators 
prefer  beginning  with  a  solution  one-tenth  or  one- 
hundredth  the  strength  of  No.  5.  The  full  effect  of 
the  dose  is  not  visible  for  four  or  five  days.  The  effect 
may  be  a  distinct  betterment  in  the  patient's  feeling 
and  general  condition,  or  no  perceptible  alteration 
may  take  place.  If  no  change  is  noted  after  five 
days,  a  dose  ten  times  as  large  is  given,  but  if  there 
has  been  a  beneficial  change,  the  second  dose  should 
not  be  given  until  the  beneficial  effects  of  the  first 
dose  have  expired.  "  No  new  dose  of  I.  K.  should 
be  given  while  improvement  due  to  a  previous  one 
is  still  taking  place."  Increase  is  gradually  made  up 
to  1  c.c.  of  the  "original"  solution,  and  then  dosage  is 
continued  under  a  descending  scale  back  to  solution 
No.  5.  It  is  not  wise,  under  any  circumstances,  to 
repeat  the  same  dose  twice  in  succession. 

Jochmanri's  Albumose-free  tuberculin  (A.  F.).' — 
This  product  is  distinctive  in  that  it  is  manufactured 
from  the  products  of  bacilli  grown  on  a  protein-free 
medium.  All  traces  of  albumose,  peptone  and  ex- 
tractives that  are  found  in  the  culture  medium  of 
O.  T.  are  lacking.  By  this  means,  Jochmann  .sought 
to  obtain  a  more  specific  and  at  the  same  time  a  less 
toxic  product  than  O.  T.,  as  he  believed  that  the 
presence  of  derivatives  of  the  culture  medium  could 
he  responsible  for  several  of  the  reactionary  phe- 
nomena. He  claims  lessened  toxicity  and  uses  his 
product  both  for  diagnostic  and  therapeutic  purposes. 
Jochm.ann  has  used  in  the  main  two  tuberculins: 
(1)  Tuberculin  A.  F.,  differing  from  O.  T.  in  its  manu- 
facture in  that  after  being  heated  to  37°  C.  it  is 
evaporated  to  only  twenty-five  per  cent,  of  its 
volume.  (2)  Clear  tuberculin  (Tuberculin  Hell), 
which  is  heated  to  100°  C. 

Administration. — Injections  are  given  twice  weekly, 
beginning  with  0.1  milligram.  From  100  to  200  milli- 
grams and  upward,  injections  are  given  once  a  week. 
In  the  majority  of  cases,  sUght  reactions  are  first 
noted  between  1  and  .5  milligrams.  All  reactions 
should  be  avoided  as  much  as  possible,  and  the  maxi- 
mum dose  lies  between  l.'iOO  and  2000  milligrams. 
Jochmann  claims  excellent  results. 

Tuberculinum  Purum  {Endotin)  .^^ — Gabrilowitch  of 
Halila  is  the  originator  of  this  product.    Like  Joch- 
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mann,  he  seeks  to  do  away  with  the  "by-products" 
in  the  manufacture  of  eudotin  and  to  preserve  the 
specific  substance  of  that  alone.  This  he  do€s  by 
extracting  a  product  similar  to  O.  T.  with  alcohol, 
xylol,  ether  and  chloroform,  in  order  to  rid  it  of  unde- 
sirable fats,  carbohydrates  and  proteins.  Endotin,  the 
resulting  product  is,  like  Jochmann's  A.  F.,  claimed 
to  be  albumose-free. 

Administration. — Gabrilowitch  claims  to  obtain 
healing  in  mild  cases  of  tuberculosis  after  from  sixteen 
to  twenty  injections  of  endotin.  In  more  advanced 
cases,  several  "courses  "of  from  sixteen  to  twenty  in- 
jections each  may  be  required.  He  admits  getting 
"febrile"  reactions,  but  insists  that  he  does  not  get 
"toxic"  reactions.  (One  is  forced  to  question  how  he 
differentiates  these  two  types.)  Dosage  is  begun  with 
0.02  milligram  of  endotin  and  rapidly  increased,  so 
that  at  the  sixteenth  injection  the  patient  receives 
one  hundred  milligrams.  Intervals  between  injections 
are  not  stated. 

Von  Ruck's  Watery  Exlract.^' — Tubercle  baciUi  are 
freed  from  the  culture  fluid,  dried  and  powdered. 
They  are  then  extracted  with  alcohol  and  then  with 
ether  to  remove  all  fatty  and  waxy  substances.  When 
this  has  been  done  they  are  extracted  with  one-half 
per  cent,  plienol  and  allowed  to  macerate  for  months. 
They  are  then  standardized  to  a  one  per  cent,  solution 
(one  per  cent.  soUd  substance)  known  as  solution  No. 
100,  and  0.1  per  cent,  solution  known  as  No.  10,  and 
0.01  per  cent,  solution  known  as  No.  1. 

Administration. — Injections  are  begun  with  solution 
No.  1  and  are  given  daily  or  every  other  day,  and 
after  1  c.c.  of  this  solution  has  been  reached,  solution 
No.  10  is  administered,  approximately  every  three 
days.  When  solution  N'o.  100  is  used,  inten'als  be- 
tween doses  are  lengthened. 

The  principal  tuberculins  in  use  have  been  enumer- 
ated and  briefly  dwelt  upon. 

.\s  previously  mentioned,  tuberculin  is  now  in 
comparative  disfavor,  though  not  experiencing  the 
\nolent  antagonism  characteristic  of  the  second  era. 
The  writer  feels  that  this  disfavor  is  unwarranted. 
Tuberculin  must  do  good  in  many  cases;  else  the 
volumes  written  concerning  it,  the  tens  of  thousands 
of  ea.ses  reported  as  improving  under  its  use,  the  mass 
of  evidence,  clinical,  pathological,  serological,  and 
statistical,  are  the  products  of  individuals  "that  have 
eyes  and  see  not." 

"  The  pendulum  will  again  swing  in  favor  of  its 
use  and  the  next  era  will  be  a  safer  and  especially 
a  saner  one  i^-ith  regard  to  tuberculin.  More  careful 
study  of  cases,  more  searching  and  more  frequent 
auscultation  will  lessen  the  number  of  reactions  and 
enable  the  physician  better  and  better  to  control  tlie 
dosage.  .Absurdly  small  doses,  such  as  the  one 
instanced  above,  will  cease  to  be  used,  and  one 
element  in  the  apparent  futility  of  tuberculin  will 
disappear.  The  preparations  of  tuberculin  will 
become  fewer  and  fewer,  and  a  greater  familiarity 
wnth  those  that  survive  will  be  the  result.  Cases 
will  be  more  successfully  selected.  Ob\-iously  over- 
toxic  patients  will  not  be  treated  with  tuberculin, 
and  far  from  looking  upon  almost  every  patient  as  a 
possible  tuberculin  subject,  it  will  be  realized  that  but 
a  moderate  percentage  of  tuberculous  individuals  arc 
suitable  for  specific  treatment.  Tuberculin  will. 
fortunately,  never  again  he  as  freely  used  as  during  the 
tliird  era,  but  it  will  be  better  used.  The  day  when 
tuberculin  will  come  to  its  own  will  be  that  day  uixm 
which  a  satisfactory  method  will  be  devised  for 
selecting  cases  to  be  treated  and  an  accurate  method 
secured  for  perfect  control  of  dosage.  That  day  is 
not  yet  here,  but  until  it  comes,  all  interested  in  the 
sul)ject  must  put  forth  their  energies  in  order  to  reach 
as  nearly  as  possible  to  the  ultimate  goal :  tlie  gradual, 
steady  creation  of  an  active  immunization  against 
the  toxins  of  the  tubercle  bacillus  so  tliat,  with  tuber- 
culin as  an  aid,  and  with  rest,  fresh  air,  and  food 


as   a   cornerstone,   the   patient   may  be  restored  to 
health  and  working  efficiency. 

In  conclusion,  a  few  tuberculin  axioms  may  here 
be  briefly  stated: 

1.  Tuberculin  wLU  not  per  se  bring  about  complete 
recovery  from  tuberculosis. 

2.  Tuberculin  Ls  an  aid — that  is  all. 

3.  Tuberculin  must  be  adminLstered  many  months 
to  be  of  benefit. 

4.  Benefit  derived  from  tuberculin  is  limited  in  its 
duration. 

5.  Of  little  importance  is  the  choice  of  any  par- 
ticular tuberculin. 

6.  Of  great  importance  is  familiarity  on  the  part  of 
the  administrator  with  the  particular  tuberculin 
administered. 

7.  Tuberculin  should  not  be  administered  by  the 
inexperienced,  save  under  the  supervision  of  one 
familiar  with  the  product. 

8.  As  a  broad,  general  rule,  tuberculin  should  never 
be  administered  to  a  patient  running,  while  at  rest,  a 
maximum  temperature  of  over  100°  F.  daily. 

9.  In  tuberculin  we  have  one  of  our  best  aids  in 
keeping  a  close  watch  over  the  progress  of  the  physical 
signs  of  the  patient,  as  in  pulmonary  cases  ausculta- 
tion should  be  practiced  before  everv  dose. 

10.  Tuberculin  is  of  particular  value  as  a  "whip" 
to  a  patient  that  has  progressed  to  a  certain  extent 
and  then  proceeds  to  remain  stationary. 

11.  Violent  sy.stemic  reactions  should  always  be 
avoided.  Occasional  mild  systemic  reactions  do  no 
harm.     Mild  focal  reactions  are  beneficial. 

12.  The  tolerance  of  the  patient  to  the  dose  ad- 
ministered is  of  far  greater  importance  than  the  size 
of  the  dose,  considered  in  the  abstract. 

P.\rL  H.   Ringer. 
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Tuberculosis. — The  tubercle  bacillus  is  a  long, 
slender,  sometimes  branching  rod  from  two  to  four  mi- 
crons in  length  and  from  0.2  to  0.5  microns  in  diameter. 
It  is  not  infrequently  curved,  and  individual  bacilli 
mav  be  joined  together  end  to  end  so  as  to  form  a  short 
cha"in.     Two  types  differing  slightly  in  their  biological 
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qualities  are  found  in  man;  the  human  type  which  is 
the  most  frequent  infectious  agent  in  adults,  and  the 
bovine  tj-pe  which  is  most  virulent  for  children,  milk 
being  the  carrier  of  the  infection. 

The  chemical  analysis  of  the  bacilli  shows  about 
fifteen  per  cent,  of  solid  matter,  consisting  of  ash,  a 
protein,  nuclcoprotein,  cellulose,  a  Upoid,  fatty  acids, 
and  a  wax-like  substance  which  forms  about  one- 
quarter  of  the  drv  material  of  the  bacilli.  The 
characteristic  staining  of  the  bacillus  depends  upon 
the  presence  of  this  wax  and  of  the  fatty  acids. 
Higlily  toxic  non-protein  substances  are  present  also, 
but  of  their  chemical  nature  nothing  is  known. 
These  substances  are  present  in  the  various  tuber- 
culins used  diagnostioally  and  therapeutically,  and 
presumably  are  the  bodies  which  cause  the  inflam- 
matory reactions,  abscesses,  necrosis,  and  cheesy 
degeneration,  found  in  tuberculous  lesions. 

When  tubercle  bacilli  enter  the  tissues  of  the  body, 
they  give  rise  to  characteristic  morphological  changes 
whi'ch  are  known  as  tubercles.  Tubercles  are  large 
or  small,  gray,  whitish  or  yellowish,  transparent  or 
opaque,  firm  or  friable  masses  of  tissue  found  in  the 
organs  or  tissues  of  the  body.  The  effect  on  the  tissue 
cells  of  the  growth  and  presence  of  tubercle  bacilli 
varies  considerably,  depending  upon  the  number  and 
virulence  of  the  germs  present,  the  character  of  the 
tissue  in  which  they  grow,  and  the  resistance  of  the 
individual.  The  number  of  bacilli  necessary  to  pro- 
duce anatomical  changes  in  man  is  not  known.  In 
guine.a-pigs  ten  to  twenty  virulent  bacilli  will  induce 
tuberculous  lesions.  In  general,  it  may  be  said  that 
tubercle  bacilli  stimulate  the  connective-tissue  cells 
in  their  vicinity  to  growth;  they  excite  emigration  of 
leucocytes  from  blood-vessels,  and  lead  to  the  pro- 
duction of  exudates;  and  they  also  cause  the  death  of 
tissue.  Hence,  the  types  of  inflammation  which  are 
produced  by  the  tubercle  bacillus  are  called  productive, 
exudative,  and  necrotic.  These  changes  may  occur 
separately  or  simultaneously,  and  one  or  the  other 
of  them  may  predominate. 

Morphology  of  the  Tubercle. — The  tubercle  may 
be  designated  as  the  unit  structure  of  the  changes 
produced  in  the  tissue  by  the  action  of  the  tubercle 
bacillus.  In  its  most  characteristic  form  it  is  a  small, 
spherical  mass,  at  most  not  over  a  millimeter  in 
diameter,  made  up  largely  of  flat,  oval,  or  irregular 
cells  with  small  nuclei  called  epithelioid  cells.  A 
central  area  of  necrosis  is  usually  present  if  the 
tubercle  is  of  sufficient  age;  such  necrosis  may  be 
absent,  however,  in  very  fresh  tubercles  of  small  size. 
At  the  periphery  of  the  caseous  tubercle  and  near  the 
center  of  the  fresh  form,  are  large  cells  called  Lang- 
hans'  giant  cells.  These  are  oval  or  irregular  in 
form,  with  multiple  nuclei  almost  invariably  arranged 
about  the  periphery  of  the  cell.  In  addition  to  the 
epithelioid  and  giant  cells,  there  are  a  large  number  of 
cells  of  the  tj^je  either  of  lymphocytes  or  of  plasma 
cells  scattered  throughout  the  tissue.  These  are 
especially  abundant  at  the  periphery  of  the  necrotic 
zone.  By  suitable  staining  the  tubercle  may  be  shown 
to  contain  a  considerable  amount  of  fat,  chiefly  con- 
tained in  the  cells  which  have  not  undergone  necrosis; 
and  there  may  remain  such  structures  of  the  normal 
tissue  as  have  been  invaded  by  the  inflammatory 
process,  especially  the  elastic  tissue  fibers  which  are 
very  resistant  to  the  toxic  action  of  the  tubercle 
poison.  Blood-vessels,  as  a  rule,  are  absent  from  the 
tubercle,  especially  the  central  portion,  and  this  lack 
of  vascularity  in  connection  with  the  toxic  products  of 
the  bacillus,  is  the  cause  of  the  central  necrosis  which 
is  so  constant  an  appearance  in  most  tubercles.  The 
tubercle  may  remain  as  a  single  particle  in  the  tissues, 
or  it  may  fuse  with  other  tubercles,  producing  a  large 
mass  of  tuberculous  tissue,  a  so-called  conglomerate 
tubercle.  In  the  course  of  time,  regressive  changes 
may  take  place  which  lead  to  the  formation  of  fibrous 
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tissue  with  the  absorption  of  the  necrotic  center  and 
its  replacement  by  fibroblasts,  ultiipate  sclerosing  of 
the  connective  tissue,  and  obliteration  of  the  typical 
morphology  of  the  tubercle,  the  giant  cells  and  the 
epithelioid  cells  gradually  disappearing;  or  calcifica- 
tion, the  deposition  of  lime  salts,  may  occur,  beginning 
in  the  central  necrotic  area  and  extending  gradually 
as  the  necrosis  passes  toward  the  periphery  of  the 
tubercle.  These  lime  deposits  are  most  frequent  in 
tuberculosis  of  the  lymph-nodes,  especially  the 
bronchial  and  mesenteric  nodes,  which  may  be  com- 
pletely replaced  by  chalky  or  bony  yellow  irregular 
nodules.  Such  calcified  areas  may  also  undergo 
metaplastic  change  into  t>-pical  bone  in  which  not 
infreciuently  marrow  tissue  develops.  On  the  other 
hand,  especially  if  secondary  infection  occurs  with 
other  bacteria,  such  as  a  staphylo-  or  streptococcus, 
another  series  of  events  may  occur:  the  tubercles 
may  become  softened,  and  joined  to  other  tubercles, 
and  the  tissues  may  largely  break  down  and  liquefy 
under  the  influence  of  the  proteolytic  ferments  of  the 
pyogenic  bacteria,  and  form  a  larger  or  smaller  cavity 
filled  with  soft  necrotic  material,  the  other  organisms 
calling  forth  an  acute  exudative  inflammation  with  a 
setting  free  from  the  leucocytes  of  peptic  or  tryptic 
ferments  which  dissolve  the  tissues  and  prevent  the 
usual  course  of  partial  or  complete  healing  of  the 
tubercle.  Or  again,  these  processes  may  be  combined ; 
the  softening  process  may  go  to  a  certain  extent  and 
then  cease,  the  tubercle  becoming  sterile  as  far  as 
concerns  the  pyogenic  organisms.  Fibrous  tissue 
then  invades  from  the  periphery,  and  calcification 
occurs  in  the  center  leaving  ultimately  a  dense  shell 
of  fibrous  tissue  enclosing  a  chalky  mass.  Even  in 
these  tubercles,  however,  after  years  of  quiescence, 
living  tubercle  bacilli  may  be  demonstrated  by 
animal  inoculation. 

To  return  to  the  details  of  the  microscopic  mor- 
phology of  the  tubercle:  The  epithelioid  cells  are,  as 
previously  stated,  large  cells  with  a  small  nucleus, 
occasionally  containing  two  or  three  nuclei,  which 
have  but  very  little  chromatin.  The  proto]5lasm  is 
only  faintly  tingeable  by  the  usual  cytoplasmic  stain. 
The  derivation  of  these  cells  is  still  somewhat  obscure; 
they  are  supposed  to  be  produced  by  the  irritation  of 
the  tubercle  toxin  either  on  endothelium  of  the  tissue 
spaces,  or  from  the  connective  tissue  cells  proper. 
When  the  tubercle  is  formed  in  certain  organs,  the 
epithelium  may  supply  the  material  for  these  cells; 
in  tuberculous  lesions  of  the  kidney,  epididymis,  and 
testicle,  for  instance,  such  participation  may  be 
tr.ieed.  In  the  liver,  the  endothelium  of  the  sinusoids 
(the  so-called  Kupfer's  cells),  and,  in  the  omentum 
and  pleura,  the  covering  epithelium  of  the  region  take 
active  part  in  the  production  of  the  endothelioid 
cells;  such  cells  may  exceptionally  constitute  the  only 
structure  found  in  the  tubercle.  It  is  thought  that 
the  giant  cells  are  formed  by  fusion  of  masses  of  these 
epithelioid  cells;  but  they  may  be  formed  also  by  con- 
tinuous division  of  the  nucleus  without  division  of  the 
cytoplasm.  Giant  cells  are  large  cells  containing 
numerous  nuclei,  sometimes  even  one  hundred;  their 
cytoplasm  is  either  homogeneous  or,  what  is  more  fre- 
quent, reticulated  or  vacuolated.  Sometimes  the 
vacuoles  are  occupied  by  fat.  They  possess  phago- 
cytic power,  as  shown  by  the  presence  of  partially 
absorbed  leucocytes.  A  large  number  of  tubercle 
bacilli  are  occasionally  present  and  can  be  demon- 
strated by  suitable  staining  procedures.  They  usually 
occupy  the  periphery  of  the  cell,  but  occasionally  are 
found  in  the  center.  These  cells  may  also  contain 
phagocyted  remnants  of  the  elastic  tissue  fibrils  of 
the  original  tissues  in  which  the  tubercle  has  formed. 
Secondary  giant  cells  of  a  non-tuberculous  variety  may 
be  formed  about  the  particles  of  lime  which  are  de- 
posited during  the  regressive  healing  of  the  tubercle. 
The  numbers  of  giant  cells  in  the  individual  tubercles 
may  vary  greatly.     Usually  there  are  only  one  or  two 
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cells  in  each  tubercle,  but  occasionally  where  the 
necrosis  is  very  slightly  developed  the  whole  tubercle 
may  be  composed  of  giant  cells  with  very  little 
interstitial  tissue. 

In  the  early  stages  of  the  formation  of  the  tubercle 
there  is  a  considerable  amount  of  serofibrinous  exu- 
date present.  In  this  exudate  the  wandering  cells  of 
the  type  of  lymphocytes  and  plasma  cells  lie.  In  the 
later  stages,  when  necrosis  has  set  in,  this  fibrinous 
network  and  included  cells  undergo  necrotic  changes. 
The  fibrin  collects  in  homogeneous  bands  and  loses  its 
characteristic  staining  quality.  The  cells  undergo 
necrosis  with  destruction  of  the  cj'-toplasm  and  the 
nucleus.  Particles  of  nuclear  chromatin,  however, 
seem  to  resist  the  toxin  of  the  tubercle  bacillus  longer 
than  the  other  constituents,  and  such  fragments 
frequently  remain  embedded  in  the  central  necrotic 
granular  mass  as  spherical,  oval,  or  elongated  particles 
staining  deeply  with  chromatin  stains.  The  extent 
of  the  necrosis  in  the  tubercles  is  very  variable.  It 
may  occupy  only  a  small  portion  of  the  center  or  may 
extend  to  all  the  structures,  so  that  the  only  means  of 
identifying  the  cheesy  mass  as  of  tuberculous  origin 


Fig.  4S38. — Fresh  Miliary  Tubercle  of  the  Omentum. 

is  to  demonstrate  the  tubercle  bacilli,  either  by  suit- 
able staining  procedures  or  by  animal  inoculation. 
Often,  however,  such  uncharacteristic  cheesy  nodules 
are  surrounded  by  a  fresh  group  of  tubercles  at  a 
greater  or  less  distance  from  the  original  mass;  and 
the  diagnosis  can  then  be  made  by  the  recognition  of 
a  characteristic  tuberculous  process  in  other  portions 
of  the  organ.  As  has  been  previously  stated,  blood- 
vessels are  not  formed  in  the  granulation  tissue  of  a 
tubercle  and  such  vessels  as  are  occupied  by  the  tuber- 
culous process  or  preexist  in  the  tissues  are  quickly 
destroyed  by  the  toxic  action  of  the  bacillus  and  the 
productive   inflammation   which   it   excites. 

Diffuse  Tttberculous  Inflammation.  —  When  a 
large  number  of  tubercle  bacilli  are  poured  into  any 
portion  of  the  body  at  one  time,  a  diffuse  tuberculous 
inflammation  may  occur  without  the  preliminary 
stages  of  the  formation  of  distinct  tubercles.  Then 
coagulation  necrosis  may  take  place  in  the  newly 
formed  tuberculous  tissue,  so  that  the  ultimate  result 
is  the  production  of  large  masses  of  necrotic  tissue, 
with  but  little  of  the  characteristic  morphology  of  the 
inflammatory  lesion  due  to  the  tubercle  bacillus. 
Such  lesions  are  found  in  the  large  tuberculous  nodules 
in  the  substance  of  the  brain   hemispheres,   in   the 


diffuse  infiltration  of  the  kidneys,  bladder,  prostate, 
and  testicle.  Similar  masses  of  diffuse  tuberculou.s 
tissue  may  be  found  involving  a  portion  of  the  lung 
in  chronic  pulmonary  tuberculosis.  In  association 
with  this  type  of  tuberculous  inflammation,  there  is 
also  often  found  a  form  in  which  the  production  of 
an  exudate  is  the  most  prominent  feature.  The  best 
example-s.of  this  exudative  form  of  tuberculosis  are  seen 
in  certain  types  of  acute  tuberculous  pneumonia,  in 
which  large  numbers  of  bacilli  are  poured  into  a  por- 
tion of  the  lung  from  the  breaking  down  of  the  cavity, 
or  the  emptying  of  a  large  cheesy  lymph  node  into  a 
pocket.  Under  these  circumstances  huge  numbers 
of  tubercle  bacilli  enter  the  alveoli  and  excite  the 
exudation  of  large  quantities  of  pus,  serum,  and 
fibrin  and  the  exfoliation  of  the  epithelial  cells  which 
line  the  air  spaces  of  the  lung.  This  process  may 
occupy  only  a  short  time,  and  the  entire  area  may 
then  solidify.  The  walls  of  the  alveoli  may  be  de- 
stroyed by  the  tubercle  toxin,  so  that  it  is  difficult  to 
recognize  any  of  the  lung  structure  in  this  diffuse 
tuberculous  inflammation.  If  the  process  remains 
active  for  any  length  of  time  the  destruction  of  the 
vessels  and  of  the  pulmonary  alveolar  tissue  reaches 
such  a  point  that  softening  takes  place,  and  if  the 
material  is  removed  by  erosion  of  the  bronchus  and 
expectoration  of  the  fluid  contents  of  the  mass,  a 
tuberculous  cavity  is  formed.  Usually,  however,  with 
such  extensive  inflammation  death  results  before  this 
occurs. 

It  must  be  remembered,  however,  that  all  of  these 
tuberculous  processes  are  apt  to  be  found  in  combina- 
tion; that  is,  there  are  usually  miliary  tubercles  or 
small  nodules  near  any  large  tuberculous  focus.  The 
tubercle  bacillus  merely  acts  in  a  different  way  under 
different  conditions,  such  as  anatomical  relationship 
and  differing  powers  of  resistance  of  the  human  body. 

PcLMONART  TUBERCULOSIS. — Tuberculous  disease  of 
the  lung  does  not  differ  greatly  from  tuberculosis  in 
other  organs  of  the  body,  except  in  such  modifications 
as  are  imposed  by  the  anatomical  structure  of  the 
lung,  and  in  the  connection  which  exists  with  the  outer 
air  through  the  bronchi.  The  bronchial  tubes  and 
the  correlated  air  spaces,  the  numerous  blood-  and 
lymph-channels,  favor  the  wide  distribution  of  the 
tubercle  bacillus  within  the  organ.  The  open  texture 
of  the  lung,  also,  permits  the  accumulation  of  exu- 
date, while  the  alveolar  structures  with  their  thin 
walls  and  lack  of  dense  supporting  tissue  easily  become 
necrotic  under  the  influence  of  the  poison  of  the 
tubercle  bacilli,  with  the  resulting  formation  of  large 
or  small  cavities. 

Portah  of  Entry. — Tubercle  bacilli  may  enter  the 
lung  from  a  focus  elsewhere  in  the  body,  through  either 
the  blood-  or  lymph-vessels,  or  from  without  through 
the  air  passages  by  the  inhalation  of  floating  particles 
of  sputum  derived  from  a  person  already  the  subject 
of  the  disease.  While  there  is  evidence  that  tubercle 
bacilli  may  enter  the  body  through  the  nasal  and 
buccal  mucosa,  the  tonsils,  or  the  gastrointestinal 
tract,  without  the  development  of  tuberculous  lesions 
at  the  point  of  entry,  yet  it  is  undoubted  that  such 
methods  of  invasion  of  the  body  are  infrequent  as 
compared  with  the  simpler  process  of  direct  inhalation. 
The  only  exception  to  this  rule  is  the  occurrence  of 
bovine  tubercle  bacillus  infection  in  children,  in  whom 
undoubtedly  the  involvement  of  the  lymph-nodes  of 
the  neck  and  of  the  retroperitoneal  region  is  directly 
due  to  invasion  through  the  tonsil  or  the  intestinal 
mucosa  with  or  without  lesions  of  these  two  organs, 
.■^s  a  matter  of  fact,  if  sufficient  search  is  made,  it  is 
not  infrequent  to  find  tuberculous  lesions  of  the  tonsil 
in  children  with  diseased  nodes  in  the  neck  or  tubercu- 
lous lesions  of  the  intestines  in  those  who  are  suffering 
from  invasion  of  the  retroperitoneal  lymph-nodes. 

With  the  foregoing  statements  in  mind,  it  is  easy 
to  see  that  the  entrance  of  tubercle  bacilli  into   the 
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lung  may  induce  a  great  variety  of  lesions.  'W  hen  a 
large  number  of  organisms  are  introduced  at  once, 
there  is  usually  an  exudative  inflammation  with  the 
accumulation  of  serum,  fibrin,  leucocytes,  and  alveolar 
epithelium  in  the  air  spaces,  or  the  lesion  may  be 
composed  largely  of  tubercle  tissue,  with,  in  addition, 
more  or  less  necrosis.  All  these  phases  of  tuberculous 
lesions  often  occur  in  the  same  lung.  The  extent  and 
nature  of  the  inflammation  is  dependent  upon  the 
portion  of  the  lung  invaded,  the  number  and  virulence 
of  the  tubercle  bacilli,  and  the  portal  of  entry,  as well 
as  upon  the  susceptibihty  of  the  individual.  Where 
large  numbers  of  organisms  enter  at  approximately 
the  same  time  there  is  apt  to  be  an  extensive  invasion 
of  the  lung  with  the  production  of  an  exudative  type 
of  inflammation.  If,  on  the  other  hand,  but  few 
bacilh  are  present  they  usually  excite  a  local  tubercu- 
lous inflanmiatioii  consisting  of  small  foci  with  but 
little  inflammatory  exudation.  In  the  late  stages, 
extensive  inflammatory  production  of  fibrous  tissue, 
the  means  by  wliich  the  body  tends  to  protect  itself 
from  the  toxins  of  the  organism,  often  alters  the 
original  picture  and  obscures  it. 

Classjiicalion  of  Tuberculous  Pulmonary  Lesions. — 
For  practical  purposes  the  most  convenient  classifica- 


tion  of  the  tuberculous  changes  found  in  the  lung  are 
as  follows; 

1.  Focal  or  miliary  tuberculosis; 

2.  Tuberculous  bronchopneumonia; 

3.  DIfl'use  tuberculous  lesions. 

Secondary  to  these  three  processes  are  the  forma- 
tion of  cavities  and  pneumonia  due  to  other  organisms, 
especially  the  pneumococcus  or  streptococcus,  a  con- 
dition which  is  termed  a  concurrent  infection.  From 
a  clinical  aspect  the  concurrent  infection  may  provide 
more  o!  the  symptom-complex  than  the  tuberculous 
lesion  itself. 

Miliary  Tuberculosis  of  the  Lung. — When  the 
tubercle  bacilli  enter  the  lungs  by  the  blood-ves.sels 
or  the  lymphatics,  and  especiallv  if  they  are  carried 
in  small  numbers,  the  lesion  formed  is  of  the  nature 
of  the  miliary  tubercles  prevlouslv  described.  These 
tubercles  are  found  throughout  the  parenchyma  of  the 
lung,  the  walls  of  the  bronchi,  the  blood-vessels  the 
pulmonary  pleura,  and  the  connective  tissue  septa 
between  the  alveoli.  They  may  occur  throughout 
the  lung  as  extremely  small,  transparent  nodules  or 
may  be  aggregated  In  groups.  Not  Infrequeiitlv 
there  will  be  lesions  In  various  portions  of  the  lung 
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showing  diff'erent  morphology,  so  that  it  must  be  con- 
cluded that  there  has  taken  place  a  series  of  eruptions 
of  tubercle  bacilli  into  a  vessel,  for  the  successive 
crops  -of  miliary  tubercles  thus  formed  show  the 
various  stages  from  the  cellular  early  tubercle  to  the 
late  fibrous  form.  These  miliary  tubercles  in  the 
lung  do  not  differ  in  any  way  from  those  previously 
described  as  occurring  throughout  the  body.  If  the 
disease  is  confined  to  the  lung  and  is  not  too  extensive, 
healing  may  occur  with  the  formation  of  small  fibrous 
nodules  or  so-called  healed  tubercles,  giving  a  picture 
termed  chronic  miliary  tuberculosis.  Such  nodules 
are  frecjuently  blackened  by  the  anthracotic  pigment 
which  is  brought  to  the  lungs  through  the  air  passages, 
or  they  may  be  fibrous  or  calcified.  Tubercle  bacilli 
may  remain  alive  in  these  fibrous  nodules  for  along 
time,  but,  on  the  other  hand,  they  may  be  absent  if 
the  lesion  is  old. 

Tuberculous  Bronchopneumonia. — In  another  type 
of  tuberculous  lesion,  the  process  may  be  largely 
confined  to  the  bronchi  and  their  surrounding  air 
alveoli.  The  lesion  is  at  first  very  largely  an  exu- 
dative one,  involving  the  mucous  membrane  of  the 
bronchi  In  a  catarrhal  or  necrotic  inflammation,  with 
the  formation  of  tuberculous  tissue  in  the  wall 
and  in  the  associated  groups  of  air  spaces.  If  the 
inflammation  extends  from  one  bronchus  to  another 
the  lesions  may  coalesce  and  large  areas  of  the  pul- 
monary tissue  may  thus  become  involved.  The  ex- 
tension of  the  tuberculous  process  into  the  walls  of 
the  bronchi  leads  to  their  destruction  and  the  produc- 
tion of  a  peribronchitis  and  ultimately  of  large 
bronchiectatic  dilatations  surrounded  only  by  a  thin 
layer  of  fibrous  tissue  which  shades  into  the  chronic 
tuberculous  process  of  the  alveoli  in  the  neighborhood 
If  the  process  is  long-continued,  there  is  a  secondary 
development  of  dense  fibrous  tissue  in  connection  with 
tuberculous  bronchopneumonia.  This  gives  rise  to 
the  formation  of  thick  dilated  tubes  whose  walls  are 
covered  with  a  membrane  of  fibrous  leucocytes  and 
innumerable  tubercle  bacilli.  Such  a  lesion  is  a 
constant  portion  of  a  large  number  of  the  chronic 
tuberculoses  of  the  lungs. 

Complex  Forms  of  Diffuse  Tuberculous  Lesions. — 
The  two  types  of  tuberculous  lesions  just  described  are 
relatively  simple  in  their  topography  and  structure. 
Usually,  however,  both  the  miliary  type  of  inflamma- 
tion and  the  bronchopneumonic  type  are  fused  and 
combined  with  diffuse  tuberculous  exudative  processes 
to  form  a  true  tuberculous  pneumonia.  Occasionally, 
when  large  numbers  of  bacilli  are  emptied  Into  a  lung, 
especially  by  means  of  the  rupture  of  a  tuberculous 
bronchial  lymph-node  into  the  trachea  or  one  of  the 
bronchi,  extensive  acute  tuberculous  pneumonia 
occurs  without  the  production  of  any  of  the  charac- 
teristic structures  which  we  consider'specific  of  tuber- 
culosis. In  other  words,  a  tuberculous  pneumonia  of 
acute  type  may  exist  which  is  indistinguishable  clini- 
cally and,  to  a  certain  extent,  pathologically  from 
ordinary  lobar  pneumonia  due  to  other  organisms. 
It  may  be  lobar  in  its  distribution  or  lobular.  The 
only  means  of  differentiating  these  In  the  early  .stages 
is  the  demonstration  of  tubercle  bacilli,  whlcjh  often 
occur  in  these  lesions  in  enormous  numbers.  Later, 
the  differentiation  is  simple,  because  the  process 
does  not  resolve  as  does  the  type  of  pneumonia  due  to 
the  pneumococcus  or  streptococcus,  but  becomes 
caseous  and  cavities  form  which  show  without 
microscopic  examination  that  the  lesion  is  duo  to  the 
tubercle  bacillus.  In  the  early  stages  such  a  lung 
on  cut  section  resembles  very  closely  a  gray  hepatiza- 
tion, while  fluid  and  fibrinous  material  can'be  scraped 
from  the  surface.  In  the  chronic  form  the  Inflamma- 
tion is  less  cellular  and  more  serous  or  fibrinous  in 
character  and  the  consolidated  portion  of  the  lung 
is  translucent  and  gelatinous  on  cut  section,  the  case- 
ous and  gelatinous  pneumonia  of  the  older  authors. 
The  obliteration  of  the  blood-vessels  bv  inflammation 
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of  the  wall  or  by  thrombosis  plays  an  important  part 
in  this  type  of  tuberculosis,  and  considerable  areas 
of  the  lung  tissue  frequently  become  necrotic  owing  to 
the  interference  with  the  blood  supply.  Such  areas 
are  often  smooth  and  shiny  and  grayish-white  in 
color.  Considerable  organization  by  the  growth  of 
fibrous  tissue  is  occasionally  seen  when  the  process 
is  prolonged.  The  lungs  then  become  very  firm  and 
hard  and  differ  entirely  from  any  pneumonia  due  to 
other  forms  of  organisms.  Whatever  may  be  the 
process  which  takes  place  in  such  an  area,  there  are 
always  large  numbers  of  tubercle  bacilli  present  in 
the  bronchi.  These  invade  fresh  portions  of  the  lung 
and  give  rise  either  to  tuberculous  bronchial  pneu- 
monia or  to  a  miliary  tuberculosis.  Hence,  in  a 
tuberculous  lung,  we  usuallj'  find  a  considerable 
number  of  lesions  in  various  stages  of  development 
•due  to  the  progressive  invasion  of  more  and  more  of 
the  pulmonary  tissue.  Such  secondary  processes 
may  extend  even  beyond  the  boundaries  of  the  organ 
and  set  up  an  extensive  exudative  or  chronic  fibrous 
pleurisy  with  adhesions,  or  a  tuberculous  pleurisj-, 
by  the  production  of  either  miliary  tubercles  or  diffuse 
plaques  of  tubercle  tissue  of  varying  extent.  The 
formation  of  pus  may  occur  with  the  production  of  an 
empyema.  A  cavity  or  a  dilated  bronchus  may 
rupture  on  the  pleural  surface  and  induce  a  pneu- 
mothorax. Almost  invariably  there  is  more  or  less 
chronic  catarrhal  bronchitis  or  bronchopneumonia, 
and  frequently  bronchiectatic  dilatation  of  the  smaller 
bronchi.  In  addition,  more  or  less  extensive  tuber- 
culosis of  other  organs  of  the  body  may  occur  in  con- 
nection with  extensive  pulmonary  lesions.  The 
bacilli  are  carried  either  through  the  blood  stream  or 
by  the  lymphatics  about  the  whole  system.  When 
the  lesion  is  not  too  extensive,  healing  may  take  place 
and  one  of  the  most  common  autopsy  findings  is  an 
old  fibrous  or  calcified  scar  at  the  apex  of  the  lung,  a 
spot  where  tuberculous  lesions  of  moderate  extent 
are  most  frequently  found.  Hardly  any  person  living 
in  large  cities  is  free  from  some  slight  tuberculous 
lesion  of  this  type.  In  children  the  tuberculous 
process  is  less  frequent  in  the  apex;  more  often  it 
begins  in  the  bronchial  lymph-nodes  and  extends  from 
the  hilum  of  the  lungs. 

Concurrent  Infeciinn  in  Pulmonary  Tuberculosis. — 
While  there  is  no  question  that  tubercle  bacilli  may 
incite  both  productive  and  exudative  forms  of  inflam- 
mation, the  lesions  in  the  chronic  form  of  pulmonary 
tuberculosis  are  not  infrequently  complicated  by  the 
association  with  tubercle  bacilli  of  other  organisms, 
especially  the  Sireptococcus  and  Staphylococcris  pyo- 
genes and  the  Diplococcus  pneumonice.  The  influenza 
bacillus,  the  Micrococcus  cahirrhalis  and  the  Fried- 
lander  bacillus  may  also  occasionally  be  demon- 
strated. There  is  good  reason  to  think  that  the 
Streptococcus  pyogenes  may  be  an  important  adjuvant 
in  the  formation  of  the  cavities  in  areas  of  con- 
solidation already  established.  Unquestionably  also 
these  organisms  give  rise  to  much  of  the  febrile 
reaction  seen  in  the  tuberculous,  especially  when  it 
occurs  in  the  chill  form;  in  uncomplicated  miliary 
tuberculosis  the  fever  is  of  a  continuous  type  re- 
sembling that  of  typhoid  fever.  F.  C.  Wood. 


Tuerck,  Ludwig. — Born  in  Vienna,  July  22,  1810. 
He  studied  medicine  in  his  native  city,  received  his 
doctor's  degree  in  1836,  and  began,  already  in  1840, 
to  apply  himself  with  much  earnestness  to  the  study 
of  the  anatomy  and  pathology  of  the  nervous  system. 
The  fruits  of  tliis  study  were  published  by  him,  in  1843, 
in  a  treatise  entitled  "Abhandlung  ueber  Spinalirri- 
tation  nach  eigenen,  grosstentheils  im  Wiener  allge- 
meinen  Krankenhause  angestellten  Beobachtungen," 
Vienna,  1843.  It  was  not  until  1857  that  he  began 
to  devote  his  attention  to  laryngoscopy,  that  branch 
•of  medicine  in  which  he  acquired  his  chief  reputation. 
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Pagel  makes  the  statement  that,  while  Tuerck  was  not 
the  discoverer  of  the  laryngoscopic  mirror,  he  never- 
theless deserves  the  credit  of  having  been  the  first 
person  to  utilize  it  for  diagnostic  and  operative  pur- 
poses. Already  in  1857  he  had  so  far  perfected  the 
laryngeal  mirror  that  he  was  able,  bv  means  of  this 
instrument,  to  demon.strate  to  Prof.  Ludwig  the  interior 
of  the  larynx  of  one  of  the  latter's  patients.  Tuerck's 
name,  therefore,  is  inseparably  connected  with  the 
historj'  of  laryngoscopy.  From  1800  onward  he  gave 
systematic  instruction  in  his  specialty,  and  he  also 
published  a  treatise  on  the  subject  ("Praktische 
Anleitung  zur  Larj-ngoskopie,"  Vienna,  1860).  In 
1861  the  Paris  Acad^mie  de  Sciences  awarded  him  a 
Monthyon  Prize  (1,200  francs),  and  in  1864  he  was 
made  a  regular  Professor.  His  great  work  ("Klinik 
der  Krankheiten  des  Kehlkopfes  und  der  Luftvohre, 
etc.,"  with  atlas)  was  not  published  until  1866.  He 
died  Feb.  25,  1868.  A.  H.  B. 


Tuke,  Daniel  Hack. — Born  at  York,  England, 
in  1827.  He  .studied  medicine  at  St.  Bartholomew's 
Hospital,  London,  received  his  doctor's  degree  from 
the  University  of  Heidelberg,  and  then  (1854)  began 
the  practice  of  his  profession  in  his  native  city. 
Not  long  afterward,  the  poor  state  of  his  health  com- 
pelled him  to  take  up  his  residence  in  P^almouth,  in 
the  southwestern  part  of  England,  and  here  he  lived 
during  the  following  fifteen  years.  In  1S74  he  settled 
in  London,  and  in  1875  was  made  a  member  of  the 
Royal  College  of  Physicians.     He  died  March  5,  1895. 

Tuke  acquired  considerable  celebrity  as  an  authoritv 
in  the  treatment  of  diseases  of  the  mind.  In  1854 
he  won  a  prize  for  his  essay  "On  the  Moral  Manage- 
ment of  the  Insane."  In  1857,  in  association  with 
John  C.  Bucknill,  he  published  a  "Manual  of  Psvcho- 
logical  Medicine."  In  1865  he  wrote  ".Vrtificial 
Insanity,  chiefly  in  relation  to  Mental  Pathologj'," 
and,  seven  years  later  (1872).  "Illustrations  of  the 
Influence  of  the  Mind  upon  the  Body,  in  Health  and  in 
Disease."  During  a  period  of  eighteen  years  he 
edited  the  Journal  of  Mental  Science;  and,  besides,  he 
wrote  manj-  short  articles  on   psvchiatric   questions. 

A.  H.  B. 


TumenoL — This  compound,  which  is  very  similar 
to  thiol,  has  also  been  propo.sed  as  a  substitute  for 
ichthyol.  The  mineral  oils  obtained  by  the  fractional 
di.st  illation  of  coal-tar  are  supposed  to  contain  a  class 
of  unsaturated  hydrocarbons,  which  are  readily  acted 
upon  by  sulphuric  acid.  These  hydrocarbons, 
treated  with  concentrated  sulphuric  acid,  are  separ- 
ated as  a  dark,  thick  liquid,  known  as  tunienol.  It 
is  a  dark  brown,  almost  black  fluid  of  a  syrupy  con- 
sistency, acid  in  reaction.  The  therapeutic  uses  are 
the  same  as  those  of  ichthyol  and  thiol. 

Beaumont  S.m.*ll. 


Turnip,  Wild  or  Indian. — Arum,  Jack-in-the- 
Pulpit.  The  corm  of  Ariscema  triphyltum  Torr. 
(.\nierican  arum)  and  of  Arum  maculalum  L.  (Euro- 
pean arum).  Both  these  species  are  very  common 
vernal  plants  in  their  respective  countries,  growing 
in  swamps,  along  streams,  and  in  other  damp  and 
shady  places.  The  American  corm  is  depressed, 
globose,  very  much  wrinkled,  and  has  a  dense  circle 
of  curly  roots,  which  arise  from  the  top,  around  the 
stem,  and  descend  about  the  corm.  The  European 
is  oblong  or  ovoid,  and  has  the  roots  at  the  ba.se. 
Both  usually  are  found  in  the  market  cut  into  trans- 
verse slices,  which  are  white  and  very  starchy.  Both 
are  pervaded  by  an  intensely  acrid  and  stinging  juice 
when  fresh,  but  which  gradually  decreases  with 
drying  and  keeping,  and  is  dissipated  by  heat.  Small 
doses  of  the  drug,  before  this  change  occurs,  act  as 
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a  vciv  nowcrful  abdominal  stimulant,  but  at  length 
it  niav  become  nearly  inert.  The  dose  is  0.5-1  gram 
(ar  viii-xv).  It  should  be  given  well  diluted  with 
mucilage  or  honev,  to  mitigate  its  sharpness  Its  use 
has  almost  ceased.  Henry  H.  Rdsby. 

Tuscan  Springs.— Called  also  Lick  Springs. 
Tehama  County,  California. 

PosT-<jFFicE.— Tuscan.     Hotel  and  cottages. 

.\(.f.E>.s  — Via  Southern  Pacific  Railroad  to  Red 
Bluff   thence  by  stage  or  automobile  to  the  bpnngs. 

The  Tuscan- Springs,  about  <ift.v-  '"  """^fl'  ^m 
located  about  nine  miles  northeast  of  Red  Bluff  ^Ul» 
miles  north  of  San  Francisco  and  144  miles  north  ot 
Sacramento.  They  cover  an  area  of  about  ten  acres 
and  are  situated  at  an  elevation  of  1,000  feet  above 
the  sea-level,  within  the  cone  of  an  ancient  crater 
whose  fires  went  out  many  centuries  ago. 

The  following  analysis  of  Gas  Spring  made  by 
Thomas  Price  and  Son,  analytical  and  consulting 
chemists  of  San  Francisco,  shows  not  only  a  sulphur 
water  but  a  saline  and  slightly  chalybeate  water  as 
well.  The  waters  hold  in  solution  fifty-eight  cubic 
inches  of  sulphureted  hydrogen  gas  to  the  gallon. 

Gas  S|.RlNa. 

Solids.  Grains. 

Silicon  diosidp 2.07 

Ferrous  carbonate                               1-58 

Calcium  carbonate 15.72 

Magnesium  carbonate 8 .  69 

Magnesium  sulphate 14 .  26 

Barium  sulphate 0 .  37 

Calcium  chloride 5.89 

Potassium  chloride 3 .  26 

Lithium  chloride 0  13 

Sodium  chloride 1,191 .32 

Sodium  sulphate 13-26 

Total  solids  per  gallon 1,256.55 

This  water  is  useful  in  dyspepsia  and  defective 
assimilation,  in  functional  disorders  of  the  liver,  in 
abdominal  congestion,  and  in  various  skin  diseases. 

The  following  analyses  of  four  samples  of  Tuscan 
Springs  Mineral  Water  were  made  by  N.  Lehnen, 
Ph.  D.,  analytical  and  technical  chemist  of  St.  Paul, 
Minnesota; 


Specific  gravity  at  60°F 
Solid      contents       per 

gal.,  gr 

Calcium  carbonate,  gr. 
Magnesia     carbonate, 

gr 

Iron  sulphate,  gr 

Sodium  sulphate,  gr, .  , 
Potassium  chloride,  gr 
Sodium  chloride,  gr..  . 
Lithia  chloride,  gr.  . .  , 
Silica  chloride,  gr 


9.750 

4.590 

0  150 

182000 

272.490 

,089.070 

00.600 

00.7.50 


9.600 

5.600 
Traces 
36360 
373460 
1,193  510 
00.720 
00.750 


9.850 

5.450 
Traces 
38.700 
301.3.30 
1,147.680 
00.660 
0.330 


1,560.000    1.620.000    1,504.000    1,588.000 


1.016 

1.588 


4.200 
None 
58.760 
317  600 
1,196-770 
00.680 
00.030 


Sulphureted  hydrogen  gas ... .   485,  18i,  12i,  44i  cu.  in. 

Most,  if  not  all,  of  the  springs  contain  sulphuretted 
hydrogen  in  considerable  quantities.  The  tempera- 
ture of  the  springs  varies  from  67°  to  94°  F.  The 
action  of  the  water  is  tonic  and  alterative,  laxative  or 
cathartic,  according  to  the  amount  taken.  Ample 
facilities  for  bathing  are  furnished  to  guests.  There  is 
also  a  plunge  bath  thirty  by  sixty  feet,  four  feet  deep 
at  one  end,  and  thirteen  feet  at  the  other.  The  waters 
have  considerable  reputation  on  the  Pacific  coast  in 
the  treatment  of  syphilitic  skin  affections,  scrofula, 

290 


rheumatic  affections,  gout,  liver,  bladder,  and  kidney 
troubles.  They  are  used  commercially,  having  a 
considerable  sale  on  the  coast. 

Natural  gas  is  one  of  the  many  wonders  at  Tuscan 
Springs,  and  it  is  the  source  of  heat  and  light  in  the 
hotel.  ,  ,     .        ., 

The  Springs  are  above  the  fog  zone  during  the 
rainy  season.     Snow  seldom  falls. 

The  hotel  is  thoroughly  modern,  and  is  open 
throughout  the  year.  Emma  E.  Walker. 

Tuscarora  Lithia  Spring. — Juniata  County, 
Pennsylvania. 

Post-office. — McCoysville.     Hotel. 

This  valuable  lithia  water  was  discovered  by  pros- 
pectors while  boring  for  oil.  The  spring  flows  about 
400  gallons  per  hour,  and  is  heavily  charged  with 
carbonic  acid  gas.  It  contains  the  following  solids: 
Potassium  bicarbonate,  calcium  bicarbonate,  lithium 
bicarbonate,  magnesium  bicarbonate,  magnesium  sul- 
phate, sodium  sulphate,  silica,  alumina.  The  water 
is  of  the  alkaline  class,  and  is  free  from  nitrates 
and  nitrites.  As  far  as  can  be  learned,  the  spring  is 
not  yet  fully  developed  as  a  resort,  but  the  water  is 
sold.  Emma  E.  Walker. 


Tussilago. — CnUsfnot^Farfara,  N.  F.  The  plant  Tus- 
silago  farfara  L.  (fam.  Co7npositce).  This  is  a  perennial 
herb  with  a  branched  and  creeping  root  stock  which 
sends  up  in  the  early  spring  numerous  simple  scaly 
flower  stems,  and  later  in  the  season  large,  angular, 
heart-shaped  leaves.  It  is  common  in  rich,  moist 
places  in  Europe  and  Asia,  and  occasional  in  the 
United  States. 

The  rhizome,  leaves,  and  flower  heads  have  been 
separately  employed.  The  leaves,  which  have  been 
most  used,  contain  gum,  tannin,  and  a  bitter  glucoside, 
besides  a  slight  amount  of  an  unknown  odorous 
principle.  The  drug  possesses  no  very  active  proper- 
ties. It  has  been  used  chiefly  as  an  expectorant  and 
mild  tonic. 

Coltsfoot  is  the  only  species  of  its  genus,  but  the 
next  genus,  Pelasiles,  resembles  it  very  closely,  and 
has  several  species  which  have  enjoyed  about  the 
same  reputation  as  coltsfoot. 

This  name  is  also  applied,  in  some  sections  of  the 
United  States,  to  Asarum,  or  Canada  Snakeront,  which 
see.  Henrt  H.   Rosbt. 

Tussol. — Antipyrin  mandelate,  antipvrin  phenyl- 
glycolate,  CuH,2N20.C6C6.CHOHCOOH.  This  is  a 
salt  of  antipyrin  which  is  especially  recommended  in 
the  treatment  of  whooping-cough.  To  a  baby  four 
weeks  old  Kennedy  gives  half  a  grain  (0.0.3)  twice  a 
day,  and  to  a  child  of  seven  years  three  grains  (0.2)  four 
tirnes  a  day.  Rehn  and  Blum  speak  of  its  efficiency  in 
pertussis,  notable  change  in  the  cough  ensuing  in 
from  three  to  ten  days  after  beginning  the  treatment. 
It  is  incompatible  with  milk  and  alkaline  mixtures. 

W.  A.   Bastedo. 

R.  J.  E.  Scott. 


Typhoid  Fever. — ru^iiSiys,  stupefied,  and  tiSos, 
resemblance — typhoides,  typhius,  typhosus,  febris 
lactica,  febris  typhia,  enteric  fever,  nervenfieber,  etc. 
Typhoid  fever  is  an  acute  communicable  disease  of 
man,  caused  by  the  ingestion  of  the  Bacillus  typhosvs 
and  characterized  clinically  by  fever,  rose  spots, 
splenic  enlargement,  diarrhea,  tenderness  of  the  ab- 
domen and  tympanites,  and  pathologically  by  an 
acute  parenchymatous  inflammation  of  the  intestinal 
lymph  follicles,  the  spleen  and  the  mesenteric  glands. 
The  disease  is  a  general  infection  with  the  B.  typhosus, 
practically  any  organ  of  the  body  may  be  involved 
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and  the  disease  is  protean  and  variable  in  both  its 
pathology  and  symptomatology. 

The  disease  was  long  confounded  with  typhus  and 
other  fevers  of  long  duration,  but  Gerhard  of  Phila- 
delphia in  1837  demonstrated  that  the  disease  was  a 
clinical  entity.  James  Jackson,  Sr.,  and  Enoch  Hale, 
both  of  Boston,  contributed  in  1838  and  1839  to 
the  extension  of  this  knowledge  throughout  the  pro- 
fession while  the  researches  of  Eberth  (1880),  Koch, 
Gaffky,  and  others,  have  proven  the  typhoid  bacillus 
to  be  the  causative  agent. 

To  William  Budd  (1811-1880)  more  than  to  any 
other  one  man  the  thorough  working  out  of  the  epi- 
demiology of  the  disease  is  due.  The  observations 
made  by  him  during  the  North  Tawton,  England, 
epidemic  of  1839  and  elaborated  by  him  during  his 
later  life,  stand  as  a  model  and  with  a  few  minor 
additions  would  summarize  our  present  knowledge 
of  the  epidemiology  of  typhoid  fever.  He  presaged 
the  bacterial  cause,  pointed  out  its  route  of  entry  and 
exit,  and  laid  down  rules  for  its  eradication  and  pre- 
vention which  have  not  been  changed  by  later  dis- 
coveries. Later  workers  have  put  into  practice  on 
a  large  scale  the  measures  which  he  outlined  but  have 
not  materially  added  to  or  changed  them. 

Etiology. — The  basic  factors  in  the  etiology  of  this 
disease  are  the  t^-phoid  bacillus,  the  faulty  disposal  of 
human  excrement,  acute  and  chronic  typhoid  bacillus 
carriers,  contaminated  fingers,  flies  and  food,  and  the 
opportunities  for  the  interchange  of  human  excre- 
ment. The  groat  determining  factor  in  the  geo- 
graphical distribution  of  the  disease,  its  incidence, 
and  its  seasonal  prevalence  is  the  method  of  disposal 
of  human  excrement.  All  other  factors  are  subsidiary 
to  this.  Granted  a  non-immune  population,  typhoid 
fever  will  prevail  ju.st  so  long  as  human  excreta  are 
badly  disposed  of  and  in  exact  proportion  to  the 
opportunity  for  such  material  to  enter  the  mouths  of 
human  beings.  Typlioid  fever  travels  in  an  unbroken 
chain  from  mouth  to  anus  and  from  anus  to  mouth. 
The  disease!  is  more  frequent  in  temperate  climates. 
It  was  formerly  considered  as  prevailing  most  in  the 
autumn,  but  epidemics  of  winter  cholera  and  spring 
dysentery  are  often  really  typhoid  fever.  Defective 
disposal  of  sewage,  and  polluted  water  supplies, 
are  direct,  and  filth,  overcrowding,  debilitating 
influences,  contributing  etiological  factors.  The  sexes 
are  equally  attacked.  The  curve  of  the  age  distri- 
bution of  the  disease  rises  sharply  to  twenty-one  years 
and  then  falls  gradually.  The  following  table  of  the 
per  cent,  of  deaths  from  typhoid  fever  gives  a  fairly 
accurate  estimate  of  the  age  incidence: 


Typhoid  Fever 


Per 

typhoid  fever. 

Under  5 

5.5 

5  to    9 

6.0 

10  to  19 

20.5 

20  to  29 

29.0 

30  to  39 

17.0 

40  to  49 

10.0 

50  to  59 

6.5 

60  to  69 

3.5 

70  and  over 

2.0 

This  may  be  explained  by  the  fact  that  immunity  is 
established  by  a  first  attack  in  about  99.3  per  cent, 
of  cases  and  a  considerable  proportion  of  the  population 
has  had  the  disease  before  reaching  the  age  of  twenty- 
five  years.  The  lower  animals  do  not  have  the 
disease  and  are  therefore  not  direct  factors  of  trans- 
mission except  by  the  mechanical  dissemination  of 
infectious  matter,  e.g.  chickens  by  scratching  in  and 
spreading  human  feces.  Water  is  perhaps  tlie  greatest 
medium  of  carriage  of  the  causative  organism,  but 
milk,  by  reason  of  the  insanitary  ways  in  which  it  is 
produced  and  marketed,  is  nearly  as  great  a  factor.  I 


There  does  not  seem  to  be  any  proof  that  a  previ- 
ously rundown  condition"  predisposes  greatly  to 
an  attack  of  the  disease.  In  the  poorer  classes  spread 
is^  more  apt  to  occur— probably  by  reason  of  the  fact 
that  they  are  unable  to  carry  out  the  proper  prophy- 
lactic measures.  Physicians  and  nurses  who  are 
directly  exposed  to  the  disease  in  their  professional 
occupation  are  apt  to  contract  it  if  thev  have  not  been 
previously  immunized.  It  has  not  been  proven  that 
gastrointestinal  disturbances  predispose  to  typhoid 
fever.  It  is  extremely  doubtful  if  the  presence  of 
any  other  di.scase  confers  community  to  typhoid 
fever.  In  fact,  it  may  be  considered  that  a  previous 
attack  of  the  disease  or  the  administration  of  tvphoid 
prophylactic  are  the  only  means  by  which  immunity 
can  be  acquired. 

Bacteriology. — The  typhoid  bacillus  was  discovered 
by  Eberth  in  1880  in  the  spleen  and  mesenteric  glands 
of  typhoid  fever  patients  at  autopsy.  Gaffkv  in  1884 
obtained  the  organism  in  pure  culture.  It  is  a  short 
rod  which  varies  in  width  from  0.5  to  8.0  n  and  in 
length  from  1.0  to  3.-5  m-  It  is  slender :with  rounded 
ends  which  do  not  become  club-shaped.  It  does  not 
form  spores  and  has  twelve  or  more  actively  motile 
flagella  around  the  periphery.  The  B.  lyphnaug  is 
decolorized  by  Gram's  and  stains  readily  with  the 
ordinary  aniline  stains. 

CuUiualion. — The  Bacillus  typhosus  is  an  aerobic 
and  facultative  anaerobe,  not  delicately  susceptible 
to  alkaline  or  acid  reaction  and  is  easily  grown  on  the 
usual  culture  media.  The  optimum  temperature  for 
growth  is  37.5°  C,  but  it  will  grow  at  anv  point  be- 
tween 15°  and  41°  C.  The  thermal  death  point  is 
56°  C.  in  ten  minutes.  It  remains  viablp  in  cultures 
for  several  months  or  even  years  in  the  presence  of 
moisture.  Bichloride  of  mercury  1:500,  or  carbolic 
acid  in  five  per  cent,  solution  kills  it  within  five  minutes. 
The  growth  on  agar  plates  appears  in  about  eighteen 
or  twenty  hours  as  small  gray  colonies  which  are  at 
first  transparent  and  later  opaque.  There  is  nothing 
peculiarly  characteristic  in  the  growth  on  agar  slants. 
The  organism  grows  readily  in  broth,  making  it  cloudy. 
It  does  not  liquefy  gelatin  but  grows  readily  in  this 
medium.  Stab  growth  extends  to  the  bottom  of  the 
plant  and  out  over  the  surface.  Growth  appears 
within  twenty-four  hours  on  gelatin  plates.  The 
colonies  are  small,  transparent,  oval,  round  or  cir- 
cinate,  and  are  smaller,  more  delicate  and  more 
translucent  than  those  of  the  colon  bacillus.  They 
look  like  grape  leaves.  The  growth  on  potato  is 
characteristic.  At  the  end  of  twenty-four  hours  there 
is  a  slightly  moist  glistening  growth  which  is  nearly 
invisible  but  if  the  medium  is  rendered  neutral  or 
alkaline  the  bacillus  grows  abundantly.  Milk  is  not 
coagulated  but  in  litmus  milk  a  reddish  or  violet  color 
is  formed  by  twenty-four  hour  growths  which  later 
change  to  deep  blue.  Indol  is  not  produced  in  Dun- 
ham's peptone  solution.  Gas  is  not  produced  in  dex- 
trose, mannite  lactose  and  saccharine  broth.  Tlie 
bacilli  are  found  in  the  intestinal  mucous  membrane 
and  its  follicles,  the  mesenteric  glands,  spleen,  kid- 
neys, liver,  skin  (rose  spots)  and  the  blood  and  are 
excreted  with  the  feces  and  often  in  the  urine  (twenty- 
five  per  cent,  of  ca.ses).  The  toxins  are  endotoxins. 
The  bacilli  may  be  isolated  from  the  stools,  urine  and 
blood  of  patients  without  great  difficulty.  .\t 
necropsy  they  are  most  easily  isolated  from  the  spleen, 
although  they  are  also  found  in  Peyer's  patclies  if 
ulceration  has  not  occurred. 

The  organism  growing  in  Hiss  tube  media  produces 
an  even  cloud  witliin  eighteen  to  twenty-four  hours 
without  the  formation  of  gas.  This  is  a  diflerential 
point  from  the  dysentery  bacilli  which  grow  only  along 
the  line  of  inoculation  and  from  the  colon  group  which 
produces  irregular  explosive  figures  away  from  the 
stab  with  the  breaking  up  of  the  medium  by  the  for- 
mation of  gas.  The  reader  is  referred  to  the  articles 
on  Bacteria  and  Bacteriological  Technique  in  Vol.  i,  for 
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tin-  (lifTercntiation  of  the  typhoid  baciUus  m  pure  cul- 
ture from  .similar  organisms  by  means  of  media.  The 
chief  dillioultv  lias  bi'cti  in  eliminating  the  colon  group. 
The  Conrad'i-Drigalski  medium  and  the  fuchsiu 
medium  of  Endo  are  particularly  valuable. 

FttihogeniciUj. — Typhoid  fever  does  not  occur  spon- 
taneously in  the  lower  animals,  and  when  they  are 
artificialiv  inoculated  with  the  B.  typhosus  the  result  is 
not  a  disease  analogous  to  typhoid  fever  in  man.  In 
all  probabilitv,  tvphoid  bacilli  so  inoculated  do  not 
multiply  to  "anv  great  extent,  and  the  resultant 
symptoms  are  due  to  the  endotoxins  liberated  from 
the  dead  bacteria.  Tvphoid  bacilli  injected  into  the 
ear  vein  of  a  rabbit  subsequently  appear  in  the  bile 
and  may  persist  or  remain  latent  for  a  long  time  in  the 
gall-bladder.  When  tvphoid  cultures  are  grown  upon 
agar  containing  ten  per  cent,  defibrinated  rabbits 
blood  and  subsi'(|uently  injected  into  rabbits,  the 
carrier  state  uiav  lie  produced. 

During  the  course  of  typhoid  fever  m  man  the 
causal  organism  may  be  cultivated  from  the  circulat- 
ing blood,  the  rose  spots,  the  feces,  the  urine,  and 
occasionally  from  the  sputum.  It  may  be  recovered 
at  necropsy  from  these  sources  as  well  as  from  the 
lesions  in  the  spleen,  the  intestine,  the  liver,  kidneys, 
and  usually  from  the  gall-bladder.  Typhoid  bacilli 
are  present  in  the  circulating  blood  in  practically  all 
cases  during  the  early  weeks  of  the  disease.  During 
the  first  week  blood  cultures  are  positive  in  89  per 
cent,  of  cases.  This  falls  to  73  per  cent,  during  the 
second  week,  60  per  cent,  during  the  third  week,  .38 
per  cent,  during  the  fourth  week,  and  26  per  cent,  after 
that  time.  These  figures  are  approximate.  _  Blood 
cultures  arc  particularly  valuable  in  diagnosing  the 
disease  in  its  earlier  stages.  In  obscure  cases  the 
examination  of  the  stools  furnishes  valuable  diag- 
nostic data,  but,  as  a  rule,  the  bacilli  do  not  appear  in 
the  bowel  discharges  in  any  considerable  quantity 
much  before  the  middle  of  the  second  week,  that  is, 
about  the  time  that  the  ulceration  of  Peyer's  patches 
is  well  advanced.  Many  methods  have  been  em- 
ployed for  making  these  examinations,  which  are 
surrounded  with  many  difficulties  owing  to  the  pre- 
ponderance of  colon  bacilli  and  the  difficulty  of 
separating  them  from  typhoid  bacilli.  In  about 
twenty-five  per  cent,  of  all  patients,  tj^phoid  bacilli 
appear  in  the  urine,  but,  in  general,  they  have  not 
been  found  before  the  fifteenth  day  of  the  disease. 
They  may,  however,  persist  for  weeks  or  months  and 
occasionally  for  years  after  recovery  from  the  disease. 
This  is  a  fact  of  great  hygienic  importance.  As  has 
been  noted  above,  tj'phoid  bacilli  have  frequently 
been  observed  in  the  gall-bladder  at  necropsy.  Un- 
fortunately, in  the  living  cases  they  may  persist  there 
for  months  or  even  years  after  recovery.  It  is 
believed  that  the  great  majority  of  chronic  carriers 
are  of  this  class,  and  by  some  it  is  thought  that  typhoid 
infection  of  the  gall-bladder  plays  a  role  in  the 
production  of  gallstones. 

The  suppurative  lesions  occurring  in  the  course  of 
typhoid  convalescence  are  due  to  the  typhoid  bacillus. 
It  may  be  noted  in  passing  that  osteomyelitis  and 
subcutaneous  and  deep  abscesses  in  the  muscles  may 
also  occur.  Synovitis,  typhoid  meningitis,  peritoneal 
abscesses  without  intestinal  perforation,  and  localized 
abscesses  in  the  thyroid  and  parotid  glands  have 
also  been  observed. 

Pathology. — The  characteristic  pathological  find- 
ings in  typhoid  fever  are  the  alterations  of  the  lymph 
follicles  of  the  intestine.  These  changes  take  place 
in  Peyer's  patches  and  the  solitary  follicles  in  the 
region  of  the  ileocecal  valve,  ileotj'phus  and  colo- 
typhus.  The  vermiform  appendix  and  the  mesenteric 
glands  are  also  involved.  There  is  an  intense  hyper- 
plasia of  the  lymph  corpuscles  of  the  follicles  and  the 
adjacent  tissues  are  infiltrated  with  the  same  type  of 
cells.     This  is  not  an  ordinary  inflammation,  but  an 
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invasion  of  the  tissues  by  large  lymph  corpuscles, 
usually  containing  a  large  transparent  nucleus  and 
nucleolus.  So  acute  is  this  medullary  swelling  that 
small  lymphatic  tumors  of  the  follicles  are  produced, 
causing  them  to  coalesce  and  appear  more  prominent. 
This  medullary  proliferation  extends  to  the  fibrous 
coat  which  separates  the  submucosa  from  the  mus- 
cularis.  The  height  of  this  process  is  reached  usually 
during  the  second  week.  An  entire  Peyer's  patch  or 
only  its  isolated  follicles  may  be  involved,  and  there  is 
alniost  invariably  a  surrounding  catarrhal  enteritis. 
This  process  may  terminate  in  ulceration  or  resolution. 
If  ulceration  is  to  occur  the  central  portion  becomes 
yellowish  white  in  color  and  forms  a  necrotic  sphacelus. 
This  becomes  yellowish,  brownish,  or  greenish.  It 
softens  and  is  cast  off,  leaving  a  deep,  true  submucous 
ulcer  with  infiltrated,  perpendicular  margins  and  a 
clean  base.  The  size  of  the  ulcer  depends  upon  the 
number  of  follicles  involved.  If  the  ulceration  ex- 
tends into  the  submucosa  there  may  be  injury  to  the 
arterial  or  venous  vessels  with  resultant  hemorrhages, 
especially  if  the  slough  is  forcibly  dislodged  prior  to 
the  formation  of  occlusive  thrombi.  If  the  process 
extend  still  deeper  into  the  subserosa,  perforation  of 
the  intestine  into  the  peritoneal  cavity  may  result 
with  localized  or  general  peritonitis.  Perforation 
may  also  occur  when  the  ulcerative  process  becomes 
frankly  gangrenous  or  as  a  result  of  improper  diet, 
sudden  exertion,  a  blow  or  from  the  pressure  from 
accumulation  of  gas  in  the  intestines.  After  the 
discharge  of  the  sphacelus  in  uncomplicated  cases 
healing  usually  takes  place  and  by  the  end  of  the  sixth 
week  a  small  white  cicatrix  is  formed.  This  docs  not 
produce  marked  constriction  of  the  gut.  Instead  of 
being  followed  by  the  formation  of  an  ulcer  the  medul- 
lary swelling  may  be  and  more  frequently  is  followed 
by  resolution. 

Since  typhoid  fever  is  a  severe  general  infection 
there  is  always  present  a  parenchymatous  degenera- 
tion of  varying  degree  of  the  myocardium,  kidneys, 
liver,  stomach,  and  the  skeletal  muscles.  The  spleen 
is  enlarged,  soft  and  markedly  friable.  It  is  at  first 
hyperemio  and  later  anemic  and  is  liable  to  rupture 
from  muscular  effort.  The  kidneys  show  cloudy 
swelling  with  granular  degeneration  of  the  cells  of 
the  convoluted  tubules.  There  may  be  acute  neph- 
ritis and  diphtheritic  inflammation  of  the  pelvis  of 
the  kidney.  Acute  hemorrhagic  nephritis  is  a  rare 
complication.  Catarrhal  inflammation  of  the  bladder 
is  not  infrequent.  Diffuse  bronchitis  is  an  almost 
constant  finding  but  pneumonia,  either  early  in  the 
disease  or  as  a  late  event,  is  more  rare.  Hypostatic 
congestion  and  splenization  occur.  Gangrene  of  the 
lung,  abscess  of  the  lung,  and  hemorrhagic  infarction 
have  been  noted.  Pleurisy  is  not  a  common  com- 
plication. Ulceration  of  the  larynx  occurs  in  a  certain 
number  of  cases.  Endocarditis,  usu.ally  of  the  mitral 
valve,  is  probably  more  frequent  than  is  generally 
recognized.  It  is  somewhat  more  frequent  before 
the  fifteenth  year.  It  may  be  associated  with  myo- 
carditis or  pericarditis.  The  former  condition  is  not 
very   infrequent. 

The  commonest  form  of  the  disease  is  with  the  usual 
intestinal  lesions,  but  there  is  a  group  of  cases  in 
which  the  intestinal  lesions  are  very  slight  or  atypical. 
Closely  allied  to  this  latter  group  are  those  cases  with- 
out apparent  intestinal  lesions.  In  such  cases  it  is  not 
at  all  improbable  that  intestinal  changes  have  taken 
place  but  have  healed  very  early.  Rarely  typhoid 
fever  may  be  a  terminal  or  intercurrent  infection. 
It  may  be  proper  to  point  out  at  this  point  that  para- 
typhoid fever  resembles  tj-phoid  fever  very  closely, 
both  pathologically  and  clinically,  and  that  in  the 
absence  of  bacteriological  finding,  the  differential 
diagnosis  of  the  two  is  exceedingly  difficult,  if  not 
impossible.  In  a  certain  proportion  of  cases  the  two 
diseases  may  coexist,  and,  in  fact,  mixed  infections 
with  other  organisms  are  not  at  aU  rare. 
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Epidemiology. — The  basic  factors  m  the  epidemi- 
ology of  typhoid  fever  are:  (a)  The  disease  is  limited 
to  man.  (h)  It  is  caused  by  a  specific  microorganism, 
(c)  This  organism  leaves  the  body  of  infected  persons 
in  their  discharges,  (d)  It  is  taken  into  the  mouths 
of  healthy  non-immune  persons  in  water  and  foods, 
(e)  The  organism  is  fairly  resistant  to  cold. 

From  the  foregoing  it  may  be  deduced  that  all 
methods  for  control  of  typhoid  fever  have  as  their 
basis  the  proper  disposal  of  human  excrement.  The 
normal  abode  of  the  typhoid  organism  is  the  human 
body.  In  certain  circumstances  it  will  live  outside 
the  human  body  in  water,  sewage,  soil  polluted  with 
human  excrement,  butter,  or  in  shellfish,  for  a  con- 
siderable period  of  time.  Usually  it  dies  quickly 
outside  the  human  body. 

The  infectious  material  may  be  received  from  diag- 
nosed cases  of  the  disease,  from  persons  in  the  incuba- 
tive or  ambulant  stages  of  the  disease,  from  con- 
valescents, and  from  chronic  carriers.  The  tj-phoid 
bacillus  has  been  found  in  the  tears,  sweat,  saliva, 
and  bronchial  secretions  of  patients  suffering  with 
the  disease.  Also  in  posttyphoid  abscesses,  and  in 
human  milk.  From  the  standpoint  of  practical 
control  of  the  disease  these  sources  of  infection 
may  be  regarded  as  negligible  and  attention  focused 
on  the  destruction  of  the  infectious  agent  in  the 
urine  and  feces. 

The  Bacillus  typhosus  enters  the  human  body 
through  the  mouth,  to  which  it  is  carried  in  food  or 
drink  or  on  fingers.  By  reason  of  their  filthy  habits, 
flies  plaj'  an  important  role  in  the  dissemination  of 
typhoid  fever.  They  act  largely  by  carrying  the  in- 
fection to  foods  and  drink,  but  in  certain  instances  by 
lighting  on  the  lips  and  nostrils  of  persons  asleep  they 
may  carry  the  specific  organism. 

Typhoid  fever  is  described  as  occurring  sporadically, 
epidemically,  endemically,  and  prosodemically.  These 
are  words  which  are  used  to  convey  the  idea  that 
there  are  a  few  cases  part  of  the  time,  many  cases 
part  of  the  time,  or  many  cases  all  of  the  time. 
In  its  last  analj-sis  this  means  that  the  opportunities 
for  people  to  take  human  excrement  into  their  bodies 
exist  once  in  a  while,  most  of  the  time,  or  all  of  the 
time.  The  epidemiology  of  typhoid  fever  is  just  the 
same  whether  there  is  one  case  or  ten  thousand  cases, 
and  the  use  of  these  high-sounding  words,  which 
really  fog  the  issue,  is  to  be  condemned. 

Anything  soiled  with  human  excrement  containing 
typhoid  bacilli  may  act  as  a  vehicle  for  transporting 
the  infection  from  its  source  to  the  victim,  but  water, 
milk,  and  other  food  stuffs  are  the  usual  vehicles  of 
transmission.  Small  streams  or  bodies  of  water  may 
receive  a  relatively  large  amount  of  infectious  material 
at  one  time  from  a  case  or  cases  on  the  watershed,  thus 
giving  rise  to  many  cases  at  one  time.  This  is  called 
an  explosive  or  fulminant  outbreak.  Streams  or 
bodies  of  water  usually  more  or  less  polluted  witli 
sewage  may  by  reason  of  changes  in  conditions  affect- 
ing the  viability  of  the  typhoid  bacillus,  or  in  the 
amount  of  infection  they  receive,  become  suddenly 
so  heavily  infected  as  to  give  rise  to  a  large  outbreak. 
It  is  not  improbable  that  a  certain  degree  of  immunity 
is  established  in  people  who  constantly  drink  polluted 
water.  Were  it  not  for  this  the  morbidity  rates  would 
be  much  higher  in  those  cities  w-hich  constant!}'  drink 
diluted  sewage.  Wells  and  springs  used  by  large 
groups  of  persons  may  become  infected  from  seepage 
or  from  the  direct  introduction  of  excrement  con- 
taining typhoid  bacilli.  In  such  instances  the  out- 
break is  more  or  less  localized  in  character.  Water 
in  pipes  or  aqueducts  may  become  infected  through 
leakage. 

The  tvphoid  bacillus  multiplies  readily  in  milk, 
and  on  account  of  the  insanitary  way  in  which  milk  is 
so  frequently  kept  this  is  a  frequent  vehicle  of  trans- 
mission of  typhoid  fever.  Acute  or  chronic  carriers 
working  in  dairies,  the  washing  of  cans  in  infected 


water,  the  dilution  of  milk  with  infected  water,  the 
infection  of  milk  by  flies  which  have  become  infected 
from  typhoid  feces,  all  of  these  things  have  been 
found  to  occur.  Vegetables,  shellfish,  polluted  water, 
polluted  human  hands,  all  of  these  at  one  time  or 
another  have  caused  outbreaks  of  tj-phoid  fever. 

Typhoid  fever  has  been  described  as  exogenous  and 
endogenous.  In  the  one  the  disease  has  been  in- 
troduced from  without,  in  the  other  it  is  present  all 
the  time  within.  The  endogenous  has  also  been  called 
the  residual  or  prosodemic  typhoid.  As  a  matter  of 
fact  these  are  terms  used  to  describe  community 
intelligence,  because  the  intelligence  of  the  community 
may  be  measured  by  the  way  in  which  it  disposes  of  its 
excreta.  The  factors  in  endogenous  typhoid  fever 
have  as  their  basis  the  failure  to  exercise  proper  care 
in  the  disposal  of  human  excrement  within  the  limits 
of  the  community.  Contact,  surface  wells  and  springs 
in  the  area  affected;  failure  to  diagnose,  report  and 
properly  supervise  cases  of  typhoid  fever;  and  acute 
and  chronic  carriers:  improper  handling  of  milk  and 
food  stuffs;  and  the  exposure  of  human  excreta  so 
that  it  may  be  scattered  by  flies,  chickens,  and  other 
means,  are  the  detailed  factors  in  the  continuance  of 
the  disease. 

Rural  tj-phoid  fever  is  of  great  importance  in 
America.  Prior  to  the  Civil  War  typhoid  fever  was 
distinctly  an  urban  disease,  but  when  the  armies 
returned  home  the  disease  was  di.sseminated  through- 
out the  rural  population.  With  the  improvement  in 
community  sanitation  in  the  large  urban  centers, 
typhoid  fever  ceased  to  be  a  city  disease.  The 
improvement  in  the  country  has  not  kept  pace  with 
that  in  the  city,  and  as  a  result  the  t>-phoid  fever  rate 
still  remains  high.  In  all  probability  in  many  cities 
typhoid  fever  would  be  very  greatly  reduced  were  it 
not  for  its  continued  introduction  into  the  city  in 
infected  milk  and  other  foods. 

Methods  of  Investigating  Typhoid  Fever  Out- 
breaks.— The  investigation  of  tj-phoid  fever  out- 
breaks entails  an  accurate  study  of  all  the  factors 
concerned  in  the  spread  of  the  disease  and  a  careful 
weighing  of  the  evidence  secured  in  this  way.  Much 
depends  upon  accurate  diagnosis  and  in  the  prelimi- 
nary investigation  all  known  cases  should  be  located 
and  all  cases  reported  as  enteric  fever,  slow  fever, 
fever,  abdominal  fever,  tj-phomalaria,  winter  cholera, 
bloody-flux,  diarrhea,  malaria,  nervous  fever,  or  any 
febrile  or  intestinal  complaint,  regarded  as  suspicious 
of  typhoid  until  another  diagnosis  has  been  established. 
Each  case  should  be  investigated  as  soon  as  the 
tentative  or  actual  diagnosis  has  been  made.  In  the 
investigation  a  standard  blank  should  be  used,  so 
that  accurate  completeness  and  uniformity  may 
prevail  throughout  the  investigation.  This  is  par- 
ticularly necessary  when  more  than  one  person  is 
employed  in  the  work  of  investigation.  The  follow- 
ing data  should  be  secured:  name;  residence,  sex  and 
age  of  patient;  date  the  person  took  to  bed;  date  of 
first  symptoms;  civil  condition;  school  attended; 
church  or  Sunday  school  attended;  occupation;  how 
long  at  present  residence;  absence  from  home  during 
month  preceding  illness;  source  of  water  vised  for 
drinking  at  home,  at  place  of  business,  and  water 
other  than  that  of  public  supply  drunk  away  from 
home  during  preceding  month;  source  of  milk  used  at 
home;  other  milk  drunk;  restaurants  where  patient 
has  eaten  during  month  preceding;  ice  cream  eaten 
and  its  source;  fresh  vegetables  and  shellfish  eaten 
and  their  source;  ice  used  and  its  source;  name  of 
physician;  exposure  to  other  cises;  cases  in  house 
previous  to  this  case;  in  neighborhood;  cases  at  school 
or  place  of  business,  etc.;  names  of  servants  employed 
and  residence  of  each;  visitors  at  residence  during 
month  preceding;  general  sanitary  condition  of 
premises;  condition  of  well  or  spring  if  any;  method  of 
disposing  of  human  excrement;  condition  of  excrc- 
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meat  disposal  apparatus;  screening  against  flies; 
condition  as  to  isolation  of  cases  and  disinfection  of 
disclrir<'cs;  screening  of  patient  against  flics;  presence 
or  absence  of  trained  nurse.  AH  information  so 
coUected  should  be  tabulated  in  convenient  forni  so 
that  all  factors  concerned  may  be  seen  together.  The 
factors  of  the  investigation  can  be  grouped  on  a 
sheet  of  paper  as  ordinates  while  the  cases  can  be 
grouped  as  coordinates.  In  this  way  it  is  possible  to 
studv  each  of  the  factors  of  any  given  case  m  com- 
parison with  the  causes.  Separate  sheets  should  be 
ruled  for  milk  dealers  and  if  necessary  other  factors 
which  may  be  deemed  suspicious.  Chronological 
curves  of  the  incidence  of  cases  should  be  plotted.  A 
very  good  wav  is  to  take  the  date  that  the  patient 
went  to  bed  and  then  date  the  case  back  two  weeks 
from  that.  The  residences  of  cases  may  be  spotted 
on  maps  and  frequently  this,  together  with  a  map 
showing  the  relation  of  cases  and  the  routes  of  the 
various  milk  men,  will  assist  materially  in  arriving 
at  an  epidemiological  diagnosis.  This  is  in  reality  a 
form  of  saiiilarv  detective  work  and  no  clues  or  lead, 
should  be  overlooked.  Any  open-minded  investigators 
with  a  logical  mind  and  an  ability  to  work,  can  trace, 
with  a  reasonable  degree  of  accuracy,  the  source  of 
anv  typhoid  epidemic. 

All  factors  concerning  the  water  supply  should 
receive  careful  attention.  A  sanitary  survey  should 
be  made  of  the  water  shed,  sewage  outfalls  should  be 
examined,  intakes,  currents,  ice,  freshets,  and  other 
factors  of  stream  flow  should  be  determined.  Wells 
and  springs  should  receive  careful  attention.  It  is 
wise  in  this  connection  to  study  carefully  the  geological 
formation,  particularly  in  a  limestone  country. 
Pumping  stations,  filter  plants,  storage  reservoirs, 
and  the  entire  water  distributing  system  should  be 
examined,  and  breakdowns,  overflows,  shoreage, 
supplementary  supplies,  and  emergency  systems 
should  be  determined  and  recorded.  Vended  water 
supplies  should  be  studied.  Bacteriological  examina- 
tion of  the  water  should  be  made  and  while  it  is  rarely 
jjossible  to  isolate  the  typhoid  bacillus,  a  heavy  colon 
count  should  be  considered  as  very  suspicious. 

Milk  outbreaks  are  usually  fulminant.  The  milk 
routes  of  the  community  should  be  tabulated  and  those 
dealers  showing  a  disproportionately  large  number  of 
cases  should  be  first  investigated.  Every  step  which 
the  milk  undergoes  from  the  cow  to  the  consumer 
should  be  carefully  investigated.  In  those  instances 
in  which  suspicion  points  to  one  dealer  it  may  be 
necessary  to  make  bacteriological  examination  of  the 
discharges  of  all  persons  engaged  in  handling,  bottling, 
or  distributing  the  milk,  and  w-here  the  suspicion 
focuses  on  one  particular  farm  the  same  procedure 
should  be  carried  out  there.  Factors  bearing  upon  the 
possible  infection  of  other  foods  should  be  considered 
with  equal  care.  In  this  connection  the  geographic 
distribution  of  the  cases,  their  having  partaken  of 
food  at  a  particular  time  or  place,  should  be  the  sub- 
ject of  special  investigation.  The  introduction  of 
acute  or  chronic  carriers  into  the  community  should, 
of  course,  receive  the  closest  scrutiny. 

In  those  instances  in  which  typhoid  fever  is  always 
present  in  a  community  the  study  involves  many 
complex  problems.  In  reality  it  is  as  though  there 
were  a  number  of  superimposed  epidemics.  In  such 
instances  a  sanitary  survey  of  the  entire  community 
and  a  careful  study  of  all  cases  will  resolve  the  problem 
into  the  study  of  a  number  of  individual  epidemics, 
each  of  which  must  of  necessity  be  considered  as  a 
separate  entity.  The  seasonal  prevalence,  the  geo- 
graphic distribution,  and  the  chronological  distribu- 
tion in  each  of  these  epidemics  must  of  necessity  re- 
ceive individual  attenton. 

Pbophyla-xis. — The  prevention  of  typhoid  fever 
requires  the  recognition  of  all  cases,  including  the 
typhoid  carriers  and  the  destruction  of  the  typhoid 
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bacilli  as  they  leave  the  patient.  The  measures  may 
be  divided,  for  the  sake  of  description,  into  those  which 
are  individual  in  their  nature  and  those  which  are 
communitv  in  their  nature. 

Indindiial  Prophylaxis. — Individual  prophylaxis 
narrows  itself  down  to  the  disinfection  of  the  urine, 
stools,  and  other  excreta  of  the  patient  by  the  nurse 
or  attendant  in  charge  of  the  case.  Carbolic  acid, 
1:20;  bichloride  of  mercury,  1:1,000;  and  other 
appropriate  disinfectants,  such  as  chlorinated  lime, 
may  be  used  for  the  disinfection  of  the  stools,  bath 
water,  linen,  dishes,  and  other  things  which  have  been 
in  contact  with  the  patient.  So  far  as  the  nurse  is 
concerned,  the  technique  should  be  as  rigid  as  is 
surgical  asepsis.  The  patient  should  be  isolated  and 
after  recovery  the  room  should  be  thoroughly  cleaned. 
The  patients  should  not  be  discharged  until  they  have 
ceased  to  excrete  typhoid  bacilli. 

Antityphoid  Vaccination. — In  1888  Chantemesse 
and  Widal  inoculated  mice  with  cultures  of  the  ty- 
phoid bacillus  killed  by  heat,  and  observed  that 
animals  so  treated  were  vaccinated  against  ty])hoid 
infection.  The  same  vaccinations  were  repeated  by 
them  in  1892  with  guinea-pigs  and  rabbits.  The  later 
investigations  of  Brieger,  Kitasato,  and  Wassermann 
(the  latter  two  employing  cultures  in  thymus  bouillon, 
heated  to  100"  C),  as  -well  as  those  of  Bruschettini, 
who  employed  at  first  heated,  then  living  cultures, 
confirmed  the  results  of  Chantemesse  and  Widal, 
and  showed  the  possibility  of  completely  immunizing 
animals  against  typhoid  infection.  In  1894  Hafl'kine 
utilized  the  principles  thus  discovered  in  vaccinating 
man  against  cholera.  The  first  antityphoid  vaccina- 
tions in  man  were  made  by  Pfeiffer  and  KoUe,  upon 
two  subjects  who  volunteered  for  the  experiment. 
About  the  same  time,  Sir  Almroth  Wright  began  the 
systematic  practice  upon  a  large  scale  of  vaccinating 
human  beings  with  heated  cultures.  This  was  in 
1896.  In  1899,  Chantemesse  vaccinated  the  personnel 
of  his  hospital  with  typhoid  cultures  killed  by  heat. 
Besredka,  in  1902,  reported  his  method  of  immuniza- 
tion by  sensitized  vaccine.  Since  that  time  many 
different  methods  of  preparing  antityphoid  vaccine 
have  been  brought  forward.  For  several  years  anti- 
typhoid vaccination  has  been  applied  with  great  suc- 
cess in  the  English,  German,  and  American  armies. 
In  the  latter  two,  as  well  as  the  American  navy,  it  is 
obligatory.  At  the  beginning  of  the  great  European 
War,  the  practice  was  not  general  in  the  French  army, 
but,  as  a  result,  it  is  reported  that  a  large  number  of 
cases  of  typhoid  fever  occurred.  Since  that  time 
vaccination  has  been  made  obligator}'  and  typhoid 
fever  has  practically  disappeared  from  among  the 
French  troops. 

The  methods  in  use  for  vaccination  of  human  beings 
against  typhoid  fever  exhibit  considerable  variation, 
and  include  the  following  methods,  all  of  which  have 
given  satisfactory  results:  (1)  The  use,  as  an  anti- 
typhoid vaccine,  of  living  bacilli.  (2)  Vaccination 
with  dead  bacilli.  (3)  Vaccination  by  the  aid  of 
bacilli  killed  by  antiseptic  substances.  (Experiments 
with  this  vaccine  have  been  tried  only  on  animals.) 
(4)  Vaccination  with  dead  bacilli,  antityphoid  serum 
— vaccination  with  sensitized  bacilli.  (.5)  Vaccines  pre- 
pared with  pulverized  bacilli.  (Method  of  Friedberger 
and  Moreschi.)  (6)  Vaccines  prepared  from  bacillary 
extracts.     (7)  Vaccines  prepared  by  chemical  methods. 

In  order  to  obtain  an  active  vaccine,  it  would  seem 
reasonable  to  suppose  that  the  immunizing  value  of  a 
bacillus  is  in  direct  ratio  to  the  activity  of  its  receptors 
and  to  its  intrinsic  virulence.  By  reason  of  this 
postulate,  Pfeiff'er  and  Kolle,  Bassenge  and  Mayer, 
and  others  recommend  the  use  of  virulent  bacilli. 
Pfeiffer  and  Kolle  emploj'  a  culture  of  which  one- 
eighth  of  a  standard  loopful  introduced  intraperi- 
toneally  kills  a  2.50-gram  guinea-pig. 

Wright  takes,  as  one  vaccine  unit,  the  dose  of  heated 
culture    which  kills   100  grams  of  guinea-pig.     This 
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dose,  which  is  quite  variable,  oscillates  between  0.5 
c.c.  and  2  c.c. 

Wassennann,  Pfeiffer,  and  KoUe  select  cultures 
which  have  the  maximum  properties  of  saturation  or 
absorption  for  antityjihoid  serum. 

Nevertheless  we  must  take  into  account  the  fact 
that  the  manipulations,  the  heating,  the  filtration,  or 
even  the  addition  of  antiseptics  to  maintain  the 
sterility  of  the  liquid,  reduce  the  protective  properties 
of  all  these  dilTerent  vaccines  to  about  the  same 
titer.  This  feature  evidently  modifies  the  toxicity 
as  well  as  the  power  of  combination  or  "binding- 
power"  of  the  bacilli  (Wassermann).  It  is,  no  doubt, 
for  this  reason,  and  also  in  conformity  with  observa- 
tions made  upon  human  beings,  that  Leishman  and 
Harrilon  have  made  use  of  non-virulent  cultures. 
They  have  obtaiped  results  just  as  satisfactory  as  by 
the  use  of  virulent  bacilli. 

To  sum  up,  antityphoid  vaccination  confers  a 
notable  immunity  against  typhoid  infection,  reducing 
by  one-half  the  case  incidents  of  the  disease  in  those 
so  immunized.  Apparently,  the  mortality  from  the 
disease  is  less  among  the  vaccinated  than  among  the 
unvaccinated,  and,  apparently,  the  vaccinated,  under 
average  conditions,  have    the  disease  in  lighter  form. 

Community  Measures  against  Typhoid  Fever. — 
These  include  all  of  the  measures  which  have  been 
mentioned  above,  applying  them  to  the  entire  mass  of 
the  citizenship  of  a  given  community,  and,  to  re- 
capitulate them,  include  the  proper  disposal  of  wastes, 
so  that  they  may  not  enter  drinking  water  supplies 
or  be  accessible  to  insects,  the  prompt  notification  of 
all  cases  of  the  disease,  and  the  prompt  disinfection 
of  the  excreta  of  the  sick,  the  recognition,  re-educa- 
tion, and  isolation  of  typhoid  carriers,  and  the  im- 
munization of  those  exposed  to  the  disease. 

Symptoms. — Typhoid  fever  is  a  disease  of  protean 
aspect.  From  its  beginning  to  its  termination  almost 
any  symptom  may  be  expected.  Just  as  there  is  a 
difference  between  the  symptoms  exhibited  by 
individual  patients,  so  also  there  seems  to  be  an 
annual  variation  in  the  mass  symptomatology.  It 
is  thought  by  some  that  this  may  be  due  to  mixed 
infections  with  the  other  bacteria  of  the  fecal  group. 

Period  of  Incubation. — -The  period  of  incubation 
varies  from  three  to  twenty-three  days,  the  average 
being  from  ten  and  one-half  to  fourteen.  During 
this  time  the  symptoms  are  indefinite.  The  patient 
may  give  a  history  of  having  tired  easily  and  of  feeling 
generally  out  of  sorts.  Frequently,  no  such  history 
can  be  obtained,  and,  in  all  probability,  this  is  due  to  a 
want  of  observation  on  the  part  of  the  patient. 

The  Onset. — Like  the  other  periods  of  the  disease 
which  have  been  more  or  less  artificially  determined, 
the  onset  may  be  exceedingly  variable.  Headache 
and  loss  of  appetite  are  the  most  frequent.  The 
])atient  usually  complains  of  pain  on  the  top  of  the 
head.  In  other  cases,  the  head  is  generally  sore,  and 
the  patient  feels  as  though  he  had  been  drunk  the  night 
before.  There  is  apt  to  be  diarrhea  and  pain  in  the 
abdomen  at  this  time.  The  patient  complains  of 
general  malaise.  In  about  one-third  of  the  cases 
there  is  vomiting.  The  patient  complains  of  feeling 
chilly.  Chills  are  not  uncommon  and  may  be 
accompanied  with  general  pains,  backache,  and  dizzi- 
ness. In  about  twenty-five  per  cent,  of  cases  epis- 
taxis  is  observed.  As  a  rule,  the  onset  is  slowly 
progressive,  but  it  maj^  be  very  acute,  the  symptoms 
referred  to  one  particular  system  being  strongly 
stressed.  Thus  the  onset  may  take  on  marked  nervous 
manifestations,  such  as  convulsions,  delirium,  and 
other  symptoms  suggesting  meningitis.  Sometimes 
this  type  of  case  closely  resembles  the  nervous  form 
of  influenza,  and  initial  bronchitis  is  not  uncommon, 
and,  frequently,  what  is  apparently  an  acute  lobar 
pneumonia  may  transpire  to  be  the  beginning  of 
typhoid  fever.     In   certain  cases,   however,   there   is 


an  initial  pneumococcus  pneumonia  coexisting  with 
typhoid  fever  and  for  a  time  completely  masking  it. 
Sometimes  these  symptoms  are  strongly  suggestive  of 
tuberculosis,  and,  not  infrequently,  the  two  di.sca-scs 
coexist.  The  gastrointestinal  tract  may  exhibit 
marked  symptoms  during  the  period  of  on.set.  In 
such  cases  the  disease  resembles  closely  an  acute 
enteritis.  At  times  there  is  -severe  abdominal  pain, 
which,  when  localized,  greatly  obscures  the  diagno-sis, 
e.g.  strongly  suggesting  appendicitis  when  referred 
to  the  right  flank,  or  gall-liladder  or  gastric  conditions 
when  in  the  upper  quadrant  of  the  abdomen.  In 
such  cases  great  patience  must  be  exercised  lest  a 
useless  exploratory  operation  be  performed.  In 
other  cases  the  onset  is  focused  on  the  kidneys,  and 
closely  resembles  an  acute  nephritis,  the  uriiie  con- 
taining much  albumin  and  many  casts.  Fortunately, 
these  cases  are  infrequent.  From  an  epidemiological 
viewpoint  the  ambulatory  cases,  in  which  the  patient 
is  only  slightly  indisposed,  are  the  most  dangerous. 
At  the  same  time,  they  are  less  apt  to  be  recognized, 
the  diagnosis  being  made  only  by  blood  cultures  and 
serum  reactions. 

The  temperature  curve  in  typhoid  fever  is  usually 
described  as  proceeding  by  gradual  step-like  progres- 
sion, reaching  by  the  end  of  the  first  week  an  evening 
temperature  of  from  102"  to  104°  F.  It  may,  however, 
rise  abruptly,  attaining  a  maximum  by  the  third  or 
fourth  day.  The  picture  at  this  time  is  one  of  a 
flushed,  anxious  face,  slight  mental  hebetude,  coated 
tongue,  foul  breath,  distended  abdomen,  constipa- 
tion or  diarrhea,  slight  bronchitis,  pulse  low  in  pro- 
portion to  fever,  frequently  dicrotic,  and  at  the  end 
of  the  first  week  rose  spots  generally  distributed  upon 
the  abdomen. 

There  is  a  gradual  increase  in  the  severity  of  the 
symptoms:  the  temperature  is  higher  and  fairly  con- 
stant; the  mind  is  dull,  apathetic,  and  confused;  the 
face  looks  dull  and  heavy,  with  dry  lips  and  sordes  on 
the  teeth;  the  tongue  is  heavily  coated,  the  breath  foul, 
the  abdomen  distended,  the  diarrhea  aggravated;  the 
pulse  rate  has  increased,  the  bronchitis  subsided,  and 
the  dicrotism  more  pronounced;  the  picture  is  that  of  a 
severe  toxemia,  and  death  may  occur  toward  the  end 
of  the  second  week.  At  the  beginning  of  the  third 
week  the  temperature  may  have  begun  to  fall,  and 
there  may  be  an  improvement  or  there  may  be  an 
aggravation  of  the  symptoms  observed  during  the 
second  week.  The  patient  continues  dull;  weakness 
and  emaci.ation  are  increased;  the  delirium  is  of  a 
low  muttering  type,  and  in  severe  cases  muscular 
tremor  is  seen ;  voluntary  actions  are  performed  slowly 
and  apathetically;  the  tongue  is  dry,  tremblitig.  and  is 
protruded  with  difficulty;  the  pulse  rate  is  higher; 
myocardial  changes  bring  about  an  alternation  in  the 
heart  sounds,  the  first  soimd  almost  disappearing  and 
the  second  being  a  sharply  accented  snap;  the  pulse 
is  small  and  rather  soft,  intercurrent  infections  may 
now  occur,  and  a  lobar  pneumonia  or  hypostatic 
condition  supervene.  There  is  abdominal  distention, 
and  hemorrhages  and  perforation  may  occur.  Decu- 
bitus may  occur. 

Toward  the  end  of  the  third  week  in  the  milder 
cases,  remissions  in  temperature  begin  to  occur.  The 
mind  becomes  brighter,  the  intestinal  symptoms  less 
marked.     There  is  a  slight  return  of  appetite. 

Convalescence,  however,  does  not  usually  begin  in 
the  ordinary  attack  until  during  the  fourth  week. 
There  is  a  general  improvement.  The  fever  gradu- 
ally subsides  and  the  api)etite  may  be  very  great. 
Ori  the  other  hand,  in  the  severe  cases  the  symptoms 
in  the  fourth  week  may  be  almost  the  same  as  in  the 
previous  week,  or  they  may  be  even  wor.se,  there  being 
a  low  muttering,  apathetic  delirium  with  carphologia 
and  subsultus  tendinum;  the  excreta  are  voided  in- 
voluntarily; the  pulse  is  small,  rapid,  and  thready, 
the  abdomen  distended,  and  the  diarrhea  continued; 
pulmonary  complications  arc  apt  to  supervene,   bed 
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sores  to  occur,  and  collapse,  with  a  sudden  drop  of 
temperature,  and  all  the  signs  of  severe  shock- 
cyanosis,  small,  rapid,  fluttering  respiration,  and 
vomiting.  Death  may  here  bring  the  case  to  a  close, 
or  there  may  be  gradual  improvement  and  slovi?  return 
to  health.  "  As  a  rule,  the  period  of  fever  is  about  a 
lunar  month. 

Special  Symptoms  and  Complications. — In  the 
limited  space  of  this  article  it  is  impossible  to  give  more 
than  a  bare  mention  of  the  special  symptoms  which 
mav  be  noted. 

Fever. — There  is  no  pathognomonic  temperature 
curve  in  tvphoid  fever.  Sudden  changes  in  tempera- 
ture may  occur,  particularly  during  the  latter  part  of 
the  attack.  Extreme  degrees  of  fever  are  not  com- 
monly seen  excepting  occasionally  just  prior  to  death. 
During  the  relapse,  should  it  occur,  the  temperature 
curve  may  closely  simulate  that  of  the  original  attack, 
and  in  convalescence  there  may  be  either  a  slight 
resistant  fever  or  a  subnormal  temperature  for  a  time. 
When  the  fever  is  persistent  during  the  convalescence, 
careful  examination  should  be  made  to  determine  the 
presence  or  absence  of  a  focal  infection.  Sometimes 
a  simple  constipation  may  be  the  cause  of  the  continu- 
ance of  the  fever. 

Shin  Manifexlations. — These  are  important  from 
the  viewpoint  of  diagnosis.  The  rose  spots,  which 
consist  of  small,  rounded,  slightly  raised,  red  areas, 
have  been  considered  as  characteristic.  They  are  at 
first  pale  red,  later  of  a  darker  hue,  discrete,  and  dis- 
appearing on  pressure,  appearing  from  the  seventh  to 
the  tentii  day,  and  coming  out  in  successive  crops 
which  fade  away  often  leaving  a  tawny  stain. 
Their  most  abundant  distribution  is  upon  the  abdo- 
men. They  may  also  be  seen  on  the  lower  chest, 
neck,  face,  "arms,  hands,  or  legs.  There  seems  to  be 
no  relation  between  the  number  of  rose  spots  and  the 
severity  of  the  attack.  Other  skin  lesions  have  been 
noted  in  typhoid  fever,  such  as  erythema,  peliomita, 
and  miliary  eruptions.  These  are  of  relatively  little 
significance.  Herpes  is  very  rarely  seen.  Furuncles 
are  not  uncommon  and  sometimes  cause  considerable 
annoyance.  Bedsores  are  common,  and  when  the 
vitality  of  the  patient  is  greatly  lowered  the  least 
pressure  may  produce  a  deep  slough  over  the  parts  in 
contact  with  the  bed.  However,  improved  nursing 
and  the  use  of  water  beds  and  air  beds  will  greatly 
reduce  these  unfortunate  complications. 

Nervous  System. — ,\s  has  been  mentioned  above, 
lieadache  is  often  one  of  the  earliest  symptoms.  It 
varies  in  severity,  and  during  the  first  week  or  ten 
days  may  be  almost  unbearable.  Delirium  is  very 
constant.  As  a  rule,  it  is  merely  a  mild  muttering, 
but  occasionally  may  amount  to  a  violent  mania 
requiring  hypnotics  for  its  control.  Meningeal 
.symptoms  may  develop,  and,  in  some  instances, 
produce  symptoms  resembling  closely  those  of  strych- 
nin poisoning.  In  this  connection  it  should  be  men- 
tioned that  a  true  meningitis  may  be  produced  by  the 
typhoid  bacillus,  and  that  in  all  cases  where  there  is 
doubt  spinal  puncture  should  be  done  to  determine 
the  type  of  meningitis  existing.  Psychoses  and  in- 
sanities have  been  noted  relatively  rarely  as  com- 
plications of  this  disease.  Psychoses,  when  thej' 
occur,  are  more  apt  to  appear  during  convalescence, 
although  they  sometimes  occur  at  tfie  beginning  of 
the  disease.  Occasionally  they  persist  to  such  a 
degree  as  to  require  confinement  of  the  patient  in  an 
institution  for  the  treatment  of  mental  disease. 
Neuritis,  either  general  or  local,  is  not  uncommon, 
particularly  the  type  known  as  tender  toes,  which  is  a 
result  of  a  local  neuritis  and  may  require  the  elevation 
of  the  bed  clothes  by  means  of  a  cradle. 

Digestive  Sijstcm. — The  tongue  is,  as  a  rule,  rather 
pointed,  with  a  red  tip,  and  covered  with  a  thick  fur, 
varying  in  color  from  pale  gray  to  dirtv  brown.  The 
condition  of  the  tongue  is  a  fairly  good  index  of  the 
efficiency    of   the    nurse    in    charge    of    the    patient. 
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Later  the  tongue  becomes  dry,  covered  with  a  thick 
brown  fur.  As  the  patient  approaches  convalescence 
there  is  a  return  to  the  normal  condition  of  the  tongue. 
In  the  light  infections  the  tongue  may  be  very  lightly 
coated,  if  at  all.  Vomiting  is  rare,  excepting  when 
there  has  been  overfeeding.  Diarrhea  is  the  rule,  the 
voided  material  usually  being  foul.  Constipation 
may  be  the  rule  throughout  the  course  of  the  disease, 
but  this  condition  is  rather  infrequent.  Intestinal 
paresis  permits  the  occurrence  of  tympanites  of  vari- 
able amount.  Occasionally  the  distention  is  extreme, 
displacing  the  heart  and  liver  upward  and  interfering 
seriously  with  the  respiratory  excursions.  Hemor- 
rhage may  occur  from  the  bowels  or  from  the  stomach. 
The  latter  is  relatively  rare.  Intestinal  hemorrhage 
may  occur  as  the  result  of  sloughing  of  an  ulcerated 
Peyer's  patch,  and  may  be  slight  or  severe,  occurring 
as  a  single  hemorrhage,  or  it  may  be  repeated  many 
times.  The  intervals  between  hemorrhages  vary 
from  a  few  hours  to  a  number  of  days.  When  the 
hemorrhage  is  slight  there  may  be  no  symptoms,  ex- 
cepting the  presence  of  the  blood  in  stools.  Rapid 
pulse,  pallor,  sudden  drop  in  the  temperature,  to- 
gether with  a  fall  in  blood-pressure,  indicate  hemor- 
rhage. This  may  occur  before  the  appearance  of 
the  blood  in  the  stool.  After  a  hemorrhage  there  is 
usually  a  leucocytosis,  sometimes  ranging  as  high  as 
twenty  to  twenty-five  thousand  leucocytes  per  c.mm. 
Sometimes  when  the  symptoms  of  hemorrhage  have 
occurred  and  no  blood  has  appeared  in  the  stool, 
the  blood  may  be  discovered  in  the  cecum  by  careful 
abdominal  percussion.  Little  may  be  said  regarding 
the  inciting  cause  of  intestinal  hemorrhages.  They 
may  be  the  first  symptoms  in  an  ambulatory  case. 
Diet  does  not  seem  to  be  a  cause,  particularly  when 
the  feeding  is  very  careful.  The  bath  treatment 
apparently  does  not  increase  the  number  of  hemor- 
rhages. As  a  rule  there  is  no  warning  of  the  hemor- 
rhage. The  patient  may  suddenly  appear  restless 
and  begin  to  sweat,  the  pulse  assuming  a  curious 
bounding  quality.  The  coagulation  time  of  the  blood 
in  patients  who  have  hemorrhages  is  an  important 
item,  and  should  be  noted  in  all  cases  in  wdiich  hemor- 
rhages have  occurred,  calcium  salts  being  administered 
to  those  who  show  a  prolonged  coagulation  time. 

Perforation. — This  is  a  serious  complication,  occur- 
ring in  from  two  to  three  per  cent,  of  all  cases,  most 
frequently  in  the  third  week.  It  occurs  more  fre- 
quently in  males,  rarely  below  the  tenth  year,  and 
most  often  in  the  third  decade  of  life.  The  site  is  most 
frequently  in  the  ilium.  There  is  sudden  abdominal 
pain,  nausea,  vomiting,  sweating,  and  collapse.  Some 
patients  exhibit  abdominal  pain  for  several  days  prior 
to  perforation,  but  as  this  is  not  an  infrequent  symp- 
tom in  all  cases,  it  does  not  assist  greatly  in  prognos- 
ing  the  occurrence  of  perforation.  Patients  having 
severe  diarrhea  seem  to  be  more  apt  to  have  perfora- 
tion. The  onset  maj'  be  sudden  or  gradual.  As  a 
rule  there  is  a  sudden,  sharp,  severe  abdominal  pain 
of  a  paroxysmal  rather  than  of  a  constant  character, 
usually  located  in  the  lower  abdomen,  sometimes 
about  the  navel  or  in  the  right  flank.  There  is  usually 
marked  abdominal  tenderness,  with  some  rigidity  and 
muscle  spasm.  There  is  usually  a  slight  elevation 
in  temperature  for  two  or  three  hours  following  the 
perforation,  this  rise  being  succeeded  by  a  fall. 
Usually  there  is  an  increase  in  the  pulse  and  respira- 
tory rates,  the  respiration  rate  generally  increasing 
at  the  time  of  perforation.  Hiccough,  nausea,  and 
vomiting  are  important  symptoms.  Perforation  is 
usually  followed  by  a  leucocytosis.  If  this  is  followed 
by  a  steadily  decreasing  white  blood  count,  it  is 
strongly  indicative  of  .severe  general  peritonitis. 
As  an  aid  in  the  diagnosis  of  perforation  from  hemor- 
rhage, it  may  be  borne  in  mind  that  in  many  patients 
there  is  a  sharp  rise  in  the  blood-pressure  with  perfora- 
tion. It  may  be  impossible  to  make  a  positive  diag- 
nosis of  perforation  without  an  exploratory  laparotomy. 
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In  such  cases  it  is  necessary  to  exclude  peritonitis 
from  other  causes — appendicitis,  either  resulting  from 
typhoid  fever  or  from  the  lighting  up  of  a  chronic 
condition,  hemorrhage  and  phlebitis  in  the  iliac  veins. 

The  Spleen. — About  the  end  of  the  first  week  the 
spleen  enlarges,  and  may  be  mapped  out  by  percus- 
sion of  the  splenic  area  and  palpation  of  the  spleen 
below  the  edge  of  the  ribs.  Enlargement  is,  as  a  rule, 
greatest  at  the  height  of  the  attack,  and  diminishes 
in  the  latter  part  of  the  attack,  although  sometimes 
enlargement  may  continue  for  a  considerable  period 
after  the  normal  temperature  has  been  reached. 
In  such  instances  it  is  wise  to  consider  the  possibility 
of  a  relapse.  The  spleen  itself  is  soft,  excepting  in 
those  patients  who  have  had  malaria,  when  it  is  apt 
to  be  hard.  Palpation  of  the  spleen  ordinarily  does 
not  elicit  pain. 

The  Liver. — As  a  rule  the  liver  plays  relatively  a 
small  role  in  the  average  case,  and  there  are  few 
symptoms  referable  to  it.  It  may  be  a  little  tender 
and  slightly  enlarged.  Jaundice  may  occur,  as  catar- 
rhal jaundice  of  mild  grade,  occurring  at  the  height  of 
the  attack  or  later.  This  may  be  due  to  a  mild  grade 
inflammation  produced  by  the  typhoid  bacilli  in  the 
ducts.  Toxic  jaundice  is  seen  in  the  severe  attacks 
and  late  in  the  disease,  and  in  the  very  severe  cases 
may  closely  simulate  acute  yellow  atrophy.  Typhoid 
abscess  of  the  liver  may  occur  as  a  part  of  a  general 
septic  process,  but  is  a  rare  complication.  Typhoid 
bacilli  are  present  in  the  gall-bladder  in  the  great 
majority  of  cases,  and  may  persist  there  for  an  in- 
definite period.  As  a  rule  they  set  up  no  symptoms 
in  such  a  situation,  but  a  cholecystitis,  varying  from 
simple  catarrhal  inflammation  to  ulceration  and 
perforation,  may  occur.  This  complication  occurs 
most  often  after  the  tenth  day,  and  may  appear  late 
in  the  disease.  There  is  pain  and  tenderness  in  the 
region  of  the  gall-bladder,  with  rigidity  and  muscle 
spasm  of  the  right  upper  quadrant.  Chill  or  vomiting 
may  occur,  and  jaundice  follows  in  about  a  third  of 
the  cases.  The  process  may  proceed  to  recovery  or 
perforation,  the  latter  frequently  followed  b}'  general 
peritonitis. 

Respiratory  System. — Aside  from  epistaxis  which 
occurs  frequently  during  the  incubative  period  and  in 
the  early  stages  of  the  fever,  there  are  few  symptoms 
referable  to  the  nose.  Epistaxis  is  rarely  profuse,  but  in 
the  hemorrhagic  type  of  the  disease  may  be  very  severe. 

Laryngitis,  varying  from  a  mere  catarrhal  laryn- 
gitis to  true  ulceration,  may  occur.  Simple  laryn- 
gitis is  rather  frequent.  Sometimes  the  laryngeal 
complications  occurring  in  very  toxic  patients  are  not 
discovered  until  necropsy.  There  may  be  dyspnea, 
hoarseness,  cough,  or  loss  of  voice,  and  the  patient 
may  complain  of  pain,  particularly  in  swallowing  and 
on  pressure  over  the  larynx.  Ulceration  may  pro- 
ceed to  a  perichondritis;  therefore,  great  watchfulness 
should  be  exercised  whenever  hoarseness  is  present. 
Acute  edema  of  the  glottis  may  occur. 

Bronchitis  is,  as  a  rule,  an  early  symptom,  and 
shows  no  special  peculiarities,  being  attended  with 
more  or  less  cough,  and  readily  discovered  on  auscul- 
tation. It  usually  becomes  less  during  the  second 
week  of  the  disease  and  disappears  rapidly.  Some- 
times it  persists  throughout  the  illness  or  may  recur 
late  in  the  disease.  The  severity  of  the  bronchitis 
apparently  bears  no  relation  to  the  severity  of  the 
attack.  Typhoid  baciUi  are  found  in  the  sputum. 
Bronchopneumonia  or  collapse  of  the  lung  may, 
although  not  often,  follow  this  condition. 

Pneumonia. — Sometimes  pneumonia  marks  the  be- 
■  ginning  of  typhoid  fever.  This  is  the  pneumotyphoid 
described  by  French  authors.  Lobar  pneumonia 
occurs  in  about  ten  per  cent,  of  cases,  but  this  figure 
is  very  variable.  More  cases  occur  during  the  second 
and  third  week  than  at  the  onset.  There  is  pain  in 
the  side,  cough,  and  the  sputum  contains  typhoid 
baciin.     There  is  restricted  movement  on  the  affected 


side,  increase  of  vocal  fremitus,  and  dullness  on  per- 
cussion. The  breath  sounds  are  those  of  the  pneu- 
monia, but  are  not,  as  a  rule,  typicallv  tubular.  Bron- 
chopneumonia may  occur  as  a  terminal  event,  as  a  rule 
resulting  from  secondary  infection.  It  is  more  apt  to 
occur  in  patients  who  are  already  very  ill.  Frequently 
there  is  a  chill,  followed  by  an  increased  respiratory 
rate,  cyanosis,  and  respiratory  difficulty.  .Aspiration 
pneumonia  may  occur  in  very  toxic  "patients,  par- 
ticularly those  suffering  from  ulceration  of  the  larynx. 
Hypostatic  congestion  and  pneumonia  are  apt  to 
occur  late,  in  long,  .severe  attacks.  When  occurring 
early,  the  prognosis  is  grave.  Careful  nursing,  baths, 
and  frequent  physical  examination  of  the  chest  are 
the  most  important  preventive  measures  of  this 
condition. 

Other  Respiratory  Conditions. — Infarction,  abscess 
of  the  lung  and  gangrene  of  the  lung,  are  rare  complica- 
tions. Hemoptysis  is  seen  in  the  hemorrhagic  tj-pe 
of  the  disease,  and  may  occur  in  patients  having  an 
associated  tuberculosis.     Pleurisy  is  rather  rare. 

Circulatory  System. — The  findings  in  the  circulatory 
system  are  essentially  those  of  any  severe  toxemia. 
There  is  no  disease  presenting  dicrotism  so  frequently. 
This  is  most  marked  in  adults,  and  may  be  absent 
in  patients  who  are  arteriosclerotic.  The  rate  shows 
considerable  variation,  being  markedly  influenced  by 
the  nervous  condition  of  the  patient.  The  heart 
changes  are  not  peculiar  to  tj-phoid  fever.  True 
myocarditis  may  occur  and  may  persist  in  its  effects 
after  convalescence.  The  fever,  toxemia,  vasomotor 
paralysis,  and  changes  in  the  heart  muscle  itself, 
bring  about  a  variation  in  the  rate  and  character  of 
the  sounds  of  the  heart.  Dilatation  of  the  left  ven- 
tricle may  be  present,  but  it  is  not  often  marked.  The 
heart  sounds  themselves  are  frequently  unchanged 
during  a  mild  attack.  As  a  rule  the  first  sound  be- 
comes somewhat  fainter  and  less  clearly  marked. 
The  second  sound,  on  the  contrary,  becomes  sharp 
and  snappy.  The  relative  dilatation  of  the  mitral 
orifice  is  responsible  for  most  of  the  systolic  murmurs 
heard  in  this  disease.  Endocarditis  and  pericarditis 
are  rare  complications  in  this  disease.  Acute  com- 
plications in  the  arterial  system  during  the  course 
of  the  disease  are  rare.  Arteriothrombosis  may  ap- 
pear late  in  the  disease,  but  probably  not  without  a 
previous  arteritis.  Such  a  condition  most  often  oc- 
curs in  one  of  the  extremities  and  is  marked  by  a  sud- 
den, severe  pain  along  the  course  of  the  artery,  local 
pain  and  tenderness,  redness,  swelling  without  much 
edema,  followed  by  coldness,  blueness,  and  mottling 
of  the  skin  of  the  extremity  affected.  This  may  pro- 
ceed to  resolution,  recovery  being  due  to  the  establish- 
ment of  collateral  circulation,  but  more  frequently 
dry  gangrene  with  its  concomitant  results  follows. 
Arteriothrombosis  of  the  cerebral  vessels,  followed  by 
coma,  convulsions  and  sudden  death,  may  occur. 
Sometimes  aphasia  and  hemiplegia  may  follow  such 
complication.  Sudden  death  may  be  produced  by 
embolism  of  the  pulmonary  artery.  Venous-throm- 
bosis occurs  more  often  than  do  arterial  changes.  It 
is  more  apt  to  occur  during  or  after  the  third  week,  and 
most  often  in  the  veins  of  the  left  leg.  There  is  pain 
along  the  course  of  the  vessel,  with  tenderness  and 
rise  in  temperature.  Chill  may  occur.  There  is 
edema  and  swelling  of  the  affected  side,  and,  as  a  rule, 
the  thrombotic  mass  may  be  easily  palpated.  Sucli 
palpation  should  be  restricted  to  the  minimum.  The 
swelling  of  the  limb  may  continue  from  four  to  six 
weeks,  after  which  it  gradually  decreases.  The 
tendency  to  edema  of  the  leg  may  persist  for  years  or 
even  throughout  life. 

The  Blood  Itself. — Early  in  the  disease  there  is 
little  change  in  the  number  of  red  blood  corpuscles, 
but  about  the  third  week  there  is  considerable  diminu- 
tion. Anemia  is  not,  however,  so  great  as  might  be 
supposed  from  the  appearance  of  the  patient.  As  a 
rule  there  is  a  reduction  in  the  hemoglobin.     Leuco- 
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peiiia  is  tlic  rule.  There  is  an  increase  in  the  mono- 
nuclears, and  a  decrease  in  the  polymorphonuclears 
and  eosinophiles.  In  cases  with  severe  toxemia,  there 
is  apt  to  be  a  steady  decrease  in  the  number  of  white 
cells.  Leucopenia  Is  an  important  point  in  differen- 
tial diagnosis.  In  many  cases  of  typhoid  fever,  there 
is  a  slight  increase  of  the  leucocytes  at  the  beginning 
of  the  disease,  but  by  the  third  or  the  fourth  day  there 
has  been  a  decrease  to  or  below  normal.  Leucocy- 
tosis  mav  occur  during  tj-phoid  fever  as  a  result  of 
coincident  se|)tic  processes,  hemorrhage  and  perfora- 
tion, but,  as  a  rule,  if  a  continuous  leucocytosis  occurs, 
the  case  is  not  uncomplicated  typhoid  fever. 

The  Renal  Sy-flcm. — The  changes  which  take  place 
here  are  not  any  different  from  those  found  in  any 
other  protracted  fever — diminished  urine,  increased 
sediment  and  pigments,  incre.ased  specific  gravity, 
strongly  acid  reaction  at  the  height  of  the  disease, 
later  becoming  neutral  or  alkaline,  increased  urea 
and  uric  acid,  and  decrease  of  the  chlorids.  Prac- 
tically all  severe  cases  of  typhoid  fever  have  more  or 
less  severe  albuminuria,  occasionally  with  tube  casts. 
This  is  merely  the  result  of  the  septic  condition  of  the 
patient.  The  Diazo  reaction  is  present  in  the  great 
bulk  of  cases.  This  is  not  pathognomonic  of  typhoid 
fever,  and  is  of  value  as  a  part  of  routine  examina- 
tions only  because  its  continuous  absence  is  a  differ- 
ential point  against  typhoid  fever.  Typhoid  bacilli 
arc  present  in  the  urine  in  practically  all  cases  and  may 
persist  for  many  years.  From  an  epidemiological 
standpoint,  such  chronic  carriers  are  more  dangerous 
than  those  who  discharge  typhoid  bacilli  in  the  feces 
only,  this  because  of  the  more  careless  way  in  which 
urine  is  disijosed,  and  also  because  of  the  intermittency 
of  urinary  excretors.  In  some  cases,  as  long  as  four 
months  elapse  between  the  discoverable  excretions  of 
typhoid  bacilli  in  this  way.  As  a  rule,  bacilluria 
causes  no  .symptoms  unless  there  is  a  coincident 
cystitis,  usually  as  the  result  of  a  coincident  or  inter- 
current infection.  Hematuria  is  occasionally  seen. 
Hemoglobinuria  occurs  rarely,  and  indicates  a  very 
grave  condition. 

The  Osseous  System. — Periostitis  is  the  most  com- 
mon of  these  lesions,  and,  like  the  other  lesions  of 
bones  found  in  typhoid  fever,  occurs  most  commonly 
after  the  attack  itself.  Periostitis  is  seen  in  the  ribs, 
clavicle,  and  bones  of  the  extremities,  being  evidenced 
by  pain,  tenderness,  swelling,  and  redness  over  the 
affected  area.  Usually  there  is  no  constitutional 
change  and  the  process  subsides  or  may  recur  later 
with  associated  changes  in  the  bone  itself.  The 
changes  most  commonly  seen  are  necrosis,  caries, 
osteitis,  and  osteomyelitis.  The  tj^jhoid  bacillus 
is  usually  found  in  such  cases  in  pure  culture.  Oc- 
casionally the  cultures  are  sterile,  and  in  a  few,  pyo- 
genic cocci  are  present.  The  course  in  such  lesions 
is  exceedingly  variable.  There  may  be  a  subsidence 
of  the  process  or  it  may  recur.  As  a  rule,  there  is 
abscess  formation  and  a  tendency  to  chronicity. 
Sinuses  may  form  and  continue  to  discharge  tj'phoid 
bacilli  for  years.  Such  cases  require  a  thorough 
surgical  treatment  for  the  removal  of  the  sequestrum, 
and  the  establishment  of  drainage.  Under  such 
treatment  the  prognosis  is  very  good. 

Typhoid  spine  is  the  name  applied  to  a  group  of 
symptoms  referred  to  the  spine,  which  appear  toward 
the  close  of  an  attack  or  during  convalescence.  Pain 
in  the  lower  dorsal  or  lumbar  region,  radiating  around 
the  body  and  down  the  legs,  is  a  prominent  symptom. 
There  is  difficulty  in  walking  and  in  bending  the  spine. 
The  other  symptoms  are  exceedingly  variable.  The 
pain  is  not  continuous.  There  may  be  rigidity  and 
fixation  of  the  spine,  alteration  of  the  reflexes,  and 
symptoms  referable  to  interference  at  the  nerve  roots. 
In  many  cases,  the  hysterical  symptoms  are  pre- 
dominant, and  in  such  cases  there  is  a  great  temptation 
to  assign  all  of  the  findings  to  a  neurotic  cause. 
As   a   rule,    careful   examination,   particularh^   by   a 
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skilled  orthopedist,  will  reveal  periostitis  or  peri- 
spondylitis. In  such  instances  it  will  be  necessary 
to  make  careful  skiagraphic  studies.  Of  course  due 
care  must  be  exercised  to  rule  out  tuberculosis  of  the 
spine  in  such  cases. 

Diagnosis. — The  only  pathological  and  clinical 
sign  upon  which  alone  a  diagnosis  of  typhoid  fever 
can  be  made  is  the  discovery  of  the  typhoid  bacillus 
in  the  blood  by  cultural  methods.  Any  febrile 
disease  may  be  mistaken  for  typhoid  fever.  Th(>re- 
fore,  every  case  of  continued  fever  should  be  put  to 
bed  and  carefully  studied  until  a  definite  diagnosis 
can  be  reached.  It  is  extremelj'  easy  to  mistake  a 
case  of  tuberculosis  or  endocarditis  for  typhoid  fever. 
Therefore,  unless  every  diagnostic  test  is  applied  and 
the  results  thereof  carefully  weighed,  very  sad  mis- 
takes, which  may  mean  infinite  harm  to  the  patient, 
may  result.  Reliance  cannot  be  placed  on  any  one 
laboratory  finding,  save  a  positive  culture  from  the 
blood.  Conversely,  the  absence  of  any  of  the  labora- 
tory signs  should  never  be  taken  as  a  certain  indica- 
tion of  the  absence  of  typhoid  fever.  It  is  a  good 
rule  to  consider  typhoid  fever  as  a  possibility  in  every 
condition  associated  with  fever,  it  being  borne  in 
mind  that  typhoid  fever  is  one  of  the  most  frequent 
continued  fevers.  Different  organs  may  bear  the 
brunt  of  the  infection  and  consecjuently  the  mani- 
festations of  the  disease  may  be  extremely  variable; 
certain  symptoms  commonly  present  may  be  replaced 
or  masked  by  others  referable  to  the  lungs,  kidneys, 
or  to  derangement  of  the  mental  functions.  As 
Herrick  has  so  truthfully  remarked,  "typhoid  fever 
is  not  only  an  imitator  of  other  diseases,  but  many 
other  diseases  imitate  tj'phoid  fever."  Even  the 
length  of  the  initial  period  is  variable,  occupying  from 
one  to  three  weeks,  and  at  such  times  patients  are 
rarely  under  observation. 

The  many  forms  which  typhoid  fever  may  assume 
also  form  an  obstruction  to  early  diagnosis.  It  may 
be  abortive,  mUd,  severe,  hemorrhagic,  renal,  pneu- 
monic, or  ambulatory.  It  may  be  modified  or  masked 
by  the  strength  of  youth  or  the  weakness  of  old  age  or 
childhood. 

The  ill-defined  languor  and  indisposition,  mental 
depression,  headache,  vertigo,  sacral  pain,  anorexia, 
and  irregularity  of  the  bowels,  in  the  absence  of  fever 
and  physical  findings,  are  in  sharp  contrast  to  the 
initial  period  of  other  febrUe  diseases,  which  during 
this  stage  generally  present  no  manifestations.  An 
unusual  dulness  of  hearing  and  persistent  occipital 
headache  following  a  few  days  of  malaise  should  put 
the  practitioner  on  his  guard.  Epistaxis  is  of 
differential  value  simply  as  a  part  of  the  symjjtom- 
complex.  When  the  temperature  curve  presents  the 
typical  step-like  gradations,  it  is  of  value  in  a  differen- 
tial diagnosis,  but  it  should  be  borne  in  mind  that 
there  are  cases  in  which  there  is  a  sharp  initial  rise 
in  all  respects  similar  to  that  of  other  infectious 
diseases.  Remittent  malarial  fever  presents  very 
irregular  curves.  Typhus,  relapsing  fever,  scarlet 
fever,  measles,  and  smallpox  all  exhibit  a  sharp  initial 
rise  of  temperature.  Intermittent  malarial  fever 
presents  paroxysms  of  fever  hardly  to  be  mistaken 
for  the  steady  progression  of  enteric  fever.  The 
disease  presenting  the  febrile  movement  most  closely 
resembling  tjTjhoid  is  Malta  fever.  If  the  history  of 
exposure  be  elicited,  the  diagnosis  can  only  be  made 
by  the  clinical  and  bacteriological  findings.  A  differ- 
ential diagnosis  of  this  fever  is  almost  impossible  in 
the  majority  of  cases  without  the  aid  of  the  micro- 
scope and  the  serum  test. 

It  will  also  be  observed  that  the  pulse  rate  of  ty- 
phoid fever,  while  it  exhibits  a  striking  parallelism  to 
the  temperature  curve,  is  relatively  infrequent  and 
does  not  attain  the  rapidity  which  we  are  accustomed 
to  find  in  like  degrees  of  fever.  In  no  other  febrile 
disease  does  this  occur  with  such  regularity. 
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By  the  fourth  or  fifth  day  the  pulse  is  already 
dicrotic  and  usually  remains  so  throughout  the  disease. 
This  occurs  more  often  in  tjTihoid  fever  than  in  all 
the  other  infectious  diseases  put  together,  and  is  of 
great  differential  value. 

Of  great  diagnostic  significance  is  the  roseola,  which 
appears  during  the  latter  half  of  the  first  week,  and  is 
distributed  upon  the  abdomen,  chest,  and  back. 
The  roseolous  exanthemata  of  other  infectious  diseases 
in  some  cases  resemble  it,  but  rarely  so  closely  as  to 
deceive  an  experienced  observer.  Taken  into  con- 
sideration with  the  state  of  the  spleen  and  the  bowels, 
the  time  of  the  eruption  and  the  subsidence  of  the 
rash,  its  succession  of  crops,  its  characteristic  dis- 
tribution and  efflorescence,  it  is  perhaps  the  most 
valuable  single  sign  of  the  disease.  Its  value  is  en- 
hanced by  the  fact  that  it  is  not  preceded  by  an  evanes- 
cent erj-fhema  as  are  most  of  the  papular  rashes  of 
the  acute  exanthemata. 

The  typhoid  eruption  appears  later  than  that  of 
any  of  the  other  exanthematous  diseases;  that  of 
rotheln  appearing  on  the  first,  scarlet  fever  on  the 
second,  measles  and  smallpox  on  the  third,  t^-phus 
on  the  fifth,  and  typhoid  on  the  sixth  or  seventh  day 
of  the  disease.  The  rash  of  rotheln  is  bright  pinkish- 
red  and  lasts  but  two  or  three  days;  that  of  typhoid 
comes  on  in  crops  and  the  entire  rash  lasts  much 
longer.  Scarlet  fever  presents  a  subcuticular  flush 
which  may  be  so  intense  that  the  patient's  skin  may 
have  the  color  of  a  boiled  lobster,  yet  a  noteworthy 
fact  is  the  exaggeration  of  redness  at  certain  points 
so  that  the  skin  has  a  mottled  appearance.  No  rash 
like  this  occurs  in  typhoid.  The  eruption  of  measles 
is  macular.  The  macules  are  dusky  red  and  tend  to 
coalesce  and  arrange  themselves  in  crescentic  areas. 
The  typhoid  roseola  are  papular,  bright  pinkish-red, 
and  rarely  coalesce.  The  papules  of  variola  are 
shotty  and  do  not  disappear  on  pressure  as  do  those 
of  typhoid.  Typhus  presents  a  dusky  subcuticular 
mottling.  The  tj-pical  t>-phoid  eruption  is  raised 
above  the  level  of  the  surrounding  skin. 

Although  enlargement  of  the  spleen  is  observed  in 
all  infectious  diseases,  it  is  of  special  diagnostic  sig- 
nificance in  typhoid  fever.  There  are  reported  cases 
in  which  it  is  demonstrable  during  the  period  of  in- 
cubation, but  it  is  very  unusual  to  find  this  condition 
before  the  middle  of  the  first  week.  In  few  other  in- 
fectious diseases  does  the  enlargement  occur  so 
early  or  persist  so  long,  if  we  except  Hodgkin's 
disease  and  malaria.  Exception  must  be  made  in 
the  case  of  typhus,  however,  in  which  the  enlarge- 
ment occurs  during  the  first  days  of  fever. 

The  negative  role  of  profuse  sweating,  herpetic 
eruptions,  jaundice,  coryza,  conjunctivitis,  and  vomit- 
ing is  to  be  noted.  Profuse  sweating  would  point 
rather  to  acute  tuberculosis,  relapsing  fever,  pyemia, 
acute  ulcerative  endocarditis,  or  acute  articular 
rheumatism  than  to  typhoid.  Herpes  occurs  with 
frequency  in  malaria,  pneumonia,  epidemic  cerebro- 
spinal meningitis,  and  after  the  ingestion  of  salicylic 
acid,  but  very  rarely  in  typhoid  fever.  Jaundice 
would  indicate  Weil's  disease,  remittent  malarial 
fever,  or  acute  yellow  atrophy  of  the  liver,  rather  than 
typhoid.  Coryza  and  conjunctivitis  at  the  onset 
would  cause  the  diagnostician  to  incline  more  to  the 
belief  that  measles  or  influenza  existed;  and  vomiting 
would  point  to  variola,  typhus,  or  cerebrospinal 
meningitis,  rather  than  to  "typhoid.  "It  must  be 
emphasized  that  the  ordinary  symptoms  of  coryza — 
sneezing,  increased  secretion,  conjunctival  catarrh — 
are  among  the  greatest  exceptions,  at  least  in  moder- 
ately severe  and  severe  cases  of  t>"phoid  fever,  and 
may  be  thrown  in  the  balance  against  a  diagnosis  of 
typhoid  fever."  Severe  infectious  conditions  with  a 
predominating  coryza  generally  have  some  other 
significance.  Under  such  circumstances  t\-phus  fever 
and  influenza  especially  would  have  to  be  considered. 

During   the    developmental    period    of   the    acute 


exanthemata  they  may  present  symptoms  which  will 
render  difficult  the  differential  diagnosis.  This  is 
especially  true  of  measles,  scarlet  fever,  variola,  and 
t\7)hus.  The  knowledge  of  exposure  to  any  one  of 
these  diseases  will  of  course  aid  materially,  but  the 
most  reliance  can  be  placed  upon  the  initialsvmptoms. 
Perhaps  the  earliest  manifestation  of  all  the  eruptive 
diseases  occurs  in  the  pharyngeal  mucous  membrane; 
such  involvement  is  very  rare  in  t\^)hoid  fever.  The 
coryza  and  conjunctivitis  of  measles,  the  angina  of 
scarlet  fever,  the  sore  throat  of  typhus,  and  the  initial 
backache  of  smallpox  are  all  in  contradistinction 
to  the  onset  of  typhoid.  Variola  presents  in  addition 
an  initial  rash,  which  may  be  as  diffuse  and  vivid  as 
a  true  scarlatina.  A  careful  observation  of  the  wrists 
and  hair  line  for  shotty  papules  will  usually  prevent 
error. 

Confounded  and  associated  under  the  same  name 
until  the  middle  of  the  nineteenth  centurj-,  it  is  not 
surprising  that,  even  at  the  present  time,  some 
difficulty  may  exist  in  making  an  early  and  accurate 
diagnosis  between  typhus  and  typhoid  fevers.  Prior 
to  the  appearance  of  the  eruption  it  may  be  almost 
impossible.  The  uneventful  period  of  incubation, 
followed  by  a  chill  and  an  abrupt  and  rapid  rise  of 
temperature;  the  extreme  rapidity  of  the  pulse;  the 
early  vomiting  and  extreme  prostration  of  typhus  are 
in  sharp  contrast  to  the  step-like  gradations  of  tem- 
perature, slowness  of  the  pulse,  and  absence  of  early 
vomiting  and  prostration  of  typhoid  fever.  Pro- 
portional to  the  rapid  rise  and  severity  of  the  fever 
are  the  profound  disturbances  referable  to  the  de- 
rangement of  the  nervous  system  which  occur  earlier 
and  with  greater  severity  than  in  typhoid.   . 

Not  infrequently  typhoid  patients  continue  up 
and  about  during  the  first  ten  days  of  the  disease,  and 
delirium  and  coma  do  not  occur  until  late.  In 
typhus,  on  the  other  hand,  they  are  prostrated  at  the 
very  onset  of  the  disease,  and  delirium,  stupor,  and 
coma  may  rapidly  succeed  one  another. 

The  blood  findings  of  the  two  diseases  present 
marked  differences;  typhus  showing  a  moderate 
leucocytosis,  while  in  typhoid  an  actual  diminution 
of  the  white  cells  occurs.  Tj'phoid  presents  in  the 
great  majority  of  cases  the  specific  bacillus  before 
the  expiration  of  the  first  seven  days.  Thus  far  no 
organisms  have  been  found  in  the  blood  of  typhus 
patients.  Later  typhoid  blood  shows  the  Widal 
reaction,  which  does  not  occur  with  typhus  serum. 

Far  more  important  and  readier  of  demonstration, 
are  the  skin  eruptions  of  the  two  diseases.  That  of 
tj-phus  occurs  earlier,  and  in  typical  cases  presents 
such  marked  diff'erenccs  that  the  differentiation  is 
easy  for  an  observer  of  experience.  It  should  be 
mentioned  in  this  connection,  however,  that  tj'phus 
cases  do  occur  in  which  it  is  very  imperfectly  de- 
veloped or  entirely  absent.  The  exanthem  of  typhus 
is  distributed  with  uniformitj'  over  the  trunk  and 
limbs.  It  is  neither  well-defined  nor  sharply  limited. 
It  is  macular,  hemorrhagic,  and  distinctly  petechial. 
It  appears  in  a  single  crop,  a  second  eruption  being 
practically  unknown.  It  has  a  dusky  red.  coppery 
hue,  and  appears  as  if  beneath  the  surface  of  the  skin. 
The  eruption  of  typhoid,  on  the  other  hand,  usually 
involves  the  trunk  alone.  It  is  sharply  defined, 
papular,  and  purely  hyperemic.  It  appears  in  crops, 
is  bright  pinkish-red  and  is  slightly  elevated  above 
the  surface  of  the  skin. 

The  face  of  typhoid  fever  early  exhibits  bright 
eyes  and  slightly  flushed  cheeks,  later  a  dull  and 
apathetic  countenance.  Typhus,  on  the  contrary, 
presents  a  swollen,  livid-red  appearance,  with  in- 
jected conjunctivae,  contracted  pupils,  and  an  agitated 
expression. 

The  disease  which  may  occasion  the  greatest 
difficulty  in  early  differentiation  is  acute  miliary 
tuberculosis.  Many  cases  are  under  observation  for 
weeks  before  the  diagnostician  can  arrive  at  a  con- 
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elusion,  and  then  perhaps  only  after  the  recovery  or 
death  of  the  patient.  Both  have  this  in  common, 
that  the  manifestations  of  each  are  due  to  the  actioii 
of  similarly  acting  toxins.  The  initial  malaise,  head- 
ache, anorexia,  and  irregularity  of  the  bowels  is 
present  in  both.  Each  presents  enlargement  of  the 
.spleen,  but  it  occurs  earlier  and  more  markedly  in 
typhoid.  Both  present  the  Khrlich  diazo  reaction 
and  febrile  albuminuria.  The  reddish  spots  which 
occur  on  the  abdomen  in  miliary  tuberculosis  may 
cause  confusion.  They  do  not  appear  in  crops  and 
are  much  less  abundant  than  the  roseola  of  typhoid. 
Profuse  sweating  occurs  much  more  often  in  rniliary 
tuberculosis.  An  important  difference  occurs  in  the 
teini)craturc  pulse  curve  of  the  two  diseases,  the 
marked  irregularity  of  temperature,  with  a  propor- 
tionallv  rapid  pulse,  of  acute  phthisis  being  quite  the 
opposite  of  the  steady  ascent  and  comparatively 
.slow  ijulse  of  typhoid.  Acute  phthisis  presents 
Kernig's  sign;  typhoid  never.  Dicrotism  is  rare  in 
miliary  tuberculosis.  There  may  be,  though  unusu- 
ally, a  leucocytosis  in  acute  tuberculosis,  and  the 
bacillus  tuberculosis  has  been  found  in  the  blood  of  a 
few  cases.  The  absence  of  leucocytosis  w^ould  not 
necessarily  decide  in  favor  of  typhoid,  but  the  dis- 
covery of"  the  bacillus  of  Eberth  in  the  blood,  or  the 
occurrence  of  the  Widal  reaction,  would.  The  rela- 
tive increase  in  the  large  mononuclear  leucocytes 
found  in  typhoid  does  not  occur  in  acute  tuberculosis. 
In  the  minority  of  cases  the  eye-grounds  show 
choroidal  tubercles.  This  is  a  decisive  condition  when 
present.  Tubercle  bacilli  are  rarely  found  in  the 
sputum  of  an  acute  tuberculosis,  and  the  lung  findings 
may  be.  exactly  the  same  at  the  beginning  of  both 
diseases.  There  is,  however,  a  greater  tendency  to 
respiratory  frequency  and  slight  cyanosis  in  miliary 
tuberculosis.  C'urschmann  considers  acute  pulmon- 
ary cmplnsema  "an  especially  decisive  objective 
sign"  never  occurring  "as  the  result  of  typhoid 
bronchitis." 

In  peritoneal  tuberculosis  the  persistent  abdominal 
pain  and  physical  signs  of  effusion  will  make  the  diag- 
nosis. Very  early  a  decision  will  rest  upon  the  physical 
fimlings  indicative  of  tuberculosis  of  other  organs. 

When  tuberculous  meningitis  accompanies  the 
general  process,  the  diagnosis  is  rendered  somewhiit 
easier.  The  sudden  onset  with  a  convulsion,  or 
severe  headache  and  high  fever;  the  agonizing  pain, 
projectile  vomiting;  hydrocephalic  cry,  and  con- 
tracted pupils  go  to-make  up  a  picture  widely  different 
from  that  of  typhoid.  The  pulse  of  basilar  meningitis 
is  at  first  small  and  rapid.  Subsequently  it  is  as  slow 
as  in  typhoid,  but  is  irregular  and  rarely  dicrotic. 
Quincke's  lumbar  puncture  should  never  be  omitted 
ill  ildubtful  cases.  If  the  tubercle  bacilli  be  present 
Ihcy  will  be  discovered  on  centrifugalization  of  the 
spinal  fluid,  and  will  determine  the  diagnosis. 

Cerebrospinal  meningitis,  however,  is  not  so  readily 
differentiated  from  those  cases  of  typhoid  ushered  in 
by  headache,  photophobia,  delirium,  retraction  of  the 
head,  twitching  of  the  muscles,  and  even  convulsions. 
It  is  ca.sy  to  make  a  decision  when  an  epidemic  of  one 
or  the  other  is  prevailing,  but  it  is  in  sporadic  cases 
that  the  chief  difficulty  lies.  The  irregular  and 
variable  temperature,  the  marked  increase  in  the 
polynudcar  leucocytes,  and  the  profound  psychical 
disturbances  have  no  great  resemblance  to  typhoid. 
The  cutaneous  symptoms  of  the  two  diseases  are  very 
different.  Herpes  occurs  with  great  frequency  in 
cerebrospinal  meningitis,  but  almost  never  in  typhoid. 
The  rash  of  the  first  is  petechial  and  is  sometimes  dis- 
tributed over  the  entire  skin.  That  of  the  latter  is 
hyperemic  and  usually  limited  to  the  trunk. 

Pneumonia  is  occasionally  very  difficult  to  differ- 
entiate from  typhoid  fever,  particularly  the  central 
type  Under  these  conditions  the  examination  of  the 
blood  is  the  most  valuable  means  of  diagnosis,  leuco- 
cytosis being  present  in  most  cases  of  pneumonia. 
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When,  in  addition,  the  polymorphonuclears  are 
increased  and  the  respiration  hurried,  the  diagnosis 
may  be  made  as  the  physical  signs  develop.  Herpes 
of  the  lip  is  common  in  pneumonia,  but  rare  in  typhoid 
fever. 

In  its  early  stages  it  is  very  easy  to  mistake  endo- 
carditis for  typhoid  fever.  Rapid  anemia,  irregular 
septic  temperature  curve,  alteration  in  the  heart 
sounds,  polymorphonuclear  leucocytosis,  and  blood 
cultures,  will  usually  clinch  the  diagnosis.  In  endocar- 
ditis, heart  murmurs  occur  early — in  typhoid  fever  late. 

As  has  been  previously  indicated,  it  is  very  easy 
to  mistake  typhoid  fever  for  appendicitis,  and  vice 
versa.  In  appendicitis,  leucocytosis  is  a  rule,  the 
temperature  is  apt  to  approach  the  septic  type,  and 
there  is  apt  to  be  a  tenderness  and  resistance  localized 
over  the  appendiceal  region.  A  blood  culture  will 
settle  the  diagnosis  in  such  a  case,  but  it  should  be 
borne  in  mind  that  it  is  a  serious  matter  to  operate  on 
a  case  of  typhoid  fever  under  the  belief  that  it  is  one 
of  appendicitis.  Paratyphoid  fever  does  not  give  the 
Widal  reaction  with  the  typhoid  bacillus,  but  will  pro- 
duce agglutination  with  one  or  another  of  the  colon 
group  of  bacilli.  It  is  impossible  to  make  a  differential 
diagnosis  of  the  two  diseases  on  clinical  grounds. 

Influenza  of  the  intestinal  tract  may  easily  be 
mistaken  for  typhoid  fever.  Such  cases  may  have 
continued  fever  from  the  beginning  of  the  attack. 
The  abrupt  onset,  joint  pains,  headache,  coryza  and 
bronchitis,  are  far  more  severe  than  those  of  typhoid 
fever.  The  Widal  reaction  is  absent.  Agglutination 
tests  with  the  influenza  bacillus  are  positive.  Splenic 
enlargement  is  absent,  and  the  pulmonary  sj-mptoms 
are  more  severe  than  in  typhoid  fever. 

Trichinosis  may  closely  resemble  typhoid  fever. 
The  differential  blood  count  showing  leucocytosis 
and  great  eosinophilia,  together  with  an  examination 
of  a  bit  of  muscle  fiber  from  the  pectoral,  serve  to 
settle  the  diagnosis. 

Septicemia,  particularly  in  puerperal  cases,  some- 
times closely  resembles  typhoid.  The  septic  type  of 
temperature,  the  lack  of  characteristic  abdominal 
symptoms,  leucocytosis,  absence  of  the  Widal 
reaction,  and  the  blood  cultural  findings,  will  usually 
make  the  differentiation.  In  osteomyelitis,  an  .t--ray 
jjicture  of  the  tender  area  of  bone  will  be  necessary 
in  certain  cases  to  rule  out  typhoid  fever. 

Bacteriological  Diagnosis. — For  an  early  diagnosis 
of  typhoid  fever,  blood  cultures  form  the  most  prac- 
ticable means.  After  the  first  week  of  the  disease 
the  Widal  reaction  is  the  best. 

In  making  blood  cultures,  the  skin  at  the  bend  of 
the  elbow  should  first  be  scrubbed  gently  with  green 
soap  and  water  for  three  minutes,  then  scrubbed  with 
seventy  per  cent,  alcohol  for  one  or  two  minutes.  A 
tourniquet  is  now  applied  to  distend  the  vein,  and  the 
needle  of  a  sterile  syringe  inserted  in  the  direction  of 
the  venous  flow.  About  10  c.c.  of  blood  are  with- 
drawn and  planted  in  test-tubes  containing  from  7 
to  10  c.c.  of  one  per  cent,  sterile  peptone  ox-bile. 
These  are  incubated  for  ten  to  twelve  hours  and  then 
transplanted  on  bouillon  cubes  containing  10  c.c. 
ordinary  bouillon  with  one  per  cent,  sodium  citrate. 
The  organism  may  be  plated  out  on  lactose-litmus- 
agar,  and  the  organisms  identified  by  agglutination  or 
further  cultural  tests.  Agglutination  tests  may  be 
made  microscopically  in  tlie  hanging  drop  prepara- 
tion, or  preferably  macroscopieally  in  small  test- 
t  ubes.  As  a  means  of  diagnosing  immunity  to  typhoid, 
(he  typhoidin  test  of  Gay  and  Force  may  be  re- 
garded as  to  a  large  extent  specific. 

Prognosis. — The  death  rate  varies  greatly  in  the 
different  epidemics.  In  a  given  locality  the  disease 
apparently  loses  virulence  so  long  as  it  is  endemic, 
and  assumes  virulence  when  it  becomes  epidemic. 
Other  things  being  equal,  the  determining  factor  in 
prognosis  is  the  degree  of  toxemia.     The  outlook  is 
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more  favorable  under  hydrotherapy.  In  fact,  if  the 
patient  can  be  liept  in  a  hopeful  frame  of  mind  and  if 
his  physician  and  nurses  never  cease  lighting  so  long 
as  life  exists,  the  outlook  is,  as  a  rule,  good.  Sudden 
death  without  warning  symptoms  maj-  occur  at  the 
height  of  the  disease,  possibly  from  auricular  fibrillo- 
sis.  The  death  rate  is  lowest  in  the  white  race — 
highest  among  negroes.  The  sexes  are  aflfected  about 
equally,  the  stubbornness  and  alcoholism  of  the  males 
being  about  balanced  by  the  pregnancies  of  the 
females.  Below  two  years  of  age  the  prognosis  is 
unfavorable;  from  two  to  fifteen  most  favorable; 
from  fifteen  to  twenty-five  less  favorable;  from  twenty- 
five  to  fifty  resistance  falls  off  year  by  year;  and  after 
the  fiftieth  year  the  death  rate  is  very  high.  The 
earlier  the  patient  takes  to  his  bed  and  is  put  under 
systematic  treatment,  the  more  favorable  is  the 
prognosis.  Therefore,  those  in  more  affluent  cir- 
cumstances have,  as  a  rule,  the  best  prognosis.  Those 
who  contract  the  disease  in  a  locality  in  which  they 
have  lived  for  some  time  seem  to  have  it  less  severely 
than  do  newcomers.  Fat  patients,  alcoholics,  anemic 
patients,  and  those  suffering  from  chronic  diseases 
are  the  worst  risks.  Apparently,  a  well-compensated 
heart  lesion  adds  but  slightly  to  increase  the  gravity 
of  the  prognosis.  The  following  may  be  mentioned 
as  grave  omens:  severe  toxemia;  delirium;  coma; 
tremors;  excessive  stupor;  suppression  of  urine; 
meteorism;  rapid,  irregular  pulse  w^ith  falling  blood 
pressure;  marked  cyanosis;  bronchopneumonia;  hy- 
postatic pneumonia;  edema  of  the  glottis;  profuse, 
persistent  diarrhea;  severe  hemorrhage;  unoperated 
perforation;  and  peritonitis.  Hyperpyrexia  is  always 
serious.  As  a  rule,  if  the  patient  takes  his  nourish- 
ment well  and  can  be  induced  to  drink  considerable 
quantities  of  water,  the  outlook  is  more  favorable. 

Treatment. — The  basic  things  in  treatment  are 
common  sense,  watchfulness,  careful  nursing,  and  the 
avoidance  of  overzeal.  It  should  be  borne  in  mind 
that  there  is  no  specific  treatment  for  t\'phoid  fever, 
nor  is  there  any  abortive  treatment  which  will  operate 
surely  in  every  case.  The  aim  should  be  to  conserve 
the  patient's  strength  in  every  possible  way,  to  main- 
tain nourishment,  to  promote  elimination,  to  avoid 
hemorrhage  or  perforation,  to  reduce  the  toxemia,  to 
prevent  bedsores,  and  to  prevent  hypostatic  pneu- 
monia. If  the  patient  can  receive  treatment  at 
the  place  where  he  is  taken  ill,  he  should  not  be  moved. 
Long  journeys  exert  an  unfavorable  influence  on 
typhoid  patients.  Hospitalization  brings  better  re- 
sults than  home  treatment.  Not  only  must  those  in 
charge  of  the  patient  use  the  wisest  efforts  to  bring 
about  recovery,  but,  also,  they  must  take  adequate 
means  to  prevent  the  spread  of  tlje  disease  to  other 
persons.  Nursing  done  by  the  family  or  by  unskilled 
attendants  is  unsatisfactory.  A  trained  nurse  should, 
if  possible,  always  be  in  charge  of  the  case.  The 
physician  should  give  his  orders  in  writing,  and  the 
record  of  the  case  should  be  accurately  kept,  particu- 
larly with  regard  to  the  amount  of  nourishment  and 
fluids  taken  by  the  patient,  as  well  as  the  number  and 
character  of  the  dejecta.  The  successful  nursing  of 
typhoid  fever  like  genius,  reduces  itself  to  an  infinite 
capacity  for  taking  pains  even  in  the  most  minute 
details.  The  patient  should  be  put  to  bed  without  any 
temporization.  Absolute  rest  is  the  prerequisite  of 
successful  treatment.  The  bed  itself  should  have  a 
woven  wire  spring,  a  medium  hard  mattress,  one 
pillow,  light  covering,  and  a  rubber  sheet  beneath  the 
lower  sheet.  The  sick  room  should  be  light  and 
airy,  and  the  patient  should  not  be  required  to  face 
the  light.  The  room  should  be,  as  much  as  possible, 
isolated  from  the  rest  of  the  house,  and  should,  if 
possible,  he  close  to  the  bathroom.  This  bathroom 
should  be  used  for  no  other  purpose,  and  there  should 
be  adequate  means  for  the  sterilization  of  the  patient's 
dejecta  and  everything  coming  into  contact  with  him. 


From  the  beginning  of  the  illness  the  bed-pan  must 
be  used.  Temporization  in  this  particular  may  bring 
about  serious  results  at  the  height  of  the  disease. 
All  visitors  should  be  excluded.  .Absolute  cleanliness 
of  the  patient's  body  is  essential.  Patients  who  are 
kept  absolutely  clean  are  less  liable  to  develop  bed- 
sores. To  this  end,  the  back  should  be  rubbed  with 
alcohol  several  times  a  day,  the  patient  being  turned 
carefully  on  his  side.  Particular  attention  should 
be  paid  to  the  cleanliness  of  the  mouth.  The  teeth 
should  be  kept  scrupulously  clean,  and  the  mouth  and 
nose  washed  out  with  an  alkaline  solution  several 
times  a  day.  The  nurse  should  examine  all  stools 
carefully  to  determine  whethpr  or  not  the  food  is 
being  digested.  The  diet  should  be  simple,  easily 
digested  and  absorbed — preferably  fluid.  From  four 
to  six  ounces  of  milk  diluted  one-third  with  lime  water 
or  charged  water  should  be  given  every  four  hours. 
.\lbumin  water,  prepared  by  heating  up  the  whites  of 
one  or  two  eggs  with  a  little  water,  then  straining  and 
adding  orange  juice  and  more  water,  may  be  given  to 
vary  the  monotonous  diet.  Buttermilk,  ice  cream, 
barley  water,  and  iced  tea,  may  be  given — occasion- 
ally bouillon  or  clear  soups.  These  sometimes  pro- 
duce gas.  Forced  feeding  may  be  necessary  in  the 
case  of  very  apathetic  patients,  but  it  should  be  done 
with  great  care.  It  is  very  important  that  the 
patient  take  plenty  of  water. 

The  temperature  may  be  reduced  by  the  use  of 
sponges,  packs,  or  tub  baths.  Cold  water  or  ice 
water  is  used  in  giving  sponges.  Particular  atten- 
tion should  be  paid  to  bathing  the  back.  Sponging  is 
preferable  for  very  feeble,  very  young,  or  very  old 
patients,  or  when,  for  some  other  reason,  it  is  not 
desirable  to  lift  the  patient.  Packs  in  the  case  of 
very  sensitive  patients  may  begin  at  body  temperature, 
the  pack  being  graduall.v  cooled  by  sprinkling  with 
cold  water  and  by  fanning.  Sponges  or  packs 
should  be  given  whenever  the  temperature  reaches 
102.2°  F.  They  do  not,  however,  have  the  same  effect 
as  tubbing,  and  while  they  are  agreeable  to  the 
patient,  are  not  to  be  compared  with  it  for  efficacy. 

If  the  patient's  condition  will  permit,  tubbing  is 
the  measure  of  greatest  preference  and  should  be  begun 
from  the  beginning  of  the  attack.  The  results  ob- 
tained by  many  observers  in  many  different  parts  of 
the  world  warrant  the  statement  that  under  sys- 
tematic, careful  tubbing  the  mortality  rates  of  typhoid 
fever  have  been  greatly  reduced.  'This  results  from 
an  increased  excretion  of  toxins,  the  reduction  of 
temperature,  the  stimulation  of  the  vasomotor  sys- 
tem, and  the  improvement  in  the  general  tone  of  the 
respiratory  and  digestive  tracts.  Under  this  form 
of  treatment  the  liability  to  bedsores  is  much  dimin- 
ished. It  is  not,  however,  a  measure  to  be  handled 
with  impunity  by  the  inexperienced. 

To  tub  a  patient  it  is  best  to  use  a  rubber-tired  tub, 
which  can  be  filled  in  another  room  and  quietly 
wheeled  beside  the  patient's  bed.  This  is  preferable 
to  moving  the  patient  to  the  bath  in  another  room. 
The  patient  may  be  slipped  on  to  a  series  of  canvas 
strips  on  a  rack  like  a  stretcher.  This  is  then  picked 
up  and  set  on  the  tub  and  the  patient  carefully  lowered 
into  the  water.  This  should  be  done  whenever  the 
temperature  exceeds  102.2°  F. — not  over  six  or  seven 
times  in  twenty-four  hours.  It  is  important  to  find 
out  to  what  temperature  the  patient  reacts  best; 
usually  this  is  about  70°  F.  The  patient  should  not 
be  frightened  by  the  first  bath,  and  it  will  not  be 
long  before  he  will  look  forward  to  tubbing  with 
pleasure.  The  patient  should  be  rubbed  dry  before 
being  put  in  the  bath,  and  he  should  not  be  permitted 
to  make  the  slightest  exertion  while  he  is  being  trans- 
ferred from  the  bed  to  the  tub.  A  compress  wnmg 
out  of  cold  water  should  be  put  on  the  forehead  and 
changed  during  the  bath.  The  patient  should  be 
rubbed  constantly  while  in  the  tub.  the  idea  being  to 
apply  friction,  rather  than  kneading.     The  abdomen 
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should  not  bo  rubbed.  If  there  is  great  distress, 
cyanosis,  collapse,  vomiting,  or  complaint  of  abdominal 
pain,  the  patient  should  be  immediately  removed 
from'  the  tub.  While  the  patient  is  in  the  tub,  a 
rubber  sheet  should  be  placed  over  the  ordinary  sheet, 
and  over  this  another  sheet.  When  the  patient  is 
removed  from  the  tub  he  should  be  wrapped  in  a 
sheet  and  covered  with  one  or  two  blankets.  In  a 
few  moments,  these,  together  with  the  extra  sheets 
and  rubber  sheets,  may  be  removed  and  the  ordinary 
bedding  .substituted.  "  Nourishment  may  be  given 
while  the  patient  is  in  the  tub.  As  a  rule,  alcohol 
will  not  be  needed.  If  the  patient  does  not  react  well 
to  the  tub,  he  may  be  given  hot  drinks  and  hot  water 
bottles  may  be  slipped  into  the  bed,  care  being  taken 
not  to  burn  the  patient.  Baths  should  not  be 
given  to  patients  having  any  of  the  signs  of  hemor- 
rhage, peritonitis,  perforation,  phlebitis,  or  great 
prostration. 

Drugs  do  not  have  much  effect  on  typhoid  fever. 
Antipyretics,  as  a  rule,  depress  the  patient  and  should 
not  be  used.  If  a  drug  must  be  given,  a  mixture  con- 
taining hydrochloric  acid,  syrupus  rubi,  and  water, 
does  as  well  as  anything.  It  looks  like  medicine, 
tastes  like  medicine,  and  does  improve  the  digestion. 
Intestinal  antiseptics  are  of  doubtful  value.  Elimina- 
tion should  be  promoted  bj'  increasing  the  amount  of 
fluids  taken.  Purgatives  should  be  given  with  very 
great  care.  Impaction  should  be  avoided,  but  while 
the  fever  persists  no  purgative  should  be  given  by 
mouth. 

The  serum  treatment  and  the  use  of  sensitized  and 
other  vaccines  in  the  treatment  of  typhoid  fever  must 
be  regarded  as  sub  jiulice.  The  results  obtained  by 
Gay  and  Chickering  are,  to  say  the  least,  encourag- 
ing, but  further  confirmation  is  necessary.  The  use 
of  colloidal  gold  is  still  in  the  experimental  stage. 

The  .special  treatment  required  to  meet  individual 
symptoms  may  be  briefly  summarized.  Toxemia  is 
to  be  met  by  a  promotion  of  elimination  through  the 
increased  intake  of  fluids.  Alcohol,  which  was  for- 
merly considered  of  so  much  benefit  in  this  condition, 
is  gradually  falling  into  disuse.  There  is  no  absolute 
rule  as  to  the  amount  the  patient  should  be  given, 
the  physician  being  guided  by  the  individual  resist- 
ance of  the  patient. 

Hydrotherapy  and  the  application  of  an  ice-bag  to 
the  head  do  much  to  control  delirium.  Delirious 
patients  should  never  be  left  alone.  Their  strength 
should  be  conserved  as  far  as  possible,  and,  to  this 
end,  morphine  m.ay  be  carefully  administered  when 
they  are  particularly  violent. 

A  constant  watch  should  be  kept  against  meteorism. 
In  patients  in  which  there  is  no  nephritis,  small  doses 
of  turpentine  may  be  given  by  mouth.  Turpentine 
stupes  when  properly  applied  are  exceedingly  effica- 
cious. Enemata  may  also  assist  in  relieving  the 
condition. 

Hemorrhages  should  be  treated  by  absolute  quiet, 
the  hypodermic  administration  of  morphine,  the  dis- 
continuance of  food  and  stimulants,  the  application 
of  a  light  ice-bag  to  the  abdomen,  and,  in  the  event  of 
a  large  hemorrhage,  the  administration  of  a  saline 
infusion.  As  a  prophylactic,  calcium  salts  may  be 
administered  for  the  purpose  of  shortening  the  coagu- 
lation time  of  the  blood.  Do  not  give  opium.  If,  as 
is  frequently  the  case,  there  is  a  coexistent  perforation, 
the  resulting  peritoneal  symptoms  are  masked 
thereby.  Drugs  do  relatively  little  good  in 
hemorrhage. 

The  treatment  of  perforation  is  surgical.  The  im- 
portant thing  is  to  recognize  perforation  as  soon  as  it 
has  occurred,  in  order  that  no  time  may  be  lost. 
In  all  ca.ses  in  which  there  is  abdominal  pain,  great 
care  should  be  taken  to  determine  its  cause.  Fre- 
quently it  will  be  found  to  be  due  to  a  distended 
bowel  or  some  other  condition,  which  may  be  relieved, 
making  the  patient  more  comfortable  and  preventing 
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the  occurrence  of  symptoms  which  may  mask  some- 
thing reaUy  serious. 

Epistaxis  may  require  plugging  of  the  posterior 
nares.  Strychnine  may  be  necessary  on  account  of 
rapid,  feeble  heart.  For  heart  failure  digalin  is  an 
excellent  remedy,  it  being  borne  in  mind  that  its 
administration  be  begun  several  hours  before  its 
maximum  effects  are  desired.  Phlebitis  is  treated  by 
the  elevation  of  the  affected  limb  and  the  absolute 
prohibition  of  its  movement.  Above  all,  it  should 
not  be  rubbed. 

Careful  nursing  will  prevent  overdistention  of  the 
bladder.  Catheterization  should  be  avoided,  if  possi- 
ble, lest  annoying  infection  occur. 

Treatment  during  Convalescence. — Most  patients 
are  very  hungry  during  this  time.  It  is  frequently 
exceedingly  difficult  to  prevent  them  from  gorging 
themselves  with  food.  The  administration  of  solid 
food  must  be  done  with  very  great  care.  The  rule 
to  be  followed  is  to  feed  small  amounts  frequently, 
rather  than  large  amounts  infrequently. 

Patients  may  sit  up  from  the  seventh  to  the  tenth 
day  after  normal  temperature  has  been  reached. 
During  this  period  they  must  not  be  excited,  and 
visitors  should  be  kept  at  the  minimum,  or  interdicted 
altogether  if  there  is  evidence  that  they  are  exciting 
patients.  The  treatment  at  this  time  is  entirely 
symptomatic,  the  whole  endeavor  being  to  carefully 
guard  the  patient  to  avoid  sequela;,  and  to  prevent 
the  patient  from  infecting  other  people. 

On  the  whole,  it  is  the  application  of  conservative 
common  sense:  the  guarding  against  overzeal  and 
overoptimism,  and  the  constant  attention  to  every 
minute  detail  of  the  patient's  existence  in  such  a  man- 
ner that  he  does  not  realize  that  he  is  the  object  of 
observation.  Exercise  should  be  carefully  graduated 
so  as  to  meet  the  patient's  condition.  No  patient 
should  be  discharged  without  careful  bacteriological 
examination,  to  determine  whether  or  not  he  be  a 
carrier.  Every  endeavor  should  be  made  to  cure 
carriers,  but,  in  the  event  that  this  is  not  possible, 
they  should  be  instructed  how  to  conduct  their  lives 
so  that  they  may  not  be  a  menace  to  other  people. 

W.    C.    RUCKER. 


Typhus  Fever. — Synonyms:  This  disease  has  been 
known  by  various  other  names  as  Spotted  fever. 
Camp,  Jail,  Ship,  and  Hospital  fever,  Typhus  con- 
tagiosus.  Typhus  petechialis,  Febris  puerpera  epi- 
demica.  Morbus  pulicaris,  Febris  pedicularis,  Catarrhal 
typhus,  Ochlotic  fever,  Adynamic  or  Ataxic  fever, 
Cerebral  typhus,  Putrid  or  Malignant  fever,  Synochus 
putrida,  Irish  ague,  Febris  hungarica 

Definition. — T*yphus  fever  is  an  acute,  infectious 
disease  which  occurs  in  epidemics  but  may  become 
endemic.  It  is  characterized  clinically  by  severe 
sudden  onset,  early  and  pronounced  nervous  mani- 
festations, such  as  prostration  and  tendency  to 
mental  derangement,  a  rapidly  developing  macular 
eruption,  which  is  at  first  hypcremic  but  later  becomes 
hemorrhagic,  and  a  fever  w'hich  terminates  by  crisis. 
Relapses  are  very  rare.  It  presents  no  specific 
anatomical  lesions,  and  is  in  no  way  related  to  tyjjhoid 
fever. 

History. — Typhus  fever,  since  the  conditions  which 
favor  its  development  have  always  been  present  in  the 
world,  has  probably  followed  upon  great  wars  and 
famines  since  the  beginning  of  civilization,  and  fevers 
are  described  by  ancient  writers  which  are  thought  to 
be  typhus.  In  10S3  Carradi  and  in  14G.3  Jacobus  de 
Partibus  described  epidemics  which  many  w^riters 
believe  are  the  first  unmistakable  reports  of  the 
disease;  but  the  great  bulk  of  evidence  points  to  the 
epidemics_  recorded  by  Fracastorius  as  the  first  which 
we  can  with  a  degree  of  certainty  pronounce  typhus 
fever.     Fracastorius  described  an  epidemic  in  Italy 
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in  1505  and  1508,  and  a  second  epidemic  which  he 
witnessed  twenty  years  later  under  the  name  of  morr 
bus  lenticularis.  This  disease,  though  new  in  Italy, 
appears  to  have  been  well  known  by  the  physicians 
of  Cyprus,  where  the  disease  was  probably  epidemic, 
and  whence  it  may  have  come  to  Verona.  The 
second  epidemic  in  Italy,  from  1524  to  about  1530, 
spread  to  France  and  Spain,  over  the  whole  of  the 
German  Empire  and  even  to  Sweden,  returning  to 
Italy  toward  the  end  of  the  century. 

Epidemics  of  typhus  fever  with  dysentery  and 
scurvy  recurred  in  the  seventeenth  century  among 
the  train  of  evils  entailed  upon  the  unhappy  empire 
by  the  Thirty  Years'  War.  The  disease  continued 
to  break  out  both  in  England  and  upon  the  continent 
during  this  and  the  succeeding  century.  In  the 
eighteenth  century  it  was  endemic  on  the  continent 
and  became  epidemic  wherever  want  pressed  more 
sorely  than  usual.  In  England  the  so-called  Black 
Assizes  became  centers  of  contagion,  when  at  judicial 
sessions  prisoners  communicated  the  disease  to 
judges  on  the  bench  and  to  others  in  proximity. 

The  early  years  of  the  nineteenth  century  saw  a 
general  epidemic  of  typhus  on  the  continent.  The 
armies  of  the  French  Republic  and  the  First  Empire 
carried  the  contagion  everywhere.  Napoleon  lost 
more  men  by  this  pestilence  than  by  the  armies  of  the 
allies.  When  the  tide  of  war  receded  the  larger  towns 
were  left  as  centers  from  which  epidemics  spread  from 
time  to  time.  Great  devastation  was  wrought  by 
typhus  among  the  armies  of  the  Crimean  War  (1854- 
56),  and  in  the  war  between  Russia  and  Turkey  in 
1877-78  the  pestilence  visited  the  Russian  camp, 
prostrating  one  hundred  thousand  men,  half  of 
whom  died.  The  United  Kingdom  meanwhile  has 
suffered  much.  Ireland  has  been  a  focus  from  which, 
during  the  last  century,  five  epidemics  have  radiated. 
The  most  severe  of  these  was  in  1846.  The  mortalitj- 
was  very  high  and  the  disease  spread  to  England, 
where  it  reached  its  height  in  the  almost  incredible 
number  of  one  million  cases  (Murchison).  and 
thence  to  the  continent.  In  the  nineteenth  century 
the  epidemics  had  a  tendency  to  confine  themselves 
to  the  vicinity  of  the  place  of  origin,  a  result  no  doubt 
traceable  to  improved  sanitation. 

In  the  New  World  the  disease  is  pandemic  in 
Mexico,  where  it  has  existed  since  the  advent  of  the 
Spaniards,  if  it  was  not  known  before  the  conquest 
under  the  name  of  "cocolistle."  In  the  United 
States  there  have  been  several  local  epidemics  during 
the  last  century.  The  first  was  in  New  England  in 
1807.  The  disease  broke  out  in  Philadelphia  in  1812, 
and  lurked  in  the  city  "in  lanes  and  alleys"  until 
1821  when  Wood,  then  a  student  of  medicine,  studied 
and  reported  the  disease.  Philadelphia  suffered 
another  visitation  in  1836,  the  history  of  which  was 
written  by  Gerhard.  Since  then  epidemics  have  visited 
sundry  American  cities  and  have  been  described  by 
FUnt,  Da  Costa,  and  Loomis.  Typhus  was  not 
epidemic  on  either  side  during  the  Civil  War.  It  is 
true  that  seventeen  hundred  and  twenty-three  cases 
were  reported  to  Washington,  but  these,  as  Hutchin- 
son maintains,  were  typhoid  accompanied  by  condi- 
tions which  misled  the  army  surgeons  in  diagnosis. 

Brill's  Disease. — In  1910  IBrill  reported  a  series  of 
221  cases  of  an  acute  infectious  disease  of  unknown 
origin  which  he  had  collected  and  studied  over  a 
period  of  two  years,  and  which  he  believed  represented 
a  disease  distinct  from  typhus  fever  though  possessing 
not  a  few  features  common  to  that  disea.se.  Con- 
siderable interest  was  necessarily  aroused  throughout 
the  country.  A  critical  review  of  Brill's  report  leads 
one  who  is  acquainted  with  the  manifestations  of 
typhus,  and  with  its  variations  under  the  influence  of 
climate,  race,  and  environment  to  doubt  very  much  the 
identity  of  this  affection  as  of  unknown  origin. 
Evidence  continues  to  accumulate  that  this  disease 
is  indeed  a  modified  tj-phus  endemic  in  New  York 


City,  and,  because  of  these  slight  peculiarities,  as 
Friedman  suggests  it  might  be  termed  New  '\'ork 
t\-phus,  for  the  same  reasons  that  the  tvphus  of  Pekin 
is  called  Pekin  tj-phus.  Brill's  reniarkablv  well 
worked  up  report  did  more  than  anx-thing  "else  to 
awaken  an  interest  in  the  study  of  typhus  in  America. 
He  later  recognized  his  cases  as  modified  t>-phus. 

Typhus  and  the  Eurojfcan  War. — To  date  there  are 
no  reliable  statistics  available  on  the  Serbian  epidemic, 
in  which,  soon  after  the  opening  of  hostilities,  typhus 
literally  spread  like  wild  fire  from  the  Danube  to  the 
Greek  frontier,  attacking,  it  is  estimated,  in  its  onward 
march  one  out  of  every  five  of  the  two  and  a  half 
million  population,  and  killing  in  round  numbers 
135,000  including  30,000  of  the  70,000  Austrian 
prisoners.  The  hospital  mortality  varied  from  nine- 
teen to  sixty-five  per  cent.  It  is  believed  that  this 
epidemic,  though  not  so  widespread  as  some  provioas 
visitations,  is  the  most  severe  Europe  has  yet  experi- 
enced. Beginning  in  December,  1914,  it  had  reached 
its  height  under  the  most  favorable  conditions  for  its 
spread  in  April,  1915,  when,  owing  largely  to  the  efforts 
of  the  Sanitary  Commission  of  the  American  Red  Cross 
and  to  those  Commissions  sent  from  England,  France, 
and  Russia,  the  tide  began  to  be  stemmed.  Within  the 
comparatively  short  space  of  less  than  four  months 
after  the  Commissions  began  their  work  the  epidemic 
was  completely  under  control. 

Etiology. — The  contagium  of  typhus  fever  de- 
velops and  reproduces  itself  in  the  body  of  the  patient. 
The  manner  in  which  it  is  given  off  from  the  body  is 
as  yet  only  a  matter  of  speculation.  It  is  thought 
that  the  contagium  exists  in  the  secretions  and  excre- 
tions of  the  body  and  in  the  exhalations  from  the 
lungs  and  skin.  In  the  light  of  our  present  knowledge 
regarding  the  spread  of  contagious  di.seases  by  direct 
or  indirect  contact,  it  now  seems  very  doubtful  that 
typhus  fever  is  air  borne.  McVeil  and  Ker,  however, 
regard  it  as  essentially  so,  but  they  both  admit  that 
its  "striking  distance"  is  very  short.  It  has  been 
demonstrated  that  in  well-ventilated  and  uncrowded 
wards,  where  three  or  four  typhus-fever  cases  are  being 
cared  for,  the  other  patients  remain  uninfected,  while 
those  who  have  the  immediate  care  of  the  cases  are 
very  frequently  affected.  On  the  other  hand,  in 
crowded  wards  or  buildings  with  poor  ventilation  all 
are  affected  who  are  exposed.  These  well  established 
facts  fit  in  very  well  with  what  we  know  of  the  role 
played  by  the  body  louse  in  the  transmission  of  the 
disease.  It  is  believed  that  typhus  patients  free  from 
lice  and  nits  are  not  a  source  of  danger.  It  will  be 
seen  that  the  factors  which  favor  the  development 
and  spread  of  tjphus  fever  are  those  which  favor  the 
development  and  spread  of  the  body  louse.  The  flea 
and  the  bed-bug  have  been  exonerated  as  common 
carriers  of  tj-phus. 

That  the  disease  is  of  a  specific  nature  and  does  not 
occur  spontaneously  is  shown  by  the  fact  that  articles 
of  clothing  containing  the  contagium  cannot  infect 
after  they  have  been  subjected  to  a  temperature  of 
100°  to  {20°  C,  and  by  the  experimental  evidences 
produced  by  Nicolle  and  others,  of  the  transmission  of 
typhus  by  the  louse  to  monkeys. 

The  contagium  may  be  transmitted  at  all  stages  of 
the  disease,  including  the  stage  of  incubation.  The 
period  of  greatest  danger  is  during  the  beginning  and 
at  the  acme  of  the  febrile  stage.  Upon  this  point  most 
writers  are  now  agreed,  while  many  of  the  older  writers 
maintain  that  the  contagium  is  more  often  transmitted 
during  the  stage  of  convalescence. 

Bacteriology. — We  still  remain  in  the  dark  as  to  the 
true  nature  of  the  contagium.  Whether  it  is  a  bac- 
terium or  a  parasite  of  some  other  order  is  a  question 
j'et  to  be  solved.  It  has  been  definitely  settled, 
however,  that  the  infecting  agent  is  not  filterable, 
that  it  is  transmitted  by  the  body  louse  and  that  apes, 
monkeys,  and  guinea-pigs  are  susceptible.     In  this 
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disease  as  in  the  acute  exanthemata  many  researches 
have  been  made,  the  purpose  of  which  has  been  to 
demonstrate  the  specific  cause,  but  little  if  anything 
was  accomplished  untU  1915  when  the  promising 
but  as  yet  insufficiently  confirmed  researches  of 
Plotz,  O'litskv,  and  Baehr  were  reported.  They 
describe  an  obligate  anaerobic  Gram-positive  bacillus 
which  thev  found  in  the  blood  of  t>T>hus-fever  patients 
in  New  York  and  in  Mexico,  and  which  they  de- 
signate Bnritlus  lyphi-exnnihemalici.  They  found 
the  same  organism  in  the  blood  of  a  Serbian  immigrant 
sick  with  the  disease  and  also  in  the  body  louse  m 
Mexico.  Thev  claim  to  have  induced  the  disease 
bv  the  injection  of  blood  cultures  and  of  lice  into 
giiinea-pigs,  and  that  the  blood  of  typhus  fever 
patients  agglutinates  their  bacillus  in  the  late  stages 
of  the  disease  and  after  the  crisis.  Later  they  found 
the  organisms  of  epidemic  typhus  were  virulent  while 
those  of  endemic  tvphus  were  not.  Olitsky  found 
marked  complement  fixation  and  agglutination 
reactions  in  the  endemic  cases.  It  will  be  unnecessary 
to  more  than  mention  the  work  of  those  whose  efforts 
thus  far  have  apparently  no  other  than  an  historic 
value. 

As  early  as  18G8  E.  Hallier,  of  Jena,  described  an  or- 
ganism which  he  called  tvphus  fungus  (rhizoporus), 
and  fifteen  years  later,  in  1883,  Mott  and  Blore  re- 
ported the  finding  of  motile  spirilla  in  the  blood  of  a 
typhus-fever  patient.  Little  importance,  however, 
was  attached  to  these  reports  at  that  time  or  since. 
In  1888  Moreau  and  Cochex  isolated,  from  the  blood 
and  urine  of  t\T)hiis-fever  patients,  bacilli  which  they 
describe  as  resembling  the  bacillus  typhosus.  A  year 
later,  in  1809,  Hlava,  of  Prague,  made  observations 
on  forty-five  tj-phus-fever  cadavers.  In  twenty  of 
these  and  also  in  one  living  subject  he  found  a  strep- 
tobacillus  in  the  blood,  but  was  unable  to  demonstrate 
its  presence  in  any  of  the  organs.  Cornil  and  Babes 
were  unable  to  confirm  Hlava's  conclusions.  In  1892 
Lewaschew  described  coccus-like  bodies  in  the  spleen 
blood  which,  when  stained,  were  seen  to  possess  long 
cilia.  He  also  observed  free  flagella,  to  which  he 
gave  the  name  spirochaete  exanthematicum,  and 
these,  he  thought,  represented  a  different  stage  in 
the  life  history  of  the  organism.  He  succeeded  in 
growing  the  organism  on  ascitic  fluid.  In  the  same 
year  Thoinot  and  Calmette  described  a  flagellate 
and  ameboid  organism  in  the  spleen  blood  of  five 
living  patients  and  from  the  pulmonary  blood  of  one 
after  death.  They  considered  Hlava's  bacillus  a  sec- 
ondary invader.  In  1893  Clieesman  described  his 
bacillus  sanguinis  exanthematicus.  In  1894  Dubief 
and  Briihl  described  their  capsulated  diplococcus 
exanthematicus  which  they  found  much  more  com- 
monly in  the  air  passages  and  sputum  than  in  the 
blood.  When  planted  on  agar  a  luxuriant  orange- 
yellow  growth  was  obtained.  Animal  inoculations,  in 
their  opinion,  were  successful  in  producing  a  condition 
which  resembled  typhus  fever.  Balfour  and  Porter 
in  1899  isolated  a  diplococcus  in  eighty-eight  per  cent, 
of  143  cases  of  tyjjhus,  but  were  also  able  to  demon- 
strate the  .same  organism  in  tj-phoid  patients.  Ober- 
meyer  has  reported  the  finding  of  a  spirillum  in  the 
blood,  but  in  his  case  as  well  as  in  similar  cases  re- 
ported by  others  it  is  highly  probable  that  relapsing 
fever  was  associated  with  typhus.  A  field  as  yet 
unexplored,  and  which  may  prove  a  source  of  knowl- 
edge, is  a  systematic  bacteriological  examination  of 
the  eruption  itself. 

Age. — No  definite  periods  of  life  can  be  absolutely 
settled  upon  at  which  typhus  fever  is  especially  liable 
to  occur.  Many  statistics  have  been  gathered,  and 
if  we  were  to  base  our  conclusions  upon  them  we 
should  say  that  in  adult  life,  between  the  ages  of 
twenty  and  forty,  the  disease  is  most  common.  How- 
ever, all  things  being  equal,  social  and  physical  con- 
ditions, occupation,  environment,  etc.,  the  "first  state- 
ment must  be  accepted  as  the  correct  one. 
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Sex. — It  has  been  demonstrated  that  if  males  and 
females  are  equally  exposed  to  infection  they  are 
equally  affected.  Men  are  more  frequently  affected 
because  they  are  more  frequently  exposed.  Sex.  there- 
fore, plays  a  subordinate  part  in  the  etiology  of  the 
disease. 

Race. — No  significance  appears  to  be  attached  by 
the  majority  of  authors  to  race  influence.  But  in  the 
Philadelphia  epidemic  of  1836  "negroes  and  mulattos 
suffered  from  it  more  severelj-  than  others."  The 
Hebrew  and  Arab  (Conseil)  races  are  less  susceptible. 

Occupation  and  Social  Conditions. — Only  in  so  far 
as  occupation  and  social  conditions  may  bring  the 
individual  into  actual  contact  with  the  disease,  or 
with  carriers  of  the  contagium  as  in  the  case  of  those 
who  work  under  unhygienic  conditions,  can  they  be 
regarded  of  any  etiological  importance;  that  is  to  say, 
no  particular  trade  either  predisposes  to  or  protects 
against  infection.  The  contrary  view,  however,  has 
been  held  by  many  English  physicians,  who  maintain 
that  butchers  and  workers  in  fats,  such  as  candle- 
makers,  are  relatively  immune.  Curschmann,  how- 
ever, does  not  incline  to  this  opinion,  as  he  has  seen 
as  many  cases  in  butchers  as  in  other  workmen. 

Season  and  Meteorological  Conditions. — The  disease 
is  rare  in  tropical  climates  and  flourishes  chiefly 
in  colder  countries,  during  the  winter  and  spring 
months,  where  inperfect  ventilation  and  crowding  of 
population  among  the  poorer  classes  supply  the  condi- 
tions favorable  to  its  development.  It  is  quite  com- 
mon in  subtropical  countries  at  altitudes  lower  than 
five  thousand  feet.  Some  large  epidemics  have  oc- 
curred, however,  during  the  warmer  months,  notably 
the  one  described  by  Gerhard.  Very  low  altitudes 
and  damp  places,  as  seaport  towns,  are  thought  by 
Hirsch  to  be  important  predisposing  factors. 

Individual  Predisposition. — It  is  generally  conceded 
that  influences  that  tend  to  lower  the  bodily  tone  of  an 
individual,  such  as  illness,  poverty,  and  worry,  are 
powerful  predisposing  factors.  In  this  respect  a  strik- 
ing contrast  is  offered  to  typhoid  fever  which  so  com- 
monly attacks  young,  robust  individuals.  Even 
among  the  classes  in  better  circumstances,  where 
hygienic  conditions  are  more  perfect,  if  any  be  affected 
it  is  almost  invariablj'  one  whose  physical  strength  is 
at  a  low  ebb.  Convalescents  from  long-continued  or 
acute  diseases  are  unquestionably  predisposed  to  the 
disease. 

Immunity. — Tj-phus  fever  resembles  the  acute  exan- 
thematous  diseases,  in  that  one  attack  usually  protects 
for  many  years  and  often  for  life.  Murchison  was 
attacked  twice,  and  there  are  other  instances  of  sec- 
ond attacks  that  might  be  mentioned.  Hildebrand 
believed  that  a  certain  immunity  was  obtained  by 
physicians  and  nurses  and  those  who,  by  constant 
attendance  upon  the  disease,  became  accustomed  to 
the  poison.  Loomis,  who  in  all  his  well-known  experi- 
ence in  typhus  fever  never  contracted  the  disease, 
thought  that  his  immunity  was  due  to  some  personal 
idiosyncrasy.  A  few,  not  fully  confirmed,  reports 
claim  immunity  may  be  conferred  by  injections  of 
Nicolle's  serum  and  Plotz's  vaccine. 

MoRBro  Anatomy. — There  are  no  characteristic 
postmortem  changes  in  tj-phus  fever.  The  external 
findings  are  those  which  accompany  all  of  the  acute 
exanthematous  diseases.  Traces  of  the  rash  are  sel- 
dom present.  The  organic  changes  that  occur  are 
tho.se  resulting  from  the  pyrexia.  Certain  phenomena, 
nevertheless,  occur  with  such  frequency  as  to  demand 
attention.  The  most  important  of  these  are  the 
following: 

Respiratory  Organs. — To  a  certain  extent  in  almost 
all  cases  the  respiratory  tract  is  affected.  Tracheal 
and  bronchial  catarrh  and  hypostatic  congestion 
are  among  the  more  con.stant  conditions  met  with, 
and  cases  presenting  these  characters  have  been  desig- 
nated by   Rokitansky  bronchotyphus  and  pneumo- 
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typhus  respectively.  In  Ireland  they  are  commonly 
called  catarrhal  typhus.  In  some  epidemics  laryngeal 
disease  is  very  common.  There  may  be  simply  red- 
dening and  swelhng  of  the  mucous  membrane  or 
suppuration  may  supervene.  Not  infrequently  a 
unilateral  perichondritis,  which  at  times  resulted  in 
necrosis,  was  noted  by  Curschmann,  and  in  fifteen  per 
cent,  of  his  Berlin  cases  lobar  pneumonia  was  the 
immediate  cause  of  death.  This,  however,  is  an 
inconstant  factor,  as  is  shown  by  the  fact  that  Mur- 
chison  rarely  encountered  it  in  England,  and  Thoinot 
and  Netter  make  no  mention  of  its  occurrence  in 
France. 

Circulalory  Organs. — The  chief  changes  in  the 
circulatory  organs  are  those  on  the  part  of  the  heart. 
Changes  in  the  blood-vessels  have  been  seldom 
observed.  During  the  course  of  the  disease 
unilateral  dilatation  and  infectious  myocarditis 
may  be  said  to  be  of  fairly  constant  occurrence, 
but  other  changes  that  have  been  noted  in  tlie 
appearance  of  the  heart  are  uncjuestionably  due 
to  postmortem  influences. 

Changes  in  the  Skin. — FraenkeP'  points  out 
that  a  characteristic  necrosis  of  the  arterioles  in 
the  substratum  of  the  roseola  occurs  in  typhus. 
There  is  an  accumulation  of  cells  at  the.se 
points.  He  believes  the  change  is  so  constant 
as  to  be  of  diagnostic  value.  Papenheim's 
panoptic  stain  is  recommended. 

Muscles. — The  muscles  in  general  have  a 
brownish-red  and  dry  appearance.  They  show 
little  sign  of  wasting.  Small  ulcerations  have 
been  frequently  observed  in  the  recti  and 
thigh  muscles,  and  the  changes  described  by 
Zenker — atrophy  of  the  fasciculi  and  granular 
and  fatty  degeneration — also  obtain  here,  but 
to  a  less  extent  than  in  typhoid  fever.  Some- 
times hemorrhages  take  place  into  the  muscles. 

Liver  and  Spleen. — The  liver  is  usually  en- 
larged and  soft.  When  death  occurs  after  the 
nintli  or  tenth  day  the  spleen  is  almost  inv'aria- 
bly  found  enlarged,  if  before  this  time  it  re- 
mains normal  in  size.  The  capsule  usually 
remains  normal. 

Kidneys. — In    severe    cases    the    cortex    is  fi 

swollen,   opaque,  and  has  undergone  more  or 
less  fatty  change.     Cloudy  swelling  of  the  epi- 
thelial cells  of  the  convoluted  tubules  may  be  seen  in 
practically  all  cases.     The  genitalia  are  unaffected. 

Gastrointestinal  Tract. — Affections  of  the  stomach 
and  intestines  are  not  frequent.  Peyer's  patches  and 
the  mesenteric  glands  are  likewise  rarely  involved, 
and  infiltration  and  degeneration  are  never  found. 

Symptomatologt. — Incubation. — The  stage  of  in- 
cubation lasts  from  one  to  fourteen  days,  more  often 
eight  to  twelve.  Reliable  records  inform  us  that  its 
duration  may  be  only  a  few  hours,  and  that  it  is  very 
rarely  prolonged  more  than  fourteen  days.  During 
this  .stage  symptoms  seldom  manifest  themselves. 
Occasionally  a  history  of  headache,  loss  of  appetite, 
depression,  and  general  inaptitude  for  work  is 
given. 

Invasion. — The  outset  is,  as  a  rule,  sudden.  Re- 
peated chills  within  the  first  twenty-four  hours  are 
common.  The  temperature  rises  quickly  and  may, 
on  the  first  day,  reach  104°  F.  Headache,  pain  in  the 
back,  and  along  the  course  of  the  larger  nerve  trunks 
are  quite  constant  features.  Prostration  soon  sets 
in,  and  even  the  most  robust  individual  takes  early 
to  bed.  The  chills  may  recur  for  a  few  days,  and  are 
not  infrequently  accompanied  by  nausea  and  vomiting. 
The  mind,  which  is  at  first  clear,  soon  becomes 
clouded;  the  patient  is  uninterested  in  things  about 
him,  his  talking  is  fragmentary,  and  his  expression  is 
dull  and  stupid.  Mild  deliriilm  may  set  in,  and  in 
severe  cases  may  develop  into  maniacal  storms. 
The  pulse  is  rapid,  but  full  in  volume;  dicrotism  is 
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rare.  The  face  soon  shows  a  reddish  flush,  often  a, 
peculiar  edematous  appearance,  and  the  conjunctivae 
are  injected.  The  intensity  of  the  color  in  the  face 
is  said  to  be  an  index  of  the  severity  of  the  disease. 
The  tongue  Ls  dry,  tremulous,  and"  covered  with  a 
yellowish-brown  coat. 

On  the  third,  fourth,  or  fifth  daj-  the  rash  appears 
on  the  skin  of  the  abdomen.  With  its  occurrence  the 
temperature  remains  high  and  the  symptoms  in  no 
way  abate.  In  severe  cases  the  heart  may  become 
enfeebled,  respiration  accelerated,  and  death  may 
ensue  from  exhaustion.  In  more  favorable  cases  the 
crisis  occurs  about  the  end  of  the  second  week,  the 
patient  often  falls  into  a  refreshing  sleep  and  awakens 
with  a  clear  mind. 
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4840. — Typical  Fever  Curve  of  a  Moderately  iSevere  Uncom- 
plicated Case  of  Typhus  Fever,  Diagraniniatie. 

Temperature. — The  fever  rises  steadily  and  may  be 
104°  F.  the  evening  of  the  first  day.  It  continues  to 
rise  with  but  slight  morning  remissions  for  four  or 
five  days  and  reaches  its  maximum,  106°  to  107°  !•"., 
about  the  end  of  the  seventh  day.  Having  reached  its 
height  it  continues  with  remarkable  Constance  between 
104°  and  105°  F.  until  the  thirteenth  or  fourteenth  day, 
when  it  falls  by  crisis.  The  crisis  is  one  of  the  most 
characteristic  features  of  typhus  fever.  The  tem- 
perature may  fall  in  a  few  hours  from  10.5°  or  10()°  I'. 
to  normal  or  slightly  below.  A  longer  time,  however, 
is  usually  required,  and  there  is  frequently  a  rise  of  a 
degree  or  more  before  the  normal  point  is  reached. 

Variations  from  the  typical  temperature  curve  ocovir, 
but  not  so  frequentl}'  as  in  typhoid  fever.  In  mild 
cases  the  temperature  rarely  rises  higher  than  lO:}"  F. 
Much  importance  has  been  attached  by  Wunderlich 
and  his  followers  to  a  so-called  characteristic  drop  in 
the  fever  on  the  seventh  day,  but  it  has  been 
repeatedly  shown  that  this  symptom  is  the  exception 
rather  than  the  rule.  The  fever  may  reach  itj>  height 
within  the  first  twenty-four  or  thirty-six  hours. 
In  many  cases  defervescence  is  protracted.  This  is 
more  noticeable  in  mild  than  in  severe  cases.  There 
are  abortive  cases  in  which  the  onset  is  severe  and  the 
crisis  occurs  on  the  fifth  or  sixth  day.  A  rather 
remarkable  feature,  just  before  death,  is  the  so-called 
preagonic  rise  to  109°  or  110°  F. 

The  Eruption. — Between  the  second  and  the  eighth 
days,  more  frequently  on  the  fourth  or  fifth  day  of  the 
disease,  the  eruptionfirst  appears.     Salomon"  reports 
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a  cixsii  in  which  the  eruption  was  delayed  until  the 
eleventh  day.  The  spots  come  out  first  upon  the 
abdomen,  cliest,  and  back,  tlien  upon  the  extremities 
and  face.  The  sequence  of  the  eruption,  however,  is 
by  no  means  definite.  It  develops  quite  rapidly, 
so  tliat  bv  the  end  of  the  second  or  the  beginning  of 
the  third  day  after  its  appearance  it  is  all  out.  It  does 
not  come  out  in  successive  crops.  The  eruption  is 
marked  on  the  extremities.  The  flexor  surfaces  of 
the  forearm  are  first  involved.  In  many  cases  the 
spots  are  quite  noticeable  on  the  dorsum  of  the  feet. 
The  face  is  generally  exempt,  although  in  some 
epidemics  the  eruption  on  the  face  has  been  marked. 

In  the  stage  of  hi/peremia  there  is  at  first  a  fine  dusky 
red  mottling  just  beneath  the  cutis.  The  spots  soon 
appear  as  irregular  rose-pink  macula;.  They  range  in 
size  from  that  of  a  pinhead  to  that  of  a  lentil,  and 
may  be  slightly  elevated  above  the  skin.  At  first 
they  disappear  completely  when  pressed  beneath  a 
glass  slide;  later  they  become  a  dirty  red  color,  begin 
to  undergo  hemorrhagic  change,  and  give  up  their 
color  sluggishly  when  pressed  upon.  During  the 
early  part  of  this  stage,  particularly  in  dark-com- 
plected people,  the  eruption  even  in  the  best  light  may 
be  difficult  to  see.  In  children  the  rash  quite  frequently 
resembles  that  of  measles,  and  because  of  its  peculiar 
mottled  appearance  has  been  called  mulberry  rash. 

In  the  hemorrhaffic  stage  "there  is  an  infiltration  of 
dissolved  hematin  into  the  tissues  of  the  cutis." 
This  change  begins  in  the  center  of  the  spot  and  ex- 
tends to  the  periphery.  The  spots  soon  cease  to  be 
hyperemic;  the  color  only  partially  disappears  on 
pressure.  At  first  they  are  bluish  red  and  as  the 
hemorrhagic  change  goes  on  they  become  a  dark  livid 
color.  They  are  more  numerous  in  the  inguinal 
regions,  or  where  the  skin  is  loose.  Sometimes  the 
spots  appear  to  be  undergoing  a  true  petechial  trans- 
formation. Indeed,  Murchison,  Moor,^*  and  many 
others  describe  the  petechue  as  dark  purple  points  in 
the  center  of  the  spot,  or  speak  of  the  macula;  bemg 
converted  into  petechia;.  Strictly  speaking,  these 
statements  are  not  correct.  Hemorrhagic  changes 
that  ordinarily  occur  in  the  spots  must  be  distinguished 
from  the  true  petechlse. 

The  petechial  stage  is  characterized  by  the  occur- 
rence of  direct  hemorrhages  into  the  skin.  These 
little  bluish-red  spots  do  not  disappear  on  pressure, 
and  are  not  preceded  by  a  stage  of  hyperemia. 
They  occur  usually  at  the  height  of  the  disease,  and 
are  more  common  in  some  epidemics  than  in  others. 
When  they  are  present  in  small  numbers  no  im- 
portance is  attached  to  them;  but  when  they  are 
abundant  and  combined  with  extensive  hemorrhages 
into  the  skin,  they  are  of  bad  omen.  Hemorrhages 
into  the  conjunctiva;  are  common  during  this  stage. 
All  t  hese,  together  with  the  livid  spotted  body,  present 
a  most  horrible  picture. 

The  stage  of  eruption  lasts  for  from  seven  to  ten 
days,  and  traces  may  remain  for  several  days  longer. 
If  hemorrhagic  changes  do  not  occur  the"  primary 
rose  spots  remain  but  a  short  time.  They  may  have 
all  disappeared  by  the  end  of  the  first  of  the  "begin- 
ning of  the  second  day.  When  the  eruption  is 
petechial  it  may  last  well  into  convalescence.  The 
abundance  of  the  eruption  appears  to  be  unin- 
fluenced by  age  or  the  severity  of  the  disease.  It 
depends  rather  upon  some  unknown  influence  in  the 
character  of  the  epidemic.  A  peculiar  "rotten-straw 
odor  "  is  described  by  some  authors  as  occurring  during 
the  stage  of  eruption.  Littlejohn  and  Ker"  noted 
it  in  the  somewhat  recent  Edinburgh  epidemic,  and 
assert  that  it  was  of  great  help  to  them  in  diagnosis. 
Gerhard  describes  the  odor  as  "pungent,  ammoniacal, 
and  ofifensive." 

Other  changes  occur  in  the  skin,  among  which  may 
be  mentioned  herpes  facialis,  which  is  not  infrequent, 
miliaria  crystallina  (sudamina  crystaUina),  icterus, 
abscesses,  and  bedsores. 
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Nervous  Manijeslations. — Foremost  among  the 
many  ner\-ous  manifestations  of  tj-phus  fever  is 
the  early  and  pronounced  prostration.  The  patient 
is  quickly  overcome  by  the  intensity  of  the  toxin 
and  immediately  takes  to  bed.  Symptoms  of  nervous 
excitement  often  precede  the  prostration  for  a  few 
days.  He  complains  of  severe  frontal  headache, 
pain  in  the  eyes,  vertigo,  and  pain  in  the  sacrum. 
Insomnia  soon  becomes  a  prominent  symptom;  and 
if  he  does  sleep,  frightful  dreams  disturb  him.  Con- 
sciousness is  maintained  for  some  days,  but  sooner 
or  later  he  grows  dull  and  apathetic.  Hallucina- 
tions of  impending  harm  are  very  common.  Toward 
the  end  of  the  first  week  the  stupor  increases,  con- 
sciousness is  finally  lost,  he  mutters  to  himself,  and 
picks  at  the  bedclothes;  there  is  subsultus  tendinum. 
He  may  lie  with  his  eyes  wide  open,  unconcerned  as 
to  what  takes  place  about  him  (coma  \igil).  De- 
lirium of  varying  degrees  is  almost  constantly  present. 
Even  after  the  temperature  has  returned  to  normal 
delirium  may  persist.  Not  uncommonly  during  the 
height  of  the  disease,  especially  in  young  robust  indi- 
viduals, it  takes  on  a  maniacal  form;  they  seek  to 
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FlQ.  4841. — .\bortive  Case  of  Typhus  Fever  with  Severe  Onset 
(Adapted  from  Curschmann.) 

escape  from  their  terrifying  hallucinations  by  suicidal 
attempts.  On  the  other  hand,  depression  may  pre- 
dominate. Among  other  nervous  phenomena  which 
deserve  a  passing  notice  are  convulsions,  hemiplegia, 
and  meningitis.  Sensory  disturbances  probably  exist 
at  times,  but  of  this  we  have  little  definite  knowledge 
Circulatory  System. — The  blood  shows  few  important 
changes;  a  moderate  leucocytosis  has  been  observed. 
The  other  changes  arc  those  of  secondary  anemia — - 
reduction  of  the  red  corpuscles  and  hemoglobin. 
This  is  more  noticeable  during  convalescence  from 
a  severe  attack.  No  degenerative  changes  in  the 
rod  cells  have  been  observed.  The  serum  does  not 
agglutinate  the  bacillus  tj-phosus.  The  components 
which  give  the  Wassermann  reaction  in  syphilis  are 
also  present  in  tj^jhus.  This  is  an  important  diag- 
nostic point.  In  making  the  complement  de\'iation 
test  typhus  organic  extract  is  accordingly  unnecessary.  * 
Little  significance  is  now  attached  to  the  changes  in 

*  Weil  and  Fehx  eJtamined  thirty-three  cases  of  fever  in  Galicia 
giving  perfect  clinical  pictures  all  of  which  gave  positive  Widal 
and  typhoid  complement  deviation  tests.  Necropsy  showed  no  typ- 
ical typhoid  lesions 
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the  coagulability  of  the  blood,  described  by  the  older 
writers.  There  is  a  fall  in  the  systolic  pressure  during 
the  second  part  of  the  febrile  period,  in  severe 
cases  to  as  low  as  seventy-five  millimeters.  In  the 
later  days  of  the  high  fever  the  pressure  begins  to 
rise.  The  diastolic  pressure  shows  the  usual  normal 
variations.  The  pulse  in  the  early  stages  of  the  dis- 
ease is  large  and  bounding   (Geo.   C.  Shattuck). 

Special  Senses. — Of  the  disturbances  of  the  special 
senses  those  of  the  eye  are  perhaps  the  most  prominent. 
Catarrhal  conjunctivitis,  and  even  in  mild  cases  ker- 
atitis, sometimes  leading  to  the  perforation  of  the 
cornea,  and  conjunctival  hemorrhages  may  occur. 
In  severe  cases  the  pupils  often  become  markedly 
contracted  in  the  later  stages  of  the  disease;  vitreous 
opacities  and  choroiditis,  iritis  and  atrophy  of  the 
optic  nerve  have  been  observed. 

Disturbances  of  hearing  are  common.  They 
usually  occur  during  convalescence,  very  seldom  when 
the  disease  is  at  its  height.  Hartmann  found  aural 
disease  in  forty-two  of  130  men  during  convales- 
cence. The  conditions  most  frequently  met  with  are 
catarrhal  inflammation  of  the  Eustachian  tubes  and 
tympanic  membrane,  purulent  otitis  media,  and  per- 
foration of  the  tjanpanum. 

The  ordinary  febrile  characters  of  urine  are  usually 
present.  Retention  is  not  uncommonly  met  with  in 
women,  but  is  rare  in  men.  More  or  less  definite 
changes  occur  in  the  solids.  The  chlorides  are 
markedly  diminished,  and  in  the  later  stages  of  the 
disease  it  may  be  impossible  to  demonstrate  them. 
Uric  acid  is  almost  always  increased,  but  there  is 
practically  no  variation  in  the  percentage  of  urea. 
During  the  height  of  the  disease  there  may  be  a 
transitory  polyuria.  At  this  time  the  urine  is  very 
pale.  Albuminuria  is  common;  when  moderate  it  is 
of  no  significance.  It  may,  however,  be  severe  and 
accompanied  by  hematuria,  epithelial  and  hyaline 
casts,  and  all  the  indications  of  parenchjTnatous 
change  in  the  kidneys. 

The  diazo  reaction,  as  has  been  pointed  out  by 
Vierordt  and  others,  occurs  with  considerable  regu- 
larity. Littlejohn  obtained  it  in  fifteen  of  his  eighty- 
two  Edinburgh  cases  and  since  this  time  it  has  been 
found  quite  constantly  in  the  urine  of  typhus  patients. 
Urocliromogen,  a  low  oxidation  product  of  urochrome, 
is  the  principal  substance  which  brings  about  the 
diazo  reaction.  It  is  consequently  more  constantly 
and  uniformly  present  in  the  urine  of  typhus  patients 
and  that  group  of  diseases  characterized  bj-  its  presence. 
The  Weiss  reaction  is  more  simple  in  its  application.* 
Gerhard's  ferric  chloride  reaction  is  not  infrequently 
obtained. 

Orchitis  is  even  more  rarely  met  with  in  typhus 
than  in  tj-phoid  fever.  Menstrual  changes  are  par- 
ticularly common.  The  menses  may  be  copious  and 
appear  prematurely;  but  if  the  disease  develops 
soon  after  a  menstrual  period,  menstruation  may 
be  suppressed  until  convalescence  is  well  established. 
Pregnancy  exerts  no  influence  on  the  course  of  the  dis- 
ease; abortion  is  very  uncommon.  The  fetus  may 
be  infected  (placental  transmission),  as  has  been 
described  in  the  section  on  etiology. 

Tracheal  and  bronchial  catarrh  occurs  so  frequently 
that  it  may  be  considered  a  part  of  the  disease. 
It  is  present  in  the  beginning  and  continues  through 
the  height  of  the  disease.  It  manifests  itself  by 
frequent  cough  with  slight  expectoration  of  a  glairy, 
sometimes  blood-streaked  sputum.  Pneumonia  and 
hypostatic  congestion  are  among  the  not  infrequent 
complications  which  involve  the  lungs.  No  cases 
associated  with  true  diphtheria  are  to  be  found  in  the 
literature,    though    diphtheroid    conditions    are    fre- 

•To  1  c.c.  urine  and  1  c  c.  distilled  water  in  a  small  test- 
tube  add  three  drops  of  a  1  to  1.000  watery  solution  of  potassium 
permanganate.  Shake  thoroughly,  compare  with  a  control  of  1  c.c. 
normal  urine  and  1  c.c.  water.  The  faintest  permanent  clear  yellow 
color  indicates  urochromogen. 


quently  mentioned.  Laryngeal  complications,  such 
as  swelling  of  the  mucous  membranes,  erosions, 
fissures,  and  ulcerative  changes  in  the  cartilages, 
may  also  occur. 

Aside  from  the  nausea  and  occasional  vomiting 
which  accompany  the  chills  in  the  beginning  of  the 
disease  there  are  no  prominent  symptoms  referable  to 
the  digestive  apparatus.  It  is  thought  by  some  that 
the  tongue  shows  fairly  constant  characters.  .\t 
first  it  is  moist  and  is  soon  covered  with  a  thick  yellow- 
ish-brown coat;  later  it  becomes  dry,  cracked  and 
fissured,  and  tremulous.  Sordes  collect  on  the  lips 
and  teeth.     There  may  be  constipation  or  diarrhea. 

Varieties  of  Typhus. — T\T)hus  fever  is  subject  to 
many  variations  in  its  course.  The  older  writers 
recognized  four  distinct  forms. 

1.  Inflammatory  t\'phus  which  occurs  in  robust 
young  people  and  is  characterized  by  headache,  high 
fever,  and  delirium. 

2.  Ataxic  or  nervous  tj-phus  in  which  delirium, 
stupor,  and  subsultus  tendinum  are  the  most  promi- 
nent manifestations. 

3.  Adynamic  tj-phus,  characterized  by  marked  pros- 
tration, enfeeblement  of  the  heart's  action,  and 
early  tendency  to  collapse. 

4.  Ataxo-adynamic  tjTjhus,  a  term  applied  by 
Murchison  to  those  cases  which  possess  cliaracters 
both  of  the  ataxic  and  of  the  adynamic  varieties. 
These  forms,  as  it  will  be  seen,  are  simply  modifica- 
tions of  the  ordinary  form  of  typhus  due  to  the 
prominence  of  certain  symptom  groups. 

Ambulatory  t.vphus  has  been  considered  very  rare. 
Buchanan, 1'  however,  states  that  he  has  often  seen 
the  eruption  out  on  patients  who  have  walked  to  the 
London  Fever  Hospital;  and  there  are  other  well- 
authenticated  instances  of  this  form.  According  to 
Griesinger  and  Wyss  the  greater  number  of  cases  of 
this  form  occur  in  young  children. 

Mild  forms  of  typhus  are  less  frequent  than  in 
typhoid.  In  these  cases  the  onset  is  generally  mild. 
The  fever  is  often  irregular,  and  reaches  the  normal 
after  man3'  days.  The^e  are  known  as  "febris 
exanthematica  lerissima."  In  abortive  typhus  the 
onset  is  usually  marked  bj'  a  violent  chill,  and  the 
temperature  reaches  its  height  by  the  end  of  the  first 
or  beginning  of  the  second  day.  It  continues  with 
remissions  for  four  or  five  days,  when  it  drops  by  crisis, 
reaching  the  normal  point  within  a  few  hours.  (See 
temperature  chart.)  Malignant  cases,  whose  duration 
may  be  rapidly  fatal,  occur.  They  are  known  as 
typhus  siderans  and  blasting  tj-phus.  Subfebrile  and 
afebrile  cases  have  been  reported. 

Relapses  and  recurrences  are  not  common;  indeed  it 
has  been  questioned  whether  relapses  occur  at  all. 
Nevertheless  a  few  undoubted  cases  have  been 
reported.  Buchanan  records  one  among  five  thou- 
.'laiid  cases  at  the  London  Fever  Ho.spital  and  Cursch- 
mann  two  among  his  cases.  Curschmann  is  inclined 
to  regard  his  cases  as  anomalous. 

Diagnosis.— During  an  epidemic  the  diagnosis  of 
tj-phus  fever  is  not  difficult.  Unless  isolated  cases 
are  tj"pical  and  can  be  watched  for  a  number  of  days 
untilthe  eruption  develops,  it  may  be  impossible  to  be 
certain  of  the  diagnosis.  There  are  a  number  of  dis- 
eases which  may  be  confounded  with  typhus  fever. 
They  are  here  given  in  the  order  of  their  importance: 

Typhoid  Fever. — The  chief  clinical  differences 
between  tJ^)hus  and  t>-phoid  are  to  be  found  in  the 
temperature  and  the  eruption.  The  gradual  step-like 
ascent  of  the  fever  in  typhoid  is  practically  never 
seen  in  tj-phus.  The  onset  in  t\-j)hus  is  sudden,  the 
temperature  reaching  a  high  point  within  the  first 
twenty-four  hours.  The  morning  remissions  are  very 
much  smaller  in  contradistinction  to  those  of  typhoid. 
The  temperature  curve  during  the  first  week  in  t\-phus 
is  so  characteristic  as  to  be  almost  pathognomonic. 
The  defen-escence  in  tj-phus,  which  never  occurs  later 
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than  the  fifteenth  or  sixteenth  day,  is  always  by 
erisis.  So  all  through  the  course  of  the  disease  it  yvill 
be  seen  that  the  temperature  maintains,  typical 
differences  from  that  of  typhoid.  The  development 
of  the  eruption  on  all  parts  of  the  body,  and  its  tend- 
ency to  become  hemorrhagic,  are  so  different  from 
what  occurs  in  typhoid  as  to  leave  little  chance  for 
error.  However,  we  are  not  unacquainted  with 
extensive  eruption  and  the  occurrence  of  peteehiiB  m 
tj-phoid.  It  is  characteristic  for  the  eruption  of 
typhoid  to  develop  in  successive  crops;  such  is  not 
the  case  with  the  typhus  eruption.  Early  appearance 
and  prominence  of  psychic  disturbances  point  to 
typhus.  The  diazo  and  urochromogen  reactions 
obtain  in  both  diseases,  but  the  presence  of  the  Widal 
reaction  and  the  isolation  of  bacillus  t>-phosus  from 
the  blood,  urine,  or  stools  are  distinctive  of  tjTjhoid. 

Smallpox.— The  onset  symptoms  in  smallpox  anrl 
typhus  have  much  in  common.  There  is  very  little 
difficulty  in  distinguishing  between  variola  vera  and 
tvphus,"as  exactly  opposite  clinical  manifestations  are 
present  at  the  beginning  of  the  eruption  in  each. 
Variola  Vera:  Eruption  on  the  fourth  day,  tem- 
perature normal  or  thereabouts,  general  symptoms 
abated.  Typhus:  Eruption  variable,  third  to  fifth 
dav,  temperature  then  at  its  height,  general  symp- 
toms at  their  acme.  It  is  often  well  nigh  impossible, 
on  the  other  hand,  to  distinguish  typhus  from  hemor- 
rhagic smallpox — purpura  variolosa — as  in  the  latter 
there  is  a  somewhat  diffuse  hyperemic  rash  on  the 
lower  part  of  the  abdomen  and  in  the  groins,  which 
soon  extends  and  undergoes  hemorrhagic  change. 
Small  petechial  spots  and  hemorrhages  into  the 
conjunctiva  are  also  seen  in  this  disease.  The  initial 
rashes  in  smallpox  seldom  confuse  the  diagnosis. 

Measles. — While  the  catarrhal  symptoms  very 
frequently  accompany  the  onset  in  typhus  they  are  not 
.so  marked  as  in  measles.  The  eruptive  stage  offers 
the  greatest  difficulties.  In  both  the  temperature  is 
high  and  remains  so  after  the  eruption  appears — 
the  fourth  or  fifth  day.  The  eruption  develops 
rapidly,  is  macular,  and  of  a  rose-pink  color.  That 
of  measles  occurs  first  on  the  face,  while  in  typhus 
the  face  is  usually  exempt.  In  the  early  part  of 
the  disease  Koplik's  sign  and  the  crescentic  arrange- 
ment of  the  spots  in  measles  are  very  characteristic. 
A  few  days  will  always  suffice  to  determine  the 
diagnosis,  for  by  this  time  the  hemorrhagic  changes 
begin  to  appear  in  the  typhus  spots. 

Relapsing  Fever. — Tvphus  and  relapsing  fever 
frequently  exist  together.  Under  these  circumstances, 
for  a  time  at  least,  the  diagnosis  is  obscure.  The 
early  finding  of  spirilla  in  the  blood  and  the  later 
appearance  of  a  rash  speak  for  relapsing  fever  and 
typhus  respectively. 

Prognosis. — Tj^phus  fever  is  one  of  the  most 
dangerous  of  the  acute  infectious  diseases.  The 
mortality  is  in  direct  relation  to  hygienic  and  sanitary 
conditions.  It  is  lowest  among  those  affected  at  large 
(ten  per  cent.);  highest  where  only  the  poorest 
hygienic  conditions  are  attainable.  Under  such 
conditions  the  death  rate  may  be  as  high  as  fifty  per 
cent.  At  the  London  Fever  Hospital,  for  twenty- 
three  years  ending  1870,  the  mortality  was  eighteen 
to  twenty  per  cent.  Such  symptoms  as  subsultus 
tendinum,  pinhole  pupil,  coma  vigil,  and  relaxation 
of  the  sphincters  are  exceedingly  grave. 

Among  factors  which  influence  the  prognosis  age 
stands  foremost.  The  mortality  is  low  under  twenty, 
high  between  twenty  and  thirty,  higher  between 
thirty  and  forty,  and  highest  after  forty.  The  disease 
is  almost  always  fatal  in  the  intemperate.  Other 
factors  which  influence  the  prognosis  are  weather 
and  season,  occupation,  and  individual  predisposition. 
These  have  been  sufficiently  considered  elsewhere. 

Prophylaxb. — As  has  been  stated  before,  the  preva- 
lence  or   typhus   fever   is   in  direct    relation   to  the 
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efficiency  of  the  sanitary  {cleanly)  conditions  of  the 
locality.  "Its  appearance  in  well-regulated  civilized 
communities,  where  sanitary  laws  are  observed,  no 
longer  occasions  more  than  passing  alarm."  Public 
and  personal  hygiene  must  be  carried  out  with  the 
utmost  precision  and  rigid  quarintinc  instituted. 
There  are  three  measures  that  demand  more  than 
passing  consideration. 

Isolation. — Under  all  circumstances  patients  should 
be  segregated  in  well-appointed  special  hospitals.  Ex- 
pense is  not  to  be  spared  by  municipalities  in  establish- 
ing such  institutions.  History  has  shown  us  again 
and  again  that  there  is  neither  reason,  philosophy,  nor 
common  sense  in  so  doing,  for  here  both  patient  and 
public  are  better  served. 

Abundance  of  Air  and  Ventilation, — In  the  warmer 
months  these  conditions  are  well  met  by  placing 
patients  out  of  doors  in  open  tents.  In  hospitals 
the  beds  in  wards  must  be  so  arranged  that  each 
patient  has  at  least  1,500  to  2,000  cubic  feet  of  air. 
Free  ventilation  calls  for  the  interchange  of  3,000 
cubic  feet  of  air  per  hour. 

Disinfection. — Vermin  and  nits  should  be  looked  for 
carefully  and  eradicated.  Linen,  urine,  stools,  cooking 
utensils,  furniture,  thermometers,  or  anything  that 
has  in  any  way,  directly  or  indirectly,  come  in  con- 
tact with  the  patient  must  be  disinfected  by  the  most 
rigid  methods.  None  of  these  points  should  be 
slighted,  the  more  so  since  we  are  not  sure  whether 
the  infecting  agent  is  present  in  urine,  stools,  or  the 
exhalations.  To  accomplish  this,  carbolic  acid,  cor- 
rosive sublimate,  milk  of  lime,  formalin,  and  fire  are 
necessary.     Dead  bodies  should  be  cremated. 

After  recovery  the  patients  should  be  detained  in 
a  detention  ward  for  at  least  two  weeks,  and  bathed 
frequently  with  warm  water  and  carboUzed  soap. 

Vaccination. — There  is  some  evidence  that  injec- 
tions of  Plotz  vaccine  induce  a  degree  of  immunity. 

Treatment. — The  general  management  of  typhus 
fever  is  the  same  as  for  typhoid.  The  patient's 
strength  requires  attention  from  the  beginning.  It  is 
necessary,  therefore,  that  the  proper  amount  of 
nourishment  be  furnished.  Nothing  accomplishes 
this  better  than  the  milk  diet  employed  in  typhoid 
fever,  and  upon  which  so  much  has  been  written.  It 
has  been  shown  that  the  digestive  processes  go  on 
more  perfectly  when  patients  are  fed  at  frequent  inter- 
vals. Sy.stematic  daily  examinations  of  the  stools 
for  undigested  particles  should  be  made.  It  may 
be  necessary  to  administer  hydrochloric  acid;  indeed 
during  the  height  of  the  fever  it  is  good  practice  to 
give  small  doses — fifteen  to  twenty  drops — as  a 
means  of  stimulating  the  gastric  secretion,  which  un- 
der such  circumstances  is  decreased.  Predigested 
foods  are  frequently  indicated.  Because  of  the  large 
number  of  inert  digesting  agents  on  the  market  it  is 
absolutely  essential  that  one  be  used  whose  value  has 
been  recently  tested  and  found  up  to  the  mark.  Al- 
cohol is  to  be  given  when  the  indications  call  for  it, 
and  coffee  appears  to  have  a  beneficial  effect  upon 
the  stupor. 

The  fever  is  best  controlled  by  hydrotherapy.  Its 
use  in  typhus  has  not  been  so  general  as  in  typhoid 
partly  because  of  the  unfavorable  circumstances 
which  so  frequently  accompany  epidemics  of  typhus, 
and  partly  because  of  an  unfounded  opposition  on  the 
part  of  members  of  the  profession.  There  can  be  no 
question  but  that  the  mortality  has  been  greatly 
reduced  by  this  method  of  treatment.  The  statistics 
of  Combemale  while  not  as  large  as  might  be 
wished  for,  are  nevertheless  not  without  value.  He 
found  that  with  the  expectant  plan  of  treatment  the 
mortality  was  thirty-five  per  cent. ;  that  in  patients  who 
received  two  cold  baths  daily,  after  the  specifications 
of  Brand,  it  was  thirty-three  and  one-third  per  cent., 
and  that  among  those  who  received  six  cold  baths  daily 
the  mortality  was  reduced  to  16.5  per  cent.     Cursch- 
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mann  advocates  the  use  of  hydrotherapy.  He  speaks 
favorably  of  the  water-bed  method.  The  patient  is  al- 
lowed to  remain  for  hours,  even  all  day,  in  water  whose 
temperature  is  never  carried  below  68°  or  70°  F.  The 
water  can  be  conveniently  changed  from  time  to  tinio 
without  disturbing  the  patient.  Curschmann  em- 
ployed the  Brand  method  only  in  the  most  severe 
cases. 

Among  other  hydrotherapeutic  measures  may  be 
mentioned  the  cold  sponge  bath,  cold  packs  and  half 
packs,  lukewarm  baths,  and  the  graduated  full  bath. 
For  headache  and  psychic  symptoms  the  ice  cap  will 
be  found  of  great  value.  Whichever  method  of 
treatment  is  decided  upon  it  must  be  carried  out  with 
great  regularity. 

The  cold  baths  influence  not  only  the  fever,  but  all 
the  resultant  cerebral,  circulatory,  and  respiratory 
symptoms.  At  times  little  decrease  in  the  tempera- 
ture is  observed  after  the  bath,  but  improvement  in 
the  general  condition  is  always  seen. 

The  open-air  treatment  has  already  been  referred 
to  under  prophylaxis,  and  has  much  to  recommend  it. 
Sir  Clifford  Allbutt  many  years  ago  (the  sLxties), 
following  a  remark  from  Prof.  Rolliston  of  Oxford 
that  "not  afew of  the  (Irish fever)  patients  carried  out 
as  moribund  nevertheless  lived, "  decided  to  test  out 
the  open-air  idea.  The  mortality  of  his  patients  fell 
from  sixteen  and  seventeen  per  cent,  to  six  and  seven 
per  cent.  In  wet  weather  the  patients  should  be  pro- 
tected by  a  watertight  cover.  Special  nervous,  circu- 
latory, and  pulmonary  symptoms  are  managed  the 
same  as  in  typhoid  fever,  those  of  the  nervous  sys- 
tem in  particular  should  be  given  special  care.  They 
may  persist  for  months  after  convalescence. 

Heliotherapy. — The  patient  is  placed  in  the  direct, 
rays  of  the  sun  for  one  hour  with  cold  compresses 
to  the  head.  Coglievina  and  Wertheimer  report 
favorably  upon  this  method  of  treatment.  The  tem- 
perature is  usually  reduced  1°  C.  from  the  exposure  and 
the  toxic  symptoms  are  definitely  lessened  but  for 
only  a  short  time. 

Specific  Treatment. — Legrain  in  1895  was  certain 
of  the  beneficial  effects  of  the  serum  treatment.  He 
treated  with  success  a  number  of  cases  in  a  prison  by 
the  injection  of  serum  from  convalescent  typhus- 
fever  patients.  Chantemesse  also  reports  success 
with  this  method.  Because  of  the  limited  number  of 
patients  treated,  little  importance  was  attached  to 
these  reports ;  they  have,  however,  been  fully  confirmed 
and  this  method  of  treatment  is  now  well  known.  The 
whole  blood  method  is  probably  the  better.  Ten  cubic 
centimeters  of  the  blood  of  a  convalescent  from  ty- 
phus eight  or  ten  daj-s  after  defervescence  is  injected 
intravenously  three  times  daily  a  small  amount  of 
sodium  citrate  solution  being  added  to  prevent  clot- 
ting. A  quick  change  for  the  better  is  frequently  seen. 
According  to  Escluse  little  success  should  be  looked 
for  after  the  tenth  day  of  the  disease  in  severe  cases. 
NicoU's  serum  and  Plotz  vaccine  seem  to  have  some 
effect  in  cutting  short  the  duration  of  the  disease. 
Normal  horse  serum  induces  a  hyperleucocj-tosis  when 
injected  into  typhus  patients  Raubitschek''  has  used 
this  method  and  says  his  mortality  was  reduced  from 
thirty  per  cent,  to  six  per  cent. 

Methylene  blue  has  been  considered  to  have  some 
specific  action  in  typhus  fever.  Nefedieff,  however, 
reports  unfavorable  results  with  this  method  of  treat- 
ment. Other  so-called  specific  methods  of  treat- 
ment, as  by  carbolic  acid,  sulphocarbolates,  and  the 
sulphides,  "have  proved  to  be  of  no  value.  Hexa- 
methylenamin  is  recommended.  For  the  circulatory 
disturbance  Shattuck  employs  intravenous  injections 
of  salt  solution.  Its  chief  role  is  in  the  reduction  of  the 
pulse  rate.  The  effect  of  the  salt  solution  begins 
very  soon  after  the  fluid  enters  the  vein  and  persists 
for  as  long  as  twenty-four  hours.  By  this  means  it. 
seemed  that  a  patient  may  be  kept  alive  several  days. 
David  Murray  Cowie. 
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Tyroglyphus. — A  genus  of  mites.  The  little 
arachnids  infest  groceries,  copra,  vanilla,  or  other 
stored  products.  They  often  attack  persons  handling 
such  materials  and  cause  severe  dermatitis,  which  is 
known  as  grocer's  itch,  copra  itch,  vanillism,  etc. 
See  Arachnida.  A.  S.  P. 


Tyrosinase  is  an  enzyme  capable  of  acting  upon 
tyrosine  converting  it  into  colored  compounds. 

F.  P.  U. 


Tyrosine  or  p.  oxyphenyl  a  amino  propionic  acid. 
OH 


CHaCH-NHjCOOH 

Tyrosine  is  an  amino  acid  derived  from  proteins  by 
hydrolytic  cleavage.  It  is  present  in  varying  quan- 
tities in  nearly  all  proteins  but  is  absent  from  gelatin 
and  keratin.  In  old  cheese  it  is  especially  abundant. 
On  putrefaction  it  may  yield  p.  hydroeoumaric  acid, 
oxypheiiylacetic  acid,  and  p.  cresole.  Pure  tyrosine 
crystallizes  as  colorless,  silky  needles  often  grouped 
in" balls  or  tufts.  It  is  difficiiltly  soluble  in  water  and 
acetic  acid.  It  dissolves  more  readily  in  alkalies 
and  mineral  acids.  F.  P.  I'. 
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Ulcers. — Etiolocy. — In  considering  the  classifica- 
tion of  ulcers,  it  must  be  remembered  that  one  or 
several  factors  may  be  concerned  in  tlie  etiology,  whidi 
are  grouped  under:  (1)  predisposing  causes;  (2) 
exciting  causes.  In  the  former  there  are  lociil  as  well 
as  general  causes.  Age  can  hardly  be  considered  as  a 
very  important  factor,  except  that  old  age  is  accom- 
panied by  retrogressive  tissue  changes,  atheroma  of 
the  arleries.  im|)aired  circulation,  etc.;  and  one  would 
therefore  expect  the  statistics  to  show  a  greater  pro- 
portion of  ulcers  during  the  latter  decades  of  life. 

As  regards  sex,  ulcer  is  more  common  among  men 
tlian  women  in  the  ratio  of  about  three  to  one.  Alco- 
holism, syphilis,  and  traumatism  m.<iy  in  some  meas- 
ure explain  whv  ulcers  are  more  common  in  men  than 
wotMcn.  Orrii'iMlion  seems  to  have  little  to  do  with 
the  etiology  beyond  the  fact  th.at  it  may  predispose  to 
various  forms  "of  infection,  and  it  is  due  to  this  ele- 
ment that  we  have  the  most  important  factors  in  the 
causation  of  ulceration.  Varicose  ulcer  is  always 
iissociated  with  varicose  veins  in  the  lower  extremity, 
ami  these  may  be  described  as  merely  valveless 
veins  or  more  properly  veins  whose  valves  are  incom- 
petent. The  most  obvious  cause  of  the  breaking 
down  of  the  valves  is  hard  work,  that  is  the  lifting  or 
carrying  of  heavy  loads  for  long  periods,  as  in  the 
case  of  laborers,  freight  handlers,  and  longshoremen. 
The  tension  upon  the  abdominal  muscles  and  the 
great  strain  lay  a  heavy  load  upon  the  veins  of  the 
legs.  Whether  the  valves  become  useless  through 
stretching  of  the  vein  walls  or  are  directly  broken  is 
immaterial.  The  occup.ations  which  involve  stand- 
ing for  long  periods  without  moving  the  legs  are,  in  a 
lesser  degree,  a  source  of  valvular  incompetence,  and 
tills  not  from  excessive  back  pressure  but  from  stasis 
due  to  lack  of  muscular  movement.  Among  women, 
the  venous  engorgement  of  the  legs  so  often  seen  in 
pregnancy  may,  after  the  birth  of  several  children, 
result  in  varicosity. 

Conslitulional  Diseases. — Many  of  the  constitutional 
diseases,  such  as  gout,  lithemia,  anemia,  diabetes, 
s>-philis,  .and  tuberculosis,  which  lower  the  vitality  of 
the  tissues;  and  other  conditions,  such  as  valvular 
disease  of  the  heart.,  general  obesity,  and  atheroma, 
whicli  prevent  proper  circulation,  predispose  to  the 
formation  of  ulcers  when  there  is  in  addition  some 
exciting  cause. 

Among  the  local  predisposing  causes  are: 

Interference  vith  the  Arterial  Circulation. — Embo- 
lism, which  cuts  off  the  nutrition  of  the  part,  or  athe- 
roma of  the  blood-vessels,  by  interfering  with  nutri- 
tion, may  also  act  as  a  local  cause.  Certain  vaso- 
motor disturbances  such  as  occur  in  fro.st-bite,  chronic 
ergotism,  and  Raynaud's  disease  may  produce  small 
areas  of  localized  gangrene  which  subsequently  become 
the  scat  of  an  ulcer. 

Interference  ivilh  the  Venous  Circulation. — When 
edema  results  from  interference  with  the  return  of 
venous  blood  from  a  part  it  is  obvious  that  such  a 
condition  will  predispose  to  ulceration.  AVliere 
plilcbitis  .and  periphlebitis  occur,  especially  in  the 
smaller  venous  radicles,  small  abscesses  often  form, 
the  adjacent  skin  becomes  involved,  and  an  ulcer 
results ;  or  the  rupture  of  the  diseased  wall  of  one  of 
the  small  veins  may  become  infected,  and  an  ulcer 
results. 

Trophic  Changes. — Perforating  ulcer  of  the  foot  is 
a  frequent  complication  of  tabes  dorsalis.  Also 
myelitis,  and  other  pathological  conditions  of  the 
nervous  system  may  either  through  trophic  changes 
or  by  reason  of  impaired  sensation  bear  a  distinct 
relationship  to  ulcerative  processes. 

Exeiling Causes. — (l)Traum.atism:  One  of  the  most 
frequent  causes  of  ulcer  is  an  injury  of  one  kind  or 
another.  _  Its  degree  may,  of  course,  vary  greatly,  and 
whether  it  will  produce  an  ulcer  depends  upon  one  or 
more  of  the  predisposing  causes  already  mentioned. 
(2)  Infection:  As  has  already  been  mentioned,  infection 
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by  any  of  the  staphylococcus  or  streptococcus  group 
of  organisms  as  well  as  by  the  tubercle  bacillus  or 
Spirochcela  pallida  will  produce  ulcers,  and  malignant 
ulceration  also  occurs. 

Pathology. — The  pathology  will  vary  according  to 
the  conditions  causing  the  ulcer,  although  in  the  non- 
specific forms  of  ulcer  we  shall  find  the  phenomena 
of  congestion,  exudative  and  necrotic  inflamm.ation, 
together  with  reparative  inflammation  or  granula- 
tion, making  up!  the  whole  process.  In  the  develop- 
ment of  an  ulcer  the  degenerative  process  predomi- 
nates, in  the  healing  stage  the  reparative.  When  the 
ulcer  develops  from  without,  as  when  infection  enters 
the  skin  through  an  abrasiori,  or  through  a  wound  of  a 
different  character,  congestion  first  occurs.  This  is 
rapidly  followed  by  the  emigration  of  leucocytes,  by 
a  diapedesis  of  red  blood  cells  which  rapiflly  disinte- 
grate, and  by  an  exudation  of  serum  and  fibrin.  At 
the  same  time  there  is  a  proliferation  of  the  epithelial 
cells  and  also  a  proliferation  of  the  connective  tissue 
cells  of  the  corium.  The  tissue  next  becomes  sof- 
tened by  the  exudate  between  the  cells.  Then,  as  a 
result  of  the  pressure  of  the  exuded  serum,  of  the 
crowding  by  the  leucocj-tes,  and  of  the  cutting  off  the 
blood-suppiy,  and  also  in  some  measure  through  the 
effects  of  the  toxins  furnished  by  the  bacteria,  there 
occurs  necrosis  of  the  cells,  which  are  thrown  off  from 
the  surface  with  the  products  of  exud.ation,  until  there 
is  formed  an  ulcer  ^dth  its  base  consisting  of  spheroidal 
and  a  few  epithelioid  cells  developed  from  the  con- 
nective-tissue ceUs  by  proliferation. 

If  an  ulcer  in  its  complete  stage  of  development  is 
examined,  it  will  show  the  following  pathological 
condition:  The  surface  is  covered  with  a  layer  formed 
by  the  overproduction  of  new  round  cells,  together 
with  the  exudate  of  fibrin,  .serum,  and  the  cellular 
elements  of  the  blood.  When  the  discharge  from  the 
u'cer  is  profuse,  this  maj^  be  constant'y  washed  away. 
When  the  ulcer  is  sluggish,  it  may  be  in  a  condition  of 
coagulation  necro.sis.  In  this  condition  a  croupous 
material  covers  the  base  of  the  ulcer,  and  below  this  is 
a  more  or  less  distinct  layer  largely  composed  of 
cellular  elements,  with  very  little  cellular  substance, 
the  cells  being  spheroidal  and  epithelioid  in  character 
and  mingled  with  polynuclear  leucocj-tes.  As  we  go 
deeper,  the  amount  of  intercellular  substance  in- 
creases, and  we  find  a  number  of  transparent  fibers 
and  fu-siform  cells.  In  this  layer  of  granulation  tissue 
are  also  the  newly  formed  blood-vessels,  the  most 
superficial  branches  being  vertical  to  the  surface,  and 
developing  by  a  process  of  budding  from  the  endothe- 
lial cells  of  the  capillaries  deeper  down.  This  layer 
is  paler  in  color  than  the  layer  made  up  of  the  cellular 
elements,  but  may  contain  pigment  from  the  disinte- 
gration of  the  red  blood  cells.  It  gradually  merges 
into  a  layer  of  cicatricial  connective  tissue  whicli  lies 
beneath  the  ulcer.  A  section  of  a  chronic  ulcer  would 
show  an  enlargement  and  prolongation  of  the  papilla', 
with  a  marked  proliferation  of  the  epitheli.al  cells 
covering  them.  This  is  most  marked  in  the  condition 
known  as  callous  ulcer,  where  the  edges  may  by 
proliferation  be  considerably  raised  above  the  level 
of  the  surrounding  skin,  and  often  overhang  the  base 
of  an  ulcer,  as  if  nature  were  trying  to  bridge  it  over. 
Under  proper  treatment  the  reparative  process  pro- 
ceeds faster  than  the  degeneration  of  the  cells  and  the 
ulcer  begins  to  heal  by  granulation.  Small  sprouts  or 
buds  of  protoplasm  protrude  from  the  capillaries 
below  or  in  the  base  of  the  ulcer,  developing  from  the 
cells  in  their  walls.  These  are  hollowed  out  by  the 
blood-pre.ssure  and  form  new  blood-vessels  which 
ana.stomose  vnih  others.  Nuclei  form  in  the  proto- 
plasm and  thus  endothelial  cells  develop.  At  the 
same  time  small  spheroidal  cells  developing  from  the 
connective  tissue  cells  become  grouped  around  the 
blood-vessels.  These  are  closely  crowded  together 
at  first,  being  separated  by  only  a  small  amount  of 
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fluid  intert-elluhir  substance.  Some  of  the  round  cells 
then  become  larger  and  fusiform  or  branched.  The 
larger  cells  are  known  as  epithelioid  cells.  Some  of 
the  fusiform  and  branched  cells,  called  fibroblasts, 
develop  the  new  delicate  fibrillar  intercellular  sub- 
stance, while  others  form  the  connective-tissue  cells. 
Gradually  the  fibrous  intercellular  substance  in- 
creases in  amount,  while  the  cells  become  fewer  and 
flattened,  and  cicatricial  tissue  is  formed.  The  con- 
traction of  this  cicatricial  tissue  constitutes  an  im- 
portant element  in  the  healing  of  an  ulcer.  During 
the  process  of  granulation,  more  of  the  round  cells  are 
produced  than  is  necessary.  These  die  and  arc 
thrown  off  in  the  discharge.  Healthy  granulations 
should  be  small,  even,  and  of  a  reddish  pink  color. 
Where  the  growth  of  the  blood-vessels  proceeds  more 
rapidly  than  the  development  of  the  cells  and  the 
formation  of  connective  tissue  there  is  produced  a 
soft,  pale,  flabby  condition  known  as  exuberant 
granulations.  On  the  other  hand,  both  the  cells  and 
the  blood-vessels  may  develop  very  slowly,  forming 
indolent  or  sluggish  granulations.  In  order  that  the 
ulcer  may  heal  it  must  eventually  become  covered 
with  epithelium,  and  this  can  develop  only  from  the 
epithelium  at  the  edges  of  the  ulcer.  Under  favorable 
conditions,  when  the  granulations  reach  the  level  of 
the  surrounding  skin  the  epitheUum  begins  to  spread 
in  a  thin  bluish  white  line  from  the  edges  out  over  the 
surface,  until  it  is  entirely  covered,  when  the  ulcer 
is  healed. 

Indolent  or  Callous  Ulcer. — This  occurs  most 
frequently  on  the  legs  of  women  around  middle  life. 
In  size  it  varies  from  the  dimensions  of  a  five-cent 
piece  to  the  entire  circumference  of  the  limb.  The 
surface  is  usually  smooth  and  glistening  and  of  a 
dirty  yellow  color,  with  perhaps  a  few  badly  formed 
granulations.  The  edges  are  hard  and  sharply  cut 
and  elevated  considerably  above  the  surface,  while 
the  surrounding  skin  may  be  inflamed  over  the  margin 
and  either  covered  with  sodden  cuticle  or  congested. 
The  integument  of  the  limb  is  often  deeply  pigmented 
from  chronic  congestion,  the  pigmentation  starting 
in  separate  papill;^  as  maculie  which  gradually 
coalesce.  The  discharge  is  purulent  or  serous  and 
may  be  so  abundant  and  irritating  as  to  cause  eczema 
of  the  skin.  The  base  is  adherent  to  the  underl\ang 
tissues  and  this  constitutes  one  of  the  main  difficulties 
in  healing,  as  contraction  is  thus  prevented.  If  the 
ulcer  is  situated  above  a  bone,  such  as  the  tibia,  chronic 
perio.stitis  results;  a  subperiosteal  node  is  formed 
corresponding  exactly  to  the  size  and  situation  of 
the  ulcerated  area  and  forming  a  mushroom-shaped 
projection,  and  necrosis  or  diffuse  periostitis  of  the 
whole  bone  may  result.  Such  ulcers  are  sometimes 
very  painful  from  pressure  on  cutaneous  nerves,  or 
from  a  localized  cellulitis  associated  perhaps  with 
inflammation  of  veins  and  lymphatics.  Thrombosis 
not  infrequently  occurs  in  both  sets  of  vessels,  leading 
to  chronic  edema  of  the  feet. 

Etiology. —  (1)  General  causes:  (o)  Various  deWtaliz- 
ing  fevers  and  diseases  such  as  tjT3hoid,  scorbutus, 
diphtheria,  chronic  nephritis,  etc.  (h)  Mineral  poison- 
ing, such  as  produced  by  phosphorus,  (c)  Anemia 
and  debilitating  conditions  brought  on  by  starvation, 
improper  food,  poor  hygiene,  overwork,  lack  of  sleep, 
etc. 

(2)  Local  causes:  (o)  Old  scar  tissue,  the  contraction 
of  which  has  cut  off  the  circulation,  continuous  pres- 
sure, from  splints,  h'ing  in  bed,  etc.  (6)  Local 
destruction  of  the  tissues  such  as  is  produced  by  ex- 
tremes of  heat  and  cold,  sometimes  by  the  j-ray, 
and  by  the  poisons  of  reptiles  or  insects,  (c)  Local 
irritation  or  injury  of  tissues  from  violence,  pressure 
or  rubbing  of  clothing,  the  presence  of  a  foreign  body 
such  as  dead  bone,  a  splinter,  sloughing  of  tendons, 
etc.  (d)  Various  diseases  of  the  skin,  for  example, 
pemphigus.     These  causes,  in  addition  to  those  previ- 


ously mentioned  under  the  heading  of  general  con- 
siderations, can  be  designated  as  the  etiological  fac- 
tors in  the  causation  of  chronic  indolent  leg  ulcers. 

Symptoms. — The  most  common  location  in  which 
these  ulcers  are  found  is  on  the  inner  side  of  the  lower 
third  of  the  leg.  They  show  great  variety  in  size, 
shape  and  appearance,  of  base,  edges,  and  surrounding 
area  and  in  accordance  with  these  differences  many 
different  names  are  applied  to  them.  The  size 
varies  from  a  small  ulcer  less  than  one  centimeter  in 
diameter,  sometimes  found  with  varicose  veins,  to 
the  large  ulcerations  which  surround  tlie  leg  and  are 
called  annular  ulcers.  They  may  be  round,  very 
irregular,  or  funnel-shaped,  as  in  perforating  ulcer  of 
the  foot.  The  base  may  be  much  or  slightly  depressed, 
or  the  granulations  may  be  at  a  higher  level  than 
the  surrounding  edges.  When  the  granulations 
are  large,  irregular,  and  bleed  easily,  they  are  s|)oken 
of  as  exuberant  or  fungating;  when  pale,  .soft  and 
flabby,  as  weak  or  edematous;  when  small  and  growing 
slowly  as  indolent.  Sometimes  the  base  is  covered 
with  a  graj'ish  or  yellowish-white  necrotic  layer  formed 
of  fibrin  and  necrotic  cellular  elements.  When 
this  is  removed  no  granulations  appear,  but  instead 
a  smooth  shining  base  resembling  mucous  membrane. 
This  form  is  known  as  the  croupous  ulcer.  In  some 
cases  the  base  of  the  ulcer  is  formed  of  the  body 
tissues  (muscle  or  connective  tissue),  and  the  lesion 
may  look  like  a  fresh  injury.  These  are  called  rair 
ulcers.  The  base  of  an  ulcer  may  be  pigmented. 
The  edges  also  vary  greatly.  They  may  be  irregular 
or  sharply  cut,  moderately  thickened,  or  very  much  so, 
due  to  chronic  congestion  and  edema,  with  enlarge- 
ment of  the  papiUie  and  proliferation  of  the  epithelial 
cells.  When  this  is  a  prominent  feature  the  name 
callous  ulcer  is  applied.  The  edges  may  be  adherent 
to  the  deeper  structures  and  thus  prevent  contraction 
and  healing;  they  may  be  rounded,  elevated,  under- 
mined, or  overhanging.  Usually  they  are  of  a 
uniform  height,  rarely  worm-eaten.  When  an  ulcer 
shows  no  tendency  to  heal  it  is  never  shelWng  and 
there  is  an  absence  of  the  bluish-white  border  men- 
tioned in  connection  with  a  healing  ulcer.  The 
discharge  from  an  ulcer  is  usually  slight  in  amount, 
serous  in  character,  and  contains  very  few  pus  colls. 
The  surrounding  area  may  be  swollen,  red,  congested, 
pigmented,  edematous,  eczematous,  or  the  ulcer  may 
be  surrounded  by  smaller  sores,  by  vesicles,  or  by 
masses  of  varicose  veins.  As  a  rule  there  is  an  absence 
of  severe  pain  accompanying  leg  ulcers,  unless  there  is 
an  exposure  of  involvement  of  some  nerve  filaments; 
but  frequently,  after  the  patient  has  been  on  his  feet 
for  a  long  time,  there  is  a  dull  aching  pain  in  the  part 
due  to  chronic  congestion,  which  causes  tension  in  and 
about  the  ulcer.  A  peculiarly  painful  form  of  chronic 
ulcer  is  found  over  the  internal  malleolus,  most  fre- 
quently in  women  of  middle  age,  although  it  also 
occurs  in  men.  It  is  often  associated  with  varicose 
veins,  and  in  women  with  menstrual  disorders,  and  is 
known  as  a  conacslcil,  irritable,  or  erelliistic  ulcer. 
It  begins  as  a  small  area  of  congestion  over  the  internal 
malleolus,  which  gradually  increases  in  size  and  be- 
comes darker  and  more  dusky  in  the  center,  due  to  a 
deposit  of  blood  pigment  caused  by  the  chronic 
congestion.  The  skin  next  becomes  hard,  dry,  scaly, 
and  pigmented,  while  the  subcutaneous  tissues  lose 
their  elasticity,  becoming  inflexible,  hard,  and 
adherent  to  the  deeper  structures.  Then,  as  a  result 
of  slight  traumatism  or  even  without  injury,  the 
center  of  the  area  breaks  down  and  an  ulcer  develops. 
It  may  bo  circular  or  irregular  in  shape;  it  may  be 
quite  deep  or  superficial.  The  edges  are  sharply  cut, 
and  both  base  and  edges  are  bound  down  to  the 
deeper  tissues.  Tlie  intense  pain  characteristic  of 
these  ulcers  is  supposed  to  be  due  to  pressure  upon  the 
nerve  filaments  in  the  dense  sclerotic  tissue.  This 
form  of  ulcer  is  often  very  difficult  to  cure,  and  shows 
a  tendency  to  return  after  healing. 
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Differential  Diagnosis. — The  diagnosis  of  a  chronic 
indolent  or  callous  ulcer  can  be  easily  made  by  the 
character  of  the  granulations  and  by  the  location  of 
the  ulcer  itself.  The  history  points  usually  to  an 
injury  or  infection  and  the  situation  of  the  sore  is  at 
the  site  of  the  previous  injury  or  infection.  The  base  is 
shallow,  inflamed  and  often  of  a  grayish-yellow  color, 
with  no  thickening  or  elevation  of  its  edges.  The 
surrounding  area  is  usually  round  and  inflamed. 
A  varicose  idcer  is  differentiated  by  the  history  of 
varicose  veins  or  phlebitis,  by  the  situation  not  being 
at  the  lower  third  of  the  leg,  and  by  the  undermined 
thickened  and  irregular-shaped  edges.  A  syphilitic 
ulcer  is  diagnosed  by  the  history  of  lues;  by  its  situa- 
tion being  usually  at  the  upper  third  of  the  leg;  by  a 
dirty  sloughing  and  deep  base;  by  punched-out,  thin 
and  undermined  red  edges;  and  by  scars  of  a  dusky 
red  color.  A  tuberculous  ulcer,  by  the  history  of  pre- 
vious glandular  bone  or  lung  disease;  soft,  pale,  ede- 
matous granulations;  thin  undermined  edges;  involve- 
ment of  glands  and  other  signs  of  tubercular  sinuses, 
bone  disease,  etc.  An  epithehomatous  ulcer,  by  the 
appearance  of  hard,  wart-like  granulations  which  bleed 
very  easily;  very  hard,  elevated  nodular,  everted 
edges;  by  cachexia  or  metastases.  A  perforating 
ulcer,  by  the  history  of  the  case;  the  appearance  of  the 
ulcer  upon  the  sole  of  the  foot  or  in  the  vicinity  of  the 
heel;  the  presence  of  a  sinus  leading  to  necrosed  bone; 
the  pale,  flabby  granulations;  all  these  signs  should 
make  the  diagnosis  easy. 

Treatment. — This  naturally  depends  upon  the  time 
the  ulcer  is  seen  and  the  conditions  present.  If  there 
is  considerable  inflammation  accompanied  by  marked 
cellulitis  and  pain,  the  wet  dressings  are  indicated. 
Two  distinct  therapeutic  actions  may  be  derived  from 
the  wet  compress,  depending  upon  whether  or  not  an 
impervious  covering  is  employed.  These  actions  are 
antiphlogistic  and  hyperemic,  and  these  in  turn  may 
be  either  antiseptic  or  astringent.  The  wet  dressing, 
without  a  covering  is  cleansing  and  heat  reducing, 
because  of  evaporation.  There  should  be  frequent 
replenishment  of  the  solution  where  there  is  consider- 
able discharge  or  where  it  is  desirable  to  reduce  in- 
flammation. A  wet  dressing  with  an  impervious 
covering  is  contraindicated  in  the  presence  of  pus, 
the  warmth  and  moisture  of  such  a  dressing  being 
congenial  to  the  growth  and  to  the  multiplication  of 
bacteria.  The  two  general  therapeutic  actions,  aside 
from  those  of  causing  hyperemia,  are  antiseptic  and 
astringent.  For  the  relief  of  pain  and  for  the  reduc- 
tion of  inflammation,  wet  dressings  are  the  most  ef- 
fective form  of  treatment  because  (1)  they  are  aseptic; 
(2)  thev  permit  free  drainage;  (3)  no  new" granulations 
are  disturbed  in  changing  the  dressing.  A  great 
many  different  solutions  are  used  and  among  these 
are:  (1)  Sterile  water.  (2)  Ordinary  saline  solution 
(a  teaspoonful  of  salt  to  a  pint  of  water).  (.3) 
Saturated  solution  of  boric  acid  (prepared  by  dis- 
solving a  teaspoonful  of  boric  acid  in  a  pint  of  water). 
(4)  Thiersch's  solution  (prepared  by  dissolving  1.5 
grains  of  salicyUc  acid  and  90  grains  of  boric  acid 
in  a  pint  of  water.  (5)  Burow's  solution  (prepared 
by  dissolving  675  grains  of  alum  and  270  grains  of 
lead  acetate  in  a  pint  of  water).  (6)  Solution  of 
bichloride  of  mercury  (varying  in  strength  from  1  to 
3,000  to  1  to  10,000).  (7)  Two  per  cent,  solution  of 
creolin  or  lysol.  (S)  Lead  and  opium  wash  (U.  S.  P.). 
(9)  Aqueous  solution  of  ichthyol  (varying  from  five  to 
fifty  per  cent,  according  to  indication).  (10)  White 
wash  (made  by  mixing  zinc  oxide  2  drams,  solution  of 
subacetate  of  lead  3  drams,  glvcerine  4  ounces,  and 
lime  water  4  ounces).  (11)  D.akin's  solution  (hypo- 
chlorite of  soda)  prepared  as  follows: 

Chlorinated  lime  (bleaching  powder),  200  grams; 
Sodium  carbonate  dry,  100  grams' 

Sodium  bicarbonate,  gO  grams.' 

Put  the  chlorinated  lime  in  a  twelve-liter  flask  with 
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five  liters  of  ordinary  water  and  let  it  stand  over  night. 
Dissolve  the  sodium  carbonate  and  bicarbonate  in  five 
liters  of  cold  water;  then  pour  this  into  the  flask 
and  shake  it  vigorously  for  a  minute  and  let  it  stand 
to  permit  the  calcium  carbonate  to  settle.  After 
half  an  hour  siphon  off  the  clear  liquid  and  filter  it 
to  obtain  a  perfectly  limpid  product.  The  antiseptic 
solution  is  then  ready  for  surgical  use;  it  contains 
about  0.5  gram  per  cent,  of  sodium  hypochlorite  with 
small  amounts  of  neutral  salts.  It  is  practically 
isotonic  with  blood  serum.  Never  heat  the  solution, 
and  always  keep  it  from  the  light.  If  in  an  emergency 
it  is  necessary  to  triturate  the  chlorinated  lime  in  a 
mortar,  do  so  only  with  water,  never  with  the  solution 
of  the  soda  salts. 

After  the  reduction  of  the  inflammation  the  next 
step  is  the  cleansing  and  sterilization  of  the  ulcer. 
Before  healthy  granulations  can  form  the  removal  of 
sloughs  and  the  cleansing  of  the  base  must  be  accom- 
plished as  thoroughly  as  possible.  Many  means  to- 
ward this  end  may  be  effective.  A  one-half  to 
two  per  cent,  creolin  or  lysol  emulsion  is  very  useful 
for  those  dirty  ulcers  from  which  a  profuse  foul  dis- 
charge escapes.  A  one  per  cent,  solution  of  formalin 
is  of  great  value  for  smaller  ulcers,  especially  those  due 
to  tuberculous  disease.  The  destruction  and  removal 
of  sloughs  may  be  hastened  by  cauterization  with  the 
solid  stick  of  nitrate  of  silver  and  the  application  of 
iodoform  or  naphthalin  powder,  particularly  the 
latter.  The  use  of  certain  ferments,  such  as  brewer's 
yeast,  papoid,  or  protonuclein,  may  help  to  clean  up 
a  chronic  ulcer.  "The  most  frequent  means  employed 
for  the  cleansing  and  sterilization  of  the  ulcer  previous 
to  the  application  of  some  stimulating  dressing  is 
washing  the  leg  with  tincture  of  green  soap  and  water 
and  shaving  the  part.  Peroxide  of  hydrogen  can  next 
be  used,  then  some  sulphuric  ether,  and  finally  ninety- 
five  per  cent,  alcohol.  Where  there  is  an  accompany- 
ing eczematous  condition  the  scales  can  best  be 
removed  with  benzine. 

Having  reduced  the  inflammation  and  succeeded 
in  cleansing  the  ulcer,  the  next  thing  to  consider  is 
the  means  by  which  granulations  may  be  stimulated. 
This  may  be  accomplished  by  applications  in  the  form 
of  powders,  solutions,  ointments  and  grafts. 

Dusting  Powders. — These  are  employed  either  as 
antiseptics  or  as  astringents  or  for  both  purposes. 
Their  use  is  limited,  and  they  are  employed  only  where 
the  secretion  is  scanty.  Among  the  various  powders 
used  are:  aristol,  dermatol,  boric  acid,  orthoform, 
calomel,  protonuclein,  alum,  zinc  oxide,  scarlet  red, 
etc.  Thymol  iodide,  or  aristol,  is  a  splendid  anti- 
septic powder  and  enjoys  the  advantage  over  iodo- 
form of  being  inodorous.  Iodoform  should  be  used 
only  in  tuberculous  conditions;  calomel  only  in  syph- 
ilitic cases.  Dermatol,  or  bismuth  subgallate,  com- 
bines the  astringent  and  mildly  antiseptic  qualities 
of  bismuth  and  gallic  acid.  Boric  acid  is  mildly 
antiseptic.  Zinc  oxide  and  alum  are  both  astringent. 
Scarlet  red,  five  per  cent.,  with  boric  acid,  ninety- 
five  per  cent.,  is  indicated  when  the  granulations  are 
sluggish.  Among  the  various  solutions  used  are  silver 
nitrate  invarious  strengths,  zinc  and  copper  sulphate, 
ichthyol,  balsam  of  Peru,  and  calamine.  Silver 
nitrate,  zinc  and  copper  sulphates  are  employed  for 
their  astringent  action.  Balsam  of  Peru,  fifty  per 
cent.,  with  castor  oil,  fifty  per  cent.,  is  used  for  its 
stimulating  action.  Red  wash  (made  up  from  the  fol- 
lowing formula:  zinc  sulphate,  twenty  grains;  com- 
pound tincture  of  lavender,  thirty  minims;  distilled 
water  to  make  eight  ounces)  has  a  powerful  astringent 
action  and  promotes  cicatrization,  especially  when 
there  is  a  tendency  for  the  granulations  to  become 
exuberant.  Lotio  calamine  consists  of  the  following: 
calaminiB  pr»p.,  3.0;  zinci  oxidi,  4.0;  glycerini,  1.0; 
aquae,  q.s.  ad  100.0.  This  is  a  splendid"  solution  to 
use  when  the  ulcer  is  very  large  and  especially  so 
when  the  skin  is  very  tender. 
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1.  Callous  Ulcer. 

2.  Varicose  Ulcer. 

3.  Congested  Ulcer. 

4.  Syphilitic  Ulcer  with  Enlarged  Varicose  Veins. 

5.  Strapping  an  Ulcer  with  Considerable  Discharge. 

6.  Complete  Strapping  of  the  Leg  for  Ulcer. 

7.  Application  of  Unna's  Paste. 

8.  Covering  the  Unna's  Paste  Dressing  with  Loose  Cotton. 
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ULCP:ilS  OF  THE  LEG. 

(From  "Treatment  op  Chronic  Leg  Ulcers,  "  by  Edward  Adams,  International, 
Journal  of  Subgert  PrsLisHiNG  Company.) 
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Ointments  are  used  in  tlie  treatment  of  ulcers  either 
to  stimulate  the  granulations  or  to  soften  thick  epi- 
dermis. They  should  never  be  used  where  there  is  a 
profuse  discharge,  as  eczema  is  a  complication  which 
is  very  often  seen.  A  great  many  different  kinds  of 
ointments  are  used  and  among  these  are:  balsam  of 
Peru  in  a  ten  per  cent,  strength  for  the  stimulatipn  of 
the  granulations;  boric  acid  and  ichthyol  in  the  same 
strength;  Lassar's  paste  (which  consists  of  salicylic 
acid  one  dram,  .starch  and  zinc  oxide,  each  one  ounce, 
and  vaselin  to  make  four  ounces).  This  ointment  is 
especially  indicated  when  there  is  an  eczema  present. 
The  ointment  which  has  given  the  best  results  is 
scarlet  red,  an  aniline  dye,  which  is  known  chemically 
as  a  sodium  salt  of  a  disulphonic  acid  derivative. 
Scarlet  red  (Biebrich)  was  originally  prepared  as 
a  dye  for  wool  and  silk,  and  is  so  named  because  of 
the  fact  that  it  was  first  manufactured  in  the  town  of 
i  Biebrich.  It  was  first  used  in  1907  for  medicinal 
i  purposes,  in  an  eight  per  cent,  strength  and  because 
this  strength  was  found  to  be  too  irritating,  it  was 
iiltfrnated  with  a  bland  ointment  every  twenty-four 
hours.  It  is  now  used  only  in  strengths  varying  from 
one  to  five  per  cent.,  for  the  Latter  has  proved  to  be 
as  strong  as  necessary.  When  applied  to  granulating 
surfaces,  scarlet  red  is  sometimes  absorbed  in  sufficient 
amount  to  color  the  urine  a  bright  red,  and  a  number 
of  acute  cases  of  nephritis  have  been  reported  from 
its  use.  Its  application  to  granulating  surfaces  causes 
healing,  not  by  the  formation  of  scar  tissue,  but  in 
every  case  by  producing  a  high  grade  of  normal  skin 
i  (this  can  be  demonstrated  by  sections),  which  very 
soon  becomes  freely  movable  on  the  underlying  tissue. 
The  return  of  sensation  in  the  healed  area  takes  place 
from  the  peripliery  inward,  instead  of  upward  from 
the  underlying  tissue.  The  ointment  should  be 
applied  in  the  following  manner:afterthorough  cleans- 
ing of  the  part  with  tincture  of  green  soap  and  water, 
then  ether,  and  finally  ninety-five  per  cent,  alcohol; 
the  ointment  should  be  spread  in  a  thin  layer  over  the 
entire  surface  on  a  piece  of  sterile  gauze,  and  over  this 
an  ordinar\-  dry  sterile  dressing.  If  the  ointment  is 
applied  too  thickly  it  may  cause  the  graniilafion  tissue 
to  break  down,  and  for  this  roason  it  should  be  spread 
in  a  thin  layer  upon  the  granulating  surface  or  its 
edges.  Usually  the  dressing  should  be  left  undis- 
turbed for  from  twenty-four  to  forty-eight  hours,  then 
reapplied,  as  indications  warrant.  The  patient  should 
invariably  be  informed  of  the  fact  that  the  dressing 
will  be  stained  red,  so  as  to  forestall  unnecessary  alarm, 
due  to  the  belief  that  a  hemorrhage  has  occurred. 
He  should  also  be  apprised  of  the  fact  that  stains  on 
the  linen  are  hard  to  eradicate.  In  removing  the 
dressing,  if  it  is  adherent  to  the  granulations,  some 
peroxide  of  hydrogen  should  be  used  to  loosen  it. 
The  skin  about  the  granulating  surface  is  best  cleansed 
by  benzine  as  this  removes  all  traces  of  scarlet  red 
better  than  any  other  solution.  The  three  formulas 
that   are   recommended   are   the   following: 

Scarlet  red  (medicinal  Biebrich),  fifteen  grains;  ungt. 
acidi  borici,  q.  s.  ad  three  ounces  (one  per  cent.) . 

Scarlet  red  (medicinal  Biebrich),  forty-five  grains; 
ungt.  zinci,  q.  s.  ad  three  ounces  (three  per  cent.)._ 

Scarlet  red  (medicinal  Biebrich),  seventy-five  grains; 
balsam  of  Peru,  seventy-five  minims;  petrolati,  q.  s.  ad 
three  ounces  (five  per  cent.) 

The  first  is  indicated  where  its  u.se  is  desired  over 
a  large  area  and  for  a  long  time;  the  second,  where 
an  astringent  action  is  required  because  the  granu- 
lations are  profuse;  the  third,  where  the  granulations 
are  sluggish  and  require  stimulation. 

Grafts  may  be  either  skin  or  sponge  grafts.  _  The 
former  is  done  after  the  method  either  of  Thiersch 
or  of  Riverdin;  and  the  sponge  grafts  have  given 
splendid  results.  The  sponge  that  is  used  for  this 
purpose  is  the  small  Turkish  or  surgical  sponge,  as 
it  is  called,  and  those  of  a  soft,  fine,  elastic  texture 
with  great  toughness  of  fiber  are  to  be  preferred.     All 


calcareous  particles  must  be  removed  and  the  sponge 
rendered  thoroughly  aseptic  before  it  can  be  applied. 
For  this  purpose  it  should  be  first  immersed  in  a  solu- 
tion of  dilute  hydrochloric  acid  and  allowed  to  remain 
there  for  one  hour  in  order  to  remove  all  pieces  of 
lime.  It  is  next  washed  in  cold  water,  then  in  hot 
water,  with  green  soap,  and  after  this  rinsed  in  sterile 
water.  After  removal  from  the  sterile  water  it  is 
allowed  to  dry  and  sterilized  by  dry  heat.  The 
best  results  have  been  obtained  by  using  the  sponges 
dry,  and  after  being  cut  ver>'  thin  to  fit  the  size  and 
shape  of  the  ulcer  they  are  placed  directly  against 
the  granulating  surface  after  it  has  been  cleansed 
in  an  aseptic  manner.  Next  some  dry  .sterile  gauze 
is  placed  directly  over  the  sponge  graft,  and  finally 
a  firm  compression  bandage  is  applied  from  the  base 
of  the  foes  to  the  knee.  When  the  ulcer  discharges 
very  freely  the  dressing  is  changed  several  times  a 
week,  but  if  there  is  very  little  discharge  the  graft 
is  allowed  to  remain  on  from  one  to  two  weeks;  at 
the  end  of  that  time  when  the  bandage  is  removed, 
the  ulcer  has  entirely  healed  or  is  less  than  one-half 
of  its  original  size.  The  sponge  acts  in  a  mechanical 
manner  as  a  support  to  the  new  ti.ssue,  especially  to 
the  capillaries,  the  meshes  of  the  sponge  being  filled 
in  by  granulation  tissue,  and  as  this  grows  the  sponge 
is  ab.sorbed.  Being  a  porous  material,  in  this  respect 
it  imitates  the  interstices  of  the  fibrinous  network  in 
a  blood  clot  or  in  fibrinous  l\-mph.  In  addition  it  is 
an  animal  tissue  and  acts  like  catgut,  being  absorbed 
jn  time.  The  great  advantage  of  the  .sponge  is  that 
it  can  be  cut  to  fit  any  size  or  shape  of  an  ulcer. 
It  usually  takes  from  three  to  four  weeks  to  heal  an 
ulcer. 

Varicose  Ulcer. — Etiology. — To  chronic  ulcers  of 
the  leg  associated  with  varicose  veins,  especially  of 
the  smaller  venous  radicles,  the  name  varicose  ulcer 
has  been  given.  The  usual  development  of  this 
variety  of  ulcer  is  as  follows:  Persons  who  suffer 
from  varices  of  the  leg  usually  complain  for  some 
time  before  the  external  manifestation  of  the  di.sease 
of  a  dull  aching  pain  in  the  hmb,  with  a  sense  of  weight, 
fullness  and  fatigue.  In  a  more  advanced  .state  of 
the  disease  the  ankles  swell  after  .a  hard  day's  work, 
and  the  feet  are  con.stantly  cold;  an  embarrassed  state 
of  the  circulation  is  denoted  by  these  symptoms  and 
the  deep-se.ated  veins  begin  to  swell,  .\fter  a  time, 
which  varies  with  the  idiosyncrasy  and  occupation 
of  the  patient,  small,  soft,  blue  tumors  are  seen  at 
different  points  of  the  leg,  most  of  them  disappearing 
on  pressure,  but  returning  when  it  is  removed  or  when 
the  patient  stands  up.  Each  little  tumor  is  caused 
by  a  vein  dilated  at  the  point  at  which  it  is  joined  by 
an  intramuscular  branch,  .\round  many  of  these 
tumors  a  number  of  minor  vessels  of  .a  dark  purple 
color  are  clustered,  these  being  the  small  superficial 
veins  which  enter  the  dilating  vein  and  in  which  the 
passage  of  the  blood  is  retarded.  .\n  increasing  area 
of  veins  gradually  becomes  involved  and  a  number  of 
irregular,  knotty,  consolidated  tumors  are  developed, 
grouping  themselves  around  the  point  at  which  the 
dilatation  first  began.  The  external  and  internal 
saphenous  veins  are  those  primarily  affected,  but  long 
tracts  of  tortuous  veins  may  extend  up  the  leg  and 
thigh.  Dangerous  and  even  fatal  hemorrhage  may 
ensue  from  the  bursting  of  a  varix  through  the  skin. 
The  vessels  may  become  filled  with  clots  and  per- 
manently obstructed,  and  ulceration  with  thrombosis 
or  phlebitis  may  be  the  sequel.  The  capillaries 
become  engorged  with  blood,  and  hence  the  assimi- 
lation changes  are  retarded  and  sometimes  altogether 
checked.  Ciradually  the  entire  circulation  is  arrested. 
The  vitality  of  the  superficial  structures  becomes  per- 
manently impaired;  consequently  they  are  unable  to 
resist  the  effects  of  sliglit  mjuries  and  repair  fails  to 
take  place  after  a  portion  h.os  been  destroyed  and  an 
open  sore  or  ulcer  is  established. 
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Symptotns. — The  features  assumed  by  varicose 
ulcers  are  of  less  importance  than  a  distinct  recogni- 
tion of  their  cause,  and  are  determined  by  constitu- 
tional and  local  factors.  Tiie  typo  usually  presented 
is  that  known  as  the  irritable  varicose  ulcer.  It  is 
generallv  found  in  persons  of  good  health  and  strength, 
and  is  .situated  in  the  superficial  layers  of  the  skin. 
It  is  characterized  by  hyi)eremia  and  pain  and  may 
extend  deeply  into  the  connective  tissue  of  the  cuti.s, 
at  times  involving  the  fiuscia  of  the  limb.  The  vari- 
cose ulcer  is  usually  single,  ov;il,  round  or  irregular  in 
ouMinc,  and  is  most  often  seen  on  the  lower  third  of 
the  leg  near  the  internal  or  external  malleolus.  The 
edges  are  thick,  everted,  and  swollen.  The  swelling  is 
largely  due  to  edema  and  is  found  to  pit  on  pressure. 
The  floor  is  generally  co\'cred  with  rather  large  granu- 
lations which  l)lcwl  freely  when  touched.  In  a  vari- 
cose ulcer  the  destruction  of  tissue  often  begins  at 
the  miirgin  of  a  congested  area  and  advances  toward 
the  center.  The  size  varies  from  the  small  ulcers 
less  than  one-half  inch  in  diameter,  formed  by  the 
breaking  down  of  an  area  of  periphlebitis  around  a 
small  vein,  to  those  several  inches  in  diameter. 
Several  ulcers  may  be  present  on  one  limb.  The 
granulations  as  a  rule  are  weak  and  flabby.  Two  or 
more  ulcers  may  become  connected  by  the  under- 
mining of  the  skin  between  them,  this  subsequently 
melting  away  so  that  one  irregular  ulcer  remains. 
The  discharge  is  thin,  serous,  mixed  with  debris,  and 
may  be  blood-stained.  The  skin  surrounding  a 
varicose  ulcer  is  often  of  a  brownish  blue  color,  due 
to  a  deposit  of  pigment.  Frequently  a  leg  which  is 
the  -seat  of  a  varicose  ulcer  is  attacked  by  acute 
eczema.  The  recognition  of  varicose  ulcers  is  usually 
easy;  but  the  mere  presence  of  enlarged  veins  it 
should  be  noted,  is  not  pathognomonic,  because  they 
may  exist  along  with  ulcers  of  other  origin — the 
luetic,  trophic,  etc.  Lymphangitis  and  venous  throm- 
bosis are  not  of  infrequent  occurrence  in  connection 
with  varicose  ulcers,  while  emboMsm  and  even  pyemia 
are  sometimes  met  with.  The  most  frequent  com- 
pUc.ation  is  phlebitis,  and  cellulitis  is  also  seen.  This 
may  sometimes  be  so  severe  as  to  necessitate  opera- 
tion. Erysipelas  may  also  occur  in  cases  of  varicose 
ulcer,  anil  hemorrhage  is  a  common  and  serious  com- 
phcation  and  has  been  fatal  at  times.  As  extreme 
and  unusual  complications  in  bad  cases  should  be 
mentioned  necrosis  of  bone,  involvement  and  anky- 
losis of  the  ankle  joint,  together  with  atrophy  and 
contracture  of  muscles  and  adhesions  of  tendons, 
perhaps  giving  rise  to  various  deformities  of  the  feet, 
such  as  flat-foot  or  even  club-foot. 

Differential  Diagnosis. — The  history  of  the  case; 
situation;  appearance  of  the  edges,  granulations;  base 
and  the  surrounding  area  should  make  the  diagnosis 
very  easy.  Where  the  varicose  ulcers  have  persisted 
for  a  long  time  and  they  refuse  to  heal  it  is  always 
advisable  to  do  a  Wassermann  reaction  in  order  to 
exclude  the  possibility  of  syphilis  also  existing.  In 
doubtful  cases  it  is  also  advisable  to  test  the  Noguchi 
luetin  skin  reaction. 

Trent ment. — In  these  cases  of  varicose  ulcers  it  is 
impossible  to  effect  a  cure  until  the  chronic  congestion 
of  the  limb  is  reheved  and  the  blood  supply  of  the  part 
approaches  the  normal.  Often  all  that  is  necessary  is 
a  gauze,  muslin,  rubber  or  flannel  bandage,  properly 
applied  from  the  base  of  the  toes  to  the  knee.  A 
rubber  bandage  when  applied  with  moderate,  even 
pressure,  has  for  its  purpose  the  relief  of  congestion, 
but  in  a  great  many  cases  the  rubber  has  an  irritat- 
ing efi'ect  upon  the  skin.  When  the  granulations 
are  almost  on  a  level  with  the  skin,  and  also  whore 
there  is  considerable  thickening  of  the  edges  of  the 
ulcer,  the  best  means  of  keeping  up  an  even  pressure 
and  causing  absorption  of  the  thickened  margins,  as 
well  as  hastening  epithelial  growth,  is  to  apply  zinc 
oxide  adh&sive  plaster  in  .strips,  one-half  to  one  inch 
in  width.     These  strips  should  overlap  to  the  extent 
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of  about  one-third  of  their  width;  should  extend 
about  three-fourths  of  the  way  around  the  limb, 
and  should  be  evenly  and  smoothly  appUed.  They 
should  be  started  about  one  inch  below  the  ulcer 
and  should  run  from  two  to  three  inches  above  it. 

The  final  stage  after  the  dressing  has  been  put  on, 
consists  in  the  application  of  the  bandage.  A  band- 
age possesses  advantages  over  strapping  in  being  less 
irritating  to  the  skin;  in  being  more  quickly  put  on 
and  taken  off;  in  being  more  easily  removed  without 
disturbing  the  surface;  and  in  more  completely  allow- 
ing the  formation  of  the  granulations.  The  bandage 
is  also  superior  to  the  elastic  stocking  in  not  only  is 
it  less  expensive,  but  is  also  more  durable.  The 
flannel  material  I  prefer  because  it  is  thin,  yielding, 
and  elastic:  yet  almost  any  degree  of  compression  can 
be  exercised  with  it.  In  edematous  swelling  in  general, 
the  flannel  appears  very  suitable,  as  it  is  soft  to  the 
skin  and  accommodates  itself  to  the  greater  or  less 
distention  of  the  limb,  arising  from  the  increase  or 
diminution  of  the  fluid.  The  bandage  should  be  at 
least  six  yards  long  if  required  for  an  ordinary  adult, 
and  the  width  should  be  from  two  to  three  inches. 
Every  portion  of  the  limb,  from  the  toes  to  the  knees, 
should  be  equally  and  evenly  compressed.  Compres- 
sion is  of  such  absolute  importance  that  without  it 
everything  else  will  be  comparatively  ineffectual. 

One  of  the  best  bandages  is  the  modification  of 
Unna's  paste  which  I  use  to  relieve  the  congestion  and 
support  the  enlarged  veins.  The  paste  necessary  for 
the  bandage  is  prepared  as  follows:  first  dissolve  two 
and  a  half  ounces  of  white  gelatin  in  eight  ounces  of 
water;  ■while  the  fluid  is  boiling  add  two  and  a  half 
ounces  of  zinc  oxide  and  four  ounces  of  glycerin. 
Stir  briskly  until  thoroughly  dissolved  and  allow  the 
mixture  to  cool.  When  ready  for  use  the  paste  should 
always  be  melted  by  placing  the  receptacle  in  a  hot 
water  bath  or  an  ordinary  copper  sterilizer  such  as  that 
employed  for  boiling  instruments.  A  small  tin  can 
may  be  used,  a  piece  of  paste  about  .six  inches  square 
being  cut  into  fine  pieces  and  put  into  the  can.  This 
is  placed  in  the  sterilizer,  into  which  is  poured  water  to 
a  depth  of  about  two  inches,  so  that  the  can  is  but 
slightly  immersed.  Np  top  should  be  placed  over 
the  can  as  a  drop  of  water  getting  into  the  paste 
spoils  it.  An  ordinary  stove  or  gas  range  can  be  used 
for  heating  purposes.  A  very  important  point  to 
remember  is  that  no  water  is  to  be  put  into  the  can 
with  the  paste.  The  leg  is  to  be  cleansed  in  the  man- 
ner described  before,  and  after  the  paste  has  been 
thoroughly  melted  it  is  applied  hot  as  the  patient 
can  comfortably  tolerate  it  by  means  of  an  ordinary 
small  paint  brush  from  the  base  of  tlie  toes  to  the  knee. 
Then  a  layer  of  gauze  bandage  (two  to  three  inches  in 
width  according  to  the  limb)  is  applied,  then  a  layer 
of  paste,  and  in  this  manner  several  thicknesses  of 
bandage  are  used  depending  upon  the  case.  In  thin 
people  it  is  necessary  to  use  only  two  layers  of  band- 
age, whereas  in  stout  people  several  layers  may  be 
necessary.  After  the  last  application  of  paste  some 
non-absorbent  cotton  is  applied  giving  it  the  so- 
called  mole-skin  plaster  finish.  Another  way  of 
finishing  the  dressing  is  to  dust  some  ordinary  talcum 
powder  on  the  paste,  giving  the  appearance  of  a 
plaster-of-Paris  dressing.  The  bandage  can  be  worn 
anywhere  from  one  to  six  weeks.  To  remove  it  an 
ordinary  bandage  scissors  is  used  to  cut  the  dressing 
and  it  peels  off  w-ithout  irritating  the  skin. 

In  order  to  effect  a  permanent  cure  the  varicose 
veins  must  be  operated  upon,  and  a  number  of  opera- 
tions have  been  devised.  The  ligation  of  the  internal 
saphenous  as  devised  by  Trendelenburg;  the  multiple 
percutaneous  ligations  of  Schede;  the  total  extirpation 
of  the  internal  saphenous  as  recommended  by  Mayo; 
the  dissection  after  the  method  of  Madelung;  and  the 
spiral  cut  of  Rindfleisch,  are  methods  advocated  and 
recommended ;  the  suitable  operation  being  adopted  ac- 
cording to  the  casein  question.  Edwaed  Abaus. 
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I'Icers,  Gastric  and  Duodenal 


Ulcers,  Gastric  and  Duodenal. — Ulcer  of  the 
Stomach. — This  lesion  i^-  also  called  peptic  ulcer, 
ulcus  ventriculi,  gastric  ulcer,  and  round  ulcer. 

D-iagnosis. — This  is  made  from  subjective  and  objec- 
tive symptoms  and  chemical  findings.  The  patient, 
generally  young  or  not  over  middle  age,  gives  a  history 
of  systematic  indigestion,  heart-burn  occurring  im- 
mediately or  soon  after  eating,  cessation  or  ameliora- 
tion of  the  pain  for  a  time  on  shifting  the  position  so 
that  the  contents  of  the  stomach  fall  away  from 
the  eroded  spot,  lack  of  cachexia,  epigastric  pain,  which 
is  greater  after  a  full  or  coarse  meal,  and  which  may 
increase  until  vomiting  empties  the  stomach.  These 
symptoms  excite  a  suspicion  of  gastric  ulcer,  and  if 
there  is  a  history  of  hematemesis  or  melena,  the 
suspicion  is  strengthened. 

The  pain  is  one  of  the  most  suggestive  symptoms, 
generally  occurring  a  few  minutes  after  eating  (occa- 
sionally one  or  two  hours  later),  and  persisting  during 
digestion.  Liquid  nourishment  produces  the  lea.st 
discomfort,  and  bland  liquids  may  temporarily  ease 
it.  The  pain  is  of  a  burning  or  gnawing  character, 
and  there  may  be  a  sensitive  epigastric  point  which  is 
increased  on  pressure.  Later  comes  the  dorsal  pain, 
gnawing  in  character,  lying  generally  to  the  left  of 
the  spine,  between  the  eighth  and  tenth  vertebrse. 
This  dorsal  pain  may  alternate  with  the  epigastric. 

The  appetite  is  variable,  though  many  patients  are 
hungry,  but  fear  to  eat  on  account  of  the  pain  that 
ensues.     Constipation  is  generally  in  evidence. 

.\s  the  ulcer  progresses,  hemorrhage  may  occur, 
and  this  is  visibly  present  in  from  one-third  to  one- 
half  of  the  cases,  though  occult  hemorrhage  of  a 
minor  degree  probably  occurs  in  a  large  majority. 
Should  the  symptoms  be  noted  carefully,  and  frequent 
tests  be  made  of  the  gastric  contents  and  stools,  both 
chemically  and  microscopically,  I  believe  blood  would 
be  found  in  nearly  every  case.  The  hemorrhage  may 
be  occult,  with  no  vomiting  of  blood,  but  this  may  be 
progressive,  and  the  patient  may  become  e.xtremely 
anemic  from  small  and  repeated  losses. 

The  motor  functions  of  the  stomach  are  increased ,  un- 
less pyloric  stenosis  or  adhesions  complicate  the  ulcer. 

Examination  of  the  Stomach  Contents. — If  there 
has  been  a  recent  hemorrhage,  it  is  not  advisable  to 
pa.ss  the  tube  for  ten  or  more  days,  but  otherwise  a 
test-nieal  should  be  taken.  Instead  of  the  Ewald- 
Boas  test-meal  it  is  preferable  the  night  before  to  give 
a  liberal  meal  of  potatoes,  rice,  a  few  dried  raisins, 
and  some  chopped  spinach,  and  on  the  following  morn- 
ing the  Ewald-Boas  meal  may  be  given,  and  aspirated 
one  hour  later.  The  presence  of  raisins  and  rice  would 
indicate  motor  insufficiency  or  pyloric  obstruction. 

In  about  ninety-five  per  cent,  of  acute  uncomplicated 
cases  of  ulcer,  hyperchlorhydria  is  present,  the  free  acid- 
ity running  from  .50  to  60,  or  even  more,  while  the  total 
acidity  may  run  from  90  to  1.50.  Sometimes  chronic 
cases  of  long  duration  do  not  show  hyperacidity,  and 
some  have  been  reported  where  achylia  was  present. 
The  absence  of  hyperchlorhydria  does  not  exclude 
ulcer,  and  we  bear  in  mind  the  possibility  of  there 
being  a  developing  cancer  on  the  base  of  an  ulcer. 
The  presence  of  occult  blood  is  a  strong  diagnostic 
point  in  the  favor  of  ulcer,  especially  when  fortified 
by  clinical  history. 

Perforation,  with  concomitant  symptoms  of  shock 
and  perhaps  peritonitis,  and  later  on  subphrenic 
abscess  are  possible  complications  that  must  be 
anticipated. 

Radiographic  Diagnosis. — If  it  were  the  fact  that 
the  base  of  an  ulcer  would  regularly  and  systematically 
retain  a  bismuth  coating  after  the  rest  of  the  meal  had 
left  the  stomach,  radiography  would  afford  an  easy 
and  q\iick  solution  of  the  question.  In  reality, 
however,  the  ordinary  crateriform  ulcer  does  not 
hold  its  bismuth  coating  any  longer  than  the  mucous 
membrane  in  its  vicinity,  and  sometimes  we  can  arrive 
at  a  diagnosis  only  by  indirect  evidences,  and  a  com- 


bmation  of  clinical  historj',  physical  examination,  and 
chemical  analysis  taken  in  connection  with  the  plates. 
The  radiologist,  who  alone  and  without  the  aid  of 
clinical  history  attempts  to  arrive  at  a  diagnosis  of 
gastric  ulcer,  will  hkely  fall  into  error. 

The  following  technique  is  advised  by  Holzknecht 
and  Haudek:  The  patient  first  receives  an  efficient 
cathartic,  preferably  castor  oil,  given  at  night.  The 
following  morning  at  a  specified  hour  the  Rieder 
meal  is  taken,  consisting  of  eight  ounces  of  oatmeal 
gruel  into  which  is  well  mixed  two  ounces  of  bismuth 
subcarbonate.  A  light  breakfast  of  tea  and  toast 
may  be  taken  one  hour  later,  if  desired.  The  patient 
should  be  at  the  radiologist's  office  in  sufficient  time 
that  the  first  exposure  may  be  made  exactly  six  hours 
after  the  bismuth  meal  has  been  taken.  This  will 
show  the  motility  of  the  stomach  and  the  location  of 
the  bismuth  column.  A  second  bismuth  meal, 
composed  of  bismuth  one  and  one-half  ounces,  and 
mucilage  of  gum  acacia  two  ounces,  to  which  is  added 
water  enough  to  make  eight  ounces,  is  then  given,  and 
a  second  radiograph  taken.  This  will  show  the  size, 
shape,  and  position  of  the  stomach.  Occasionally  a 
third  radiograph  may  be  taken  fifteen  minutes  later, 
which  will  show  the  motility  of  the  pylorus  and  the 
first  part  of  the  duodenum. 

The  following  radiographic  findings  may  be  con- 
sidered suspicious  of  ulcer:  A  displacement  of  the 
pylorus  upward  and  to  the  left  is  suspicious  of  ulcer 
of  the  lesser  curvature,  which  may  cause  contractions 
along  the  upper  border  approximating  the  cardia  and 
the  pyloric  end.  This  is  called  the  "snail  stomach." 
Hour-glass  contractions  appearing  in  all  the  plates  are 
suggestive  of  ulcer.  Distortion  or  displacements  of 
the  stomach  by  adhesions  sugge.st  the  presence  of 
ulcer.  Possibly  the  most  suggestive  radiographic 
appearance  is  that  of  a  small  puckered  area  in  which 
the  ruga;  are  distorted.  Where  the  bismuth  adheres 
to  the  base  of  the  ulcer  after  the  rest  of  the  meal  has 
left  the  stomach,  the  radiologist  can  be  almost 
positive. 

Treatment. — The  advisability  of  medical  or  surgical 
treatment  is  often  a  difficult  question  to  decide,  and 
I  am  free  to  admit  that  I  now  more  readily  refer  ulcer 
cases  to  the  surgeon  than  a  few  years  ago. 

The  mortality  of  ulcer  varies  greatly,  being  modified 
by  the  length  of  the  ulcer  history,  the  character,  and 
the  facilities  for  treatment.  Some  place  it  as  high  as 
twenty  per  cent.,  while  the  late  Dr.  Mu.sscr  placed  the 
mortality  in  private  practice  at  about  three  and  in  hos- 
pital practice  at  about  twelve  per  cent.  The  position 
of  the  ulcer  modifies  the  prognosis,  for  if  it  is  on  the 
anterior  wall,  perforation  is  more  apt  to  occur. 

Leaving  out  the  dangers  from  hemorrhage  or  per- 
foration, I  believe  that  the  acute  ulcers  or  those  of 
moderate  chronicity,  where  the  patient  can  be  man- 
aged and  proper  facilities  for  carrying  out  an  intelli- 
gent Une  of  treatment  are  available,  offer  a  fairly  good 
prospect  for  a  permanent  cure.  The  chronic  ulcer, 
as  a  rule,  should  be  referred  to  the  surgeon,  for  unless 
it  is  possible  for  the  patient  to  undergo  a  long  and 
rigorous  course  of  medical  attention,  the  jirospects  of 
permanent  relief  are  not  encouraging.  The  age  of 
the  patient  must  also  be  taken  into  consideration,  for 
one  must  never  forget  the  liability  of  later  development 
of  cancer  upon  the  scar  of  a  healed  ulcer,  and  when 
the  patient  is  of  middle  age  surgery  must  be  considered 
more  readily. 

General  "Management. — When  the  diagnosis  of 
ulcer  has  been  made,  and  medical  treatment  decided 
upon,  the  patient  should  be  put  to  bed,  and  under  a 
strict  discipline  of  rest,  diet,  hygiene,  and  suitable 
medicine.  If  the  patient  can  be  controlled  and  kept 
in  bed  from  four  to  six  weeks,  the  dangers  of  hemor- 
rhage and  perforation  are  minimized,  and  the  outlook 
for  a  cure  correspondingly  bright,  .\fter  the  time 
has  passed  for  rest  in  bed.  the  transition  hack  to  walk- 
ing should  be  spread  over  about  two  weeks.     M  this 
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time  (six  weeks  from  the  beginning  of  the  treatment, 
plain  and  substantial  fare  may  be  gradually  resumed) 
though  coarse,  irritating,  or  highly  seasoned  foods 
should  be  prohibited  for  a  long  space  of  time — m- 
definitelv,  if  practicable.  As  regards  beverages, 
beer,  ale,  wine,  whiskey,  and  alcoholic  drinks  of  all 
sorts  should  be  interdicted,  as  well  as  tea,  coffee,  and 
the  stimulating  drinks  obtained  at  the  soda  fountains. 
Some  of  these  latter  "invigorators"  which  are  dis- 
pensed under  a  harmless  guise  are  both  stimulating 
and  habit-forming. 

After  convalescence  is  well  established,  and  a  mixed 
diet  has  been  resumed,  rest  for  one  or  two  hours  after 
each  meal  should  be  insisted  upon,  and  all  troublous 
topics  of  conversation  avoided  while  digestion  is 
actively  progressing.  If  it  can  be  arranged,  a  sojourn 
in  the  country  for  city  patients,  or  in  the  city  for 
country  patients  should  be  advised,  and  all  the  habits 
should"  be  those  of  "the  simple  life."  During  the 
first  year  at  regular  intervals  analyses  of  the  gastric 
contents  and  feces  should  be  made,  so  that  hyper- 
acidity in  the  former,  or  occult  blood  in  either,  may 
receive  prompt  and  appropriate  treatment,  if 
discovered. 

Dietetic  Management. — Concerning  this  there  are 
divergent  views,  and  a  rather  spirited  controversy 
has  been  waged  between  several  schools  of  thought 
as  to  whether  this  management  should  be  one  of 
starvation  and  scant  fare,  liberal  feeding,  or  duodenal 
alimentation.  Probably  no  one  rule  is  applicable  to 
all,  and  the  physical  condition  of  the  patient,  together 
with  the  manner  in  which  he  responds  to  the  treat- 
ment should  be  the  guide  for  at  least  the  beginning. 

In  so  far  as  the  stomach  is  concerned,  it  seems  that 
the  results  depend  upon  the  elements  of  gastric  and 
pyloric  spasm,  freshness  of  the  ulcer,  location  of  the 
ulcer,  if  the  duodenal  tube  is  to  be  used,  amount  of 
bleeding  and  vomiting,  and  the  general  excitability 
of  the  viscus.  In  great  irritability  rectal  feeding 
should  at  lea.st  be  inaugurated,  though  occasionally 
the  duodenal  tube,  by  short-circuiting  the  food 
directly  into  the  small  intestine,  and  removing  the 
irritation  from  a  sensitive  ulcer,  will  be  followed  by  a 
quick  cessation  of  all  these  symptoms.  As  a  rule,  it 
works  best  to  inaugurate  the  von  Leube  treatment 
for  the  first  few  days,  then  cautiously  institute  and 
follow  up  the  Lenhartz  method,  unless  it  is  decided 
to  employ  Einhorn's  method  of  duodenal  alimentation. 

There  are  two  warnings,  which  Bassler  well  ex- 
presses: The  first,  that  if  resort  to  mouth  feeding  or 
to  a  fuller  fare  is  long  delayed  after  the  use  of  rectal 
enemas,  a  distention  of  the  stomach  with  a  sudden 
increase  in  acidity  is  liable  to  occur,  and  these  may 
precipitate  vomiting,  and  directly  or  indirectly  pre- 
vent the  healing  of  the  ulcer.  The  second  is,  that 
because  of  the  nature  and  quantities  of  food,  the 
Lenhartz  feeding  is  liable  to  keep  high  the  excess 
acidity  of  the  stomach,  and  in  this  way  a  cure  of  the 
ulcer  is  wrought,  but  a  high  status  of  gastric  secretion 
is  left,  which  militates  against  prophylaxis  of  a  return 
or  a  better  state  of  stomach  condition  in  the  post- 
ulcer  period. 

The  dietetic  treatment  inaugurated  by  von  Leube, 
and  modified  somewhat  by  Ewald,  is  described  by  the 
latter  as  follows:  "For  the  first  three  days  absolutely 
no  food  is  to  be  administered  by  the  mouth,  but  a 
nutritive  enema  is  given  three  times  daily;  subse- 
quently, besides  the  enemata,  milk  or  milk  in  flour 
soup,  in  teaspoonful  doses,  or  bland  chicken  broth. 
The  milk,  on  account  of  its  fine  flocculent  coagulation, 
has  some  pegnin  added.  If  this  diet  is  well  borne, 
it  is  added  to  in  a  manner  to  be  described;  otherwise 
absolutely  rectal  nutrition  is  again  instituted.  If  no 
pain  follows  the  careful  administration  of  milk,  we 
may  permit  somewhat  larger  quantities  (up  to  a 
flat  plateful)  of  leguminous  flour  soup,  then  legumes; 
later  pappy  food  made  of  chestnuts,  sago,  tapioca, 
and    others,    and    later    small    quantities    of    milk. 
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Among  nutritive  substances  cows'  milk  takes  first 
place.  It  is  suitable  because  the  acid  is  neutralized, 
and  because  the  coagula  which  form  from  the  action 
of  the  gastric  juice  remain  soft.  The  patient,  however, 
must  drink  it  very  slowly  and  lukewarm.  To  pre- 
vent the  flocculent  coagulation  of  milk,  and  the  irrita- 
tion of  the  ulcerative  surfaces  due  to  this,  I  now  add 
pegnin,  or  lab-ferment,  which  produces  a  very  fine 
flocculent  coagulation.  Besides  pigeon  or  veal 
soups,  the  yolk  of  an  egg,  or  beaten-up  egg  albumin, 
pulverized  meat,  or  leguminous  soups  may  perhaps 
be  given.  We  must  limit  ourselves  to  these  foods 
until  the  severe  symptoms  have  disappeared.  In 
the  third  week  a  food  richer  than  this,  both  quan- 
titatively and  qualitatively,  is  permissible,  and  we 
should  then  carefully  try  food  of  somewhat  greater 
consistence,  such  as  scraped  raw  ham,  raw  or  very 
soft  boiled  eggs,  scraped  venison  or  breast  of  fowl, 
rolls  or  zwieback  softened  in  cocoa;  but  milk  is  always 
preferable,  and  we  should  always  be  ready  to  return 
to  a  simpler  diet  as  soon  as  the  symptoms,  or  even 
pains  appear." 

It  will  be  noted  that  this  diet  claims  as  its  main 
feature  stomach  rest,  and  that  no  particular  effort 
is  made  to  supply  caloric  values  equal  to  the  main- 
tenance of  nutrition,  nor  is  any  special  attempt  made 
to  encourage  the  repair  of  the  ulcer  process.  This 
diet  may  be  considered  a  conservative  and  rational 
combination  of  well-tried  methods,  and  with  certain 
modifications  to  suit  individual  cases,  is  probably  the 
best. 

Arguing  from  the  fact  that  hyperchlorhydria, 
chlorosis,  and  anemia  frequently  develop  in  the  course 
of  ulcer,  Lenhartz  has  advocated  quite  a  different 
course  of  treatment,  based  upon  a  different  assump- 
tion. Even  in  cases  of  hemorrhage  and  other  severe 
symptoms,  Lenhartz  allows  his  patients  from  the 
start  to  take  concentrated  foods  rich  in  albumin,  on 
the  hypothesis  that  this  diet  converts  free  hydro- 
chloric acid  into  the  loosely  combined  form,  and  pre- 
vents further  erosions  and  irritation  of  the  ulcerated 
area. 

His  course  of  treatment  extends  over  two  weeks, 
during  which  time  absolute  rest  in  bed  is  required. 
Local  applications  of  ice-bags  are  employed  during 
the  first  ten  days.  Lenhartz  also  recommends  the  use 
of  bismuth  subcarbonate  in  thirty-grain  doses  three 
times  daily.  Chronic  ulcers  with  decided  pain  are 
treated  by  silver  nitrate  and  a  limitation  of  liquids. 
Bland  preparations  of  iron  are  given  if  anemia  is 
present.  The  following  articles  are  recommended 
by  Lenhartz:  Fresh  milk,  iced;  both  milk  and  eggs 
placed  in  a  glass  tumbler,  surrounded  with  cracked 
ice,  and  kept  at  the  bedside — even  the  feeding  spoon 
being  kept  iced  also.  The  eggs  and  milk  may  be  given 
alternately  in  hourly  doses,  or  may  be  mixed  and 
given  together.  Granulated  sugar  is  added  to  the 
eggs  after  the  third  day.  Raw  scraped  beef,  boiled 
rice,  and  zwieback  are  given  later.  According  to  the 
following  schedule,  finely  chopped  cooked  chicken 
or  well-chopped  ham  or  beef  is  added  with  butter 
and  given  in  large  doses.  After  the  tenth  day  broiled 
chop  or  steak  may  be  substituted  for  the  scraped 
meat;  toasted  bread  may  replace  the  zwieback,  and 
fine  cereals  may  take  the  place  of  the  rice.  During 
the  first  ten  days  rigid  adherence  to  the  prescribed 
regimen  is  necessary,  as  regards  both  the  quantity  of 
each  article  given  at  each  feeding,  and  the  totals  of 
each  article  for  the  twenty-four  hours.  The  food  is 
given  in  hourly  intervals  from  7  a.m.  to  9  p.m.,  and  a 
complete  rest  of  ten  hours  is  allowed  through  the  night. 
Beef  broths  are  contraindicated,  owing  to  their 
contained  extractives  which  induce  hyperacidity. 
Lenhartz  begins  his  method  of  dieting  in  a  few  hours 
after  severe  and  repeated  hemorrhages,  and  claims  to 
have  no  disastrous  results  from  his  early  feeding. 
It  might  be  said  in  this  connection,  however,  that  few 
clinicians  in  this  country  either  advocate  or  employ 
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the  unmodified  Lenhartz  method  so  soon  after  hemor- 
rhage as  the  originator  advocates. 

In  this  treatment  Lenhartz  claims  a  mortality  of 
two  or  three  per  cent,  and  a.sserts  that  the  recurrence  of 
hemorrhages  is  less  frequent  than  in  any  other  form 
of  treatment. 

It  might  be  fairly  stated  that  when  patients  are 
reduced  by  hemorrhage  or  previous  inability  to  take 
food,  the  Lenhartz  treatment  or  some  modification 
may  be  employed ;  but  when  the  patient  is  in  fairly  good 
physical  condition,  the  Leube  treatment  is  perhaps 
safer. 

As  a  conservative  treatment  of  ulcer,  and  one  that 
well  suits  the  majority  of  patients  the  general  plan 
of  Lockwood  may  be  commended,  and  the  following 
is  in  the  main  as  he  carries  it  out:  The  patient  is 
kept  in  bed  for  four  weeks,  and  during  the  first  ten 
days  he  is  not  allowed  to  rise  cither  to  drink  or  eat,  or 
to  evacuate  his  bowels  or  bladder. 

For  the  first  three  days  nothing  is  allowed  to  enter 
the  stomach,  whether  or  not  there  is  visible  or  occult 
hemorrhage.  During  these  three  days  mouth  washes 
are  used  frequently,  to  minimize  mouth  sepsis  and  to 
quench  the  thirst.  A  cleansing  enema  is  given  early 
in  the  first  day.  Nutritive  enamas  are  not  employed, 
nor  is  enteroclysis,  except  in  the  case  of  those  who  are 
weakened  by  hemorrhages,  insufficient  nourishment, 
or  recurrent  vomiting,  or  who  are  greatly  below  par. 
Decinormal  solutions  of  sodium  bicarbonate  are  pref- 
erable to  the  saline  solutions  usually  recommended, 
and  the  fluid  may  be  introduced  by  the  Murphy  drop 
method.  In  milder  cases  in  which  the  only  indication 
is  to  relieve  thirst,  retention  enemas  of  the  soda  solu- 
tion may  be  given. 

Drugs  during  this  period  are  rarely  indicated, 
exception  being  made  in  the  case  of  recent  hemateme- 
sis,  or  continuous  secretion  with  or  without  acid 
vomiting. 

During  the  entire  treatment  hot  moist  applications 
are  to  be  employed,  except  when  visible  hemorrhage 
has  occurred  at  any  time  within  the  previous  three 
weeks,  and  the  hotter  they  can  be  used  the  better. 
While  considerable  heat  is  desirable,  it  should  not 
approach  a  degree  of  extreme  discomfort.  The 
electric  pad  is  ciuite  convenient,  and  the  Priesnitz 
application,  changed  every  hour  during  the  day  and 
twice  at  night,  is  also  easily  used.  These  external 
applications  should  last  during  the  four  weeks. 

In  cases  of  visible  hemorrhage,  ice  bags  are  to  be 
applied  constantly  until  all  traces  of  blood  have  dis- 
appeared from  the  stools,  and  are  then  to  be  succeeded, 
not  by  extreme  heat,  but  by  the  Priesnitz  appUcations, 
warm  only,  and  reapplied  every  six  hours. 

From  the  fourth  to  the  seventh  day  feeding  by  the 
mouth  may  begin,  by  giving  peptonized  milk  in  two- 
ounce  doses,  and  a  similar  amount  of  C61estins  Vichy 
or  of  a  solution  of  sodium  bicarbonate  on  the  inter- 
vening hours,  so  that  the  patient  receives  two  ounces  of 
liquid  every  hour.  This  must  not  be  done  during  the 
sleeping  hours.  On  the  fifth  day  these  quantities 
are  increased  to  three  ounces,  on  the  sixth  day  to  five 
ounces,  on  the  seventh  day  the  milk  is  increased  to 
seven  or  eight  ounces,  while  the  alkaline  water,  given  at 
the  alternate  periods,  is  reduced  in  quantity  to  suit 
the  patient. 

No  drugs  are  specially  indicated  at  this  period, 
unless  indicated  by  special  conditions  such  as  acidity, 
vomiting  or  hemorrhage.  The  bowels  are  moved 
daily  by   enemas. 

During  the  second  week  the  diet  may  be  enlarged  by 
the  substitution  of  the  following  articles  for  any  of  the 
doses  of  milk;  junket,  arrowroot  gruel,  milk  toast, 
creamed  macaroni,  malted  milk,  blanc  mange,  farina, 
grits,  or  cream  of  wheat  with  milk  and  sugar.  Not 
more  than  five  ounces  of  any  one  of  the.se  should  be  given 
at  any  one  time,  and  the  system  of  two-hour  feeding 
continued.  Only  one  article  is  given  at  a  time. 
C61estins  Vichy  or  the  soda  solution  may  be  taken  as 


often  as  desired,  but  not  in  greater  quantity  than  four 
ounces  at  one  time. 

During  the  third  week  the  only  change  is  the  en- 
largement of  the  diet,  there  being  gradually  added 
mashed  potatoes,  i)ur<;es  of  any  kind  not  made  of 
meat  stock,  creamed  or  boiled  fish,  soft-boiled  eggs, 
the  soft  part  of  pumpkin  pie,  custards,  and  mashed 
vegetables  that  can  be  put  through  a  pur6e  sieve. 
Soft  bread  or  crackers,  well  masticated,  are  allowed. 
Several  articles  of  diet  may  be  given  at  a  time,  and  the 
feeding  interval  is  increased  to  three  hours.  At  this 
time  njilk  may  be  discontinued,  if  desired. 

During  the  fourth  week  the  patient  is  allowed  to  sit 
up  a  portion  of  each  day,  while  the  external  applica- 
tions are  gradually  diminished.  The  only  other 
change  in  the  treatment  is  the  addition  of  creamed 
chicken,  tender  squab,  lean  boiled  ham,  minced  veal. 

After  the  fourth  week  has  passed  the  diet  is  to  be 
continued  for  at  least  one  month  before  resumption 
of  a  more  varied  menu,  though  the  quantity  given  at 
one  time  may  be  gradually  enlarged,  so  that  the  pa- 
tient is  allowed  three  larger  and  two  smaller  meals  a 
day.  Eating  at  night  is  ■  not  advisable.  For  at 
least  six  months  red  meat,  scratchy  articles  of  food, 
raw  fruit  and  fruit  juices,  ice  cream,  ice  water,  and 
all  highly  seasoned  articles  of  food  must  be  avoided. 
Smoking  may  be  allowed  in  moderation,  after  eating 
only.  Tea  is  not  good,  and  only  weak  coffee  and  a 
small  amount  should  be  allowed.  No  alcoholic 
beverages  of  anj'  kind  are  permissible,  and  the  patient 
would  be  better  with  total  and  permanent  abstinence 
from  them. 

Medical  Treatment. — This  may  be  both  routine  and 
symptomatic,  the  former  intended  to  promote  the 
healing  of  the  ulcer,  the  latter  to  meet  conditions 
as  they  arise. 

Many  clinicians  use  Carlsbad  water,  either  hot  or 
lukewarm,  daily  in  order  to  keep  the  bowels  gently 
moving.  Should  the  original  water  be  unavailable, 
the  desiccated  salts  may  be  obtained,  and  artificial 
water  prepared.  This  water  socms  to  reduce  both 
hyperacidity  and  h>'persecretion;  it  is,  therefore,  of 
less  use  in  ulcers  accompanied  by  diminished  secretion. 

The  two  remedies  par  excellence  in  the  routine 
treatment  of  gastric  ulcer  are  nitrate  of  silver  and 
bismuth. 

The  nitrate  of  silver  may  be  administered  in  doses 
of  one-fourth  to  one-half  grain  three  times  daily  for 
about  four  days,  unless  it  causes  diarrhea,  in  which 
event  it  should  be  discontinued  for  about  two  daj's. 
It  has  been  my  custom  to  give  this  drug  for  four  days, 
leave  it  off  for  two  days,  use  it  again  for  four  days,  and 
in  this  manner  to  keep  it  up  for  about  thirty  days. 

Lavage  with  a  1  : 3,000  solution  of  nitrate  of  silver  is 
recommended  by  some.  In  this  I  do  not  concur,  as 
I  think  it  best  to  avoid,  if  possible,  the  use  of  the 
stomach-tube  for  fear  of  its  possible  traumatic  effect. 

Bismuth  may  be  employed  for  both  its  alkaline 
and  mechanical  ctfect.  Lockwood  objects  to  the 
subnitrate,  as  he  believes  the  sharp  crystals  of  this 
preparation  may  irritate  the  floor  of  the  ulcer.  I  am 
not  sure  that  he  is  justified  in  this  fear.  Aaron  has 
written  a  valuable  paper  on  the  use  of  bismuth  sub- 
nitrite  for  ulcer,  and  believes  that  owing  to  its  phys- 
ical consistence,  its  fine  distribution,  and  its  high 
specific  gravity,  this  drug  is  capable  of  forming  a  layer 
over  the  ulcer,  which  mechanically  protects  it  from 
injury.  Moreover  the  good  elfect  may  be  also  due 
to  chemic  action,  for  it  has  been  found  that  bismuth, 
when  introduced  into  the  stomach,  induced  a  mucous 
secretion,  and  that  the  protective  layer  was  a  muco- 
bismuth  mixture.  In  this  process  bismuth  is  reduced 
to  bismuth  oxide,  and  it  may  be  assumed  that  this  is 
the  principal  agent  in  the  formation  of  the  bismuth 
crust.  Owing  to  its  astringent  property,  bismuth  is 
capable  of  producing  a  healing  elfect,  for,  as  is  well 
known,  astringents  precipitate  albumin  and  mucus, 
entering  into  combination  with  the  albumin  and  form- 
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ing  albuininates.  As  a  result  of  the  deposition  of 
new,  firm  particles  in  the  tissue  interspaces,  the  epi- 
thelial surface  is  smoothed,  and  the  size  of  the  blood- 
vessels diminished.  Secretion  is,  therefore,  reduced, 
and  the  hypcreinic  conditions  and  attendant  pains 
relieved;  and  the  fact  that  mucous  membrane  of 
this  consistence  is  a  favorable  culture  ground  for 
bacteria  supplies  another  reason  for  the  subsidence 
of  the  inflammatory  manifestations. 

According  to  Fleiiicr's  and  Aaron's  present  method 
about  ten  to  twenty  grams  of  bismuth  subnitrate  in  a 
tumbler  of  warm  water  are  taken  by  mouth  in  the 
morning  on  an  empty  stomach,  the  stomach  having 
been  previously  cleansed  with  about  150  c.c.  of  Carls- 
bad or  Vichy'  water.  This  should  be  given  daily, 
the  dose  being  increased,  reduced,  or  discontinued 
according  to  the  clinical  course. 

A  modification  of  this  method  consists  in  adminis- 
tering bismuth  in  oil,  by  combining  the  bismuth 
treatment  with  Cnhnheim's  oil  treatment,  the  doses 
of  bismuth  finely  suspended  in  olive  oil  being  taken 
several  times  daily. 

When  there  is  "constipation  following  bismuth,  or 
where  there  ajipears  to  be  an  idiosyncrasy  against  it, 
other  alkalies  may  be  given  to  correct  hyperacidity. 
Among  these  are  magnesia  usta,  or  magnesium  car- 
bonate. Sodium  bicarbonate  is  not  desirable  on 
account  of  the  liberated  carbon  dioxide  following  its 
use. 

Atropine  is  of  service  to  control  pain,  to  reduce 
acidity,  and  to  relax  muscular  spasm.  It  is  chiefly 
indicated  during  attacks  of  acute  hypersecretion  from 
pyloric  spasm. 

Hemorrhage  has  in  the  main  been  considered,  but 
I  might  say  that  the  drug  of  greatest  benefit  is 
adrenalin  in  ten-minim  doses  of  the  1  : 1,000  solution. 
This  may  be  given  every  fifteen  minutes  to  half  hour, 
diluted  in  a  little  water,  until  .satisfactory  results  are 
attained.  Some  fear  the  reaction  dilatation  follow- 
ing the  vasomotor  constriction,  but  before  this  occurs 
a  thrombus  is  generally  formed  at  the  bleeding  point. 
Gelatin  and  calcium  chloride  and  lactate  have  been 
discussed.  Ergotin  hypodermically  has  gone  out  of 
use. 

Vomiting  is  usually  relieved  by  regulation  of  diet, 
counterirritation  over  the  epigastrium,  minim  doses  of 
F'owler's  solution  or  wine  of  ipecac,  one  or  two-minim 
doses  of  dilute  hydrocyanic  acid,  or  one-half-grain 
doses  of  dilute  hydrocyanic  acid,  or  one-half-grain  doses 
of  menthol.  Oxalate  of  cerium  has  not  proved  satis- 
factory, though  I  have  gotten  some  results  from  chlore- 
tone  in  three-grain  doses. 

_  Pain  should  be  controlled  by  heat,  alkalies,  atro- 
pine, or  abstinence  from  food.  Should  pain  keep  up 
for  over  ten  days  after  a  systematic  ulcer  treatment, 
there  is  probably  some  comphcation  which  requires 
appropriate  attention. 

Perforation  is  a  surgical  complication,  and  alliance 
with  any  other  measures  may  lose  for  the  patient  his 
chance  of  recovery.  Cases  of  spontaneous  cure  which 
have  been  reported  do  not  afford  any  excuse  for  a 
waiting  or  expectant  course. 

For  the  anemia  and  debility  Blaud's  mass  or  pill 
is  probably  the  best  ferruginous  preparation.  None 
of  the  iron  preparations  containing  alcohol  as  a  men- 
struum should  be  given.  Should  the  stomach  be 
intolerant  of  any  form  of  iron,  hj^podermic  injections 
of  the  green  citrate  of  iron  may  be  administered. 
This  can  now  be  obtained  in  ampules,  and  is  a  con- 
venient form  for  use. 

Duodenal  Ulcer. — With  increasing  experience  the 
conviction  is  impressed  upon  us  that  duodenal  ulcer 
is  of  much  more  frequent  occurrence  than  was  for- 
merly thought.  Within  the  medical  recollection  of 
the  writer  are  recalled  the  teaching  that  ulcer  of  the 
duodenum  was  a  rare  disease,  generally  due  to  ex- 
ternal burns.     Up  to  ten  years  ago  duodenal  ulcer  was 
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not  compared  with  gastric  ulcer  in  frequency,  but 
since  that  time  the  belief  has  been  forced  upon  the 
medical  profession  that  duodenal  ulcer  is  fully  as 
common  as  gastric,  and  is  a  possibility  always  to  be 
reckoned  with  in  disease  of  the  upper  abdomen. 

Much  of  this  change  of  view  has  been  brought 
about  by  the  Mayos  in  America  and  Moynihan  in 
England,  who  have  definitely  and  conclusively  shown 
us  by  their  operative  work  how  frequently  this  lesion 
occurs. 

Mayo  has  reported  272  operations  for  duodenal 
ulcer,  and  his  statistics  showed  ulcer  more  often  on 
the  duodenal  than  the  gastric  side  of  the  pylorus. 
Moynihan  has  recently  summarized  his  previous 
papers  on  the  subject,  reporting  186  cases,  and  he 
stresses  its  frequency,  making  plain  the  definite  clinical 
picture  it  presents.  As  Mayo  says,  however,  we 
should  not  assume  that  duodenal  ulcers  are  more 
frequent  than  in  the  past,  but  merely  that  they  have 
heretofore  been  mistaken  for  something  else. 

Diagnosis. — Clinically,  duodenal  ulcer,  which  is 
twice  as  frequent  in  males  as  in  females,  asserts  itself 
in  a  variety  of  ways.  In  some  cases  of  disease, 
brought  to  autopsy  for  other  illness,  one  or  more 
ulcers  may  be  found,  healed  or  partly  healed,  in  which 
no  particular  symptoms  had  been  noted  in  life  that 
would  point  to  such  a  lesion.  In  some  instance  either 
perforation  or  hemorrhage  are  the  first  warnings  given. 
In  the  great  majority  of  duodenal  ulcers,  though, 
symptoms  appear  in  a  definite  and  well-ordered 
sequence,  and  with  a  remarkable  precision. 

Many  of  these  cases  have  been  erroneously  diag- 
nosed as  hyperchlorhydria,  acid  gastritis,  or  even  as 
gastric  neuroses,  and  may  not  show  any  abnormalities 
of  sensation  or  resistance  on  physical  examination. 
For  this  reason  Moynihan  advances  an  opinion,  with 
which  the  writer  does  not  agree,  that  it  is  not  necessary 
to  the  attaining  of  an  accurate  diagnosis  that  any 
examination  of  the  patient  be  made;  that  the  anam- 
nesis is  everything,  the  physical  examination  com- 
paratively nothing.  On  the  contrary,  there  are 
numerous  instances  where  much  and  vital  corrobora- 
tive evidence  is  obtained  from  a  careful  physical 
examination. 

Stomach  Contents. — An  Ewald-Boas  test-meal 
should  be  given  in  all  cases,  and  practically  every  one 
will  be  found  hj'peracid.  As  Boas  has  said,  many 
cases  of  intractable  cases  of  "acid  dyspepsia,"  which 
have  resisted  all  treatment  are  in  reality  caused  by 
duodenal  ulcer.  In  a  few  cases  of  chronic  ulcer, 
the  free  hydrochloric  acid  may  be  reduced,  but  as  a 
rule  those  cases  which  have  progressed  to  stenosis  and 
dilatation  of  the  stomach  have  hyperacidity;  and  in 
these  the  chief  symptoms  may  be  referred  to  mechan- 
iical  obstruction.  The  test  of  treatment  possesses 
diagnostic  value  here,  for  while  simple  hyperchlor- 
hydria is  amenable  to  treatment,  when  it  is  present 
with  a  history  of  hematemesis  or  melena,  the  hyper- 
chlorhydria is  not  easily  relieved  by  either  treatment 
or  diet. 

The  diagnosis  of  blood  in  the  stomach  contents, 
while  characteristic  of  gastric  ulcer,  is  not  necessarily 
found  in  duodenal  ulcer,  nor  is  hematemesis  frequent. 
Blood  in  the  feces  is,  however,  ciuite  frecjuent,  and,  if 
on  examination  of  stomach  contents  no  pus  is  found, 
and  occult  blood  either  present  or  absent,  but  occult 
blood  in  the  stools,  and  the  characteristic  history  is 
obtained,  a  confident  diagnosis  of  duodenal  ulcer 
may  be  made.  One  statement,  I  would  certainly  not 
make,  is  that  "hyperchlorhydria  is  duodenal  ulcer." 

Hemorrhage. — Though  this  is  occasionally  early, 
it  is  generally  a  late  symptom.  Visible  hemorrhage 
Moynihan  believes  a  sign  of  neglected  opportunity. 
This  hemorrhage  may  manifest  itself  either  a  hem- 
atemesis or  melena,  with  dark  tarry  stools.  Hemor- 
rhage from  a  duodenal  ulcer  may  be  more  insidious  and 
dangerous  than  from  a  gastric  ulcer.  When  acute, 
the  patient  may  complain  of  an  exacerbation  of  the 
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indigestion  and  a  feeling  of  distention.  The  patient 
may  then  suddenly  become  faint  and  weak,  the  head 
covered  with  drops  of  cold  perspiration  pallor  of  the 
face  may  show  itself,  and  he  asks  for  air.  These  are 
the  evident  signs  of  internal  hemorrhage,  and  the 
patient  may  bleed  to  death  without  any  visible  blood. 
As  a  rule,  though,  these  symptoms  are  followed  by 
tarry  evacuations  of  the  bowels  twenty-four  or  more 
hours  later.  When  the  hemorrhage  is  small  there 
may  be  progressive  anemia  and  weakness,  attributed 
by  the  patient  to  other  reasons.  Though  several 
examinations  may  be  required  before  occult  blood  is 
found  in  the  feces,  it  is  believed  that  by  persevering, 
this  symptom  will  be  manifested  in  every  case  of 
duodenal  ulcer  at  some  period  of  its  progress. 

Dilatation  of  the  Stomach. — In  some  cases  there  are 
evidences  of  dilated  stomach,  as  copious  and  repeaten 
vomiting,  while  the  symptoms  of  active  ulceratiod 
are  latent  or  absent.  In  this  type,  which  can  only 
be  accurately  diagnosed  by  operation,  the  ulcer  is 
generally  found  nearly  healed,  the  cicatricial  contrac- 
tion being  responsible  for  the  stenosis  and  dilatation. 

Perforation. — This  is  the  most  serious  complication 
that  can  occur  in  the  course  of  a  duodenal  ulcer. 
Finney  reports  this  in  an  infant  of  two  months,  while 
Moynihan  has  encountered  it  in  a  woman  of  twenty- 
seven  years. 

Perforation  may  happen  suddenly  with  acute 
duodenal  ulcer  due  to  burns  or  septicemia,  or  it  may 
occur  during  the  course  of  a  chronic  ulcer,  that  has 
taken  on  for  some  reason,  active  pathologic  changes. 

Diagnosis  of  Acute  Perforation. — There  suddenly 
seizes  the  patient  an  excruciating  pain,  occasionally 
so  fulminant  that  death  quickly  follows.  He  is 
prostrated,  pale  and  faint,  with  livid  anxious  features 
and  clammy  brow.  Respirations  are  short  and 
labored,  for  deep  inspiration  increase  the  agony. 
The  pulse  is  generally  rapid  and  thready,  and  muscular 
rigidity  is  followed  in  a  few  hours  by  abdominal  dis- 
tention. Extreme  tenderness  of  the  whole  abdominal 
surface  is  usually  in  evidence.  Neither  palpation  nor 
percussion  are  willing  born  by  the  patient.  As  the 
symptoms  progress,  the  pulse  rate  rises  while  the 
pulse  character  becomes  poorer,  the  abdomen,  still 
rigid,  becomes  generally  distended,  the  temperature 
may  quickly  rise  to  102°  F.,  or  more,  intestinal  stasis 
is  absolute,  though  gas  or  small  amounts  of  feces  may 
be  expelled  by  enemas,  general  cyanosis  develops, 
and  death  may  occur  in  from  a  few  hours  to  four  or 
five  days,  should  relief  not  be  afforded. 

Diagnosis  of  Subacute  Perforation  of  Duodenal 
Ulcer. — In  this  condition,  though  the  perforation  may 
be  sudden,  there  is  a  definite  localization  of  the  fluid, 
that  escapes  through  the  opening,  and  the  general 
symptoms,  while  similar  to  those  in  acute  perforation, 
are  less  fulminant  in  character.  Vomiting  and  pros- 
tration may  be  present  in  consideration  degr  cbe,ut 
in  this  a  tag  of  omentum  may  plug  the  opening,  or 
peritoneal  irritation  may  cause  plastic  lymph  deposits 
on  the  base  of  the  ulcer,  so  that  a  protective  barrier 
is  formed.  There  may  result  from  this  effort  of 
nature  a  later  periduodenal  abscess,  a  secondary 
rupture  into  the  general  peritoneum,  an  adhesion  of 
the  ulcer  area  to  the  abdominal  wall,  liver  or  pancreas, 
the  inflammation  may  subside,  and  the  patient  may 
live  for  years  in  comparative  comfort  and  safety. 

Diagnosis  of  Chronic  Perforation. — In  this  compli- 
cation, the  walls  of  the  intestine  are  slowly  eroded  by 
the  ulcer,  and  by  the  time  the  serous  coat  is  reached 
a  protective  barrier  is  thrown  out,  and  protective 
adhesions  are  formed,  so  that  process  is  circumscribed, 
and  instead  of  perforation  into  the  peritoneal  cavity, 
there  is  instead,  a  local  peritonitis.  This  may  bo 
followed  by  a  periduodenal  abscess  burrowing  in 
different  directions,  or  fistuUc  may  result  between 
the  duodenum  and  gall-bladder,  or  pancreas;  even 
between  the  colon,  or  a  hepatic  abscess  may  form. 

One  more  diagnostic  test  proposed  by  Einhorn  is 


the  thread-test  previously  mentioned,  only  with  a 
longer  thread.  Should  the  dark  spot  appear  at  a 
distance  of  fifty-eight  to  sixty-six  centimeters  from  the 
teeth,  in  connection  with  other  symptoms,  the  diagnosis 
of  duodenal  ulcer  is  greatly  strengthened. 

Treatment. — This,  except  in  acute  conditions,  should 
first  be  medical.  In  the  mild  cases  regulation  of  the 
diet,  as  would  be  recommended  for  marked  hyperacid 
conditions,  improving  the  general  health  by  suitable 
tonics  and  other  hygienic  measures,  may  bring  about 
a  considerable  amelioration  of  the  symptoms,  with 
perhaps  a  cure.  Olive  oil  in  tablespoonful  doses 
before  meals  or  the  liquid  albolene  in  teaspoonful 
doses  in  a  like  manner,  may  be  of  marked  service. 

In  more  pronounced  cases  of  duodenal  ulcer,  with 
hemorrhages,  severe  pain,  etc.,  a  strict  ulcer  cure 
with  rest  in  bed,  rectal  alimentation,  and  afterward 
fluid  diet,  must  be  put  in  force.  In  such  cases  large 
doses  of  calcined  magnesia  or  bismuth  may  be  given 
before  meals,  depending  on  the  state  of  the  bowels. 
All  details  as  in  the  cure  for  gastric  ulcer  must  be 
carried  out,  but  if,  in  response  to  these  efforts  con- 
ditions do  not  improve;  if  there  come  severe  hem- 
orrhages, obstinate  spasm  of  the  pylorus,  associated 
with  cramping  pains  and  peristaltic  restlessness,  an 
operation    (usually  gastroenterostomy)   is   indicated. 

In  duodenal  ulcer  the  physician  should  generally 
advise  an  operation  sooner  than  in  gastric  ulcer,  as 
the  former  is  liable  to  more  frequent,  and  graver 
complications,  as  hemorrhages,  perforations,  or  steno- 
sis of  the  pylorus,  which  place  the  patient  in  decided 
danger.  Gastroenterostomy  in  these  cases  is  usually 
attended  with  satisfactory  results,  for  ,<is  the  gastric 
juice  is  diverted  from  the  ulcer  area,  the  lesion  soon 
heals,  and  the  previous  dangers  are  averted. 

The  complications  described  are  generally  success- 
fully managed  only  by  surgery,  and  the  time  of  opera- 
tion depends  on  the  emergent  nature  of  the  case. 
Medical  treatment  in  the  face  of  such  accidents  is 
u.seless,  and  only  serves  to  alleviate  pain  or  sustain 
the  flagging  strength  until  surgical  aid  may  be 
obtained.  George    M.    Niles. 


Ulmus. — Elm  Bark,  Slippery  Eiju. — "The  dried 
inner  bark  of  Ulmus  fulia  Mx.  (fam.  Utniacea) " 
(U.  S.  P.).  This  is  a  smaller  and  less  graceful  tree 
than  the  common  "American,"  or  white  elm,  U. 
americana,  which  it  in  general  resembles.  It  is  a 
moderate-sized  tree,  with  a  brown,  rough  bark,  and 
soft,  but  tougli,  red  wood.  The  leaves  are  larger  and 
thicker  than  those  of  the  common  elm,  and  rough 
or  pubescent  beneath,  and  the  fruit  is  twice  as  large. 
The  expanding  buds  and  smallest  twigs  are  velvety. 
The  inner  bark  of  most  elms,  as  well  as  of  many  other 
species  in  the  family  (nettles,  hemp,  etc.),  is  verj' 
pliable  and  tough;  that  of  the  present  species  is  also 
very  mucilaginous,  and  is  valued  on  this  account. 

This  is  a  common  tree  in  the  United  States,  espe- 
cially in  the  central  portions;  but  the  demand  for 
its  bark  has  exterminated  it  from  many  regions,  which 
suggests  the  ciuestion  whether  it  could  not  be  collected 
in  such  a  way  as  not  to  dest  roy  the  tree,  as  is  done  with 
the  barks  of  cinchonas  in  India. 

The  bark  should  be  collected  in  the  spring.  It  is 
"in  flat  pieces,  varying  in  length  and  width,  about 
one-eighth  of  an  inch  (three  millimeters)  thick,  tough, 
pale,  brownish  white,  the  inner  surface  finely  ridged; 
fracture  fibrous  and  mealy;  tlie  transver.-se  sect  ion  deli- 
cately checkered;  odor  slight,  peculiar;  taste  mucila- 
ginous, insipid."  It  contains  no  starch,  a  fact  which 
affords  an  excellent  means  of  detecting  the  numerous 
starchy  adulterants  of  the  ground  bark. 

Slippery  elm  bark  is  remarkable  for  the  abundance 
of  mucilage  which  it  imparts  to  either  cold  or  hot 
water,  making  a  nearly  transparent,  thin,  jelly-like, 
but  not  filterable  solution.  It  is  preqjpitated  by 
neutral    acetate    of    lead.     The    addition    of   strong 
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alcohol   to    tlie    concentrated    mucilage    abstracts    a 
portion  of  its  water  without  coagulating  it. 

The  employment  of  slippery  elm  is  said  to  have 
been  learned  from  the  aborigines.  ,  In  medicine  it  is 
used  as  a  pleasant  demulcent,  like  other  gums  and 
mucilages;  in  sore  throats,  diarrheas,  dysentery,  in- 
flammation of  the  bladder,  etc.;  also  as  a  poultice. 
It  is  a  very  mild  agent,  and  has  hardly  any  value, 
excepting  that  of  an  unirritating  protection  to  the 
parts  it  reaches.  The  crude  bark,  chewed  and 
swallowed  in  large  quantity,  has  been  the  mechanical 
cause  of  serious  consequences  in  one  or  two  cases. 

Administration. — The  ijowdered  bark,  stirred  into 
hot  water,  is  sometimes  used  as  a  demulcent  drink. 
It,  of  course,  includes  the  woody  dust,  and  is  an 
unsightly  mixture.  The  official  mucilage  (Mucilagn 
Ulmi),  made  from  the  sliced  bark  and  strained  (six 
per  cent.),  is  much  better.  Dose  indefinite.  The 
powder  can  be  usofi  for  poultices.  It  is  often  mixed 
with  flaxseed  for  this  purpose. 

Allied  Plants. — Several  other  elm  barks  are 
mucilaginous,  but  none  so  much  so  as  this.  The 
European  elm  (Uhnus  campestris  L.)  is  official  in 
several  countries.    It  is  slightly  astringent. 

W.  P.  Bolles. 


Umbellifers.— (77ie  Pardey  Family.)  This  large 
family,  of  nearlj^  two  hundred  and  fifty  genera  and 
at  least  fifteen  "hundred  species,  is  di-stinguished  for 
its  aromatic  properties.  Elsewhere  in  this  work  we 
have  discu.ssed  the  drugs  ammoniac,  angelica,  anise, 
asafetida,  caraway,  carrot,  conium,  coriander,  fennel, 
sumbul,  etc.,  besides  certain  poisonous  species  in 
a  separate  article  on  poisonous  plants.  These  drugs 
have  been  selected  for  individual  treatment,  not 
because  they  are  more  efficacious  than  many  others 
in  the  family,  but  because  custom  has  given  them  a 
more  pernuincnt  position  in  medicine  and  commerce. 
What  has  been  written  of  the  constituents  and  proper- 
ties of  those  drugs  agrees,  in  general,  with  the  facts 
regarding  all  others  in  the  family.  The  so-called 
constituents  are  volatile  oils,  oleoresins,  and  gum- 
resins,  but  the  active  portions  are  in  almost  every 
ease  the  volatile  oils,  the  resins,  in  a  few  cases  only, 
possessing  activity.  Their  properties  incline  more 
toward  antispasmodic  and  carminative  than  toward 
antiseptic  or  expectorant  effects,  and  they  are 
specially  valued  for  their  pleasant  aromas  and  flavors. 

Of  Parsley  (Apium  petroselinum  L.)  both  the  root 
and  the  fruit  are  quite  largely  employed.  The 
former,  as  it  occurs  dried,  in  commerce,  closely  re- 
sembles a  carrot  in  form  and  size,  except  that  it  is 
usually  split  longitudinally  into  quarters.  It  is  of 
a  light  orange-yellow  color  and  somewhat  annulate 
externally,  and  pale-yellow  internally,  with  a  dark 
zone  of  resin  tissue  near  the  center.  It  is  usually 
rather  tough  and  elastic,  but  becomes  brittle  when 
very  dry.  It  is  fragrant  and  of  a  pungent  and  sweet- 
ish taste.  Besides  the  uses  named  above,  it  has  con- 
siderable repute,  mostly  unprofessional,  as  a  genito- 
urinary stimulant.  The  oil  of  this  fruit  contains 
apiol  (CiiHuCi)  in  larger  quantity  than  does  that 
from  other  parts.  Pure  apiol  is  a  white  crystalline 
body,  but  that  usually  sold  is  in  the  form  of  a  yellow- 
ish-green thick  liquid.  Its  special  use  is  as  a  stimu- 
lating emmenagogue,  in  doses  of  0.2-0.5  gm.  (gr. 
i'j-viij.).  Parsley  oil  is  given  in  doses  about  twice 
as  large,  and  the  root  and  fruit  in  doses  of  from  1  to 
4  gm.  (gr.  xv.-lx.). 

Celery  f mil  (Apium  graveolens  L.)  is  closely  related 
to  parsley,  resembles  the  fruit  of  the  latter,  has 
similar  properties,  though  less  active,  and  is  used  in 
about  the  same  doses.  Probably  its  chief  repute 
depends  upon  the  very  extensive  advertising  of 
proprietary  preparations  bearing  its  name,  but  not 
of  its  naturC 
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Thapsia.  or  False  Turpeth  Root,  is  the  dried  root  of 
Thapsia  garganica  L.,  a  tall  perennial  of  the  Mediter- 
ranean region.  Sometimes  the  entire  root  is  used, 
sometimes  only  the  very  thick  fleshy  bark.  It  con- 
tains a  highly  irritant  yellow  oleoresin  on  which  its 
properties  depend.  Its  use  has  been  revived  from 
time  to  time  for  its  counterirritant  effects,  being 
either  rubefacient  or  vesicant,  according  to  the  method 
of  application.  As  an  emetic  poison  it  acts  very 
much  like  mustard,  though  it  is  more  active,  and  in 
large  doses  it  is  a  violent  irritant  cathartic.  As  a 
rubefacient,  a  plaster  is  commonly  employed  con- 
taining five  per  cent,  of  its  resin,  combined  with 
turpentine.  Burgundy  pitch,  wax,  etc. 

We  cannot  do  better  than  to  conclude  by  reprint- 
ing the  classification  of  the  drugs  of  the  family  pub- 
lished in  the  preceding  edition  of  this  work. 

First  Group. — Yielding  agreeable,  or  not  offensive, 
oils  from  their  fruits  (which  are  mostly  the  parts 
used) ;  stems  and  roots  sometimes  eaten,  often  fragrant 
and  slightly  resinous;  generally,  European  species 
growing  in  open  dry  places,  long  cultivated,  and  not 
poisonous.  The  most  typical  examples  are  highest 
on  the  list. 

Name.  Constituents    (oils    and   stearoptenes). 

Anise Fluid  and  solid  anethol. 

Fennel Hydrocarbon  and  anethol. 

Caraway Hydrocarbon  (carvene)  and  carvel  (liquid). 

Ajowan Hydrocarbon  and  thymol  (cryst.). 

Coriander Two  oils,  probably  hydrates  of  CioHie. 

Cumin Two  oils,  "cymol"  and  "cuminol." 

Dill Anethene  and  carvol. 

Parsnip Essential  oil  and  miscellaneous  substances. 

Celery Essential  oil  and  apiin  (an  inert  glucoside). 

Parsley Oil  and  cryst.  stearoptene,  apiin,  and  apiol. 

Imperatoria Oils — peucedanin. 

Carrot Oil,  coloring  matter  (carotin). 

Angelica Oil,  angelic  acid,  resin  (has  colored  juice). 

Lovage Oil,  resin  (has  colored  juice). 

Etc.,  etc. 

Various  species  of  Eryngium  and  Sanicula  have 
similar  properties  and  uses. 

Second  Group. — Large  Persian  or  African  plants, 
with  milky  juice,  yielding  gum-resins  from  their 
stems  and  roots,  usually  offensive. 

Name.  Constituents. 

Asafetida Resin,  gum,  sulphuretted  oil. 

Opopona.\ Resin,  gum.  oil. 

Sumbul Resin,  bluish  oil. 

Galbanuni Resin,  gum.  oil. 

Ammoniac Resin,  gum,  oil. 

Thapsia  (European) Irritating  resin  and  oil. 

Etc.      (See  Asafetida.) 

Third  Group. — Plants  containing  poisonous,  bitter, 
or  nauseous  principles,  sometimes  alkaloids  of  the 
coniine  type,  not  usually  very  fragrant,  sometimes 
without  vittce. 

Conium  (hemlock) Alkaloids,  coniine,  conhydrine. 

Cicuta Cicutoxin,  neutral  (?)  poisonous. 

Hydrocotyle "  Vellarin,"  qualities  indefinite. 

Besides  these,  various  species  of  Onanlhe,  Phellan- 
drium,  Sium,  and  others  have  more  or  less  deleterious 
qualities.  Henry  H,   Rdsby. 


Uncinaria. — An  old  generic  name  used  for  the 
human  hookworm.  It  is  now  replaced  by  Ancylos- 
toma  and  Necator.     See  Nematoda.  A.  S.  P. 


Uncinariasis. — In  its  restricted  sense  this  affec- 
tion refers  to  the  results  of  parasitism  of  a  particular 
species  of  nematode  worm,  the  Necator  americanus 
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■which  is  now  knowa  to  prevail  extensively  in  the 
New  World.  In  a  wider  sense  it  includes  ancylos- 
tomiasis,  the  condition  set  up  by  another  nematode. 
Ancylostoma  duodenale,  which  is  a  familiar  affection 
in  Europe.  The  affections  are  known  collectively 
as  hookworm  disease.  The  latter,  as  it  occurs  in  the 
United  States,  was  originally  regarded  as  ancylos- 
tomiasis  and  the  distinction  was  first  made  in  1902. 
Later  it  was  ascertained  that  the  hookworm  disease 
of  Porto  Rico  was  also  due  to  the  Necator.  Never- 
theless the  latter  is  not  indigenous  in  the  Western 
Hemisphere  and  was  apparently  imported  from 
British  India  by  coolies.  Whether  the  original  negro 
.slaves  also  brought  the  parasites  from  .\frica  where 
they  are  now  known  to  exist  is  conjectural.  From 
one  viewpoint  the  two  kinds  of  hookworm  diseases 
may  be  considered  as  one.  The  parasites  are 
distinguishable  only  by  the  expert,  and  the  charac- 
teristic anemia  which  is  the  chief  effect  of  the  parasi- 
tism, is  one  and  the  same.  The  chief  difference  is 
in  the  incidence.  In  Europe  the  hookworm  disease 
has  become  chiefly  associated  with  occupations, 
notably  mining  and  tunnel  buQding,  although  to 
some  extent  it  occurs  endemically  in  parts  of  southern 
Europe.  In  the  United  States  hookworm  disease  is 
first  of  all  a  malady  of  agriculturalists,  although  it 
attacks  miners  incidentally.  There  appears  to  be 
no  longer  any  need  of  separate  consideration  of 
ancylostomiasis  and  uncinariasis  as  the  symptoms, 
diagnosis  and  treatment  are  the  same.  The  mor- 
phology of  the  two  parasites  is  considered  in  the 
article  N eynaloda. 

In  the  United  States  hookworm  disease  has  become 
in  every  sense  of  the  word  a  social  malady  for  the 
incidence  is  vast  and  the  severe  anemia  and  other 
general  symptoms  greatly  diminish  human  efficiency 
and  cause  a  narrow,  hopeless,  fatalistic  outlook  on 
life.  With  the  lack  of  insight  inherent  in  the  human 
mind  cause  and  effect  are  here  as  everywhere  con- 
founded. The  misery  of  these  afflicted  peoples  has 
always  been  set  down  to  laziness,  shiftlessness,  and 
lack  of  ambition,  although  they  are  descended  from 
the  best  stocks  and  live  close  to  nature. 

In  the  United  States  uncinariasis  is  found  in  all  the 
Southern  States  along  with  Missouri  and  Oklahoma. 
It  also  occurs  in  California  and  sporadic  cases  are 
brought  into  the  Northern  States.  The  incidence 
in  the  affected  States  shows  marked  variation.  In 
isolated  sections — counties  for  example — this  may 
vary  from  one  to  ninety  per  cent.  In  413  counties  in 
the  eleven  Southern  States  the  incidence  in  school  chil- 
dren was  forty-three  per  cent,  and  in  people  irrespective 
of  age  thirty-five  per  cent.  Over  200,000  people  thus 
registered  are  known  to  have  been  cured  and  this 
number  represents  the  vast  majority  of  the  known 
victims.  This  result  has  been  attended  bj-  a  marked 
change  in  the  mental  and  physical  status  which  is  one 
of  normal  health  and  industrial  efficiency.  In  Porto 
Rico,  which  was  long  ridden  with  the  hookworm 
disease,  the  same  good  results  have  been  obtained. 
Needless  to  say  results  of  this  magnitude  secured  in  a 
few  years  could  have  been  obtained  only  through 
wholesale  sanitary  activities,  Governmental  and 
philanthropic. 

The  hookworm  is  a  factitious  dweller  in  the  soil 
especially  when  the  latter  is  porous  and  sandy.  The 
eggs  and  larvse  of  this  period  are  of  microscopic  size 
and  readily  destroyed  by  extremes  of  sunshine  and 
freezing,  which  accounts  for  their  absence  in  cool 
climates  and  deserts.  Their  natural  term  of  life  if 
they  do  not  find  a  host  is  under  the  most  favorable 
conditions  not  above  a  year.  Various  animals  besides 
man  serve  as  hosts  but  "mankind  is  attacked  only  by  a 
single  species.  The  Necator  was  not  originall.v  a 
denizen  of  the  soil,  at  least  of  a  virgin  country,  but  was 
conveyed  thereto  solely  by  bowel  discharges,  whether 
directly  or  indirectly.  The  manner  in  which  this  is 
performed  as  well  as  the  routes  by  which  the  parasite 
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reaches  the  host  will  be  discussed  in  a  succeeding 
paragraph. 

Of  the  vast  number  of  larva;  in  the  soil  few  succeed 
in  reaching  a  host,  while  many  of  the  ova  fail  to  hatch. 
The  larvse  which  reach  the  small  intestine  of  the  host 
undergo  a  second  stage  of  development  attaining 
the  length  of  one-third  of  an  inch,  and  are  round  in 
section,  the  size  of  No.  30  sewing  thread.  They  are 
thus  readily  visible  in  the  intestine  to  the  wall  of 
which  they  are  attached.  They  may  live  for  years 
on  the  blood  of  the  host,  while  the  females  produce 
hundreds  of  eggs  daily.  So  many  parasites  may  be 
l)resent  that  each  victim  will  discharge  from  1,000,000 
to  4,000,000  eggs  daily.  Hatching  of  the  latter  never 
occurs  in  the  host  but  in  the  soil. 

The  parasite  reaches  the  host  from  the  soil  in 
several  ways  but  by  far  the  mo.st  important  is  the 
direct  penetration  of  the  skin  of  the  feet  which  is 
followed  by  entrance  of  the  minute  lan-se  into  the 
blood  stream.  The  most  striking  attribute  of  the 
Necator  is  its  ability  to  bore  through  the  skin  in  a 
few  minutes.  The  parasites  might  exhibit  a  very 
different  form  of  parasiti.sm  were  it  not  for  the  fact 
that  they  cannot  pass  through  the  fine  capillaries  of 
the  lungs  but  are  forced  to  bore  their  way  out  and 
along  the  connective  tissue  to  the  throat  from  which 
they  are  finally  swallowed  and  attach  themselves  to 
the  mucosa  of  the  small  intestine.  It  is  at  once  ap- 
parent that  the  chief  victims  must  be  barefoot  children 
who  during  the  boring  of  the  worm  through  the 
skin  suffer  from  the  so-called  ground  itch,  a  trivial 
ailment  which  ceases  with  removal  of  the  cause. 
Food  infection  due  to  eating  unwashed  raw  fruits  and 
vegetables  is  next  in  fretiuency,  although  far  behind 
the  first  method.  Other  conceivable  modes  of  infec- 
tion play  a  relatively  small  role.  The  other  question 
of  how  the  parasite  reaches  the  soil  now  requires 
solution.  While  the  direct  method — defecation  or 
scattering  dejecta  on  the  ground — must  play  some 
role,  by  far  the  more  significant  is  the  indirect  method, 
whereby  the  contents  of  privy  vaults  overflow  or 
much  more  frequently  seep  through  the  soil  so  that 
the  latter  becomes  polluted.  In  addition  the  water 
supply  becomes  contaminated  while  flies  have  abun- 
dant opportunity  to  depo.sit  the  larv:e  on  food. 

The  action  of  the  parasites  on  the  body  is  to  sap 
its  blood  but  anemia  alone  cannot  account  for  the 
entire  disease  picture.  A  toxic  substance  is  produced 
by  the  bodies  of  the  worms  which  is  in  some  way 
responsible  for  the  malnutrition.  Much  emphasis  is 
also  laid  on  the  numerous  minute  traumatisms  of  the 
intestine  as  possible  ports  of  entry  for  infections,  to 
which  moreover  the  victim  of  uncinariasis  is  doubly 
jjredisposed  by  reason  of  his  depraved  physical  con- 
dition. Growing  children  have  their  growth  rate 
markedly  retarded,  even  when  the  disease  pursues 
a  relatively  mild  course,  and  become  backward  in  their 
studies.  Adults  are  intlisposcd  to  exertion  of  any  kind 
and  are  physically  unequal  to  anything  like  a  full 
day's  work  of  a  healthy  individual.  To  return  to 
the  symptoms:  these  naturally  very  largely  run  par- 
allel to  those  of  moderate  or  severe  anemia  and  need 
not  be  detailed  here.  The  mildly  infected  subject  is 
notably  dangerous  as  a  carrier.  Diagnosis  is  made 
bv  examining  smears  from  feces  or  in  the  absence  of 
amicroscope  by  straining  liquid  stools  through  cheese 
cloth  and  looking  for  tlie  parasites. 

Prevention. — The  two  chief  prophylactic  measures 
are  tight  privy  vaults  and  the  wearing  of  foot  coverings 
by  children.  All  food  eaten  must  cither  be  w-ishcd  or 
cooked.  Not  much  is  said  by  experts  of  the  danger  of 
using  human  dejecta  as  manure  and  this  custom  may 
not  prevail  in  the  affected  sections  of  the  country. 
Such  fertilizer  may  be  rendered  harmless  in  this 
respect  bv  proper  treatment.  In  the  course  of  time 
the  polluted  soil  will  become  sterile  again  and  after 
a  full  year  there  should  be  little  or  no  danger  from 
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goiiiK  barefoot  or  from  earth  infection.  No  fruits  or 
vegetables  should  be  grown  on  soil  known  to  be 
polluted. 

Treatment.— The  treatment  of  the  patient  is  a 
simple  matter  and  consists  of  an  initial  purge  with 
K|)s<)m  salts,  with  a  brief  fasting  period,  followed  by 
thymol  in  capsules  giving  one-half  immediately  after 
])urgatioii  and  tlie  remainder  two  hours  later,  fol- 
lowed in  t  urn  by  more  of  the  salts.  The  entire  amount 
of  thymol  given  varies  according  to  age  from  7.5 
to  sixty  grains  powdered  and  made  into  capsules  with 
equal  parts  of  milk  sugar.  The  only  objection  to 
thymol  is  its  incompatibility  with  alcohol  and  oils. 

The  excellent  results  uniformly  obtained  from  thy- 
mol have  perhaps  been  responsible  for  a  certain  degree 
of  indiflFerence  to  other  vermifuges.  Recently,  how- 
ever, it  has  been  claimed  by  Billings  and  Hickey 
(Journal  Amer.  Med.  Assn.,  December  23,  1916) 
that  oil  of  chenopodium  is  the  better  vermifuge. 
The  trial  of  this  remedy  on  an  extensive  scale  by 
men  who  were  accustomed  to  the  use  of  thymol  has 
apparently  shown  that  the  latter,  although  an  excel- 
lent vermifuge,  is  not  ideal  and  is  inferior  in  several 
respects  to  chenopodium.  For  example  its  action 
depends  largely  on  the  use  of  purgatives  and  dietetic 
restrictions,  which  leave  the  patient  somewhat  pros- 
trated so  that  the  treatment  cannot  be  repeated  for 
five  or  six  days.  Oil  of  chenopodium  can  be  given 
without  purgation  or  fasting,  leaves  no  depressing 
effects,  and  its  exhibition  can  be  repeated,  if  necessary, 
in  three  days.  There  is  some  theoretical  objection 
to  the  oil  because  its  use  in  large  doses  has  caused 
death.  Those  who  have  employed  the  remedy  in 
the  doses  recommended  for  hookworm  disease,  how- 
ever, have  seen  no  toxic  effects  whatever,  even  in 
young  children.  The  remedy  is  administered  in 
doses  of  fifteen  drops  in  capsules,  three  doses  being 
given  at  two-hour  intervals.  A  dose  of  castor  oil  may 
then  be  taken.  For  children  the  dose  is  one  drop  for 
each  year  of  age,  given  on  sugar. 

Edward  Preble. 


Underwood  Spring. — Cumberland  County,  Maine. 

Post-office. — Falmouth  Foreside. 

This  spring  is  located  on  the  shores  of  Casco  Bay, 
about  six  miles  east  of  Portland.  It  yields  about 
12.5,000  gallons  of  water  per  day,  and  is  said  to  have 
been  used  by  white  men  since  the  days  of  Weymouth, 
the  English  explorer.  The  following  recent  analysis 
was  made  by  Professor  F.  C.  Bartlett,  State  Assayer 
of  Maine. 

One  United  States  Gallon  Contains; 
Solids.  Grains. 

Sodium  chloride 0 .  859 

Silica 0.506 

Calcium  carbonate 0 .  478 

Magnesium  carbonate 0 .  144 

Potassium  sulphate 0.118 

Total 2.105 

No  organic  matter  was  found  in  the  water. 

The  water  is  used  commercially.  Being  lightly 
mineralized  and  entirely  free  from  organic  matter,  it 
is  well  adapted  for  table  use.  It  is  also  said  to  be 
useful  in  conditions  due  to  the  so-called  uric-acid 
diathesis,  gallstones,  urinary  irritation,  gout,  rheu- 
matic affections,  and  dyspepsia. 

Emma  E.  Walker. 


Unguenta. — An  ointment  (imguenlum)  is  a  fatty 
mixture  of  medicinal  agents,  softer  than  a  cerate,  and 
intended  for  application  to  the  skin  by  inunction. 
Tliere  are  twenty  official  unguenta  in  the  United 
States  Pharmacopoeia: 
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Unguentum 

Unguentum  acidi  borici. 

Unguentum  acidi  tannici 

Unguentum  aquse  rosae . 

Unguentum  belladonnse . 


Unguentum  chrysarobii 
Unguentum  diachylon. 


Unguentum  gallae 

Unguentum  hydrargyri. 


Unguentum     hydrargyri 
ammoniati 


Unguentum  hydrargyri 
dilutum 

Unguentum  hydrargyri 
nitratis 

Unguentum  hydrargyri 
oxidi  flavi 


Unguentum  iodi 


Unguentum  iodoformi.. 
Unguentum  phenolis... 
Unguentum  picis  liquida 

Unguentum  st 


Unguentum  aulphuris. 
Unguentum  zinci  oxidi 


White  wax,  20;  benzoinated  lard,  80. 

Boric  acid.  10;  paraffin,  5;  white  petro- 
latum, 85. 

Tannic  acid,  20;  glycerin,  20;  ointment, 
60. 

Stronger  rose  water,  19;  spermaceti,  12.5; 
white  wax,  12;  almond  oil,  56;  borax, 
05. 

Extract  belladonna  leaves,  10;  diluted 
alcohol,  5;  hydrous  wool-fat,  20;  benzo- 
inated lard,  55. 

Chrysarobin,  6;  benzoinated  lard,  94. 

Lead  plaster,  50;  white  petrolatum.  49; 
oil  of  lavender,  1. 

Nutgall,  20;  ointment,  80. 

Mercury,  50;  oleate  of  mercury,  2;  pre- 
pared suet,  23;  benzoinated  lard,  25. 

Ammoniated  mercury,  10;  white  petrola- 
tum, 50;  hydrous  wool-fat,  40. 

Mercurial  ointment,  60;  petrolatum,  40 

Mercury,  7;  nitric  acid,  17.5;  lard,  76. 

Yellow  oxide  of  mercury,  10;  water,  10; 
hydrous  wool-fat,  40;  petrolatum,  40. 

Iodine,  4;   potassium  iodide,  4;  benzoin- 
ated lard,  80;  glycerin.  12. 
Iodoform.  10;  lard.  90. 
Phenol,  2.25;  ointment,  97.75. 
Tar,  50;  lard.  35;  yellow  was,  15. 

Extract  of  stramonium,  10;  hydrous  wool- 
fat,  20;  benzoinated  lard,  65;  diluted 
alcohol.  5. 

Sublimed  sulphur,  15;  benzoinated  lard. 
85. 

Zinc  oxide.  20;  benzoinated  lard,  80. 


R.  J.  E.  Scott. 


Uracile,  or  2-6  dioxypyrimidine. 


h- 
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Uracile  is  one  of  the  pyrimidine  bases  and  is  a  de- 
composition product  of  certain  nucleic  acids.  It 
crystallizes  as  rosettes  of  needles.  Difficultly  soluble 
in  cold  water  it  readily  dissolves  in  hot  water  and 
ammonia.     It  is  nearly  in.soluble  in  alcohol  and  ether. 

F.   P.   U. 


Uranium  acetate  and  nitrate,  U02(CH3C02)i.- 
2H2O  and  U02(N03)2.6H20,  are  yellow  crystalline 
salts  which  are  soluble  in  water,  and  have  been  em- 
ployed to  some  extent  in  diabetes  in  dose  of  one-sixth 
to  one-third  grain  (0.01-0.02).  It  is  claimed  that  they 
stimulate  the  sugar-consuming  cells  of  the  body.  The 
acetate  has  also  been  used  as  a  catarrh  snutT  or  in  soki- 
tion  as  a  nasal  douche.  They  are  powerful  drugs,  and 
there  is  very  little  clinical  evidence  in  favor  of  their 
employment  at  all.  W.  A.  Bastedo. 

R.  J.  E.  Scott. 


/NHj 

Urea.C  =  O 
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Urea  is  found  most  abundantly 


\NH2 

in  the  urine  of  man  and  animals  and  is  regarded  as 
the  chief  end  product  of  nitrogenous  metabolism. 
It  may  arise  from  the  decomposition  of  the  purine 
bodies,  creatine,  arginine,  etc.     It  is  present  also  in 
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the  blood  in  small  quantities  and  may  be  found  in  the 
sweat,  and  various  tissues  of  the  body.  Urea  crys- 
tallizes in  needles  or  in  long  colorless  four-sided 
rhombic  prisms.  It  is  neutral  in  reaction,  melts  at 
132°  C.  dissolves  readily  in  water,  alcohol,  but  is 
insoluble  in  pure  dry  ether  and  chloroform.  Heated 
in  a  test-tube,  it  melts,  decomposes,  ammonia  is 
given  off,  leaving  a  white  lesidue  consisting  of  cyanu- 
ric  acid  and  biuret,  which  latter  gives  with  copper 
sulphate  and  potassium  hydroxide  a  reddish-violet 
color — the  so-called  biuret  test — used  for  the  detec- 
tion of  protein.  Heated  with  caustic  alkali  urea  is 
decomposed  into  carbon  dioxide  and  ammonia,  the 
same  transformation  occurring  also  in  the  so-called 
alkaline  fermentation  of  urine.  Sodium  hypobromite 
in  alkaline  solution  causes  urea  to  break  up  into 
nitrogen,  carbon  dioxide  and  water.  Upon  this  fact 
is  based  the  clinical  method  for  the  estimation  of 
urea.  The  nitrogen  formed  is  collected  and  measured. 
Urea  forms  compounds  with  oxalic  and  nitric  acids 
which  are  readily  crystallizable  and  characteristic 
and  hence  may  serve  for  the  detection  of  urea.  See 
Urine  and  Metabolism.  F.   P.  U. 


Ureters,  Diseases  and  Injuries  of  the. — De- 
velopment.— The  ureter  arises  as  a  diverticulum  of 
the  Wolffian  duct.  Above,  this  diverticulum  expands 
and  divides  into  several  buds  which  ultimately  form 
the  pelvis,  calices  and  collecting  tubules  of  the  kidney. 
The  lower  portion  of  this  diverticulum  becomes  the 
ureter  and  separates  from  the  Wolffian  duct  after 
the  sixth  week  to  open  into  that  portion  of  the  cloaca 
which  ultimately  becomes  the  bladder.  The  lumen 
of  the  ureter  is  normally  somewhat  narrowed  at  several 
points — at  the  ureteropelvio  junction  and  in  its  course 
through  the  bladder  wall;  occasionally  also  at  the  iliac 
crossing.  During  development  there  are  numerous 
intraureteral  folds,  some  of  which  may  persist  and  from 
the  socalled  valves  of  the  ureter.  Also,  as  has  been 
pointed  out  by  Gardner,'  in  the  process  of  develop- 
ment there  is  a  certain  normal  amount  of  torsion  of 
the  ureter,  and  the  intraureteral  folds,  in  certainstages 
of  embryonal  development,  have  a  distinctly  spiral 
arrangement. 

Sdrgical  Anato.mt  of  the  Ureter. — Normally  each 
kidney  has  but  one  ureter,  which  runs  as  a  single 
tube  from  the  apex  of  the  renal  pelvis  to  the  bladder. 
In  the  adult,  and  with  the  kidneys  in  their  norm.al 
positions,  the  length  of  each  ureter  from  the  uretero- 
pelvio junction  to  its  point  of  emptying  into  the 
bladder  is  from  twenty-five  to  thirty  centimeters,  the 
left  ureter  averaging  about  one  centimeter  longer  than 
the  right.  With  ectopic  kidney  the  length  of  the  ureter 
may  be  but  a  few  centimeters. 

For  descriptive  purposes  the  ureter  is  divided  into 
two  portions:  abdominal  and  pelvic.  The  abdominal 
portion  extends  from  the  ureteropelvic  junction  to 
the  point  where  the  ureter  crosses  the  termination  of 
the  common  iliac  or  the  commencement  of  the  external 
iliac  vessels.  Its  course  is  downward  and  slightly 
medialward,  in  front  of  the  psoas  major  muscle  and 
behind  the  peritoneum.  It  runs  approximately  one 
and  one-fourth  to  one  and  one-half  inches  from  the 
median  line  and  is  crossed  from  within  outward  by 
the  spermatic  or  ovarian  vessels.  The  abdominal 
portion  of  the  right  ureter  runs  behind  the  caput 
eoli  and  ascending  colon,  while  on  the  left  side  the 
ureter  is  overlapped  by  portions  of  the  descending 
colon  and  sigmoid. 

At  the  iliac  crossing  the  pelvic  portion  begins  and 
follows  the  curve  of  the  pelvis,  running  first  downward, 
backward,  and  outward,  then  forward  and  mesially 
to  reach  the  base  of  the  bladder.  In  the  male  the 
vas  deferens  passes  in  front  of  this  portion  of  the 
ureter.  In  the  female  the  ureter  runs  about  two  cen- 
timeters external  to  the  cervix  uteri  and  is  crossed 


by  the  uterine  and  the  superior  and  middle  vesical 
arteries. 

Congenital  A.nomalies. — In  addition  to  the  per- 
sistence of  intraureteral  folds,  forming  valve-like  pro- 
cps.ses,  the  degree  of  rotation  of  the  upper  segment 
of  the  primitive  ureter  may  be  excessive,  resulting 
in  the  formation  of  abnormal  narrowings  or  kinlcs; 
there  may  be  abnormal  curves,  especially  in  ectopic 
kidney;  there  may  be  stenosis  or  complete  atresia. 
or  the  ureter  may  be  lacking;  but  the  mo.st  common 
malformations  consist  in  ureteral  duplication,  and 
abnormal  implantation  into  the  renal  pelvis.  There 
are  other  rare  anomalies  too  numerous  to  mention. 

Ureteral  duplication  may  be  complete  or  partial, 
unilateral  or  bilateral.  With  complete  duplication 
both  ureters  on  the  affected  .side  or  sides  run  the  full 
course  and  have  independent  terminal  openings. 
Partial  duplication  may  involve  the  upper  or  lower 
segment  of  the  ureter.  When  the  upper  segment  is 
involved  the  two  sections  may  unite  at  any  point 
before  reaching  the  bladder,  most  frequently  near  the 
ureteropelvic  junction.  With  duplication  confined 
to  the  lower  segment,  the  duplication  is  usually  of  but 
short  extent.  A  duplicated  ureter  may  have  both 
openings  in  the  base  of  the  bladder,  or  one  or  both 
may  open  at  some  atypical  situation.  Rarely,  a, 
duplicated  ureter  may  terminate  in  the  sinus  pocularis 
or  seminal  vesicles  in  the  male,  the  uterus,  vaginal 
vault  or  urethra  in  the  female.  With  duplication  of 
the  ren.al  pelvis,  duplication  of  the  ureters  maj-  be 
complete  or  the  duplication  may  be  incomplete,  in- 
volving the  upper  segment  only.  In  examining  these 
cases  it  must  be  remembered  that  both  pelves  may 
be  normal,  both  disea.sed,  or  one  normal  and  the  other 
diseased — points  fairly  easily  determined  when  there 
is  complete  reduplication  of  the  ureters  and  both 
terminate  in  the  base  of  the  bladder;  often  difficult  or 
impossible  to  determine  without  pyelography  or 
exploratory  exposure  of  the  kidney  when  there  is 
incomplete  reduplication  or  one  of  the  reduplicated 
ureters  terminates  in  an  abnormal  situation. 

Abnormally  high  implantation  into  the  pelvis  may 
be  clearly  a  congenital  anomaly,  or  may  result  from 
acquired  conditions  such  as  fixation  of  the  ureter 
with  ptosis  of  the  kidney,  or  with  dilatation  and  dis- 
tortion of  the  pelvis  as  in  hydro-  or  pyonephrosis. 
Under  these  latter  conditions  there  is  not,  strictly 
speaking,  a  true  anomaly  of  implantation;  yet  it  is 
sometimes  impossible  to  determine  whether  there 
was  first  a  faulty  implantation  which  was  followed  by 
pelvic  distention,  or  the  pelvic  distention  first  de- 
veloped and  the  apparent  faulty  implantation  is  a 
consequence. 

Ureteritis. — This  consists  in  an  inflammation  of 
the  mucosa,  with  or  without  marked  involvement  of 
the  walls  of  the  ureter.  The  mucous  membrane  is 
usually  the  first  portion  of  the  ureter  to  be  involved, 
in  which  case  the  inflammation  may  or  may  not 
spread  to  the  submucous,  muscular  and  fibrous  coats; 
at  other  times  the  outer  coats  are  first  affected,  the 
mucous  membrane  not  being  involved  until  some  time 
Later.  Opinion  is  divided  as  to  the  relative  frequency 
of  these  sequences. 

Ureteritis  may  occur:  (1)  By  extension  downward 
from  the  kidney  or  renal  pelvis;  (2)  by  extension 
upward  from  the  bladder;  (3)  by  extension  through 
the  periureteral  tissues  from  an  inflammatory  proce.ss 
in  contiguous  structures  or  organs;  (4)  as  a  hemato- 
genous process;  (5)  by  extension  through  the  lym- 
phatics; (6)  from  some  intraureteral  cause,  particu- 
larly ureteral  calculi;  (7)  from  traumatism;  and  (8) 
in  the  form  of  ureteritis  cystica.  Ureteritis  may  also 
be  classified  in  accordance  with  the  exciting  organism, 
as,  for  example,  gonorrheal  or  tuberculous  ureteritis. 

Ureteritis  may  affect  the  whole  or  one  or  more 
portions  of  the  ureter.  It  is  rarely  a  primary  process 
(according    to    the    generally  accepted    teaching  at 
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the  present  time),  practically  the  only  exception  of 
importance  being  that  due  to  ureteral  calculi;  and 
since  these  are  derived  from  the  kidney,  even  this 
form  of  ureteritis  may  loRically  be  considered  a 
secondary  process.  Eisendrath'  is  the  particular 
champion  of  the  lymphogenous  and  Hunner'  of  the 
hematoRcnous  origin  of  certain  cases  of  ureteritis. 

Palholngy. — In  acute  ureteritis  there  is  lirst 
hyperemia,  edema  and  leucocj'tic  infiltration  of  the 
niucous  membrane,  with  catarrhal,  sero-purulent 
or  purulent  discharge  into  the  ureteral  lumen. 
With  the  swelling  of  the  mucosa  there  is  iirst  thus  a 
relative  narrowing  of  the  lumen;  but  if  the  inflam- 
mation persists,  dilatation  gradually  takes  place. 
With  severe  t\'pes  of  infection  the  inflammation  may 
be  of  a  diphtheritic  nature  involving  portions  of  the 
mucosa  and  submucosa  and  leading  to  the  formation 
of  ulcers  which  may  be  followed  later  by  stricture. 
The  ordinarv  inflammatory  process,  if  of  short  dura- 
tion, m.iy  involve  only  the  mucous  membrane;  but 
if  it  persists,  tlie  submucous,  muscular,  and  fibrous 
coats  and  finally  even  the  periureteral  fatty  and  areolar 
tissues  may  be"  invaded  by  the  inflammatory  process. 
Under  these  circumstances  the  mucous  membrane 
and  entire  ureteral  wall  may  become  enormously 
thickened  and  inelastic,  while  the  lumen  is  markedly 
dilated.  If  the  inflammatory  process  is  confined  to 
the  mucosa  ulceration  and  stricture  do  not  occur; 
but  if  the  process  is  of  the  diphtheritic  type,  tubercu- 
lous, or  due  to  stone  erosion,  there  is  an  involvement 
of  the  submucosa  resulting  in  ulceration  and  subse- 
quent stricture.  Cases  in  which  the  inflammation 
proceeds  from  without  inward  are  also  particularly 
prone  to  ultimate  stricture  formation. 

Braasch'  finds  that  with  a  moderate  degree  of 
infection  of  the  pelvis  and  ureter  the  changes  found 
in  the  ureter  may  be  found  to  be  greater  than  those 
visible  in  the  pelvis.  He  also  finds  that  ureteritis 
involving  the  entire  ureter  is  probably  rarely  if  ever 
ascending,  but  practically  always  derived  from  the 
kidney;  that  the  ureterogram  shows  that  with  ascend- 
ing infections  the  portion  of  the  ureter  situated  in  the 
wall  of  the  bladder  is  markedly  dilated  where  it 
passes  through  the  bladder  and  gradually  becomes 
normal  in  outline  at  a  varying  distance  above;  and 
that  even  with  extensive  ascending  ureteritis  the 
process  is  rarely  seen  to  extend  above  the  first  point 
of  narrowing  below  the  ureteropjelvic  juncture. 

Ureteritis  Cystica. — This  term  is  applied  to  a  condi- 
tion in  which  the  mucosa  is  partially  or  completely 
studded  with  small  so-called  epithelial  cysts,  which 
have  apparently  developed  by  the  breaking  down  of 
the  center  of  epithelial  cell  nests.  There  are  several 
other  theories  of  their  origin.  Thej'  are  always  mul- 
tiple, very  small,  rarely  as  large asapea,  and  are  usually 
found  in  the  upper  part  of  the  ureter  near  the  pelvis, 
which  may  also  be  similarly  affected.  The  condition 
was  formerly  stated  to  be  rather  rare;  but  recently 
ciuite  a  number  of  cases  have  been  reported.  E.  L. 
Keyes,  Jr.  reported  two  such  cases,  with  exhibition 
of  specimens,  at  the  meeting  of  the  Genito-Urinary 
Section  of  the  New  York  Academy  of  Medicine  held 
on  December  20,  1916.  Most  of  the  cases  reported 
have  been  found  at  autopsy  and  the  condition  is  of 
little  clinical  significance  except  when  producing 
ob.struction. 

Rarely  there  is  a  simple  cystic  dilatation  of  some 
portion  of  the  ureter,  usually  the  lower,  without  de- 
monstrable cause.  Another  unusual  condition  is 
that  of  extensive  prolapse  of  the  ureteral  mucosa  into 
the  bladder. 

Tuberculous  Ureteritis. — This  is  always  secondary 
to  a  tuberculous  process  elsewhere,  usually  in  the 
corresponding  kidney.  The  disease  begins  in  the 
form  of  disseminated  miliary  tubercles  which  coalesce, 
break  down  in  the  center  and  form  ulcers  on  the  sur- 
face of  the  mucosa  while  tuberculous  infiltration  and 
connective-tissue  proliferation  take  place  in  the  deeper 
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structures.  As  the  process  progresses  large  ulcerated 
ureas  are  formed  on  the  mucosa  and  submucosa,  at 
which  points  contraction  later  takes  place  and  stric- 
tures form,  other  parts  of  the  ureter  above  the  lowest 
stricture  being  dilated,  while  the  walls  and  surround- 
ing fatty  tissue  become  welded  into  a  dense  mass. 
Thus  the  ureter  is  often  transformed  into  a  tortuous 
canal  many  times  its  normal  diameter  and  partially 
or  completely  filled  with  cell  detritus  and  cheesy 
material.  Such  a  ureter,  although  scored  with  stric- 
tures, may  remain  sufficiently  patent  to  allow  drain- 
age of  the  renal  secretion,  or  it  may  become  totally 
occluded  at  some  point. 

Syphilitic  Ureteritis. — Inflammatory  thickening  of 
portions  of  the  ureter  has  sometimes  been  found  at 
autopsy  of  those  known  to  have  been  syphilitics. 
It  is,  however,  by  no  means  sure  that  the  thickenings 
have  been  purely  of  syphilitic  origin;  and  certainly 
syphilitic  ureteritis  seldom  if  ever  need  be  taken  into 
account  clinically.  Still,  Kelly  and  Burnam'  con- 
sider that  syphilitic  ureteritis  is  not  nearly  so  rare 
as  supposed,  and  that  it  may  definitely  cause  stricture. 

Tumors  of  the  Ureter. — Primary  tumors  of  the 
ureter  are  rare.  Papillary  tumors  are  the  most  com- 
mon of  the  benign  group;  carcinoma  of  the  malignant 
variety.  Butler,'  in  1914,  reported  a  case  of  primary 
carcinoma  of  the  ureter,  as  proven  by  autopsy,  and 
referred  to  the  seven  cases  collected  by  Metcalf  and 
Safford  as  the  only  ones  in  literature  at  that  time. 
More  recently  Von  Cappellen'  reported  a  case  of  pri- 
mary carcinoma  of  the  ureter  and  was  able  to  collate 
seventeen  such  cases  from  the  literature.  Other 
varieties  of  primary  malignant  growths  afi'ecting  the 
ureter  are  excessively  rare.  On  the  other  hand,  the 
ureter  is  often  involved  secondarily,  the  primary 
focus  generally  being  either  the  uterus,  bladder, 
rectum  or  kidney. 

Ureteral  Calculi. — These  are  of  renal  origin  and 
unless  very  small  pass  through  into  the  bladder  with 
considerable  difficulty  or  are  arrested  at  some  point 
in  the  ureteral  canal,  generally  at  or  near  one  of  the 
points  of  physiological  narrowing.  Braasch  and 
Moore,'  in  an  article  based  on  230  operative  cases  of 
stone  in  the  ureter  and  64  cases  in  which  the  stone 
was  dislodged  by  cystoscopic  manipulation  or  was 
passed  immediately  after,  found  that  in  the  operative 
cases  the  localization  of  the  stone  was:  Ureteropelvic 
juncture,  26  cases;  upper  third,  28  cases;  middle 
third,  1  case;  lower  third,  159  cases.  The  actual 
location  in  the  lower  third  group  was:  Iliac  crossing, 
4  cases;  pelvic  portion,  90  cases;  ureterovesical  junc- 
ture, 41  cases;  intramural,  22  cases;  meatus,  2  cases; 
not  definitely  located,  3  cases. 

While  generally  small,  some  very  large  ureteral 
calculi  have  been  reported.  I.  Abell'  found  calculi 
in  each  ureter  at  the  pelvic  brim,  that  in  the  right 
ureter  measuring  7.5  centimeters  in  length  and  7 
centimeters  in  circumference  and  weighing  twenty- 
four  grams;  while  Braasch  and  Moore  mention 
one  stone  four  inches  long  and  one  inch  in  di- 
ameter. Ureteral  calculi  may  be  single  or  multiple 
and  are  generally  round  or  oblong  in  shape  but 
may  have  an  irregular  contour.  One  or  both 
ureters  may  contain  calculi,  while  at  the  same  time 
stones  may  also  be  present  in  one  or  both  kidneys. 
As  calculi  progress  down  the  ureter  a  more  or  less 
severe  ureteritis  is  excited,  while  with  impaction  for 
any  considerable  time  dilatation  of  the  ureter  takes 
place  above  the  point  of  impaction,  the  renal  pelvis 
becomes  dilated,  forming  hydronephrosis,  and  this 
may  later  become  infected  producing  pyonephrosis. 
Likewise,  at  the  point  of  impaction  erosion  of  the 
mucosa  and  subjacent  tissues  may  occur,  leading  to 
stricture  formation  and  occasional  periureteral  ab- 
scess (see  also  sections  on  Ureteritis  and  Ureteral 
obstruction). 

Symptoms. — These  resemble  and   overlap   those  of 
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renal  calculus,  the  most  prominent  being:  (1)  Pain; 
(2)  vesical  irritation;  (3)  pyuria  and  hematuria;  and 
(4)  anuria. 

The  pain  has  usually  been  said  to  be  localized  in  the 
upper  or  lower  ureteral  region  corresponding  to  the 
position  occupied  by  the  calculus.  This  is  not  always 
true,  though  the  pain  localization  may  correspond  to 
the  position  of  the  stone  in  an  individual  case.  On 
the  contrary,  in  the  majority  of  cases  the  pain  is 
localized  in  the  renal  region,  irrespective  of  the  posi- 
tion of  the  calculus.  This  is  well  shown  in  Braasch 
and  Moore's  statistics  of  operated  cases  where,  al- 
though the  calculi  wore  found  in  the  lower  ureteral 
segment  in  about  seventy  per  cent,  of  the  cases,  the 
pain  was  referred  largely  to  the  renal  area  in  sixty- 
seven  per  cent.,  to  the  upper  abdominal  quadrant 
in  fifteen  per  cent.,  and  to  the  region  of  the  lower 
ureter  in  but  nine  per  cent,  of  the  cases.  The  pain 
may  be  continuous  but  usually  occurs  at  more 
or  less  frequent  intervals,  is  paroxysmal  in  nature, 
often  accompanied  by  nausea  and  vomiting,  and 
radiates  down  the  course  of  the  ureter  to  the 
groin,  testicle,  penis,  or  ovary.  This  description  of 
the  typical  pain  coincides  with  the  usual  description 
of  the  characteristic  pain  of  renal  colic;  and  it  is  prob- 
able that  so-called  renal  colic  is  more  often  caused 
by  stone  in  the  ureter  than  in  the  kidney.  Rarely 
the  gastric  disturbances  entirely  overshadow  the 
local  pain.  Braasch  and  Moore  believe  that  the 
localization  of  pain  to  the  lower  abdominal  quadrant 
usually  occurs  as  a  result  of  ulcerative  changes  in  the 
ureteral  wall  and  subsequent  periureteritis;  and  that 
it  is  this  group  of  cases  that  is  apt  to  be  confused 
with  appendicitis.  With  localization  in  the  upper 
quadrant  the  pain  radiation  may  be  such  as  to  suggest 
other  upper  abdominal  lesions,  especially  disease  of 
the  gall-bladder.  In  Braasch  and  Moore's  series  no 
definite  radiation  of  pain  was  reported  in  sixteen 
cases  and  no  pain  whatever  in  five  cases. 

Vesical  irritation,  next  to  pain,  is  the  most  frequent 
of  the  symptoms  of  ureteral  calculus.  Braasch  and 
Moore  found  vesical  irritability  in  seventy-four  per 
cent,  of  their  cases.  It  occurs  most  often  during 
the  attacks  of  pain  but  may  persist  for  a  number  of 
days  thereafter,  or  may  be  a  fairly  constant  symptom, 
especially  when  the  stone  is  in  or  near  the  vesical 
portion  of  the  ureter.  It  is,  however,  rarely  so  con- 
stant or  so  insistent  as  the  bladder  irritation  due  to 
tuberculosis. 

Pyuria  and  hematuria  may  or  may  not  be  present. 
Except  in  long-standing  cases  with  stone  erosion  or 
infection  of  the  dilated  ureter  above  the  point  of 
impaction  and  with  extension  of  the  infection  to  the 
renal  pelvis,  pyuria  is  usually  slight  in  amount  or 
totally  lacking.  Hematuria,  likewise,  may  or  may 
not  be  present ;  but  in  any  event  it  is  rarely  so  profuse 
as  in  cases  of  renal  calculus.  Usually  the  microscope 
will  reveal  at  least  a  few  and  often  a  liberal  sprinkling 
of  red  cells;  while  not  infrequently  hemorrhage  is 
sufficient  to  be  noted  macroscopically.  In  Braasch 
and  Moore's  series  neither  pus  nor  red  cells  were  found 
in  12  per  cent.;  an  occasional  red  cell  only  in  9  per 
cent. ;  an  occasional  pus  cell  only  in  about  2.5  per  cent. ; 
and  gross  hematuria  in  14  per  cent.;  while  both  pus 
and  blood  cells  to  a  varying  degree  were  present  in 
the  remaining  cases.  It  must,  of  course,  be  realized 
that  the  character  of  the  urine  will  vary  from  time  to 
time  according  as  the  ureteral  calculus  is  progressing 
or  arrested;  before  and  after  infection  occurs;  and  in 
accordance  with  the  development  of  other  pathological 
conditions  to  which  ureteral  calculus  may  give  rise. 
The  most  characteristic  urinary  changes  will  usually 
be  found  during  or  shortly  after  an  attack  of  ureteral 
colic. 

Anuria,  of  short  duration  and  of  no  special  prog- 
nostic significance,  occurs  not  infrequently  coincident 
with  attacks  of  ureteral  as  well  as  of  renal  colic. 
Generally  the  secretory  function  is  resumed  shortly 


after  the  cessation  of  the  acute  pain.  Cysti).scopic 
examination,  however,  may  show  that  all  urine  is 
then  coming  from  the  non-ealculous  side  and  it  may 
be  some  time  before  sufficient  dilatation  takes  place 
at  the  site  of  the  newly  or  reimpacted  calculus  to 
allow  urinary  secretion  on  the  affected  side  to  reach 
the  bladder.  ,^ 

Diagnosis. — This  rests  upon  a  consideration  of  the 
history,  the  urinary  findings,  radiography  of  the  en- 
tire, bilateral  reno-uretero-vesical  trart,  and  the 
cystoscopic  examination,  including  intraureteral  in- 
vestigation with  all  the  means  at  our  command.  If 
radiography  shows  shadows  apparently  lying  in  the 
course  of  the  ureter  their  intraureteral  situation  must 
be  confirmed.  In  some  few  cases  this  is  accomplished 
by  simple  cystoscopy,  for  the  stone  may  sometimes 
be  seen  in  the  ureteral  meatus;  while  in  other  cases 
the  presence  of  edema  about  the  ureteral  meatus, 
plus  the  history  of  ureteral  colic  together  with  the 
radiograph,  seem  to  be  sufficient  evidence  to  warrant 
positive  diagnosis.  However,  the  possibility  that 
the  edema  around  the  mouth  of  the  ureter  may  be  an 
early  symptom  of  tuberculosis,  as  proven  in  a  number 
of  instances  by  Buerger,  must  not  be  forgotten. 
With  shadows  higher  up,  ureteral  catheterization 
must  be  resorted  to.  In  these  the  catheter  may  be 
felt  to  meet  an  ob.struction  at  a  distance  correspond- 
ing to  that  of  the  radiographic  shadow;  and  if  it  is 
possible  to  pass  the  obstruction  retained  urine  may 
often  be  obtained.  On  the  other  hand,  no  obstruc- 
tion may  be  encountered  at  the  site  corresponding 
to  that  of  the  shadow  on  the  plate;  also  since,  pro- 
viding obstruction  is  encountered,  it  might  still  be 
due  to  some  cause  other  than  ureteral  calculus, 
stereoscopic  radiographs  made  with  the  j-ray  ureteral 
catheter  in  place  may  be  necessary;  or,  what  is  con- 
sidered by  many  as  capable  of  giving  still  more  positive 
evidence  of  the  presence  of  ureteral  stone  or  the  cause 
of  obstruction  whatever  it  may  be,  radiographs  of  the 
collargol  filled  ureters  (ureterographs)  mav  be  made. 
The  importance  of  the  ureterograph,  in  Beer's'" 
opinion,  cannot  be  overestimated;  for  he  finds  that  it 
will  almost  regularly  not  only  show  the  relationship 
between  the  shadow  and  the  ureter  but  will  also 
demonstrate  the  dilatation  of  the  ureter  behind  the 
stone  and  at  its  site.  This  latter  fact  is  of  great 
importance  because  in  a  certain  proportion  of  the 
ciises  presenting  symptoms  of  ureteral  stone,  simple 
radiography  fails  to  show  a  shadow.  This  occurs, 
according  to  the  statistics  of  various  authors,  in  about 
ten  (from  ten  to  twenty-five)  per  cent,  of  the  ureteral 
cases.  Under  these  circumstances  the  ureterograph 
may  be  the  only  means  of  locating  the  trouble. 
.Vnother  important  diagnostic  aid  in  certain  cases 
is  the  use  of  the  wax-tipped  ureteral  catheter  ac- 
cording to  the  methods  of  Kelly,  Burton  Harris,  or 
Hinman." 

Palpation  is  rarely  of  any  assistance  and  then  only 
when  stones  are  in  the  lower  portion  of  the  ureter. 
In  the  male  they  may  then  .sometimes  be  felt  through 
the  rectum;  in  the  female  through  the  vagina. 
Braasch  and  Moore  state  that  Israel  has  claimed  that 
he  was  able  to  feel  the  stone  per  vaginam  and  rectum 
in  thirty-nine  per  cent,  of  his  cases;  but  in  eighty 
cases  in  which  they  made  special  efforts  to  feel  stones 
in  the  lower  ureter  in  this  manner  they  were  success- 
ful in  but  three  out  of  forty-eight  cases  in  the  male,  and 
in  seven  out  of  thirty-two  cases  in  the  female.  In 
cases  in  which  the  stones  are  sufficiently  large  and 
near  the  bladder  to  make  palpation  possible,  there 
should  be  little  difficulty  in  more  positive  identifica- 
tion of  the  intraureteral  nature  of  the  mass  by  other 
more  precise  methods. 

Treatment. — In  some  cases  a  stone  may  be  drawn 
from  the  ureteral  meatus  through  the  operating 
cystoscope,  or  it  may  be  passed  after  dilatation,  ful- 
guration  or  incision  of  the  meatus.  Stones  higher 
up  the  ureter  may  sometimes  be  dislodged  by  catheter 
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manipulation  or  ureteral  dilatation,  with  or  without 
the  injection  of  sterile  glvforinc  or  oil.  Attempts  of 
this  sort  are  greatly  aided  by  the  patient's  ingestion 
of  large  amounts  "of  water.  If  these  methods  fail 
and  provided  the  patient's  general  condition  and  renal 
functional  tests  are  sufficiently  satisfactory,  operative 
removal  of  the  calculus  (or  calculi)  is  to  be  con- 
.sidered.  The  indications  for  operation,  approxi- 
mately coinciding  with  those  formulated  by  Beer, 
!ire:  ("l)  Large  size  of  calculus;  (2)  constant  pain  or 
repeated  colics  that  do  not  advance  the  stone  and 
which  interfere  with  the  patient's  activities;  (3) 
infection  of  the  kidney  and  ureter  behind  the  stone; 
(4)  anuria  due  to  ureteral  stone;  (5)  stone  in  ureter  of 
a  solitary  kidnev;  and  (6)  extensive  disease  of  the 
second  kidney.  "(For  the  methods  of  approach  and 
details  of  technique  in  removing  ureteral  calculi  see 
section  on  operative  surgery  of  the  ureter.) 

Ureteral  Obstruction. — This  may  occur  as  a  result 
of  pathological  conditions  within  or  without  the  ureter. 
The  causes  may  be  considered  under  two  headings: 
(A)  Stricture;  and  (B)  All  other  causes. 

Strictures  of  the  ureter  may  be  congenital  or  ac- 
quired. Acquired  strictures  may  be:  (1)  Of  calculous 
origin;  (2)  tuberculous;  (3)  inflammatory;  (4)  trau- 
matic, and  these  may  be  (a)  postoperative,  (6)  fol- 
lowing blows,  falls,  gunshot  or  stab  w'ounds,  or  (c) 
following  intraureteral  instrumentation;  (5)  gonor- 
rheal. 

Under  group  (B)  come  obstructions  due  to:  Calculi 
per  se;  congenital  or  acquired  faulty  implantation  of 
the  ureter  into  the  renal  pelvis;  valves,  kinks  and 
twists  of  the  ureter;  the  pressure  of  abnormal  renal 
blood-vessels,  adhesion  bands,  pelvic  exudates,  and 
lymph  glands;  tumors  within  and  without  the  ureter; 
and  any  other  pathological  conditions  which  interfere 
with  the  normal  urinary  flow  to  the  bladder. 

Certain  of  the  etiological  factors  in  each  group 
require  brief  discussion.  Congenital  strictures,  when 
they  occur,  are  usually  found  at  either  the  upper  or 
the  lower  end  of  the  ureter.  Bottomley,'"  in  1910, 
was  able  to  collect  fifty  cases  from  the  literature,  of 
which  nineteen  gave  subjective  symptoms.  Of  the 
acquired  strictures,  those  of  calculous  origin  are  by 
far  the  most  frequent  and  may  be  found  at  almost  any 
point  of  the  ureter,  most  commonly  in  its  lower  .seg- 
ment. Next  in  frequency  comes  the  tuberculous 
stricture,  and  a  third  large  group  is  contributed  by 
inflammatory  processes,  especially  those  of  peri- 
ureteral origin.  Runner's'  views  regarding  the  origin 
(if  inflammatory  ureteral  strictures  are  original  and 
interesting.  Analyzing  fifty  cases  of  stricture  of  the 
ureter,  in  twelve  of  which  the  ureteral  lesions  were 
bilateral,  he  came  to  the  conclusion  that  the  most 
important  etiological  factor  in  the  development  of 
ureteral  stricture,  those  of  tuberculous  and  calculous 
origin  excepted,  is  infection  carried  to  the  ureteral 
walls  from  some  distant  focus,  as  di.sea.sed  tonsils, 
sinuses,  or  teeth.  This  conception  of  ureter  stricture 
postulates  that  in  most  cases  not  of  tuberculous  or 
calculous  origin  ureter  infiltration  is  the  primary 
lesion  in  the  urinary  tract  and  that  other  urinary  tract 
lesions  frequently  associated  with  ureter  stricture, 
such  as  pyelitis,  hydro-  and  pyonephrosis,  are  gener- 
ally secondary.  Hunner  differs  strongly  from  most 
authorities  in  this  matter;  the  generally  accepted 
teaching  being  that  the  ureter  is  usually  the  part 
secondarily  affected.  One  feature  brought  out  in 
Hunner's  statistics  that  might  be  interpreted  as 
bearing  out  his  theory  is  that  in  most  of  his  cases  the 
point  of  .stricture  was  in  the  region  of  the  broad  liga- 
ment where  the  ureter  gets  its  chief  blood  and  lym- 
phatic supply;  hence  hematogenous  infection,  if  it 
occurred  to  any  extent  at  any  point  of  the  ureter, 
might  be  expected  to  affect  "this  region  most  fre- 
quently. Certainly  Hunner's  statistics  are  well 
adapted  to  bear  out  this  theory;  for  of  the  sixty-two 
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strictures  in  his  fifty  patients  the  stricture  was  found 
within  the  broad  ligament  or  within  six  centimeters  of 
the  bladder  in  fifty-three  ureters,  near  the  pelvic  brim  in 
eight,  and  near  the  kidney  in  but  one.  Hunner  took 
occasion  later''  to  reaffirm  his  beliefs  in  this  regard. 

Gonorrheal  strictures  are  considered  common  by 
some  authors;  infrequent  by  others.  Buerger,  at 
a  meeting  of  the  Genito-Urinary  Section  of  the  New 
York  Academy  of  Medicine  held  on  January  17,  1917, 
reported  a  case  of  stricture  of  the  lower  end  of  the 
ureter  that  was  gonorrheal  in  origin,  as  shown  by  the 
discharge  of  purulent  urine  the  gonorrheal  nature  of 
which  he  was  able  to  prove  by  culture. 

Of  the  causes  outside  of  .stricture,  compression  by 
abnormal  vessels  requires  special  mention.  Their 
importance  in  this  regard  was  emphasized  by  Legueu" 
in  1904,  but  it  was  not  until  the  studies  of  Rupert" 
were  published,  showing  the  great  number  of  varia- 
tions from  normal  in  the  renal  vessels  of  118  consecu- 
tive cadavers,  that  the  frequency  with  which  obstruc- 
tion of  the  renal  pelvis  and  ureter  might  take  place 
could  be  fully  appreciated. 

Symptoms  and  Diagnosis. — The  symptoms  of  ure- 
teral obstruction  are  essentially  those  of  hydro- 
nephrosis, for  description  of  which,  together  with 
description  of  methods  of  diagnosis,  see  vol.  V,  page 
393. 

Treatment. — When  the  obstruction  is  due  to  extra- 
ureteral  causes  these  should  be  removed  if  possible. 
The  treatment  of  stricture  will  depend  upon  its  cause, 
its  location,  and  the  condition  of  the  kidney  upon  the 
opposite  as  well  as  the  affected  side.  In  non-tubercu- 
lous cases  attempts  are  made  to  dilate  the  stricture  by 
means  of  the  ureteral  catheter  and  the  conical  ureteral 
bougie.  If  the  stricture  can  be  passed  and  there  is 
infection  of  the  renal  pelvis  and  dilated  ureter,  pelvic 
lavage  is  indicated,  together  with  the  administration 
of  urotropin  and  copious  amounts  of  water.  If  the 
stricture  resists  attempts  at  dilatation,  meatotomy 
or  resection  and  vesical  implantation  may  be  per- 
formed when  the  stricture  is  in  positions  suitable  for 
such  measures;  while  if  situated  further  up  the  ureter, 
resection  and  anastomosis,  some  form  of  plastic 
operation  or  retrograde  catheterization  with  dilata- 
tion may  be  undertaken.  C.  H.  Peck""  has  reported 
fourteen  cases  of  non-calculous  obstruction  at  the 
upper  end  of  the  ureter,  some  of  which  were  due  to 
stricture.  These  cases  were  treated  by  plastic  opera- 
tions on  the  pelvis,  with  or  without  the  removal  of  a 
diamond-shaped  segment,  fixation  of  a  movable 
kidney,  or  other  operation  as  indicated,  together  with 
the  dilatation  of  such  ureteral  strictures  as  existed 
and  leaving  in  a  flexible  probe  (once)  or  a  ureteral 
catheter  (thirteen  times)  for  from  twenty-four  to 
seventy-two  hours  as  a  splint  while  the  kidney  and 
ureter  were  becoming  fixed  in  their  new  positions. 
The  outcome  in  all  these  cases  was  successful.  In 
certain  cases  with  marked  obstruction  when  less 
stringent  measures  fail,  the  opposite  kidney  is  com- 
petent, and  especially  when  infection  is  progressing  in 
the  kidney  of  the  affected  side,  nephrectomy  must  be 
performed.  If  the  other  kidney  is  lacking  or  of  little 
or  doubtful  value,  this  cannot  be  done  and  the  choice 
will  then  rest  between  the  deliberate  creation  of  a 
ureteral  fistula  or  a  nephrostomy  with  provision  for 
permanent  drainage  of  the  kidney. 

The  treatment  of  the  strictured  tuberculous  ureter 
will  depend  upon  what  action  is  to  be  taken  regarding 
the  corresponding  kidney.  If  this  is  to  be  removed, 
the  ureter  should  be  removed  also;  if  not,  the  ureter 
Should  usually  if  not  always  be  let  alone. 

Ureteral  Injurfes. — Injuries  of  the  ureter  occur 
most  frequently  during  the  course  of  operations  upon 
neighboring  organs;  occasionally  during  the  progress 
of  labor;  rarely  as  the  result  of  external  traumata  such 
as  blows,  kicks,  and  falls  upon  the  upper  abdomen  or 
loin,  gunshot  and  stab  wounds.     Those  due  to  opera- 
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tions  upon  adjacent  organs  far  outnumber  those  from 
all  other  causes  combined. 

Accidental  operative  injury  to  the  ureter  occurs 
especially  in  the  course  of  operations  for  the  removal  of 
tubes  and  ovaries  with  extensive  adhesions;  intraliga- 
mentous growihs;  tumors,  inflammatory  or  otherwise, 
impacted  in  the  pelvis;  and  in  hysterectomies  for 
fibroids  or  carcinoma.  In  most  of  these  conditions 
the  normal  relations  of  the  ureter  are  disturbed  and 
the  ureter  is  injured  by  clamping,  or  is  partially  or 
completely  severed,  or  is  included  in  a  ligature;  while 
in  the  Wertheim  operation  for  cervical  carcinoma, 
although  early  free  exposure  of  the  ureters  is  part  of 
the  technique  and,  theoretically,  it  should  therefore 
escape  injury,  this  not  infrequently  occurs  from  necro- 
sis due  to  too  extensive  freeing,  rough  handling,  and 
interference  with  its  blood-supply.  Inclusion  in  a 
ligature,  if  the  ligature  is  of  absorbable  material,  may 
not  result  in  more  than  temporary  blocking  of  the 
canal  with  dilatation,  likewise  transitory,  of  the  ureter 
above  the  point  of  ligation  and  the  renal  pelvis. 
Under  these  circumstances,  with  absorption  of  the 
ligature  the  urinary  flow  may  be  reestablished  and  no 
permanent  damage  results  to  the  ureter  or  kidney 
unless  the  inflammatory  process  at  the  point  of  liga- 
tion results  in  .stricture.  If,  however,  the  ureter  is 
ligated  with  silk  or  other  non-absorbable  material, 
permanent  occlusion  with  initial  hydronephrosis 
and  later  infection  or  atrophy  of  the  kidney  results 
unless  ulceration  occurs  at  the  site  of  ligation,  with 
the  formation  of  uretero-abdominal  or  uretero-vaginal 
fistula.  The  diagnosis  and  treatment  of  accidental 
operative  injuries  of  the  ureter  will  be  discussed  in 
connection  with  ureteral  fistuliB. 

Traumatic  injuries  of  the  ureter  are  rare  and  con- 
fined almost  exclusively,  except  in  the  case  of  gunshot 
injvries,  to  the  upper  segment.  Bugbee,"  in  an  ex- 
haustive paper  on  traumatic  injuries  of  the  kidney 
and  ureter,  to  which  is  appended  a  bibliography  of 
more  than  100  references,  says  that  H.  Morris,  in 
1884  and  again  in  1901  saw  no  reason  for  considering 
the  subject  of  traumatic  injuries  of  the  ureter  apart 
from  those  of  the  kidney  because  in  the  very  few  cases 
on  record  the  rupture  of  the  ureter  was  quite  close  to 
the  renal  pelvis  and  it  was  neither  practicable  nor 
requisite  from  the  point  of  view  of  treatment  to 
distinguish  between  subcutaneous  rupture  of  the  renal 
pelvis  and  subcutaneous  rupture  of  the  ureter.  In 
1901  Morris  reviewed  twenty-four  cases,  of  which  he 
considered  only  twelve  to  be  ruptures  of  the  ureter 
proper.  Blauel,  in  1906,  found  only  twelve  cases  of 
subcutaneous  injuries  of  the  ureter,  and  since  1906  Bug- 
bee  was  able  to  locate  but  seven  more,  including  one 
which  he  describes.  In  Bugbee's  case  the  patient,  three 
years  after  falling  from  a  ladder  and  striking  on  the 
left  side  of  the  abdomen,  was  found  to  have  a  dense 
structure  of  the  ureter  two  inches  from  the  pelvis  of  the 
kidney,  completely  preventing  the  discharge  of  uri- 
nary secretion.  The  kidney  was  hydronephrotic,  and 
there  was  no  evidence  of  infection,  injury,  calculus, 
or  growth  in  the  kidney. 

The  svmptoms  of  traumatic  injuries  of  the  upper 
portion  ci  the  ureter  are,  excepting  the  degree  of 
shock  and  amount  of  hemorrhage,  entirely  similar 
to  those  of  injuries  of  the  kidney  and  its  pelvis;  and 
since  the  symptoms,  diagnosis  and  treatment  of  those 
injuries  has  been  discussed  at  considerable  length 
(see  vol.  V,  page  746)  they  will  not  be  repeated  here. 
Certain  additional  features  requiring  special  mention 
are  the  operative  treatment  of  the  contused,  ruptured 
or  incised  ureter  if  the  symptoms  do  not  subside  under 
expectant  treatment,  and  the  fact  that  even  if  expec- 
tant treatment  is  apparently  followed  by  return  to 
normal  conditions,  stricture  may  develop  and  require 
intraureter.al  instrumentation,  plastic  operation  or 
nephrectomy  months  or  years  later.  With  failure  if 
expectant  methods,  free  exposure  of  the  renal  pel'  s 
and  ureter  by  the  lumbar  route,  the  incision  being 


continued  as  far  forward  as  necessary,  will  be  followed 
by  drainage,  by  suture,  by  end-to-end,  end-to-side, 
or  side-to-side  anastomosis,  bv  nephrectomy  or  other 
procedure  as  is  indicaterl  in  the  individual  case. 
Traumatic  injuries  of  the  lower  segment  of  the  ureter 
are  signalized  by  urinary  extrava-sation  with  pelvic 
cellulitis  or  abscess  formation  and,  unless  immediately- 
recognized  and  subjected  to  operation,  usually  result 
in  ureteral  fistula;  or  death  from  septicemia.  "Rarely, 
when  the  wound  in  the  ureter  has  been  small,  there 
has  been  slight  extravasation  ■nith  localized  abscci^s 
formation  followed  by  absorption  with  occlusion  of 
the  ureter  at  that  point.  Treatment  of  traumatic 
injuries  of  the  lower  ureter  is  by  drainage,  by  suture, 
by  anastomosis,  which  may  be  uretero-ureteral,  ure- 
tero-vesical  or  uretero-intestinal,  or  by  nephrectomy. 
Before  nephrectomy  is  performed  for" irreparable  in- 
jury of  any  part  of  the  ureter  it  must  be  determined 
that  the  other  kidney  is  present  and  able  to  adequately 
perform  the  renal  function;  otherwise  permanent 
drainage  must  be  provided  by  ureteral  fistula  or  by 
nephrostomy. 

Ureteral  Fistui.^. — These  may  be  congenital  or 
acquired.  Outside  of  the  occasional  well-recognized 
forms  of  ureteral  duplication,  congenital  fistula'  are 
extremely  rare. 

Acquired  ureteral  fistula;  may  follow  traumatic  or 
operative  injuries  of  the  ureter  or  the  erosion  caused 
by  large  impacted  ureteral  calculi;  rarely  from  some 
other  pathologic  condition  causing  necrosis  of  a  small 
section  of  the  ureter.  These  fistulae  may  be  uretero- 
abdominal,  uretero-vaginal,  uretero-uterine,  uretero- 
ve.sical,  or  uretero-intestinal.  Fumissi'  thinks  that 
most  ligated  and  severed  ureters  occur  in  hy.sterec- 
tomies  for  uterine  fibroid;  that  most  fistula^  result  from 
necrosis  of  the  ureter  due  to  too  rough  handling,  too 
extensive  dissection,  or  temporary  clamping;  and 
that  this  tj-pe,  as  a  rule,  does  not  make  its  appearance 
until  eight  to  fourteen  days  have  elapsed.  If  the 
ureter  has  been  severed  and  the  cer\-ix  removed  or 
the  vagina  opened  for  drainage,  urinary  leakage 
appears  shortly  after  operation.  Without  the  outlet 
provided  by  an  open  vagina  the  fistula  is  usually  of 
the  uretero-abdominal  type  and,  depending  upon 
whether  the  leakage  follows  incision  or  necrosis  mto 
the  ureteral  lumen,  urine  may  appear  in  the  wound 
in  from  twentj'-four  hours  to  one  or  two  weeks  after 
operation.  In  cases  of  supravaginal  hysterectomy 
with  injury  of  the  ureter,  urine  may  collect  until 
dilatation  of  the  cervical  canal  takes  place  giving  a 
uretero-cervico-vaginal  fistula.  Uretero-abdominal 
fistula  may  also  follow  traumatic  injuries  of  the  ureter, 
unsuccessful  attempts  at  uretero-ureteral  or  uretero- 
vesical anastomosis  for  stricture,  or  ureterotomy  for 
the  removal  of  calculi.  If  the  ureter  is  completely 
severed,  spontaneous  closure,  if  it  occurs,  is  followed 
by  stricture  and  usually  ultimate  occlusion  of  the 
ureter.  With  incomplete  division,  especially  if  the 
wounded  or  necrosed  area  is  small,  spontaneous  clo- 
sure is  relatively  common  and  there  may  be  little 
if  any  resulting  stricture  formation.  Uretero-vaginal 
fistula  may  close  spontaneously  but  this  does  not 
occur  so  frequently  as  in  the  uretero-abdominal  t>-pe. 

The  diagnosis  of  ureteral  fistula  is  sometimes  e^y, 
sometimes  extremely  difficult,  especially  certain  cases 
of  the  uretero-vaginal  type.  In  these  it  is  usually 
easy  to  determine  that  there  is  a  urinarv-  fistula,  but 
the  opening  may  be  verj'  hard  to  find  and  the  vesical 
origin  of  the  fistula  must  be  ruled  out.  In  the  ab- 
dominal type  the  urinous  character  of  the  discharge 
is  usually  clearly  apparent;  if  not.  the  ingestion  of 
methylene  blue  will  easily  determine  the  point,  since 
the  secretion,  if  from  the  urinary  tract,  will  be  colored 
by  the  dye.  The  determination  that  there  is  a 
ureteral  fistula  is  but  the  beginning  of  the  diagnostic 
processes;  for  the  site  of  ureteral  injury  and  whether 
complete  or  incomplete  must  be  learned  by  cystoscopy 
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and  ureteral  catheterization,  with  ureterography  if 
necessary;  and  various  other  factors,  such  as  the  func- 
tional value  of  the  kidneys,  must  be  taken  into 
consideration  before  deciding  upon  the  proper  method 
of  treatment.  .    .       ,    .     ,  ,     .  ^ 

With  the  incomplete  variety  it  is  advisable  to  wait- 
some  time  for  spontaneous  closure  to  occur.  Failing 
in  this,  Furniss  advises  passing  the  ureter.al  catheter 
above  the  point  of  injurv  when  possible  and  leaving  it 
in  for  a  few  days  at  a  time.  While  this  is  in  the  patient 
takes  urotropin  and  the  catheter  is  cleaned  twice 
daily  with  boric  acid  injections.  If  the  fistula  still 
persists  and  the  patient's  condition  permits,  operative 
closure  must  be  considered.  This  will  consist  of 
uretero-ureteral  or  uretero-vesical  anastomosis  by 
the  abdominal  route,  or  nephrectomy.  The  ureteral 
anastomosis  may  be  done  transperitoneally  orretro- 
peritoneallv  and  usually  the  latter  is  to  be  preferred 
because  of  the  danger  of  peritonitis  with  the  trans- 
peritoneal route  when  dealing  with  possibly  infected 
'nflammatorv  tissues  or  in  case  of  leakage  at  the  site 
of  anastomosis.  Furniss  considers  that  the  vaginal 
plastic  operation  for  uretero-vaginal  fistula  is  not  to 
be  recommended  for  the  reason  that  the  end  of  the 
fistulous  tract  and  not  the  ureter  is  implanted  into 
the  bladder;  hence  the  amount  of  contraction  at  the 
site  of  the  ureteral  lesion  and  the  effect  upon  the 
kidnev  occur  as  if  it  were  not  treated. 

With  the  complete  variety  of  abdominal  fistula, 
operation  should  be  done  as  soon  as  the  patient's 
condition  permits  and  the  inflammatory  infiltration 
that  alwavs  surrounds  the  end  of  the  ureter  and  the 
tract  has 'diminished.  Operation,  as  in  the  case  of 
recalcitrant  incomplete  fistulae,  will  consist  of 
anastomosis  or  nephrectomy  as  indicated  in  the 
individual  case. 

SoROERT  OF  THE  I'reter. — General  Cnnsiderations. — 
From  the  uretero-pelvic  junction  to  its  point  of  en- 
trance into  the  bladder  wall  the  ureter  lies  immediately 
behind  the  peritoneum;  and  the  two  are  so  intimately 
adherent  that  when  the  peritoneum  is  raised  from  the 
posterior  abdominal  wall  by  blunt  dissection,  the 
ureter  is  almost  invariably  reflected  with  it.  In 
freeing  the  ureter  the  dissection  should  not  be  too 
extensive  nor  too  clean,  otherwise  there  may  be  un- 
due interference  with  its  blood-supply  and  areas  of 
necrosis  may  result.  In  transperitoneal  operations 
the  line  of  suture  should  be  covered  with  peritoneum 
or  a  bit  of  omentum.  When  drainage  is  necessary 
or  thought  advisable  after  plastic  operations  on  the 
ureter,  this  may  be  obtained  by  the  use  of  folded 
rubber  tissue  or  a  small  cigarette  drain  in  which  the 
gauze  is  not  allowed  to  reach  within  at  least  one-half 
inch  of  the  ureteral  end  of  the  drain,  the  end  of  the 
rubber  tissue  sheath  07ily  lying  in  contact  with  the 
ureter.  Gauze  should  never  be  allowed  to  rest  against 
the  ureter,  for  this  is  apt  to  result  in  necrosis  and  the 
formation  of  ureteral  fistula.  The  suture  material 
used  in  plastic  work  upon  the  ureter  and  in  ureteral 
anastomosis  should  be  fine  silk  or  the  finest  catgut; 
and,  when  possible,  the  sutures  should  not  be  allowed 
to  penetrate  the  mucosa.  Those  particularly  inter- 
ested in  the  subject  will  find  the  exhaustive  article 
by.Loux"  on  plastic  surgery  of  the  kidney,  pelvis,  and 
ureter  of  much  value. 

Methods  of  Approach. — The  entire  ureter,  from  the 
ureteropelvic  juncture  to  its  point  of  entrance  into  the 
bladder,  may  be  reached  retroperitoneally :  the  upper 
and  middle  thirds  by  oblique  lumbo-ilio-inguinal 
incision,  as  for  nephrectomj^;  the  lower  segment  in 
various  w-ays,  as  by  Gibson's  semilunar  incision,  or  by 
straight  incisions  above  and  parallel  to  Poupart's 
ligament.  This  portion  may  also  be  reached  through 
perineal  or  suprapubic  cystotomy  (generally  the 
latter)  or  through  the  vagina;  rarely  through  the 
rectum  or  the  .sacral  route  by  Delbet's  technique  or  a 
modified    Kraske.     Although    the    pelvic   portion    is 
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most  easily  reached  through  transperitoneal  vertical 
section  in  or  near  the  median  line,  most  ureteral  sur- 
gery, whether  involving  the  upper  or  lower  portions, 
is  done  after  retroperitoneal  exposure.  BisselP"  calls 
attention  to  the  special  difficulties  normally  en- 
countered and  also  the  danger  of  rupturing  a  pus  sac 
and  contaminating  the  peritoneum  during  retro- 
peritoneal exposure  of  the  pelvic  portion  of  the  ureter 
in  the  female;  and  states  that:  "retroperitoneal 
surgery  of  the  pelvic  portion  of  the  ureter  in  the  female 
should  be  condemned  as  it  is  at  best  blind  surgery 
and  does  not  afford  the  safeguards  at  our  command." 
However,  retroperitoneal  exposure  and  operation 
upon  this  portion  of  the  ureter  in  both  the  male  and 
female  is  done  constantly  and  apparently  safely  by 
most  operators,  since  this  method  of  approach  is  the 
one  almost  universally  employed  unless  intra-ab- 
dominal work  on  other  organs  is  contemplated  or 
found  necessary,  in  which  case  the  combined  intra- 
and  retroperitoneal  method  favored  by  Gibbon =' 
may  be  used.  In  this  the  ureter  is  palpated  within  the 
abdomen  and  the  site  of  calculus  or  other  pathological 
process  located.  Guided  by  a  finger  within  the 
abdomen,  the  peritoneum  is  then  stripped  from  the 
abdominal  wall  on  the  outer  side  of  the  wound  until 
the  desired  part  of  the  ureter  is  exposed.  The  peri- 
toneal opening  is  then  closed  by  suture  or  temporary 
clamping  and  protected  by  gauze.  The  work  upon 
the  ureter  is  then  done  retroperitoneally  and  if  a  drain 
is  required  its  exit  is  provided  for  through  a  separate 
incision  at  a  convenient  situation,  the  incision  for  the 
intraperitoneal  work  being  closed. 

In  exposing  the  ureter  by  the  lumbo-ilio-inguinal 
route,  the  incision  is  an  oblique  one  starting  just  below 
the  point  where  the  outer  edge  of  the  erector  spinai 
crosses  the  twelfth  rib,  thence  obliquely  downward 
and  forward,  passing  about  an  inch  above  the  crest 
of  the  ilium,  and  being  carried  forward  about  an  inch 
above  and  parallel  to  Poupart's  ligament  until  its 
center  is  reached  if  necessary.  The  skin  and  deeper 
structures  are  divided,  or  separated  in  the  line  of  their 
fibers,  down  to  hut  not  through  the  peritoneum,  and 
by  blunt  dissection  the  lower  pole  of  the  kidney  is  ex- 
posed. The  peritoneum  is  then  stripped  from  the 
lateral  and  posterior  abdominal  w'all  by  blunt  dissec- 
tion with  gauze  or  the  gloved  finger  until  the  ureter 
conies  into  view.  Slight  upward  pressure  on  the  kid- 
ney or  its  pelvis  renders  identification  of  the  ureter 
more  easy. 

For  the  retroperitoneal  exposure  of  the  pelvic  por- 
tion of  the  ureter  many  incisions  have  been  employed. 
Gibson's"  technique  gives  perhaps  the  best  exposure. 
His  description  of  the  operation  is  as  follows:  "The 
skin  incision  runs  from  the  midline  about  a  finger's 
breadth  above  the  pubes  horizontally  outward  nearly 
parallel  to  Poupart's  ligament  at  first  and  curves 
rather  sharply  upward  at  its  midpoint  to  end  about 
opposite  the  anterior  superior  spine  of  the  ilium. 
The  incision  is  deepened  in  the  same  line  through  the 
aponeurosis  of  the  external  oblique  and  the  internal 
oblique  muscle.  *  *  *  The  incision  stops  short  of  the 
transversalis,  which  is  not  disturbed  at  all.  With 
efficient  retraction  of  the  upper  flap,  the  external 
border  of  the  rectus  muscle  is  identified  and  the 
fascia  of  the  transversalis  is  now  divided  by  a  vertical 
incision  close  to  and  parallel  to  the  rectus — that  is, 
at  right  angles  to  the  original  incision.  Two  retractors 
are  now  inserted,  the  outer  one  retracts  the  cut  edge 
of  the  transversalis  oHtward,  the  other  pulls  the  rectus 
muscle  well  toward  the  midline.  A  generous  space  is 
thus  obtained,  situated  well  toward  the  midline  (the 
lower  part  of  the  ureter  is  practically  in  the  midline 
and  difficult  of  access  by  other  extraperitoneal  expo- 
sures). The  floor  of  this  space  is  occupied  by  the 
peritoneum.  The  patient  being  in  a  complete 
Trendelenburg  position,  the  peritoneum  is  easily  and 
gently  pushed  away  and  a  free  access  to  the  pelvis  is 
secured.     So  ample  is  the  space  and  view  that  the 
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whole  hand  can  be  introdueed  under  the  control  of 
the  eye.  The  ureter  is  released  from  its  surroundings 
and  easily  brought  to  the  level  of  the  wound." 

Herrick's"  method  is  outlined  by  Binnie  as  follows: 
"Step  1. — Draw  an  imaginary  line  from  the  inner  lip 
of  the  anterior  superior  spine  to  a  point  above  the 
opposite  pubic  spine.  Beginning  at  a  point  one  and 
one-half  to  two  inches  from  the  anterior  superior 
spine  make  an  incision  along  the  imaginary  line  for 
three  to  three  and  one-half  inches.  This  terminates 
at  the  edge  of  the  rectus  one  to  one  and  one-half  inches 
above  the  entrance  into  it  of  the  deep  epigastric  artery. 
Split  the  tendinous  external  oblique  along  the  line  of 
the  incision.  Split  the  internal  oblique  and  trans- 
versalis  parallel  to  their  fibers  and  to  the  nerve  trunks 
which  lie  between  them.  Do  not  open  the  perito- 
neum. Step  2. — With  the  fingers  dissect  the  perito- 
neum up  from  the  floor  and  sides  of  the  pelvis.  A 
broad  retractor  placed  at  the  lower  end  of  the  incision 
gives  good  access  to  the  deep  pelvis.  Pass  the  finger 
to  the  bifurcation  of  the  common  iliac  artery  and 
turn  the  palm  of  the  finger  against  the  under  surface 
of  the  peritoneum  where  it  will  feel  the  ureter  closely 
adherent  to  the  peritoneum  covered  by  some  of  its 
reflected  fibers.  Step  3. — Separate  the  ureter  from 
the  peritoneum  for  an  inch  or  two,  pass  a  tape  around 
it  and  apply  slight  traction,  when  the  ureter  will  stand 
out  like  a  ridge  extending  to  the  base  of  the  bladder." 
This  method  docs  not  give  as  good  an  exposure  as 
Gibson's  but  has  the  advantage  of  not  cutting  any 
nerves  or  muscle  fibers;  while  in  Gibson's  operation 
the  line  of  incision  runs  directly  across  some  of  the 
fibers  of  the  internal  oblique. 

Of  the  other  methods  for  removing  calculi  in  the 
lower  portion  of  the  ureter,  especially  when  impacted 
in  its  vesical  portion,  cystotomy,  generally  by  the 
suprapubic  route,  is  of  value,  while  in  the  female  such 
a  calculus  may  be  removed  either  by  cystotomy  or  by 
incision  through  the  vaginal  wall. 

UTeterotomy. — This  is  generally  done  for  the  removal 
of  calculi  or  for  the  relief  of  stricture.  In  removing 
calculi  the  affected  portion  of  the  ureter  is  exposed  and 
the  calculus  is  milked  up  the  ureter  in  order  that  the 
line  of  incision  shall  not  run  through  inflamed  tissue 
at  the  site  of  impaction.  In  this  way  also  a  calculus 
situated  low  in  the  pelvic  jiortion  may  be  brought  up 
to  an  easily  accessible  position.  Two  fine  catgut 
sutures  are  passed  side  by  side  about  one-eighth  inch 
apart  in  the  long  axis  of  the  ureter.  Using  these  to 
steady  the  ureter,  a  longitudinal  incision  is  made 
between  them  (over  the  calculus  if  it  has  been  milked 
up  the  ureter,  above  it  if  the  calculus  remains  at  the 
point  of  impaction)  and  the  stone  is  extracted.  To 
avoid  the  leakage  of  urine  while  the  lumen  of  the 
ureter  is  open,  the  ureter  may  be  compressed  or 
clamped  with  light,  rubber  covered  forceps  at  a  con- 
venient point  above  the  incision.  The  pressure  by 
forceps  must  be  slight  and  must  not  be  applied  long. 
or  necrosis,  followed  by  fistula,  may  result.  When  a 
calculus  has  been  removed  it  is  well  to  pass  a  ureteral 
catheter  to  the  bladder  to  make  sure  that  the  lumen  is 
clear.  The  treatment  of  the  incision  in  the  ureter  may 
be:  (1)  closure  by  Binnie's-*  method,  in  which  a  narrow- 
folded  strip  of  rubber  tissue  is  laid  over  the  wound  in 
the  ureter  and  the  two  upper,  then  the  two  lower, 
ends  of  the  guy  sutures  are  tied  over  this,  the  strip 
of  rubber  tissue  or  oiled  silk  being  long  enough  to 
emerge  at  the  skin  surface  and  act  as  a  drain:  or  (2) 
the  entire  wound  in  the  ureter  may  be  sutured;  or, 
(3)  if  the  incision  is  small  no  sutures  may  be  used. 
In  any  case,  a  rubber  tissue  or  cigarette  drain  (pre- 
pared as  previously  described)  should  be  used,  to  be 
removed  in  forty-eight  hours  or  later  in  accordance 
with  the  indications. 

In  case  of  slricture  of  the  ureter,  the  affected  portion 
is  exposed  and  treated  in  one  of  several  ways  depend- 
ing upon  the  degree  of  stricture  and  the  degree  and 
extent  of  inflammatory  thickening.     With  slight  or 


moderate  stricture  and  but  little  inflammatory  infil- 
tration, Fenger's  ureteroplasty,  consisting  of  longi- 
tudinal incision  above,  through,  and  for  a  like  distance 
below  the  stricture  with  transverse  suture  of  the 
wound,  is  applicable.  For  the  more  severe  cases, 
resection  with  some  form  of  ureteral  anastomosis 
must  be  employed.  In  all  except  the  extreme  upper 
and  lower  portions  of  the  ureter,  uretero-ureterostomy 
by  the  Van  Hook  method  of  lateral  implantation 
is  the  method  of  choice.  In  this,  after  the  stricturcd 
and  infiltrated  portion  of  the  ureter  is  excised,  the 
lower  end  of  the  upper  segment  is  split  up  for  a  short 
distance  and  a  fine  catgut  suture  is  passed  through 
the  wall  opposite  the  slit.  A  ligature  is  placed  on 
the  upper  end  of  the  lower  segment,  and  a  little 
below  this  a  longitudinal  incision  is  made  into  the 
lumen.  The  two  ends  of  the  suture  in  the  upper 
segment  are  then  passed  through  the  opening  thus 
made  into  the  lower  segment  and  emerge  one-third 
to  one-half  inch  below  the  incision.  Traction  is  then 
made  on  these  suture  ends  as  the  lower  end  of  the 
upper  segment  is  pushed  into  the  wound  in  the  lower 
segment  and  the  suture  is  tied.  The  line  of  contact 
of  the  proximal  and  distal  portions  of  the  ureter  is 
then  sutured  with  fine  catgut.  Other  methods  of 
anastomosis  include  end-to-<"nd,  side-to-side  (Monari's 
method)  similar  to  lateral  intestinal  anastomosis, 
and  invagination  of  the  upper  into  the  lower  segment, 
which  is  split  longitudinally  for  about  three-eighths 
of  an  inch  to  facilitate  the  invagination.  Strictures 
at  the  uretero-pelvic  junction  may  be  treated  by  the 
Fenger  method;  by  longitudinal  incision  of  the  ureter 
and  the  hydronephrotic  pelvis,  with  suture  as  in 
Mikulicz's  pyloroplasty;  by  division  of  the  ureter 
immediately  below  the  ligatured  stricturcd  portion  and 
implantation  into  the  pelvis  by  Kiister's  method; 
or  in  various  other  ways  as  the  exigencies  of  the 
individual  case  demand.  With  strictures  near  the 
bladder,  urctero-vesical  implantation  may  be  prac- 
tised. This  may  be  done  intra-  or  retroperitoncally. 
The  method  of  anastomosis  may  be  similar  to  the 
Van  Hook  uretero-ureterostomy  or  a  ureteral  catheter 
may  be  passed  through  the  urethra,  through  the 
incision  in  the  bladder  and  into  the  ureter,  where  it 
is  tied  in  by  a  fine  catgut  ligature.  Traction  is  then 
made  on  the  catheter  and  the  end  of  the  ureter  is 
pulled  into  the  bladder  and  carefully  fixed  by  tiers 
of  sutures.  The  end  of  the  ureter  should  always  be 
split  or  cut  obliquel}'  to  prevent  contraction.  There 
are  numerous  methods  of  implanting  the  ureter  into 
the  intestine,  the  essential  features  of  most  of  which 
are  well  summarized  by  C.  H.  Mayo"  and  by  Stevens." 
That  in  which  the  handling  of  the  ureter  is  similar  to 
that  of  the  tube  in  Witzcl's  gastrostomy  seems  to 
be  one  of  the  safest. 

Ureterectomy. — The   technique  has  been   described 
in  the  article  on  Nephrectomy  (see  vol.  vi,  page  714). 
Wesley  Gkove  Vincent. 
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Urethra,     Injuries    and     Diseases    of     the.— 

An.'VTOMY. — The  urethra  under  niirnial  conditions  it 
a  closed  canal,  averaf^ins  about  eif,'ht  inches  in  length. 
It  is  to  be  divided,  both  anatomically  and  clinically, 
into  two  chief  parts,  the  anterior  and  the  posterior 
urethra. 

The  anterior  urethra  is  that  portion  which  extends 
from  the  meatus  to  the  anterior  layer  of  the  triangular 
ligament.  This  portion  is  on  the  average  about  six 
inclies  in  length,  and  is  itself  divided  into  three  por- 
tions, which  have  somewhat  different  clinical  char- 
acteristics. The  first  portion  extends  from  the 
meatus  backward  for  about  one-half  an  inch.  It  is 
somewhat  wider  in  its  central  portion  than  at  either 
of  its  extremities,  and  is  therefore  known  as  the  fossa 
navicularis.  The  constriction  at  its  posterior  ex- 
tremity is  occasionally  of  some  importance,  as  the 
point  of  an  instrument  may  become  arrested  and  its 
further  advance  prevented  until  a  proper  direction 
is  given. 

The  next,  or  median  portion,  extends  from  the  fossa 
navicularis  backward  for  about  three  and  one-half 
inches.  It  is  without  constriction,  and  may  be  re- 
garded as  representing  the  caliber  of  the  urethra,  and 
should  in  health  permit  the  introduction  of  a  No.  26 
F.  sound  without  stretching. 

The  portion  of  the  urethra  lying  behind  this  median 
portion  and  in  front  of  the  triangular  ligament  is 
known  as  the  bulbus  urethrte,  or  bulb.  It  is  a  more 
distensible  and  roomy  portion  of  the  urethra,  and 
under  pathological  conditions  or  in  old  people  may 
be  dilated  so  that  a  pocket  occurs  just  in  front  of  the 
triangular  ligament.  This  portion  of  the  urethra  is 
important  because,  owing  to  its  distensibility,  the 
floor  is  here  readily  pushed  downward  by  an  instru- 
ment advancing  along  the  urethra  until  it  lies  below 
the  level  of  the  opening  in  the  triangular  ligament, 
and  the  instrument  is  then  arrested  because  its  point 
comes  sharply  against  the  ligament,  and  false  pas- 
sages are  here  of  common  occurrence.  It  is  also  to 
be  remembered  that  in  inflammatory  conditions  of 
the  urethra  the  disease  is  apt  to  remain  longer  in  this 
region,  possibly  owing  to  the  fact  that  it  is  the  most 
dependent  portion  of  the  fixed  urethra  and  infectious 
materials  gravitate  into  it. 

The  deep  urethra,  or  that  lying  between  the  anterior 
layer  of  the  triangular  ligament  and  the  urethral 
orifice  of  the  bladder,  is  from  one  and  three-quarters 
to  two  inches  in  length  on  the  average.  It  is  divided 
into  two  portions:  that  lying  between  the  anterior 
and  posterior  layers  of  the  triangular  ligament,  or 
the  membranous  portion,  and  that  lying  behind  the 
liosterior  layer  of  the  triangular  ligament  and  sur- 
rounded by  the  prostate  or  the  prostatic  urethra. 
The  membranous  portion,  as  its  name  betokens,  is 
easily  distensible,  and  prone  to  injury  both  from 
instruments  and  from  external  violence. 

The  prostatic  urethra,  or  that  portion  lying  within 
the  prostate,  is  interesting  chiefly  as  containing  the 
orifices  of  the  ejaculatory  ducts  and  of  the  glands  of 
the  prostate.  It  is  divicied  at  the  center  of  the  floor 
by  a  median  elevation  known  as  the  verumontanum. 
This  contains  a  furrow  in  its  anterior  portion  into 
which  open  the  ejaculatory  ducts,  and  it  is  known  as 
the  sinus  pocularis.  It  is  the  homologue  of  the  uterus 
in  the  female.     On  either  side  of  the  verumontanum 
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lie  the  prostatic  sinuses,  so  called,  into  which  open  the 
ducts  of  the  prostatic  follicles. 

While  the  anterior  urethra  may  be  artificially  con- 
sidered as  a  straight  canal,  it  is  not  so  under  normal 
conditions.  The  posterior,  or  bulbous,  portion  is 
more  or  less  fixed  in  the  perineal  tissues,  having  in  the 
erect  position  an  almost  anteroposterior  direction, 
though  rising  somewhat  in  its  anterior  portion.  With 
this  the  penile  portion  makes  a  sharp  angle,  owing  to 
the  pendulous  position  of  the  anterior  urethra,  and 
the  angle  so  formed  is  commonly  known  as  a  peno- 
scrotal angle.  It  is  important  as  being  commonly 
the  seat  of  sensitive  granulations  following  inflam- 
matory diseases  of  the  urethra,  and  of  so-called 
spasmodic  stricture  and  strictures  of  large  caliber. 

Glands  of  the  Urethra. — The  anterior  urethra  is 
plentifully  provided  with  small  glands  situated  in  the 
submucous  layer  and  opening  into  the  urethra  by 
ducts  running  forward.  These  are  known  as  the 
glands  of  Littr6,  and  are  of  prime  importance  in 
inflammatory  conditions  of  the  urethra. 

Cowper's  glands  lie  between  the  layers  of  the  tri- 
angular ligament  on  either  side  of  the  membranous 
urethra,  and  open  by  ducts  of  considerable  length 
into  the  bulbous  portion  of  the  urethra. 

The  prostatic  follicles  or  glands,  above  referred  to, 
lie  among  the  muscular  fibers  of  the  prostate  gland. 

Injuries. — The  pendulous  portion  of  the  urethra 
is,  owing  to  its  great  mobility,  little  liable  to  injury, 
though  it  may,  of  course,  be  injured  by  cuts,  stabs, 
or  crushing  accidents  involving  the  whole  pubic 
region. 

The  bulbous  urethra  is  the  most  liable  to  accident, 
and  next  to  that  the  membranous  urethra. 

Rupture  of  the  Urethra. — Etiology. — Injury  to 
the  urethra  occurs  most  frequently  by  falls  upon  the 
perineum  astride  some  hard  object,  as  a  beam,  fence, 
or  chair.  Under  these  circumstances  the  urethra  is 
forced  against  the  pubic  ramus  upon  either  side,  the 
force  of  the  blow  rarely  being  exactly  median.  The 
injuries  taking  place  in  this  way  may  vary  from  very 
slight  and  trifling  lacerations  to  complete  transverse 
division  of  the  urethra. 

It  may  be  mentioned  here  that  another  not  un- 
common form  of  injury  to  the  urethra  is  from  the 
careless  use  of  stiff  instruments,  which  tend  to  leave 
the  urethra  in  the  region  of  the  bulb,  especially  where 
inflammatory  processes  have  damaged  the  mucous 
membrane.  The  injury  in  these  cases  may  vary 
from  slight  punctured  wounds  to  complete  transverse 
division,  as  in  one  case,  seen  by  the  writer,  in  which 
violent  efforts  to  pass  a  silver  catheter  upon  an  old 
man  with  prostatic  obstruction  resulted  in  rupture 
of  the  bulbous  urethra,  with  the  formation  of  a  large 
blood  clot  closely  simulating  conditions  found  in 
traumatic  rupture  of  the  urethra.  It  may  in  general 
be  said  that  the  amount  of  injury,  particularly  that 
due  to  violence,  is  greater  than  either  the  signs  or 
symptoms  would  indicate,  and  for  this  reason  a  false 
sense  of  security  may  lead  to  the  neglect  of  patients, 
with  considerable  damage  to  the  bulbous  or  mem- 
branous urethra. 

Pathology  (Clinical). — When  any  considerable  rent 
has  occurred  in  the  urethra,  the  train  of  symptoms 
following  is  due  to  the  infection  which  very  rapidly 
takes  place  in  the  infiltrated  area.  The  rapidity  with 
which  spreading  gangrene  may  take  place  from  infil- 
trations of  this  character  is  hardly  equalled  by  any 
process  seen  elsewhere  in  the  body.  The  direction  in 
which  the  infiltration  w'ill  spread  depends  upon  the 
anatomical  arrangement  of  the  fasciae  in  this  region, 
and  is  so  characteristic  as  to  require  careful  considera- 
tion. When  rupture  takes  place  in  the  bulbous  por- 
tion of  the  urethra,  infection  will  spread  to  the  tissues 
of  the  scrotum  and  then  upward  through  the  space 
between  the  pubic  spine  and  the  insertion  of  the  fascia 
into  the  symphysis.     It  will  not  tend  to  go  downward 
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on  to  the  thigh,  owing  to  the  adhesion  of  the  superficial 
fascia  in  the  region  of  Poupart's  ligament.  Having 
once  gained  access  to  the  front  of  the  abdomen  through 
the  space  above  mentioned,  it  may  spread  upward  to 
almost  any  extent.  In  the  later  stages  the  spread 
may  be  more  atypical,  owing  to  the  breaking  down  of 
the  natural  barriers.  If  the  rupture  take  place  in 
the  membranous  portion  the  extravasation  will  follow 
the  layers  of  the  pelvic  fascia,  spreading  between  the 
fascia  and  the  wall  of  the  pelvis,  and  possibly  reaching 
the  thigh  through  the  space  on  the  inner  side  of  the 
femoral  vessels.  If  rupture  occur  in  the  prostatic 
urethra  the  infection  will  extend  into  the  connective 
tissue  in  the  pelvis  between  the  fascia  and  the  perito- 
neum, and  pelvic  abscess  may  result.  Rupture  of  the 
prostatic  urethra,  except  when  due  to  instruments  or 
sharp  spicules  of  bone,  in  fracture  of  the  pelvis,  is 
almost  unknown. 

The  most  characteristic  pathological  phenomenon 
of  traumatic  rupture  of  the  urethra  is  the  formation 
of  a  blood  clot.  This  will  generally  be  found  in  the 
perineal  region  between  the  scrotum  and  the  anus,  and 
will  vary  from  a  very  small  quantity  to  an  amount 
sufficient  to  cause  a  bulging  tumor  as  large  as  an 
orange.  At  first  this  blood  is  unmixed  with  urine, 
but  as  the  bladder  becomes  distended  leakage  will 
take  place,  and  the  size  of  the  tumor  may  be  consider- 
ably increased  by  additions  from  this  source. 

Rupture  occurs  most  commonly  upon  the  floor  of 
the  uretlira,  and  in  the  more  extensive  cases  the  ure- 
thra may  be  completely  divided,  with  the  exception  of 
a  small  strip  of  mucous  membrane  on  the  upper  wall. 

The  elasticity  of  the  tissues  forming  the  urethra  is 
great,  and  the  tendency  of  the  ends  to  retract  is 
marked,  but  not  excessive  except  where  complete 
division  of  the  urethra  has  occurred,  when  the  retrac- 
tion may  separate  the  divided  ends  of  the  urethra  for 
a  considerable  distance,  the  intervening  space  being 
filled  with  blood,  urine,  and  tissue  detritus. 

Symptoms. — Pain  is  not  a  characteristic  symptom  of 
rupture  of  the  urethra,  and  extensive  damage  may 
exist  without  causing  severe  pain  except  on  micturi- 
tion. The  contact  of  urine  with  the  raw  surfaces  is 
always  extremely  painful,  but  with  this  exception  pain 
may  be  striking  by  its  absence. 

Hemorrhage. — A  small  amount  of  bleeding  from  the 
meatus  is  quite  characteristic  of  damage  to  the  ure- 
thra. This  is  usually  s^'n  in  the  form  of  a  few  drops 
of  blood,  which  appear  shortly  after  the  injury,  and  a 
little  intermittent  oozing  is  likely  to  continue  for 
some  time  if  treatment  is  not  instituted.  Hemor- 
rhages of  considerable  amount  are  extremely  rare, 
though  instances  have  been  occasionally  reported. 

Retention  of  Urine. — This  symptom  is  quite  char- 
acteristic of  rupture  of  the  urethra.  Generally  the 
patient  will  be  unable  to  empty  his  bladder  at  all, 
though  in  the  milder  degrees  the  attempt  may  be 
successful  at  first,  and  later  fail  on  account  of  swelling 
which  occurs  about  the  injured  part.  This  symptom, 
taken  in  connection  with  the  slight  bleeding  from  the 
meatus  and  the  history  of  injury,  is  almost  pathog- 
nomonic of  rupture  of  the  urethra. 

Tenesmus. — Where  the  damage  is  suflficient  to 
cause  retention,  tenesmus  will  always  follow  after  a 
longer  or  shorter  time.  As  the  bladder  distends,  leak- 
age takes  place  into  the  injured  area,  and  the  pain 
results  in  violent  bladder  tenesmus,  which  is  likely  to 
cause  an  increase  of  the  bleeding  from  the  meatus. 
This  symptom,  while  constant,  is  not  of  great  impor- 
tance, as  it  will  occur  only  in  the  presence  of  other 
s.i^mptoms  suflScient  in  themselves  to  warrant  the 
diagnosis. 

Shock. — In  rupture  of  the  urethra  uncomplicated 
by  fracture  of  the  pelvis  or  extensive  damage  to  other 
tissues,  shock  is  not  a  prominent  symptom,  though  it 
may  readily  occur  when  the  blow  causing  damage  to 
the  urethra  has  at  the  same  time  struck  one  or  the 
other  testicle  with  sufficient  violence  to  cause  the 


rather  characteristic  symptoms  of  shock  from  this 
cause.  When  rupture  of  the  urethra  is  a  complication 
of  extensive  crushing  injuries  involving  the  pelvis, 
shock  may  be  a  prominent  .symptom;  but  in  these 
cases  it  is  a  symptom  of  injurj'  to  other  tissues  rather 
than  to  the  urethra. 

Fever. — The  occurrence  of  fever  after  rupture  of  the 
urethra  is  not  an  immediate  symptom.  It  comes  only 
when  infection  of  the  blood  clot  has  taken  place,  and 
is,  therefore,  too  late  a  symptom  to  be  of  diagnostic 
value. 

Treatment. — When,  from  the  occurrence  of  any  of 
the  above  symptoms,  rupture  of  the  urethra  is  sus- 
pected, an  attempt  should  be  made  to  enter  the  blad- 
der with  a  soft  instrument.  This  may  occasionally 
be  successful,  but  will  on  the  whole  do  more  to  confirm 
the  diagnosis  than  to  prove  itself  of  value  in  the  treat- 
ment. The  instrument  will  generally  leave  the  ure- 
thra at  the  point  of  rupture  and  impinge  upon  some  of 
the  irregularities  which  the  injury  has  caused.  If  a 
stifTer  instrument  is  to  be  tried,  the  attempt  must  be 
made  with  the  greatest  care,  the  attendant  bearing  in 
mind  the  fact  that  he  will  probably  fail,  and  that  it  is 
his  duty  to  do  no  further  injury  to  an  already  damaged 
urethra.  In  general  it  may  be  said  that,  should  a  soft 
instrument  fail  to  find  its  way  into  the  bladder,  no 
further  instrumentation  should  be  undertaken  until 
all  preparations  have  been  made  for  any  operation 
which  may  be  necessary  to  insure  success,  for  to 
attempt  to  enter  the  urethra  with  a  stiff  instrument 
without  being  prepared  to  take  the  consequences 
should  failure  result,  and  resort  immediately  to  a 
cutting  operation,  is  little  short  of  meddlesome 
surgery. 

If  the  means  for  radical  operation  be  not  at  hand, 
overdistention  of  the  bladder  may  be  prevented  by 
aspiration  above  the  pubes.  This  is  not  to  be  re- 
garded as  a  curative  measure,  and  will  not  prevent 
the  leakage  of  urine  into  the  damaged  tissues,  but  it 
may  contribute  to  the  comfort  of  the  patient  during 
necessary  delay. 

The  operation  of  election  is  perineal  section,  with 
evacuation  of  the  blood  clot,  and  if  possible  union  of 
the  divided  ends  of  the  urethra.  There  is  a  growing 
tendency  among  surgeons  to  do  this  operation,  even  in 
cases  in  which,  under  ether,  an  instrument  can  be 
made  to  pass.  This  comes  from  the  conviction  that 
the  amount  of  scar  tissue  following  the  injury  will  be 
less  when  treated  by  the  open  method,  and  from  the 
very  general  experience  of  the  intractability  of  ure- 
thral strictures  resulting  from  this  accident. 

The  first  step  in  the  operation  should  be  the  at- 
tempt to  pass  a  full-sized  sound.  This  will  probably 
fail,  but  in  case  of  success  it  may  be  used  as  a  guide  to 
perineal  section.  If  it  fails  it  may  still  be  used  as  a 
guide  to  the  point  of  rupture.  The  patient  should 
then  be  placed  in  the  lithotomv  position,  and  a 
median  incision  made  in  tlie  penneum.  When  the 
blood  clot  has  been  evacuated  and  the  bleeding,  which 
is  generally  most  marked  from  the  posterior  end,  con- 
trolled, search  should  be  made  for  the  ends  of  the 
urethra.  The  anterior  end  can  generallj-  be  found 
without  difficulty,  as  the  instrument  in  the  urethra  is 
a  direct  guide  to  its  position;  but  the  discovery  of  the 
posterior  portion  may  be  a  matter  of  difficulty,  or 
even  impossibility. 

We  cannot  here  go  at  length  into  the  methofis  of 
search.  If,  after  a  considerable  search,  the  posterior 
fragment  cannot  be  found,  recourse  should  be  had  to 
retrograde  catheterization.  For  this  purpose  the 
bladder  is  opened  above  the  pubes,  as  described  in  the 
section  on  suprapubic  cystotomy.  The  catheter  is 
then  passed  from  the  bladder  into  the  wound,  and 
the  posterior  fragment  of  the  urethra  can  generally  be 
located.  This  having  been  done,  the  further  proce- 
dure is  the  same  in  either  event. 

It  is  generally  thought  wise  to  attempt  to  unite  the 
divided  ends  of  the  urethra  and  thereby  diminish  the 
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amount  of  scar  tissue.  This  is  best  done  with  catgut 
sutures,  which  raav  or  may  not  include  the  mucous 
membrane.  When  the  wound  has  been  largely  closed 
two  courses  are  at  our  disposal:  either  a  large  soft- 
rubber  catheter  may  be  passed  into  the  bladder 
through  the  urethra  and  tied  in  place,  or  the  catheter 
inav  be  placed  in  the  bladder  through  the  perineum, 
either  through  the  rent  in  the  urethra  left  open  for 
the  purpose  or  through  a  stab  wound  posterior  to  it. 
In  either  case  no  further  closure  of  the  wound  with 
sutures  is  indicated,  and  a  light  paclang  of  gauze 
should  be  left  in  position.  The  rest  of  the  treatment 
is  so  similar  to  that  after  perineal  section  for  stricture 
that  its  further  discussion  will  be  unnecessary  here. 

Rupture  of  the  pendulous  portion  of  the  urethra  will 
be  accompanied  bv  extravasation  into  the  tissues  of 
the  penis,  with  rapid  swelling,  edema,  and  tissue 
necrosis,  unless  relieved.  Incision  should  be  prompt 
and  free,  the  wound  in  the  urethra  sutured  or  not, 
according  to  its  extent,  the  external  wound  packed 
with  gauze  and  the  bladder  drained  with  a  catheter 
through  a  perineal  stab  wound  if  the  injury  is  severe 
enough  to  need  any  drainage  at  all. 

Foreign  Bodies  in  the  Urethra. — Foreign  bodies 
in  the  urethra  are  of  two  classes:  those  introduced 
from  without,  either  by  the  patient  or  by  the  doctor, 
and  those  coming  down  from  above,  as,  for  instance, 
stones  which,  having  passed  the  ureter,  have  become 
impacted  in  the  urethra  and  obstruct  the  passage  of 
urine. 

Of  the  foreign  bodies  introduced  from  without  there 
are  an  immense  variety,  of  which  detailed  account 
cannot  be  given  here,  and  their  introduction  by  the 
{jatient  is  generally  due  to  some  mental  perversion. 
Occasionally  pieces  of  instruments  or  catheters  may 
break  off  and  be  left  in  the  urethra.  In  these  cases 
their  presence  is  at  once  known  and  the  proper 
measures  can  be  taken. 

Foreign  bodies  left  in  the  anterior  urethra  can  occa- 
sionally be  forced  out  by  pressure  on  the  urethra, 
but  such  an  occurrence  is  unusual.  They  may  fre- 
quently be  removed  by  the  introduction  of  a  full- 
sized  endoscope  in  a  good  light,  the  body  being  seized 
with  proper  alligator  forceps.  In  order  to  prevent 
it  from  slipping  back  along  the  urethra,  which  it  has 
a  marked  tendency  to  do,  the  fingers  of  the  left  hand 
should  compress  the  urethra  behind  it  and  prevent 
such  .slipping.  In  case  removal  by  the  endoscope  is 
impossible,  an  external  urethrotomy  over  the  Isody 
is  always  proper,  and  the  only  necessary  precaution  is 
to  make  sure  that  the  body  is  firmly  held  in  position 
before  the  incision  is  made. 

Foreign  bodies  in  the  deep  urethra  can  rarely  be 
reached  by  means  of  the  endoscope.  By  far  the  most 
common  of  these  bodies  are  urethral  calculi  which  are 
too  large  to  pass  the  urethra.  In  these  cases  they 
cannot  infrequently  be  pushed  back  into  the  bladder 
by  the  use  of  a  full-sized  sound,  and  where  this  can 
be  done  without  undue  violence  it  will  serve  to  relieve 
the  retention  which  always  exists.  Once  they  have 
been  pushed  back  into  the  bladder,  they  may  be 
removed  by  the  measures  appropriate  to  stone  in  the 
bladder.  When,  in  rare  instances,  they  cannot  be 
])ushed  back  as  above  described,  a  small  perineal 
incision  or  boutonniere  can  be  made,  and,  with  the 
forefinger  of  the  left  hand  in  the  rectum,  the  foreign 
bod>*  can  be  grasped  with  dressing  forceps  and 
removed. 

Inflammatory  Diseases. — Inflamrnatory  conditions 
affecting  the  urethra  may  be  classified  under  four 
general  headings.  These  are:  (1)  Gonorrheal.  (2) 
Simple.     (.3)   Syphilitic.     (4)   Chancroidal. 

GoNORRHEA.^The  space  at  our  command  will  not 
permit  us  to  digress  into  the  interesting  discu.ssion  of 
the  relation  of  the  gonoeoccus  of  Neisser  to  this  dis- 
ease.    Suffice  it  to  say  that  gonorrheal  processes  are 
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always  due  to  the  above-mentioned  organism,  and 
that 'when  doubt  of  its  presence  exists  the  classifica- 
tion cannot  be  made  with  certainty.  The  occurrence 
of  other  organisms  closely  resembling  the  gonoeoccus 
in  staining  properties  and  morphological  character- 
istics is  now  beyond  question,  and  in  doubtful  cases 
the  question  can  only  be  decided  by  cultures. 

Pathology. — The  prime  characteristic  of  this  organ- 
ism, as  revealed  in  the  varying  severity  of  the  inflam- 
mations which  it  causes,  is  its  affinity  for  mucous 
membranes.  While  the  gonococci  are  capable  of 
producing  inflammatory  processes  elsewhere,  these 
inflammations  are  atypical  and  do  not  show  the  same 
virulent  characteristics  as  are  observed  in  the  urethra. 
.\nother  extremely  important  characteristic  is  the 
liking  of  the  gonoeoccus  for  the  deeper  layers  of  the 
mucous  membrane  and  for  the  glandular  structures 
Iving  in  the  submucous  layer.  Upon  this  character- 
istic depends  the  extremely  unsatisfactory  results  of 
treatment,  as  the  gonoeoccus,  once  fairly  established 
in  the  deeper  layers,  can  be  reached  with  difficulty,  if 
at  all,  and  may  slumber  for  months,  or  even  years,  in 
some  of  these  obscure  hiding  places. 

Symptoms. — Where  an  acute,  fresh  infection  or 
original  infection  has  occurred,  a  well-marked  period 
of  incubation  will  always  be  found,  and  the  absence 
of  such  a  period  should  give  rise  to  serious  doubt  as 
to  the  diagnosis.  Infections  with  other  organisms  of 
a  transient,  unimportant  character,  and  so-called 
"flare-ups"  of  previous  infections,  will  show  little  or 
no  period  of  incubation,  but  a  fresh  infection,  unin- 
fluenced by  previous  conditions,  will  alw'ays  show  a 
well-marked  period  of  incubation,  varying  from  four 
to  seven  days,  occasionally  as  high  as  ten  but  very 
rarely  longer. 

The  first  symptom  is  as  a  rule  a  slight  itching  or 
smarting  of  the  meatus  accompanied  by  a  moderate 
mucoid  discharge.  In  ordinary  cases  this  rapidly 
increases  during  the  following  day  or  two,  and  the 
patient  has  severe  burning  on  urination  with  a  profuse 
yellow  or  greenish  purulent  discharge.  In  many 
cases  about  this  time  a  certain  amount  of  swelling 
and  edema  appears.  This  is  first  noticeable  around 
the  meatus,  and  is  evidenced  by  a  slight  pouting  of 
the  urethra.  This  is  followed  by  edema  of  the  penis 
— sometimes  extreme — probably  due  to  lymphatic 
obstruction.  The  lymphatics,  especially  upon  the 
dorsum,  are  often  to  be  seen  as  well-defined  red  marks, 
extending  up  to  the  region  of  the  pubes.  The  glands 
in  the  groin  at  this  time  are  frequently  somewhat 
enlarged  and  tender.  As  a  rule  they  do  not  go  on  to 
suppuration,  and  are  in  this  way  to  be  distinguished 
from  the  suppurating  glands  most  commonly  seen 
with  chancroidal  ulcerations.  They  are  generally 
more  marked  upon  one  side  than  upon  the  other,  and 
subside  without  local  treatment. 

In  the  absence  of  treatment  the  discharge  and  in- 
flammatory symptoms  continue  to  increase  for  from 
ten  days  to  two  weeks.  The  subsidence  without 
treatment  is  a  slow  process,  and  probably  in  uncom- 
plicated cases  lasts  for  from  six  to  eight  weeks,  at 
which  time  a  certain  proportion  of  untreated  cases 
may  be  spontaneously  cured. 

The  occurrence  of  any  complications,  however,  may 
immensely  protract  the  course  of  the  disease,  and 
there  are  some  cases  which  have  earned  for  themselves 
with  some  justice  the  title  of  "incurable." 

Posterior  Infections. — The  disease  starts  in  the 
anterior  urethra,  generally  in  the  region  of  the  fn.ssa 
navicularisj  and  tends  to  extend  slowly  backward 
by  continuity.  In  all  cases  it  ultimately  involves  tfte 
greater  part  of  the  anterior  urethra.  In  the  majority 
of  cases  there  is  extension  to  the  po.stcrior  urethra. 
This  extension  is  frequently  due  to  continuity  of  the 
process,  but  may  undoubtedly  be  favored  "by  the 
incautious  use  of  instruments,  or  by  poorly  given 
injections,  and  has  long  been  held  up  as  an  argument 
against  the  use  of  local  treatment  during  the  acute 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


I'rethra,  Injurleii  and 
DUeaNes  of 


stages.  Infection  of  the  posterior  urethra  opens  the 
way  to  a  great  variety  of  complications  which  do  not 
belong  strictly  to  tlie  urethra  itself;  that  is  to  say, 
prostatitis,  seminal  vesiculitis,  epididymitis,  orchitis, 
and  Cowperitis,  as  well  as  the  more  remote  and 
luckily  more  uncommon  conditions  of  gonorrheal 
arthritis  and  endocarditis.  These  do  not  fall  within 
the  scope  of  this  article,  and  for  their  discussion 
the  reader  is  referred  to  the  sections  on  these  condi- 
tions. 

The  distinction  between  a  posterior  urethritis  and  a 
prostatitis  cannot  be  made,  and  it  is  probable  that 
no  cases  of  posterior  infection  occur  without  some  in- 
volvement of  the  prostate.  The  symptoms  of  a 
posterior  infection  are  quite  different  from  those  of  an 
uncomplicated  anterior  urethritis,  and  it  is  frequently 
possible  to  deride  that  the  infection  has  passed  the 
triangular  ligament.  Thus,  frequency  of  micturition 
is  an  almost  unfailing  symptom,  and  may  vary  from  a 
very  moderate  increase  to  an  almost  persistent  tenes- 
mus. Pain  is  likely  to  be  a  prominent  symptom,  and 
the  amount  of  pus  coming  with  the  latter  portion  of 
the  urine  will  be  found  to  be  increased.  Not  infre- 
quently the  amount  of  discharge  from  the  anterior 
urethra  decreases  at  this  time,  and  this  has  been  held 
as  an  almost  pathognomonic  sign  of  posterior  infec- 
tion; but  while  it  very  generally  occurs,  it  cannot  be 
regarded  as  distinctive,  and  the  reasons  for  its  occur- 
rence have  not  been  satisfactorily  explained. 

Trenlmeiit. — Abortive  Treatment. — For  many  years 
the  effort  has  been  made  by  surgeons  to  abort  this 
disease,  and  from  our  knowledge  of  the  infectious 
agent  this  is  theoretically  possible.  Practically, 
however,  we  rarely  see  these  cases  at  a  sufficiently 
early  date,  as  symptoms  sufficient  to  attract  the 
patient's  notice  do  not,  as  a  rule,  occur  until  the  micro- 
organism has  reached  the  deeper  layers  of  the  mucous 
membrane  and  has  become  relatively  inaccessible. 
Where  we  have  an  opportunity  to  treat  a  patient, 
known  to  have  been  exposed,  before  the  occurrence 
of  symptoms,  we  are  rarelv  in  a  position  to  postulate 
that  infection  would  certainly  have  taken  place,  and 
claims  of  this  kind  are  not  therefore  entitled  to  weight. 
Nevertheless,  certain  cases  may  be,  if  not  actually 
aborted,  at  least  cut  short,  and  it  is  entirely  permis- 
sible to  attempt  to  abort  cases  seen  within  twenty- 
four  hours  of  the  appearance  of  symptoms. 

The  methods  most  generally  employed  are  the  use 
of  antiseptic  injections,  or  irrigations  of  the  anterior 
urethra,  considerably  stronger  than  would  properh-  be 
used  in  more  developed  cases  or  for  any  considerable 
length  of  time.  Solutions  of  nitrate  of  silver  (one  to 
three  or  four  grains  to  the  ounce),  of  argonin  and  pro- 
targol  (from  two  to  five  per  cent.),  and  argyrol  (from 
five  to  ten  per  cent.)  are  among  the  best.  In  order  to 
be  successful  the  treatment  must  be  carried  out  by 
the  surgeon  himself. 

A  fair  sample  of  these  methods  is  the  following:  A 
patient  seen  with  a  moderate  mucopurulent  discharge 
containing  gonococci  is  given  an  injection  in  the  an- 
terior urethra  of  a  solution  of  nitrate  of  silver,  two 
grains  to  the  ounce.  This  will  produce  a  con.siderable 
burning,  which  will  subside  in  from  one-half  to  two 
hours.  If  seen  in  the  morning  the  patient  rnay_  be 
instructed  to  return  later  in  the  day,  when  an  injec- 
tion of  the  same  solution,  about  one-half  strength, 
may  be  given.  He  may  then  be  given  a  solution  of 
one  of  the  silver  salts  of  comparatively  mild  strength 
— as,  for  instance,  a  one  per  cent,  solution  of  protar- 
gol — and  told  to  use  it  himself  as  an  interior  injcc'tion. 
twice  before  the  next  visit  on  the  following  morning, 
.\  stronger  solution  of  one  of  the  silver  salts,  as,  for 
instance,  a  three  per  cent,  solution  of  protargol,  may 
then  be  given  by  the  surgeon,  while  the  patient  uses 
his  own  solution  at  noon  and  the  stronger  injection  is 
given  again  at  night.  In  the  more  favorable  cases 
the  discharge  mav  be  promptly  checked  an<l  the  gono- 
cocci will  rapidly' disappear,  and  by  the  end  of  a  week 


the  ca.sc  may  be  in  the  subacute  stage  and  run  a  com- 
paratively short  course. 

Most  cases,  however,  will  not  be  proper  subjects  for 
this  abortive  treatment.  Treatment  is  both  general 
and  local,  and  the  opinion  is  gaining  ground  that  both 
forms  of  treatment  are  of  value  for  patients  who  really 
want  to  get  well.  This  remark  may  seem  unneces- 
sary, but  there  are  a  considerable  number  of  patients, 
more  especially  those  seen  in  hospital  practice,  who 
will  not  give  sufficiently  regular  attention  to  their  dis- 
ease to  make  its  elaborate  treatment  worth  while. 
These  patients  arc,  therefore,  best  given  general 
treatment  and  not  subjected  to  local  measures  until 
the  acute  stage  has  so  far  subsided  as  to  make  treat- 
ment at  very  short  intervals  unnecessary. 

General  Treatment. — This  includes  hygienic 
measures  and  diet.  It  is  important  to  advise 
scrupulous  regard  for  the  general  health  and  avoid- 
ance of  dissipation  or  excess  in  any  direction.  Al- 
cohol must  be  absolutely  interdicted,  and  we  have 
frequently  seen  ginger  ale  do  harm.  Highly  seasoned 
irritating  foods,  fatty,  fried,  or  strongly  acid  foods 
are  also  objectionable.  Smoking,  except  to  excess, 
is  not  objectionable.  The  drinking  of  large  quantities 
of  liquids — water,  or  perhaps  better,  milk — is  valu- 
able as  a  diuretic,  and  in  this  connection  the  use  of 
alkaline  diuretics,  as  the  acetate  or  citrate  of  potash, 
is  useful.  Careful  instructions  in  regard  to  the  in- 
fectious nature  of  the  discharge  and  the  importance 
of  personal  cleanliness  should  never  be  omitted. 

Of  the  drugs  known  to  have  a  beneficial  effect  upon 
the  mucous  membranes  of  the  urinary  tract  the  follow- 
ing are  the  chief:  balsam  of  copaiba,  oleoresin  of  cu- 
bebs,  sandal-wood  oil,  salol,  and  urotropin. 

The  balsams  undoubtedly  have  some  effect  upon  the 
mucous  membranes  to  which  they  are  conveyed  by 
their  solution  in  the  urine.  Copaiba  is  perhaps  best 
suited  to  the  poorer  class  of  patients,  to  whom  expense 
is  important.  It  is  likely  to  disagree  with  the  stomach 
and  not  infrequently  produces  erythematous  rashes, 
which  promjjtly  disappear  upon  withdrawal  of  the 
drug.  Cubebs  is  much  in  the  same  class  with  copaiba. 
It  is  slightlj-  less  nauseating,  and  in  our  experience 
somewhat  less  efficient.  Sandal-wood  oil  is  the  most 
effective,  but  most  expensive  of  this  group.  In  order 
to  act  properly  it  must  be  puret  and  on  account  of  its 
expense  it  is  frequently  adulterated.  When  given  in 
capsules  it  does  not  often  upset  the  stomach,  and  its 
most  common  unpleasant  effect  is  pain  in  the  lumbar 
region.  This  may  be  combated  by  the  use  of  moder- 
ate doses  of  salol,  but  in  some  cases  it  will  force  the 
abandonment  of  the  drug. 

Salol  is  regarded  as  a  urinary  anti-septic,  and  is  ex- 
creted in  the  urine  as  salicylic  acid  and  carbolic  acid. 
Urotropin  comes  much  under  the  same  heading,  and 
acts  by  virtue  of  the  formalin  which  it  liberates. 
In  spite  of  their  antiseptic  properties  neither  of  these 
drugs  is  of  any  value  u\  the  urinary  tract  below  the 
level  of  the  bladder  and  hence  they  are  useless  in 
a  urethritis. 

Patients  who  cannot  or  will  not  come  frequently  to 
see  the  surgeon  may  be  treated  as  above  described, 
with  advice  and  balsams,  and  they  will  probably  get 
well  somewhat  more  quickly  than  if  left  untreated. 

Local  Treatment. — This  consists  in  the  application 
of  antiseptic  and  astringent  solutions  to  the  anterior 
urethra.  It  may  be  done  by  injection  or  by  irrigation 
or  both.  Injections  are  given  with  a  small  blunt- 
pointed  syringe,  holding  from  one  to  two  drams,  by 
means  of  which  the  anterior  urethra  is  distended  with- 
out the  use  of  force  sufficient  to  drive  the  solution  into 
the  posterior  urethra.  Irrigations  are  carried  out  with 
a  soft-rubber  catheter  (which  is  advanced  slowly  alonn; 
the  urethra,  washing  it  out  continually  as  the  catheter 
advances)  or  with  a  blunt  nozzle,  through  which  a 
considerable  stream  is  injected  into  the  urethra,  at 
first  with  sufficient  force  to  close  the  cut-<i(f  muscle. 
Irrigations  and  injections  should  be  confined  to  the 
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anterior  urethra  until  there  is  either  an  obvious  pos- 
terior infection  or  until  the  acute  process  has  sub- 
sided (Fig.  4842). 

The  distinctive  characteristics  of  these  two  methods 
are  that  the  method  of  in- 
jection uses  small  ([uantities 
and  depends  upon  antisep- 
tic and  penetratiiiK  proper- 
ties, while  the  method  of  ir- 
rigation uses  solutions  less 
active  and  depends  upon 
the  quantity  used,  in  part  ^-^ 
at  least,  for  its  mechanical 
effect. 

The    solutions    used    for 
injection     are     chiefly    the 
organic  silver  salts.     Their 
claims    to   use- 
fulness  depend 
upon    the   fact 
that    they    are 
organic  salts  of 
silver    and   are 
not   precipitat- 
ed, as   are   the 
inorganic.     They  thus 
have  greater  pfiwer  to 
penetrate  to  the  deeper 
layers   of   the    mucous 
membrane,    and    theo- 
retically,  at  least,  are 
more    likely    to    reach 
the  organisms  beneath. 
There    are    several    of 
them  at  present  which 
have  each  their  ardent 
advocates,  and  we  can- 
not  undertake  to  dis- 
cuss their  relative  effi- 
ciency.   Protargol  may 
be    used    in    strengths 
varying   from  one-half 
to  four  per  cent.,  argy- 
rol  in  a  five  to  ten  per 
cent,    solution.      Botli 
of  these  are  far  less  ir- 
ritating than  silver  ni- 
trate and   can  accord- 
ingly   be    used     in    a 
strength   which    is  far 
more  efficient. 

Where  injections  are 
to  be  used  they  should 
be  given  at  least  once 
a  day  by  the  surgeon 
himself,  and  during  the 
acute  stage  the  patient 
should  use  a  less  power- 
ful solution  twice  or 
three  times  more  in  the 
twenty-four  hours. 
The  number  of  injec- 
tions may  be  decreased 
as  the  inflammation 
subsides.  All  solutions 
used  in  this  way  should 
be  held  in  the  urethra 
for  from  five  to  ten 
minutes,  as  in  this  way 
their  efficiency  is  much 
increased. 

The  solution  most 
commonly  used  for  ir- 
rigation is  perman- 
ganate of  potassium  of 
strengths  of  from  1  to 
6,000  to  1  to  3,000.  Ir- 
rigation should  always 
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Fio.  4842. — Valentine  Appa- 
ratus for  Irrigating  tlie  Urethra 
and  Bladder.  The  support  for 
the  apparatus  is  attached  to  the 
wall  or  to  the  wood-work  of  the 
room  in  such  a  manner  that  the 
bottom  of  the  irrigator  {h)  is  nine 
feet  from  the  floor.  The  patient 
sits  on  a  chair  eighteen  inches  high. 
All  irrigations  are  performed  from 
this  elevation;  differences  in  the 
force  of  the  stream  are  procured 
by  drawing  back  or  pushing  for- 
ward the  flange  (*)•  a,  a.  board 
with  brass  rod  (.a);  c,  collar  hold- 
ing irrigator;  d,  pulley  to  raise  ir- 
rigator for  use  or  to  lower  it  for 
cleaning  and  filling,  but  not  for 
producing  variations  of  force  of 
stream;  e,  cord  for  drawing  up  irri- 
gator;/, ring  at  end  of  hoisting 
cord;  g,  brass  rod,  serving  as  track 
for  metal  block  which  supports 
collar:  t,  soft-rubber  tube  six  and 
one-half  feet  long;  j,  ring  for  fourth 
finger;  (,  shield  for  directing  flow 
from  urethra  into  basin  on  pa- 
tient's lap;  771,  small  ring  for  sus- 
pending stopcock  when  not  in  use; 
n,  nozzle  in  place;  o,  pointed  nozzle 
for  normal  meatus;  p,  dome-shaped 
nozzle  for  large  meatus ;  5,  flattened 
nozzle  for  small  meatus;  r,  nozzle 
for  irrigating  female  urethra  and 
bladder. 


be  carried  out  by  the  surgeon  himself,  and  there  can 
be  no  doubt  that  when  carelessly  used  it  is  capable  of 
doing  great  harm.  We  do  not  believe  that  it  is  a 
procedure  which  can  safely  be  left  to  the  patient,  and 
think  that  its  greatest  field  of  usefulness  is  in  connec- 
tion with  injections,  the  irrigation  being  given  by  the 
surgeon  and  the  injection  used  by  the  patient.  Since 
these  irrigations  depend  for  their  efficiency  in  part 
upon  the  quantity  used,  this  should  always  be  con- 
siderable, and  most  authorities  agree  in  advising  the 
use  of  from  one  to  three  pints.  The  method  in  which 
a  catheter  is  employed  and  the  urethra  cautiously 
irrigated  inch  by  inch,  from  the  meatus  to  the  bulb, 
care  being  taken  to  see  that  a  free  back  flow  is  kept 
up,  commends  itself  to  us  as  being  less  liable  to  be 
followed  by  complications,  and  we  are  inclined  to 
think  that  for  practitioners  who  are  not  specialists 
this  method  is  likely  to  be  most  generally  useful. 

Treatment  of  Acute  Posterior  Urethritis. — The  occur- 
rence of  this  form  of  inflammation  has  already  been 
noted.  When  this  is  confined  to  the  urethra  itself 
the  process  may  occasionally  be  headed  off  by  the 
use  of  instillations  of  nitrate  of  silver  (from  one  to 
five  grains  to  the  ounce),  of  which  solution  five  to  ten 
drops  should  be  used.  As  a  rule,  however,  these  cases 
do  best  when  not  treated  locally  during  the  acute 
stage.  For  a  further  discussion  of  this  the  reader  is 
referred  to  the  pages  in  the  article  on  the  Prostate. 

Chronic  Urethritis. — This  name  is  given  to  the 
cases  which,  with  or  without  treatment,  continue  for 
an  undue  length  of  time.  As  a  rule  the  onlj-  symp- 
tom is  a  very  moderate  discharge,  most  noticeable 
in  the  morning,  and  the  more  or  less  constant  presence 
of  shreds  in  the  urine.  It  generally  is  not  a  source  of 
annoyance  to  the  patient,  except  from  the  knowledge 
that  he  is  not  cured.  It  is  far  more  to  be  dreaded 
as  a  source  of  infection  than  the  more  acute  conditions, 
as  the  very  mild  symptoms  lull  the  patient  to  a  false 
sense  of  security  or  are  overlooked  through  ignorance 
of  the  damage  which  they  may  cause.  The  treat- 
ment belongs  really  in  the  province  of  the  specialist, 
and  obstinate  cases  are  likely  to  be  a  source  of 
con.siderable  annoyance  to  the  general  practitioner. 

Continuance  of  the  inflammation  is  generally  due 
to  infection  of  the  prostate  or  seminal  vesicles,  or  to 
a  stricture,  and  for  a  discussion  of  these  causes  the 
reader  is  referred  to  other  sections  of  the  present 
article.  Another  not  uncommon  cause  is  the  so- 
called  granular  patches,  or  granulations,  in  the  urethra. 
These  are  small  areas,  most  commonly  found  in  the 
bulb  or  at  the  peno  scrotal  angle,  where  the  infection 
has  persisted  in  the  deeper  layers  with  more  or  less 
destruction  of  mucous  membrane.  These  patches 
can  best  be  treated  with  the  endoscope.  An  instru- 
ment should  be  selected  as  large  as  the  urethra  will 
accommodate  without  causing  undue  pain.  This 
should  be  passed  to  the  region  of  the  bulb  and  the 
obturator  withdrawn.  Then,  with  a  good  illumina- 
tion, the  surgeon  should  follow  the  whole  course  of 
the  pendulous  urethra,  drying  his  field  from  time  to 
time  with  an  applicator,  and  accurately  localize  any 
granular  patches  which  exist.  These  can  generally 
be  distinguished  by  the  different  texture  of  the  tissues 
and  by  the  loss  of  the  normal  luster.  It  must,  how- 
ever, be  admitted  that  these  granulations  are  more 
frequently  found  by  those  who  are  expert  in  the  use 
of  the  endoscope  than  by  those  who  use  it  only  oc- 
casionally. The  granulations  should  be  touched  with 
nitrate  of  silver,  from  fifteen  to  thirty  grains  to  the 
ounce,  and  generally  after  one  or  two  applications 
marked  improvement  will  be  seen. 

Another  common  cause  of  a  slight  amount  of  dis- 
charge is  to  be  found  in  the  persistence  of  infection 
in  the  glands  of  the  urethra.  These  can  hardly  be 
reached  by  local  applications,  and  are  best  treated 
by  stretching  the  urethra  moderately  with  sounds  or 
with  a  KoUman  dilator.     This  should  not  be  done 
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more  than  once  in  five  to  seven  days,  and  the  urethra 
should  be  carefully  irrigated  with  some  mild  antiseptic 
solution  after  instrumentation.  The  patient  should 
also  be  given  either  one  of  the  balsams  or  the  oil  of 
sandal-wood,  which  act  extremely  well  in  these  chronic 
or  subacute  cases.  The  use  of  astringent  washes, 
as  permanganate  of  potassium,  sulphate  or  sulpho- 
carbolate  of  zinc,  and  the  like,  is  also  useful,  as  the 
discharge  is  in  part  due  to  hypersecretion  of  a  slightly 
injected  mucous  membrane,  which  will  yield  nicely 
to  the  use  of  astringents,  either  by  injection  or  by 
irrigation. 

Other  Forms  op  Urethbitis. — There  still  remain  to 
be  considered  three  other  forms  of  urethritis,  which 
are  important  chiefly  because  they  are  occasionally 
confounded  with  gonorrheal  urethritis.  Such  mis- 
takes can  hardly  occur  except  where  a  diagnosis  is  to 
be  made  between  the  later  stages  of  an  acute  urethritis 
and  the  earlier  stages  of  these  other  varieties.  An 
inflammation  of  the  urethra  coming  on  after  a  definite 
period  of  incubation,  accompanied  by  a  profuse  puru- 
lent discharge  and  showing  the  presence  of  intra- 
cellular diplococci,  can  hardh'  be  mistaken.  It  is  not 
to  be  denied  that  there  are  other  diplococci  in  the 
urethral  discharges,  and  that  they  may  occasionally 
stand  in  an  etiological  relation,  but  these  are  very 
rarely  capable  of  producing  a  profuse  discharge,  with 
other  symptoms  of  acute  infection.  When  we  have 
to  deal  with  a  so-called  "gleety"  discharge,  showing 
the  presence  of  diplococci,  the  diagnosis  cannot  be  so 
easily  made,  and  it  is  also  true  that  even  the  use  of 
Gram's  stain  is  not  sufficient  to  distinguish  between 
these  organisms,  and  cultural  methods  alone  are  to 
be  regarded  as  absolute.  When,  therefore,  the  im- 
portance of  an  accurate  diagnosis  is  extreme,  no  stain- 
ing or  morphological  distinctions  are  to  be  regarded 
as  absolute.  The  most  important  question  which  the 
practitioner  is  called  upon  to  decide  is  the  distinction 
between  a  fresh  infection  and  the  lighting  up  of  an 
old  gonorrheal  inflammation.  As  is  well  known,  this 
tendency  to  recur  is  very  marked,  even  after  the  lapse 
of  months  or  years.  A  "flare-up,"  so  called,  may 
generally  be  distinguished  by  its  rapid  onset,  showing 
little  or  no  period  of  incubation,  its  comparatively 
mild  course,  and  its  tendency  to  subside  under  mild 
treatment.  Gonococci  will  generally  be  present  in 
considerable  numbers  at  first,  but  they  rapidly  dis- 
appear. These  cases  are  to  be  distinguished  from  the 
cases  of  so-called  "simple  urethritis,"  which  are  due 
to  infections  of  the  urethra  with  other  organisms.  It 
is  now  beyond  question,  that  other  organisms  are 
capable  of  exciting  urethritis,  but  they  act  rather  as 
a  local  irritant  and  differ  markedly  from  a  gonorrheal 
infection.  They  show  little  or  no  period  of  incubation, 
the  discharge  as  a  rule  is  mueo-purulent,  and  they 
subside  in  a  few  days,  with  or  without  treatment. 
If  the  discharge  be  examined  under  the  microscope  a 
variety  of  cocci  and  bacilli  may  be  found,  and  possibly 
intracellular  organisms.  The  infection  is  frequently 
not  pure,  and  mixed  cultures  are  generally  to  be 
obtained.  It  is  of  the  first  importance  that  these 
cases  should  not  be  confused  with  a  true  gonorrheal 
infection  as  serious  consequences  might  follow  such  a 
mistake. 

Trcntment. — These  cases  do  well  under  mild  as- 
tringent or  antiseptic  irrigations,  and  are  to  be  treate<I 
locally  from  the  very  start.  As  a  rule  they  subside 
in  the  course  of  a  week  or  ten  days. 

Chancroidal  Urethritis. — The  possibility  of  a 
chancroidal  ulceration  extending  into  the  urethra 
as  far  as  the  fossa  navicularis  must  be  remembered. 
As  a  rule  the  diagnosis  is  accompanied  by  no  difTi- 
culties,  and  the  evidence  of  an  ulcerative  process 
generall}'  extending  out  on  to  the  glans  will  render  the 
diagnosis  easy.  The  treatment  is  that  of  chancroidal 
ulcers  elsewhere. 


Syphilitic  Urethritis.— Intraurethral  chancres 
are  not  uncommon.  Their  presence  is  accompanied 
by  a  moderate  purulent  or  muco-purulent  discharge, 
which  might  be  mistaken  for  an  atvpical  case  of 
gonorrhea.  Such  errors  may  be  avoided  by  palpa- 
tion of  the  anterior  urethra,  which  will  show  the 
presence  of  an  indurated  area,  generally  in  the  first 
inch  and  a  half  of  the  urethra.  These  are  to  be  dis- 
tinguished from  periurethral  abscesses,  or  so-called 
folliculitis,  by  their  hardness,  and  by  the  absence  of 
tenderness;  often  by  their  position  at  or  near  the 
meatus,  and  by  the  appearance  of  a  roseola.  The 
treatment  is  that  of  syphilis  elsewhere. 

Stricture  of  the  Urethra. — Strictures  of  the 
urethra  may  be  congenital  or  acquired,  but  the  vast 
majority  of  strictures  with  which  the  practitioner  has 
to  deal  come  under  the  latter  heading. 

Congenital  Strictures. — Congenital  strictures  of  the 
urethra  are  rare.  They  are  generally  at  the  meatus 
and  may  be  of  extremely  small  caliber. 

The  etiology  is  obscure.  Cases  of  stricture  further 
back  than  the  meatus  have  been  reported  as  congenital. 

The  treatment  is  that  of  stricture  in  the  adult. 

Spasmodic  Stricture. — Under  this  heading  we  must 
consider  the  so-called  spasmodic  strictures,  which, 
though  not  strictures  in  the  narrowest  sense  of  the 
word,  are  yet  frequently  productive  of  the  symptoms 
of  stricture.  They  are  due  to  spasm  of  the  "muscular 
fibers  in  the  urethra,  producing  more  or  less  obstruc- 
tion. By  far  the  most  common  cause  of  spasm  is 
a  sensitive  area  due  to  inflammation,  which  may  be 
sufficiently  localized  to  be  described  as  ulcer.  This, 
when  approached  by  an  instrument,  resents  the  inter- 
ference, causing  contraction  of  the  muscular  fibers 
and  a  consequent  obstruction  to  the  passage  of  the 
instrument.  It  may  in  this  way  give  rise  to  signs 
closely  resembling  organic  stricture,  and  is,  to  be 
distinguished  largely  by  the  history,  which  will  as 
a  rule  show  an  entire  absence  of  symptoms  except 
when  the  urethra  is  examined  with  an  instrument. 

There  are  also  cases  of  spasmodic  stricture  ap- 
parently of  purely  nervous  origin.  These  occur  in 
neurotic  individuals,  and  are  most  pronounced  when 
their  nervous  symptoms  are  prominent.  The  diag- 
nosis is  to  be  made  only  upon  the  history,  an  entire 
absence  of  inflammatory  disease,  and  the  demonstra- 
tion of  the  absence  of  local  areas  of  congestion.  It  is 
probable  that,  if  put  to  this  test,  the  number  of  spas- 
modic strictures  of  nervous  origin  will  not  be  found 
large.  Spasmodic  stricture  disappears  under  full 
surgical  anesthesia. 

Organic  Stricture. — The  two  prime  causes  of  organic 
stricture  are  trauma  and  gonorrheal  urethritis. 

Traumatic  stricture  has  already  been  discussed 
under  rupture  of  the  urethra  and  will  not  be  further 
mentioned  here. 

While  it  is  not  to  be  denied  that  urethritis  of  other 
than  gonorrheal  origin  is  at  times  sufficiently  severe 
to  be  capable  of  producing  true  organic  stricture,  cases 
in  which  such  has  actually  occurred  are  extremely 
rare. 

Pathology. — The  trouble  begins  with  the  loss  of  a 
small  portion  of  the  mucous  membrane,  which  results 
in  the  failure  of  the  tissues  to  protect  the  deeper  parts, 
and  as  a  result  they  become  infiltrated  with  urine. 
This  sets  up  an  inflammatory  exudate  in  the  submu- 
cous layer,  with  the  deposit  of  fibrous  tissue.  It  is 
stated  upon  good  authority  that  the  fibrous  tissue 
here  formed  differs  from  scar  tissue  in  other  regions 
by  showing  a  greater  tendency  to  contract.  This 
may  be  real  or  due  to  the  fact  that  in  many  cases  infil- 
tration has  taken  place  about  the  whole  circumference 
of  the  urethra,  and  that  a  very-  moderate  amount  of 
contraction  at  any  one  part  will  produce  a  verj-  de- 
cided contraction  of  the  whole.  It  is  also  to  be  re- 
membered that  the  process  of  formation  is  an  ex- 
tremely slow  one,  and,  therefore,  that  the  scar  is  laid 
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down  layer  upon  layer  in  the  endeavor  to  protect  the 
deeper  parts  from  the  extremely  irritating  urine  which 
infiltrates  it.  In  this  way  a  concentric  scar  is  forrned, 
and  we  need  not  suppose  any  exceptional  qualities 
in  the  fibrous  tissue  in  order  to  show  an  extremely 
persistent  tendency  to  contract. 

Changes  in  the  Urethra.— The  changes  in  the  urethra 
itself  due  to  stricture  and  yet  not  immediately  at  the 


point  of  stricture,  are  due  to  the  fact  that  the  urethra 
behind  the  point  of  narrowing  is  not  completely 
emptied.  The  condition  begins  by  the  retention  of 
a  drop  of  urine  behind  the  stricture — leading  to  irrita- 
tion and  frequently  a  slight  discharge,  which  is  often 
referred  to  as  a  "gleet."  This  is  nothing  more  than 
the  attempt  on  the  part  of  the  mucous  membrane  to 
trrt  it>rlf  aizninst  tin-  irritating  properties  of  the 


urine.  As  the  process  goes  on  and  the  narrowing 
becomes  more  complete,  there  is  dilatation  of  the 
urethra  at  this  point,  which  may  become  extreme. 
With  this  dilatation  goes  a  decre.ase  in  vitality  of  the 
tissues,  with  consequent  maceration  and  perforation 
of  the  mucous  membrane,  leading  to  a  small  abscess, 
which  may  go  on  to  the  formation  of  a  fistulous  open- 
ing behind  the  stricture  and  in  e.xtreme  cases  to  ex- 


new  fistula,  and  the  process  may  go  on  until  several 
are  formed,  giving  rise  to  the  condition  known  as 
"a  watering-pot  perineum." 

Extravasation  of  urine  is  due  to  a  rupture  of  the  ure- 
thra behind  a  stricture,  and  differs  in  no  way  from 
that  which  occurs  from  traumatic  rupture  of  the 
urethra. 

Changes  in  the  Bladder,  Ureters,  and  Kidneys. — With 
the  increasing  obstruction  in  the  urethra 
comes  a  hypertrophy  of  the  bladder, 
with  not  infrequent  sacculation,  and 
unless  this  hypertrophy  absolutely 
keeps  pace  with  the  obstruction  there 
comes  a  time  w  hen  the  bladder  is  not 
completely  emptied,  and  there  is  resid- 
ual urine  and  a  condition  favoring 
cystitis.  The  number  of  cases  in  which 
some  residual  urine  is  to  be  found  is 
probably  much  larger  than  is  generally 
supposed,  and  is  stated  by  some  writers 
as  high  as  sixty  per  cent.  With  the 
occurrence  of  residual  urine  of  any 
amount  there  comes  a  back  pressure 
upon  the  ureters  and  pelves  of  the 
kidneys,  resulting  in  dila- 
^^^  tation  and  thereby  favor- 

^^^  ing    infection    not    only 

of  the  ureter  and  pelvis, 
but  also  of  the  secreting 
portions  of  the  kidney. 
In  this  way  arise  the  con- 
ditions known  as  pyelo- 
nephritis, or  "surgical 
kidney,"  rendering  any 
surgical  operation  risky. 
,,    .    .        ,  „      ■     s  D     ,  Varieties  of  Stricture. — 

Vanet.es  of  Bougie  i  Boule.  j^    j^    customary    to    de- 

scribe  the  anatomical  characteristics  of  a  stricture  as 
one  of  three  varieties. 

A  stricture  which  is  extremely  narrow  and  resembles 
a  band  constricting  the  urethra  is  spoken  of  as  linear. 

A  wider  band,  which  constricts  a  moderate  amount 
of  the  urethra  in  a  symmetric  manner,  is  spoken  of  as 
an  annular  stricture. 

A  stricture  of  greater  length,  which  has  narrowed 
the  urethra  unequally  in  its  different  parts  and  has, 
therefore,  pushed  the  portion  of  the  canal  which  re- 
mains patulous  firsi  to  one  side  and  then  to  the  other, 
is  spoken  of  as  tortuous. 

These  varieties  are  not  of  great  importance  in  the 
treatment  of  stricture,  for  in  some  cases  all  three  varie- 
ties may  be  present  in  one  patient,  and  it  is  difficult, 
without  the  use  of  complicated  apparatus,  to  decide 
exactly  as  to  the  particular  class  to  which  a  given 
case  belongs. 

Strictures  are  also  divided,  according  to  their  diame- 
ter, into  strictures  of  large  and  strictures  of  small 
caliber.  This  is  a  distinction  which,  in  the  light  of  our 
present   knowledge,    might   properly   be   abandoned. 


4S45. — Filiform   Bougies 


travasation  of  urine.  The  abscesses  and  fistulje  thus 
formed  may  be  multiple,  and  the  cause  of  multiple 
fistula  formation  is  not  necessarily  the  presence  of 
multiple  strictures.  Multiple  fistula;  may  and  fre- 
quently do  exist  with  but  one  stricture.  This  is  due 
to  the  fact  that,  as  the  fistula  becomes  chronic,  much 
fibrous  tissue  is  deposited  along  its  walls,  which  then 
contract  and  the  fistula  no  longer  serves  to  drain  the 
cavity  from  which  it  started.  The  infection  then 
extends  in  another  direction,  with  the  formation  of  a 
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The  term  of  "large  caliber"  was  introduced  by  Otis 
and  his  followers,  who  regarded  any  narrowing  of  the 
canal  below  that  caliber,  established  by  an  arbitrary 
scale,  as  evidence  of  stricture.  To-day  it  is  generally 
admitted  that  many  so-called  strictures  of  large 
caliber  should  properly  have  been  regarded  as  physio- 
logical narrowings  of  the  canal,  and,  as  the  term 
carries  with  it  no  important  distinction,  it  should  prop- 
erly be  abandoned.  For  practical  purposes,  only 
the  strictures  which  were  termed  by  Otis  "strictures 
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of  small  caliber"  are  to  be  regarded  as  organic  stric- 
tures at  all.     It  is  always  proper  in  describing  a  stric- 
ture to  speak  of  it  as  a  large  or  a  small  stricture,  but 
when  these  expressions  are  used  they  are  not  intended 
to  refer  to  the  term  "stricture  of  large  caliber,"  which 
has  come  to  carry  \s-ith  it  an  especial  meaning,  and  is 
not  to-tiay  believed  to  be  in  accordance  with  the  facts. 
Location. — There  are  three  points  in  the  urethra  at 
which  organic  .stricture  is  most  commonly  to  be  found. 
First,  the  region  of  the  bulb. 
Second,  the  region  of  the  penoscrotal  angle. 
Third,  a  point  at  the  posterior  limits  of  the  fossa 
navicularis. 

True  stricture  of  the  membranous  urethra  is  rare 
except  in  cases  of  rupture  of  the  urethra. 

Stricture  of  the  prostatic  urethra  is  probably 
unknown. 

Symptoms. — Organic  stricture  of  the  urethra  may 
exist  without  symptoms;  in  fact,  in  the  early  stages 
most  strictures  do  not  attract  the  patient's  attention. 
A  gleety  discharge  vnth  the  constant  presence  of 
shreds  in  the  urine  is  a  very  constant  symptom  of 
stricture. 

Shght  burning  or  irritation  and  slight  frequency  of 
urination  are  commonly  observed,  but  there  are  by 
no  means  constant. 

Dribbling  at  the  end  of  the  act  of  urination  is  com- 
mon, and  due  to  the  inability  of  the  urethra  to  con- 
tract regularly  and  empty  itself. 

Irregularities  in  the  shape  of  the  stream  of  urine 
are  popularly  supposed  to  be  important,  but  as  they 
are  largely  due  to  the  shape  of  the  meatus  they  need 
not  be  given  much  importance. 

Difficulty  in  starting  the  stream  is  a  more  common 
symptom  and,  though  hkely  to  be  due  to  other  causes, 
should  always  attract  attention. 

Frequency  of  urination  in  marked  degree  and  of 
constant  character  is  a  late  symptom,  due  to  changes 
in  the  bladder  resulting  in  the  accumulation  of  residual 
urine. 

Retention  of  urine  is  a  comparatively  late  symptom, 
but  may  occur  with  strictures  of  moderately  large 
caliber,  especially  after  careless  instrumentation,  ex- 
posure to  cold,  or  excesses  in  alcohol.  In  these  cases 
it  is  due  to  an  acute  congestion  of  the  mucous  mem- 
brane, which  is  usually  temporary. 

Diagnosis. — The  diagnosis  of  stricture  is  to  be  made 
only  by  a  careful  local  examination  of  the  urethra, 
such  examination  having  been  suggested  by  almost 
any  one  of  the  above-mentioned  symptoms.  It  is 
wise  to  carry  out  such  an  examination  in  a  routine  way. 
and  the  following  routine  is  suggested,  not  because 
of  exceptional  value,  but  because  it  has  been  found 
valuable  in  practice: 

Examination  should  be  begun  with  a  sound  as  large 
as  the  meatus  will  comfortably  admit.  If  this  is 
arrested  a  smaller  size  may  be  tried,  but  stiff  instru- 
ments smaller  than  IS  or  20  F.  cannot  be  regarded  as 
safe.  The  presence  of  stricture  having  been  a.scer- 
tained  with  the  sound,  examination  may  then  be  made 
with  the  bougie  a  boule  (Fig.  484.3).  The  larger  sizes 
of  this  instrument  are  likely  to  give  confusing  results, 
as  it  is  difficult  to  distinguish  physiological  from  patho- 
logical narrowings.  With  these  instruments  it  is 
possible  to  locate  the  position  of  the  stricture  and  its 
size,  if  it  will  admit  them  at  all.  They  are  not  of 
much  value  in  sizes  smaller  than  No.  10  F.,  as  the 
points  become  engaged  in  small  pockets  in  the  ure- 
thra. If  sizes  smaller  than  this  are  required,  flexible 
bougies,  either  of  the  EngUsh  webbing  or  the  French 
make,  are  most  valuable.  With  them  the  presence  of 
organic  stricture  can  be  definitely  ascertained  by  the 
peculiar  gripping  sensation  felt  as  they  are  being  with- 
drawn. This  sensation  is  sufficiently  peculiar  to  be 
distinctive  if  once  felt.  If  soft  bougies  cannot  be 
passed,  resort  must  be  had  to  the  filiform  bougies. 
These  are  extremelv  liable  to  be  caught  in  the  orifices 
of  the  ducts  and  glands  of  the  urethra,  and  their  use 
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is  a  matter  of  some  difficulty  and  belongs  to  the  prov- 
ince of  the  specialist. 

Treattnent. — The  treatment  of  stricture  of  the  ure- 
thra may  be  briefly  considered  under  three  general 
headings:  (1)  Gradual  dilatation.  (2;  Continuous 
dilatation.     (3)    Urethrotomy,   internal   or  external. 

Gradual  dilatation  is  the  treatment  of  election  in  all 
cases  above  No.  10  of  the  French  scale.  In  many  of 
the  more  chronic  cases  it  will  fail  and  must  be  replaced 
by  some  more  radical  method,  but  an  attempt  at  cure 
by  this  means  is  never  out  of  place  except  in  cases  in 
which  retention  has  either  occurred  or  is  threatened, 
or  in  which  nothing  but  a  filiform  bougie  or  the  small 
sizes  of  bougies  can  be  passed. 

For  strictures  of  a  caliber  18  to  20  of  the  French 
scale  the  conical  steel  sound  is  the  best  instru- 
ment. This  should  be  passed  gently  through  the 
stricture,  no  force  being  used  and  no  attempt  being 
made  to  increase  the  sizes  more  rapidly  than  is  com- 
patible with  comfort.  The  object  to  be  attained  is 
to  dilate  the  stricture  so  gradually  as  not  to  cause 
bleeding  except  in  most  moderate  amounts. 

For  strictures  below  18  F.  the  soft  gum  elastic 
bougies  are  safer,  as  the  smaller  sizes  of  steel  sounds 
are  deadly  weapons  except  in  the  hands  of  the  verj' 
expert. 

Gradual  Dilatation. — The  possibility  of  dilating  a 
stricture  by  the  passage  of  instruments  of  increasing 
size  depends  upon  the  stirring  up  of  a  mild  grade  of 
inflammation  in  the  stricture,  thus  promoting  absorp- 
tion and  softening  the  scar.  For  this  reason  instni- 
ments  should  be  passed  at  such  intervals  as  give  the 
best  results  in  individual  cases.  The  interval  will 
vary  from  three  to  six  or  seven  days,  and  the  attendant 
should  be  guided  by  the  facility  with  which  the  sizes 
can  be  increased.  The  average  interval  will  be  about 
once  in  five  days.  After  dilatation  has  been  carried 
up  to  28  or  30  F.  the  interval  should  be  extended  as 
rapidly  as  possible  without  the  occurrence  of  recon- 
traction.  In  this  way  it  may  soon  be  increased  from 
weeks  to  months,  and  a  condition  attained  when  the 
patient  can  either  pass  an  instrument  for  himself, 
or  visit  his  surgeon  once  or  twice  a  year  to  see  that 
the  caliber  has  been  maintained. 

Any  instrumentation  should  be  followed  by  a 
thorough  washing  of  the  urethra,  to  remove  as  far 
as  possible  dangers  of  infection. 

This  form  of  treatment  will  fail  in  eases  of  old 
stricture  with  much  scar-ti.<;sue  formation,  particularly 
those  which  bleed  very  readily,  and  in  which  each  gain 
in  size  is  accompanied  by  corresponding  damage  to 
the  mucous  membrane.  If,  after  a  moderate  trial 
of  one  or  two  months,  no  notable  gain  has  been  at- 
tained, it  is  better  to  resort  to  some  more  radical  form 
of  treatment  than  waste  further  time  in  what  is  likely 
to  prove  a  hopeless  task. 

There  are  also  a  certain  number  of  what  are  known 
as  "resilient  strictures,"  which,  though  they  can  be  di- 
lated up  to  or  above  20  F.,  cannot  be  kept  at  this  figure 
except  by  constant  treatment,  and  show  a  very  marked 
tendency  to  recontract.  Under  these  circumstances, 
after  a  fair  trial  of  gradual  dilatation,  resort  should  be 
had  to  cutting  operations. 

Cmitinuous  Dilatatio7i. — The  term  "continuous  dila- 
tation "  is  applied  to  a  method  occasionally  applicable 
to  strictures  of  small  caliber,  through  which  only  the 
smallest  instruments  can  be  pa.ssod.  It  may  be  tried 
on  any  passable  stricture  before  resorting  to  cutting 
operations,  but  is  likely  to  prove  successful  only  in  a 
small  number  of  cases.  .\  filiform  bouuie  may  be 
passed  through  the  stricture  and  fastened  in  place. 
.\fter  the  lapse  of  twenty-four  to  forty-eight  hours  it 
will  be  found  that  a  larger  instrument  can  be  inserted. 
These  small  solid  instruments  in  the  urethra  do  not 
interfere  with  the  passage  of  urine.  By  gradually 
increasing  the  size  every  few  days,  with  the  patient, 
of  course,  under  constant  observation,  it  may  lie 
possible  to  obtain  a  caliber  sufficiently  large  to  warrant 
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the  employment  of  gradual  dilatation.  It  is  to  be 
remembered,  however,  that  this  treatment  is  appli- 
cable only  to  a  small  class  of  cases  under  constant  ob- 
servation, and  requires  considerable  skill  and  an 
intimate  knowledge  of  the  treatment  of  stricture  in 
order  to  be  successful. 

Urethrotomy. — General  Preparation  Jor  All  Urelhrnl 
Opirations. — Whenever  possible  any  urethral  opera- 
tion, with  the  exception  of  meatotomy,  should  be  pre- 
ceded by  a  preparation  as  for  any  major  surgical 
operation.  Bowels,  diet,  etc.,  should  receive  careful 
attention.  Urotropin  in  doses  from  ten  to  fifteen 
grains  in  twenty-four  hours  should  be  given  for  a  day 
or  two  previous  to  operation. 

Anexllieties. — Meatotomy  may  always  be  done  with 
cocaine  anesthesia.  For  all  other  urethral  operations 
full  surgical  anesthesia  is  in  general  to  be  preferred. 


instrument  (Fig.  4840)  serve  as  a  type.  Briefly 
described,  the  operation  is  as  follows: 

A  filiform  bougie  is  passed  through  the  stricture  and 
the  instrument  is  then  attached  to  this  as  a  guide. 
The  shaft  is  passed  down  to  the  anterior  face  of  the 
stricture  and  the  knife  is  then  pushed  forward  until 
all  stricture  tissue  has  been  divided.  The  knife  is 
then  withdrawn  into  its  sheath,  the  instrument  re- 
moved, and  a  bulbous  bougie  or  sound  passed  to 
ascertain  that  all  the  scar  tissue  has  been  divided. 
The  objection  to  operations  of  this  type  are  that 
it  is  difficult  to  divide  the  whole  thickness  of  the 
stricture,  and  consequently  the  cutting  has  to  be 
repeated. 

2.  Operation  cutting  from  behind  foward. 

In  this  country  the  instrument  invented  by  Otis, 
and   Wyeth's   modification  of  the  same,    are    much 


Fig.  4S40. — Teevan's  Modific 


i's  Urethrotome. 


Internal  urethrotomy  may  be  done  under  cocaine, 
but  the  anesthesia  is  not  certain  to  be  complete  and 
the  surgeon  is  likely  to  feel  hurried  and  to  do  the 
operation  less  thoroughly. 

Before  any  cutting  operation  the  exact  position  of 
the  stricture  should  be  ascertained  by  means  of  bougie 
k  boule. 

The  operations  upon  the  urethra  coming  under  the 
head  of  urethrotomy  may  be  divided  into  two  general 
groups : 

internal  Urethrotomy. — This  procedure  becomes  the 
operation  of  election  under  the  following  general 
conditions: 

1.  Stricture  of  the  meatus.  All  narrowings  of  the 
meatus  sufficient  to  be  pathological  are  best  treated 
by  cutting  operations,  as  dilatation  in  this  region  is 
likely  to  be  both  painful  and  unsuccessful. 

2.  In  strictures  ante- 
rior to  the  bulb,  large 
enough  to  admit  the 
necessary  instruments, 
under  the  following  con- 
ditions: 

(a)  When  gradual  dil- 
atation, tried  for  a 
sufficient  length  of  time, 

has  failed  to  give  good  Fio 

results. 

(6)  In  case  of  so-called  "irritable  strictures," 
namely,  those  followed  by  increased  discharge,  in- 
crease of  spasm,  urethral  fever,  etc.;  also  in  the  so- 
called  "resilient  strictures." 

(f)  The  presence  of  urinary  fistulae  and  other  sup- 
purative peri-urethral  complications  not  requiring 
perineal  section 

(d)  To  admit  the  passage  of  instruments  prior  to 
operations  within  the  bladder,  as  in  litholapaxy  or 
before  operation  on  an  enlarged  prostate,  to  permit 
urethral  drainage. 

There  are  two  general  types  of  internal  urethrotomy : 

1.  The  operation  cutting  from  before  backward. 
For  this  the  Maisoimeuve  and  modifications  of  this 

338 


more  generally  used.  These  do  their  cutting  from 
behind  forward. 

The  Otis  urethrotome  is  passed  until  the  cutting 
blade  is  half  an  inch  behind  the  posterior  face  of 
the  stricture.  The  instrument  is  then  screwed  open 
until  the  stricture  is  put  upon  the  stretch,  when 
the  knife  is  withdrawn  so  as  thoroughly  to  divide 
the  scar  tissue.  The  instrument  is  then  further 
screwed  open  in  order  to  insure  full  dilatation  at 
the  point  of  incision.  A  full-sized  sound  should 
then  be  passed  in,  order  to  ascertain  whether  or 
not  the  caliber  of  the  urethra  is  normal.  This  opera- 
tion is  applicable  to  any  part  of  the  urethra  anterior 
to  the  bulb. 

In  the  portion  of  the  urethra  between  the  bulb  and 
the  posterior  limits  of  the  fossa  navicularis  all  cutting 
should  be  done  on  the  roof  in  the  median  line.     Stric- 
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4847. — Otis  Dilating   I' 


tures  in  the  fossa  and  at  the  meatus  should  be  cut 
upon  the  floor.  Strictures  behind  the  limits  above 
mentioned  should  not  be  treated  by  internal  urethrot- 
omy except  when  combined  with  external,  on  account 
of  the  danger  of  wounding  large  vessels  and  giving 
rise  to  primary  or  secondary  hemorrhage.  In  all 
operations  within  the  urethra,  except  at  the  meatus 
or  of  very  minor  degrees,  it  is  wise  to  tie  in  a  catheter 
for  the  first  day  or  two.  This  serves  the  double 
purpose  of  preventing  hemorrhage  and  avoiding  a 
possibility  of  infiltration  of  urine. 

Meatotomy. — Operations  within  an  inch  of  the 
meatus  may  be  done  with  a  blunt-pointed  straight 
bistoury,  and,  as  above  mentioned,  aU  cutting  should 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


be  upon  the  floor.     If  preferred,  the  Otis  instrument 
may  be  used  in  the  reversed  position. 

External  Urethrotomy. — External  urethrotomy  be- 
comes the  operation  of  election  for  the  great  majority 
of  all  strictures  at  or  posterior  to  the  bulb,  which 
require  anything  more  than  gradual  dilatation.  It 
will  be  seen,  therefore,  that  the  operations  anterior  to 
the  bulb  are  amenable  to  internal,  those  posterior, 
to  external  urethrotomy.  This  operation  is  particu- 
larly adapted  to  tight  strictures  of  the  bulbous  por- 
tion, with  or  without  urinary  fistuhe;  to  traumatic 
stricture;  and  to  all  so-called  impassable  strictures. 
The  type  of  operation  in  external  urethrotomy  will 
vary  with  the  possibility  of  passing  a  guide  through 
the  stricture.     It  has  become  customary  to  speak  of 


verted  instantly  from  one  of  great  difficulty  to  one  of 
perfect  simplicity.  Attempts  to  pass  an  instrument 
having  failed,  two  courses  are  open,  one  by  far  the 
best:  to  open  the  urethra  in  front  of  the  stricture  and 
attempt  to  find  the  opening  in  the  .stricture  (Wheel- 
house  operation),  or  the  knife  may  be  boldly  plunged 
into  the  apex  of  the  pro.state  behind  the  .stricture  and 
the  urethra  opened  at  this  point  (Cock's  operation). 

Wheelhouse  Operation. — For  this  operation  a  special 
straight  grooved  stair  terminating  in  a  hook,  invented 
by  Mr.  Wheelhouse,  is  frequently  used  (Fig.  4849). 
With  the  patient  in  the  lithotomy  position,  this 
staff,  with  its  groove  upon  the  floor  of  the  urethra, 
should  be  passed  down  to  the  face  of  the  stricture. 
It  is  then  intrusted  to  an  assistant,  to  be  held  strictly 


Fig.  4848. — Gouley  Tunoelled,  Grooved  Guide. 


all  operations  done  with  a  guide  as  simply  "  external 
urethrotomy."  When  no  guide  can  be  introduced 
the  term  "external  urethrotomy  without  a  guide," 
or  perineal  section,  is  generally  adopted. 

External  Urethrotomy  with  a  Guide. — All  the  pre- 
cautions above  mentioned  with  regard  to  the  prejjara- 
tion  of  the  patient  and  location  of  the  stricture  should 
be  observed.  Full  surgical  anesthesia  is  necessary. 
The  operation  most  generally  done  is  that  modeled 
after  the  operation  originallj'  described  by  Syme. 
It  is  briefly  as  follows : 

The  patient  is  placed  in  the  lithotomy  position. 
A  grooved  guide  is  passed,  care  being  taken  to  as- 
certain that  it  has  entered  the  bladder,  and  is  held 
strictly  in  the  middle  line.     The  knife  is  then  intro- 


Fie.  4849. — Wheelhouse    .Staff. 

duccd  in  the  middle  line  of  the  perineum,  about  half 
or  three-quarters  of  an  inch  in  front  of  the  anus  or 
behind  the  stricture.  With  the  blade  of  the  knife 
turned  upward,  it  is  pushed  rapidly  forward  until  it 
strikes  the  groove  of  the  guide,  when  the  cut  is  con- 
tinued upward,  completely  dividing  all  stricture  tissue 
from  behind  forward.  The  guide  is  then  withdrawn 
and  a  full-sized  sound  passed  to  make  sure  that  the 
stricture  is  completely  divided.  This  is  withdrawn 
and  a  catheter  is  tied  in  place  in  order  to  drain  the 
bladder  and  form  a  smooth  surface  around  which  the 
wound  may  heal.  In  regard  to  the  length  of  time 
during  which  this  catheter  should  remain  in  place 
much  difference  of  opinion  exists.  Most  of  the  best 
authorities  advise  that  it  should  be  removed  after 
two  or  three  days,  long  before  the  wound  is  healed  and 
while  urinary  leakage  will  still  occur  freely. 

External  Urethrotomy  icUhout  a  Guide. — Perineal 
Section. — This  operation  is  among  the  most  difficult 
and  tedious  of  the  operations  of  surgery.  It  should 
never  be  undertaken  except  by  a  surgeon  who  is  pre- 
pared for  a  major  operation.  The  best  light,  the 
be.st  assistance,  and  the  best  siirroundings  should 
always  be  secured.  Before  deciding  to  do  the  opera- 
tion without  a  guide  a  painstaking  attempt  should 
be  made  to  pass  a  filiform  bougie  through  the  stric- 
ture, for,  if  this  can  be  done,  the  operation   is  con- 


in  the  middle  line,  and  the  urethra  is  opened  at  tht 
point  where  the  staff  shows  the  face  of  the  stricture 
to  be.  The  staff  is  then  turned  so  that  its  hooked 
extremity  catches  the  upper  angle  of  the  wound  and 
draws  it  upward.  Mr.  Wheelhouse  advises  the  plac- 
ing of  guide  stitches  in  either  side  of  the  opening  in 
the  urethra,  to  act  as  retractors  and  give  a  better  view 
of  the  bottom  of  the  wound.  This  move  will  be  found 
of  great  utility.  Then  follows  a  search  for  the  pos- 
terior portion  of  the  urethra,  and  this  must  be  prose- 
cuted carefully  in  a  dry  field,  the  operator  sticking 
strictly  to  the  middle  line.  The  orifice  will  frequently 
be  found  nearer  the  roof  than  the  floor  and  everj' 
likely  pocket  should  be  searched  with  a  probe  until 
the  right  one  be  found.  If  the  bladder  be  distended 
with  urine,  pressure  with  the  hand  above  the 
pubes  may  force  a  few  drops  of  urine  out  at  the 
opening,  thus  giving  the  key  to  the  situation. 
Time,  patience,  and  a  good  light  are  the  prime 
requisites  to  success,  but  in  the  mo.st  skilful  hands 
hours  may  be  consumed  in  the  search.  In  case  of 
failure,  after  prolonged  search,  the  bladder  may  be 
openeci  above  the  pubes  and  an  instrument  jiasscd 
through  the  urethra  from  behind  forward,  or  Cock's 
operation  may  be  done.  We  are  inclined  to  believe 
that  suprapubic  cystotomy  and  retrograde  catheter- 
ization is  an  operation  which  has  been  too  much 
dreaded,  and  that  it  may  frequently  be  done  with- 
out running  a  risk  so  great  as  that  taken  by  a  pro- 


FlG.  4S50. — Probe   Gorget. 

longed  and  fruitless  search  for  the  urethra.  When 
the  orifice  has  been  found,  a  probe-pointed  gorget 
or  grooved  director  should  be  passed  to  the  blad- 
der and  the  stricture  divided  along  the  floor  or  di- 
lated with  a  proper  dilator.  After  this  a  full-sized 
steel  sound  should  be  passed  to  the  bladder,  it  being 
made  to  turn  the  corner  at  the  urethral  opening  with 
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the  assistance  of  the  sorget.  This  having  been 
done,  the  bladder  should  be  washed  out  and  a  catheter 
tied  in  jilaee  to  secure  permanent  drmnage.  Some 
authorities  advise  the  drainage  of  the  bladder  with  a 
perineal  tube  brought  out  at  the  perineal  wound  and 
left  in  i)Osition  for  a  few  days.  We  believe  that,  except 
in  cases  complicated  with  abscess  formation  or  en- 
larged prostate,  an  in-lying  catheter  will  secure  sufh- 
eiently  good  drainage  and  promote  a  more  rapid 
healing  of  the  wound.  . 

Cnhot's  Operation. — Where  the  stricture  consists  ot 
a  single  narrow  band  a  more  rapid  healing  -"ind  'i 
greater  tendency  to  remain  open  can  be  secured  by 
the  following:  cut  the  stricture  in  the  long  axis  of  the 
urethra;  mobilize  the  corpus  spongiosum  for  some 
distance  on  each  side  of  the  cut;  suture,  with  fine 
chromic  catgut  bringing  the  edges  together  in  a  line  at 
right  angles  with  the  axis  of  the  urethra  as  shown  in 
the  accompanying  illustrations.  Then  drain  with  a 
catheter  either  in  the  urethra  or,  better,  put  in  a  small 
stab  wound  just  behind  the  repair. 

Cock's  Operation. — This  operation  may  be  dismissed 
with  the  comment  that  to  plunge  a  knife  blindly  into 
the  tissues  in  order  to  open  a  urethra,  the  position 
of  which  is  uncertain,  is  not  to-day  a  sound  surgical 
procedure. 

MiaceUaneous  Methods  of  Operation. — Divulsion. — 
The  operation  of  divulsion,  though  still  practised  by 
some  of  the  best  genito-urinary  surgeons,  hardly  comes 
up  to  the  standard  of  modern  accuracy.  It  is  im- 
possible to  tell  in  exactly  what  direction  the  splitting 


Fia.  4851. — Cabot's  Operation  for  Stricture.     A,  First 
through  the  stricture;  a,  6,  incision;  c,  d,e,f,  corpus  spongiosu 
B,  incision  opened  and  corpus  spongiosum  mobilized;  C. 
sutured  horizontally  around  a  catheter  passed  into  the  bladder. 

force  will  be  exerted,  and  the  rent  may  occur  in  an 
undesirable  place.  It  seems  to  have  no  obvious  ad- 
vantages over  a  carefully  practised  internal  ure- 
throtomy, and  is  capable  of  giving  bad  results 
through  the  formation  of  excessive  scar  tissue. 

Excision. — A  considerable  number  of  surgeons  have 
practised  the  operation  of  excising  well-localized 
strictures  through  a  perineal  opening.  These  have 
been  treated  by  an  attempt  to  bring  the  ends  of  the 
urethra  together,  by  grafting,  and  by  plastic  opera- 
tions. In  some  of  the  best  cases,  however,  the  ends 
of  the  urethra  have  been  left  separated  and  allowed 
to  granulate  up  over  an  in-lying  catheter.  The  opera- 
tion appears  to  have  given  excellent  results  in  prop- 
erly selected  cases. 

Electrolysis. — The  application  of  electricity  to  the 
absorption  of  strictures  has  been  enthusiastically  ad- 
vocated from  time  to  time.  Its  advocates  have,  how- 
ever, generally  been  enthusiasts  whose  results  have 
not  been  verified  by  general  experience,  and  it  may 
be  confidently  asserted  that  electricity  cannot  be 
expected  to  cure  organic  stricture  of  the  urethra. 

Prognosis  of  Operative  Treatment. — Internal  ure- 
throtomy is  frequently  referred  to  as  a  trivial  opera- 
tion, devoid  of  danger.  This  statement,  however,  can- 
not be  allowed  to  stand  in  the  face  of  statistics,  and  a 
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practitioner  advising  tlie  operation  must  reckon  with 
a  mortality  in  the  vicinity  of  two  per  cent.,  when  all 
cases  are  taken  into  consideration.  While  this  is  not 
a  large  mortality,  it  is  sufficiently  important  to  em- 
phasize the  necessity  of  doing  the  operation  only  when 
it  is  distinctly  indicated. 

Uncomplicated  eases  of  external  urethrotomy 
should  not  have  a  mortality  higher  than  that  of  inter- 
nal urethrotomy.  The  possibility  of  complications  is, 
however,  considerable,  as  the  strictures  of  the  deep 
urethra,  to  which  this  operation  is  applicable,  are 
more  likely  to  have  affected  the  other  urinary  organs, 
thereby  increasing  the  risk  of  any  surgical  operation. 

Perineal  section  is  an  operation  of  considerable  mor- 
tality, which  cannot  be  accurately  stated,  but  is  prob- 
ab'y  in  the  vicinity  of  fifteen  per  cent.  This  is  due  to 
the  fact  that  the  cases  are  much  less  favorable  for 
operation  on  account  of  the  frequency  of  pyelitis  and 
pyelonephritis,  and  the  mortality  is  not  directly  due 
to  the  operation  itself,  but  to  conditions  antedating 
the  operation.  It  must,  however,  be  considered  as  a 
distinctly  dangerous  operation,  but  the  mortality 
should  never  deter  a  properly  qualified  surgeon,  as  the 
conditions  which  call  for  it  are  certain  either  to  prove 
fatal  or  to  leave  the  patient  in  a  condition  less  favor- 
able for  operation. 

The  ultimate  results  in  the  treatment  of  stricture 
of  the  urethra  may  be  considered  from  two  points  of 
view:  (1)  As  affected  by  the  position  of  the  stricture, 
and  (2)  By  the  method  of  treatment. 

Position  of  the  Stricture. — In  general  it  may  be  said 
that  the  outlook  for  radical  cure  decreases  with  the  dis- 
tance the  stricture  is  situated  from  the  meatus.  Stric- 
ture at  or  near  the  meatus,  if  treated  by  a  proper  cut- 
ting operation,  is  practically  always  entirely  relieved. 
Strictures  of  the  pendulous  urethra  can  generally  be 
radically  cured.  Strictures  of  the  bulbous  and  mem- 
branous urethra  generally  require  the  more  or  less 
continuous  use  of  instruments  in  order  to  maintain 
a  full  caliber. 

Method  of  Treatment. — Gradual  dilatation  will 
radically  cure  a  certain  number  of  eases  of  stricture 
of  the  anterior  urethra.  The  exact  proportion  can- 
not be  accurately  stated,  but  in  the  majority  of  cases 
the  full  caliber  of  the  urethra  is  maintained  only  by 
the  occasional  p.assage  of  instruments. 

Internal  urethrotomy  is  more  likely  to  produce 
radical  cure  in  properly  selected  eases  of  stricture  of 
the  anterior  urethra.  The  percentage  of  cures  can- 
not with  certainty  be  stated  at  over  fifty  per  cent., 
and  in  extensive  or  narrow  strictures  it  is  not  notably 
more  successful  than  gradual  dilatation. 

External  Urethrotomy  and  Perineal  Section. — 
Strictures  of  the  deep  urethra  requiring  external  ure- 
throtomy or  perineal  section  are  rarely,  if  ever,  radi- 
cally cured  by  operation.  A  certain  amount  of  recon- 
traction  is  to  be  expected,  and  permanent  cure 
should  never  be  promised  to  the  patient,  though  it  may 
occasionally  result.  The  old  saying,  "Once  a 
stricture  always  a  stricture,"  is  nowhere  more  applic- 
able than  to  the  deep  urethra. 

Complications. — The  most  serious  complication  re- 
cjuiring  surgical  treatment  is  abscess  formation  and 
infiltration  of  urine.  The  direction  which  the  septic 
processes  will  take  has  been  already  described  under 
section  on  rupture  of  the  urethra.  Where  the  rupture 
takes  place  owing  to  an  organic  stricture  of  the  ure- 
thra, the  process  is  likely  to  be  more  insidious  in  its 
onset,  but  none  the  less  disastrous  in  its  consequences. 
Extreme  destruction  of  tissue  in  the  region  of  the 
bulbous  and  membranous  urethra  and  in  the  loose 
tissue  of  the  scrotum  occasionally  takes  place.  The 
treatment  should  consist  in  free  incision  and  drain- 
age of  all  accessible  infected  areas,  together  with  relief 
of  the  stricture. 

Hemorrhage  in  operations  for  stricture  of  the  ure- 
thra, either  internal  or  external,  is  rarely  serious. 
When  occurring  in  internal  urethrotomy  it  can   be 
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efficiently  controlled  by  the  passage  of  a  full-sized 
catheter  to  the  bladder,  followed  by  pressure  along  the 
urethra  against  the  catheter.  This  can  sometimes  be 
exerted  by  a  f-bandage,  pressing  the  parts  snugly 
against  the  pubes,  or  by  winding  a  narrow  bandage  or 
strip  of  adhesive  plaster  about  the  penis. 

Hemorrhage  following  external  urethrotomy  can  be 
controlled  by  pressure  or  by  packing  the  wound. 
Care  should  be  taken  to  ascertain  that  leakage  is  not 
going  on  backward  into  the  bladder,  as  evidenced  by 
the  occurrence  of  clots  in  the  urine  coming  through 
the  catheter,  or  by  failure  of  the  catheter  to  drain. 
Should  the  hemorrhage  taking  place  in  this  direction 
be  alarming,  it  may  be  controlled  by  the  distention  of 
the  deep  urethra  with  a  perineal  tube,  combined  with 
packing  the  wound.  These  hemorrhages  may  be 
primary  or  secondary,  and  are  rarely  of  serious  note. 

Septicemia. — It  is  extremely  rare  to-day  that  seri- 
ous general  infection  follows  operations  upon  the 
urethra  except  where  rupture  of  the  urethra  or  abscess 
formation  has  already  occurred.  Much  of  the  im- 
provement is  probably  due  to  the  use  of  urinary  anti- 
septics, of  which  urotropin  is  at  present  the  most 
valuable.  However,  in  isolated  cases  extremely 
virulent  streptococcus  infections  occur,  which  are  as 
a  rule  rapidly  fatal.  Treatment  shoulcl  be  addressed 
to  supporting  the  patient's  condition,  and  will  prob- 
ably have  little  effect  upon  the  result. 

Hugh     Cabot. 
Edward  L.  You.vg,  Jr. 
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Uric  acid  occurs  in  the  urine  of  man  and  animals  but 
is  especially  abundant  in  the  excretion  of  birds  and 
scaly  amphibians.  Small  quantities  of  uric  acid  are 
also  present  in  the  blood  and  in  most  of  the  tissues 
of  man  and  animals.  Uric  acid  in  man  is  regarded 
as  having  an  origin  in  the  purine  constituents  of  the 
food  and  tissues  and  is  regarded  as  the  end  product 
of  purine  metabolism.  When  crystallized  from  urine, 
uric  acid  separates  as  large  colored  crystals  assuming 
a  variety  of  forms.  The  most  common  form  is  the 
whetstone  shape  which  may  be  connected,  two  or 
more  crossing  each  other.  In  addition  crystalline 
masses  forming  rosettes  of  prisms,  irregular  crosses, 
as  well  as  masses  of  broken  prismatic  cryt^tals  may 
be  seen.  Uric  acid  is  difficultly  soluble  in  water, 
.ilcohol,  ether,  and  mineral  acids.  It  is  soluble  in 
alkalies  and  alkaline  carbonates  as  well  as  by  organic 
bases  such  as  pipcridine,  piperazine,  ethylamine  and 
propylamine.  It  also  dissolves  without  decom- 
position in  concentrated  sulphuric  acid.  Uric  acid 
is  dibasic  and  forms  two  tj'pes  of  salts,  acid  and 
neutral.  The  lithium  salts  are  the  most  soluble,  the 
ammonium  the  least  soluble  when  alkalies  are  used  in 
the  formation  of  the  salts.  With  strong  heat  uric 
acid  decomposes  with  the  forination  of  urea,  hydro- 
cyanic acid,  cyanuric  acid  and  ammonia.  In  sealed 
tubes  heating  with  hydrochloric  acid  causes  the  for- 
mation of  glycocoU,  carbon  dioxide  and  ammonia. 
By  oxidizing  agents  there  may  be  formed  urea,  oxalic 
acid,  and  allantoin.  By  oxidation  with  nitric  acid 
in  the  cold  urea  and  alloxan  are  formed.  Heated  with 
nitric  acid,  uric  acid  yields  carbon  dioxide  and 
parabanic  acid.     See   Urine  and  Metabolism. 

F.  P.  U. 


Uricolysis. — Uricolysis  may  be  defined  as  the 
destruction  of  uric  acid.  In  the  usual  sense  it  is 
understood  to  be  an  enzymotic  process  and  this  power 


is  possessed  in  a  notable  degree  by  various  tissues  such 
as  the  liver,  kidneys,  muscle,  and  bone  marrow. 

F.  P.  U. 


Urinary  Segregation. — Modem  renal  surgery 
demands  that  no  kidney  be  removed  or  subjected  to 
operative  treatment  until  its  pathologic  condition  be 
known  and  the  functionability  of  its  fellow  estab- 
lished. The  rapid  advance  in  diagnostic  methods  is 
the  outgrowth  of  this  demand  and  has  been  made 
possible  by  the  correspondingly  rapid  advance  of  the 
instrument  maker's  art. 

Of  the  various  methods  of  diagnosing  renal  dis- 
ease, examination  of  the  separate  urines  from  each 
kidney  is  the  most  valuable.  Corroborative  of  these 
findings  are  the  results  of  examination  by  palpation, 
radiography,pyeIography,the  different  functional  tests 
(urea,  phloridzin,  phenolsulplioncplitlialein,  polyuria, 
etc.),  microscopic  and  chemical  uranalysis,  cryoscopy, 
and  the  non-protein  nitrogen  tests  of  Folin  and  Denis. 

The  principal  re;isons  for  one  or  more  of  theso 
examinations  are:  the  surgical  treatment  of  acute 
or  chronic  nephritis;  the  removal  of  renal  or  ureteral 
calculi;  nephrectomy  for  any  cause;  dilTerentiati(m  of 
those  vesical  diseases  th.at  may  simulate  renal  affec- 
tions, such  as  new  growths  encroaching  upon  the 
mouth  of  a  ureter,  impacted  calculus  in  the  intra- 
mural portion  of  the  ureter;  otherwise  .symptomless 
hematuria,  pyuria  or  chyluria;  diseases  of  adjacent 
structures  that  may  simulate  urological  diseases,  such 
as  appendicitLs  and  diseases  or  displacements  of  the 
female  genitalia. 

Segregation  of  the  urine  may  be  accomplished  in 
two  ways:  first,  by  artificially  dividing  the  bladder 
into  two  partially  open  compartments,  either  through 
elevation  of  a  longitudinal  fold  between  the  ureteral 
orifices,  or  by  the  projection  of  a  mechanical  wall  so 
pressing  longitudinally  on  the  bladder  floor  as  to 
effectually  prevent  the  admixture  of  the  two  kidney 
urines;  second,  by  catheterization  of  the  ureters. 
Each  method  has  its  advantages  and  limitations. 
Ureteral  catheterization  is  preferable  wherever 
possible,  since  therein  lie  fewer  sources  of  error. 

Segregators  are  ingenious  developments  from  the 
now    naturallv    discarded    methods    of    manual    or 


Via.  4S52. — Downes'  Separate 
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mechanical  compression  by  means  of  which  it  formerly 
was  attempted  to  occlude  one  ureter  for  the  purpose 
of  obtaining  unmixed  the  urine  from  the  other. 

The  first  practical  urine  segregators  were  the 
Harris  instrument  and  the  Downes  separate  urine 
siphon.  Harris'  described  the  principle  underlying 
his  device  as  follows:  "The  segregator  takes  ad- 
vantage of  the  anatomic  fact  of  the  separatencss  of 
the  ureters  as  they  enter  the  bladder,  an<l  by  mechan- 
ically prolonging  them  to  the  exterior  of  the  body 
segregates  the  urines  into  separate  vials." 

The  employment  of  the  Harris  segrcgalor  may  be 
briefly  described  by  condensing  the  author's  direc- 
tions for  its  use.*  "The  patient  ...  is  placed  com- 
fortably on  a  table  in  the  ordinary  lithotomy  posi- 
tion, with  the  hips  slightly  elevated.  The  instru- 
ment, with  the  flattened  surfaces  in  contact  so  .ns  to 
form  practically  a  single  tathetcr,  is  introduced  into 
the  bladder  in  the  ordinarv  way.  So  soon  as  the 
proximal,  curved  extremity  Is  within  the  bladder  . . . 
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each  catheter  (contained  in  the  external  sheath)  is 
rotated  about  its  longitudinal  axis  until  its  proximal 
end,  as  indicated  by  its  distal  end,  is  directed  out- 
ward and  backward.  .  .  .  They  are  then  held  in  posi- 
tion by  a  small  spiral  snring.  .  .  .     The  lever  is  now 


Fia.  4853. — The  Membrane  or  Cathelin's  Instrument  Dividing 
the  Bladder  into  two  Compartments;  each  of  the  catheters  in  its 
respective  chamber. 

introduced  into  the  vagina  in  the  female  or  rectum  in 
the  male.  By  gentle  pressure  forward  directly  in 
the  mid-line,  the  base  of  the  bladder  is  raised  into  a 
longitudinal  fold  between  the  ureteral  openings. .  .  . 
The  end  of  each  catheter  now  lies  at  the  most  de- 


as  "an  improvement  on  tne  Harris  instrument, 
simpler  in  construction,  requiring  no  suction  apparatus 
and  relying  upon  siphonage  alone  for  obtaining  the 
urines  separately  from  each  kidney."  Recent  forms 
of  this  instrument  (Fig.  4852)  obviate  the  necessity 
of  rotating  the  beaks,  which  turn  after  insertion, 
21|  degrees  from  the  central  base-line  of  the  bladder. 
The  enlarged  intravesical  end  of  each  beak  has  a 
number  of  perforations,  which  transmit  the  urine 
into  the  sulci  formed  at  each  side  of  the  mesial  line 
by  the  lever  in  the  vagina  or  rectum.  The  sulci 
or  watersheds  so  formed  give  their  contents  to  an 
"egress-opening"  traversing  each  catheter,  through 
which  they  are  siphoned  to  receptacles  prepared  to 
receive  them.  The  author  presents  numerous  tests 
of  the  efficacy  of  his  separate-urine  siphon;  these 
tests  are  identical  with  those  presented  by  the  other 
instruments  devised  for  the  same  purpose.  He 
concedes,  however,  that  it  "is  not  as  useful  in  the 
male  bladder." 

These  instruments  are  only  of  historical  interest 
as  they  have  been  supplanted  by  the  modern  instru- 
ments of  Cathelin  and  Luys. 

Cathelin's  graduated  jvsical  divisor  relies  essentially 
upon  a  delicate  rubber  membrane,  set  into  a  very  fine 
steel  frame,  which,  when  pushed  into  the  bladder, 
adapts  itself  to  all  the  inequalities  of  its  inner  sur- 
face, and  vertically  partitions  the  viscus  into  two 
equal  halves  (Fig.  4853).  Catheters  projecting  into 
each  half  carry  the  urine  from  each  ureter  through  the 
instrument  to  separate  vials  that  receive  it  separately. 
The  mechanism  bj'  which  this  is  accomplished  con- 
sists of  a  narrow  shaft  terminating  as  a  short-beaked 
catheter.  The  upper  surface  of  the  shaft  is  partly 
grooved  to  slightly  beyond  its  curved  beak;  thence- 
forward to  its  distal  extremity  it  is  a  closed  canal. 
The  closed  canal  allows  free  transmission  of  the  stem 
to  which  the  spring  with  its  rubber  membrane  is 
attached.  Withdrawal  of  the  stem  folds  the  mem- 
brane into  the  shaft;  pushing  it  forward  thrusts  the 
spring  with  its  membrane  into  the  bladder,  allows  it 
to  unfold  itself  vertically  and  to  fit  itself  to  the  bladder 
walls.  The  shaft  of  the  newest  model  grasps  two 
metal  catheters,  which  are  turned  from  the  central 
shaft  to  siphon  the  urine  separatelv  as  it  escapes  from 
the  ureters  (Fig.  4854). 

Discussing  the  means  of  ob- 
taining the  separate  urines  from 
each  kidney,  Cathelin''  empha- 
sizes that  the  affected  kidney 
in  renal  tuberculosis  is  rarely 
large  or  distended ;  consequently 
palpation  cannot,  in  each  case, 
reveal  which  kidney  is  involved. 
Furthermore,  pain,  which  is  not 
always  present,  is  a  deceptive 
guide,  as  when  present  it  may 
be  referred  to  the  opposite  side. 
The  uncertainty  remains  even 
after  cystoscopy  and  ureteric 
meatoscopy.  So  also  pain  on 
ureteral  pressure  at  the  umbil- 
ical or  iliac  levels,  or  that  pro- 
duced by  ureteral  palpation 
through  the  rectum  or  vagina, 
may  fail  to  determine  which 
kidney  is  affected. 

4854.— Cathelin's  Intravesical  Divisor  in  situ.     The  light  intravesical  part  is  the  soft-  Cathelin   further   insists  that 

rubber  septum,  dividing  the  bladder  into  two  chambers;  the  catheter  is  shown  projecting  into  the     inasmuch    as    in  nearly  all  cases 
right  chamber,  close  to  the  ureteral  opening,  aumotically  siphoning  the  urine  therefrom.  of  even  beginning   renal  tuber- 

culosis the  bladder  is  infected. 


pendent  part  of  a  little  pocket,  a  perfect  watershed 
separating  the  two.  .  .  .  By  producing  a  gentle  ex- 
haustion of  the  air  in  the  vials  by  means  of  the  bulb, 
the  urine,  as  fast  as  it  escapes  from  the  ureters.  .  .  . 
flows  at  once  into  the  vials,  right  and  left  respectively." 
The  Dowries  separate-urine  siphon  was  presented' 
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ureteral  catheterism  endangers  the  healthy  kidney; 
not  necessarily  by  the  carrying  of  microbes  along 
with  the  catheter  from  the  infected  bladder,  but  by 
the  traumatisms  inflicted  on  traversing  the  ureteral 
valve  and  by  the  erosions  the  catheter  may  produce 
along   the  pyeloureteral  mucosa.     That   such  trau- 
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matisin  or  erosion  or  both  occur  is  evident  from  the 
sHght  bleeding  which  is  nearly  always  provoked  by 
ureteral  catheterism  even  when  performed  with  the 
greatest  possible  gentleness  and  in  a  healthy  subject. 

Cathelin  also  insists  that  the  ureteral  catheter  does 
not  always  sufficiently  block  the  ureter  to  prevent 
seeping  of  urine  between  it  and  the  ureter.  He  shows 
this  in  a  schematic  drawing  (Fig.  48.5.5).  The  per- 
colation of  urine  alongside  the  ureteral  catheter  is 
avoidable  by  using  an  instrument  of  proper  caliber 
when  the  rhythmical  contractions  of  the  ureter  do 
not  suffice  firmly  to  grasp  the  catheter.  In  cases,  as 
of  ureteral  stricture,  where  a  sufficiently  large  catheter 
cannot  be  passed,  or  where  ureteral  peristalsis  is 
abolished,  Nitze's  ballooning  ureteral  catheter  may 
be  employed. 

Garceau°  devised  a  catheter  to  overcome  this  loss 
of   urine   alongside  the  catheter.     His  instrument  is 


Flo.  4855. — Schematic  DesiEn  to  Show  Possibihty  of  a  Part  of 
the  Urine  Escaping  from  Renal  Pelvis  alongside  the  ureteral 
catheter  at  a  and  6  while  another  part  of  the  urine  is  drained  ofl  by 
the  catheter. 

ninety  centimeters  long,  having  a  caliber  of  11  F.  at 
its  outer  end  which  is  maintained  until  within  twenty 
centimeters  of  its  tip  to  which  it  gradually  tapers  to 
6  F.  Its  end  is  open  and  has  a  flute  tip;  below  the  tip 
there  are  two  openings  through  which  the  urine  may 
enter.  Garceau  proved  by  experimental  work  on  fif- 
teen patients  that  his  catheter  was  really  occlusive 
and  thereby  eliminated  this  dangerous  source  of  error. 
Its  use  requires  a  cystoscopc  with  an  unusually  large 
channel  for  the  ureteral  catheter. 

In  another  schematic  drawing  (Fig.  4.S56)  Cathelin 
presents  an  additional  argument  against  ureteral 
catheterism.  He  distinctly  reproaches  the  ureteral 
catheter  with  inability  to"  drain  completely  a  renal 
retention,  which  he  deems  a  likely  cause  of  error  in 
diagnosis  and  treatment.  Cathelin,  however,  seems 
not  to  consider  the  great  pliability  of  the  ureteral 
catheter,  which  pliability  is  vastly  increased  by 
the  body  heat  as  the  instrument  traverses  the  ureter. 
This  may  cause  the  catheter  to  bend  along  the  inner 


walls  of  the  renal  pelvis,  without  materially  injuring 
it,  and,  if  propelled  sufficiently,  to  dip  its  eve  as  deep 
as  necessary  into  the  e.xpanded  ureteral  pelvis  fsee 
Fig.  4856,  A)  to  drain  it  of  the  urine  retained.  The 
majority  of  these  kidneys  with  residual  urine  have 
prolapsed  and  by  nuinually  raising  them  to  their 
normal  position  and  holding  them  there,  the  catheter 
will  drain  the  renal  pelvis. 

Cathelin,  however,  does  not  discard  ureteral  cathe- 
terism or  any  of  the  other  methods  of  diirerentiatlon 
between  the  healthy  and  the  di.sea,sed  kidney;  for, 


Fit).   4S.')6. — Diagra 
Drain 


-      how  how  a  Ureteral  Catlw 
Pouch  of  Renal  Retenti( 


while  he  gives  preference  to  his  divisor,  he  broadly 
holds  that  each  procedure  has  its  place  in  suitable 
cases. 

l^he  Luys  Separator. — Lays'  describes  his  separator 
as  consisting  of  a  central  metallic  stafT,  with  a  beak 
curved  like  that  of  the  Guyon  sound  (Fig.  4S5"). 
In  the  beak's  concavity  and  fastened  to  its  tip  is  a 
chain  similar  to  a  chain-saw,  which  is  rendered  taut 
or  slack  by  means  of  the  screw-head  at  the  distal 
extremity.  This  central  staff  is  inserted  into  a  soft- 
rubber  cover.     Two  metallic  catheters  flattened  on 


Flo.4S.">7. — The  Luys  Separator.  Mounteil;  Showing  tlie  Membrane 
iu  Place  and  Detached. 

their  inner  surfaces,  and  curved  like  the  central  stalT. 
with  three  orifices  in  each  for  the  escape  of  urine,  are 
attached  to  the  central  stalT,  into  the  handle,  and  by 
a  smooth  screw-cap  at  the  tip  (Fig.  4S5S).  The 
instrument  so  assembled  has  a  caliber  of  22  F.  A 
smaller  separator  (1.5  F.)  with  a  more  markedly  curved 
beak  is  used  for  children.  Luys  recites  one  instance 
of  a  girl  six  and  one-half  years  old.  and  another  of 
nine  in  whom  he  successfully  obtained  the  separate 
urines  by  means  of  this  instrument.  In  both  cv^es 
he  was  thus  enabled  to  diagnose  left  pyonephrosis. 
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In  these  cases  tlie  separator  was  left  in  place  for  fifteen 
and  twenty  minutes  respectively. 

Luys  advises  the  injection  of  several  cubic  centi- 
meters of  one-per-cent.  stovain  into  the  deep  urethra 
several  minutes  before  inserting  the  instrument,  when 
the  membranous  portion  is  exceedingly  sensitive,  or 
when  dealing  with  a  pusillanimous  subject.  In 
some  cases  he  deems  it  well  to  administer  a  small 
rectal  injection  containing  a  gram  of  antipyrin  with 
several  drops  of  laudanum  about  an  hour  before 
using  the  instrument.  He  further  advises  that  the 
bowels  be  emptied,  lest  intestinal  peristalsis  produce 
such  pain  as  to  compel  interruption  of  the  separation. 
Except  in  cases  of  renal  hematuria,  the  author  advises 
a  subcutaneous  injection  of  a  cubic  centimeter  of 
five  per  cent,  of  methylene  blue  in  sterilized  water, 
two  hours  before  the  separation,  to  determine  renal 
permeability. 

Tlie  instrument  is  inserted  in  the  manner  usually 
employed  for  the  Guyon  sounds.  Two  fingers  stop 
the  catheters  that  project  at  the  handle,  while  the 
screw-head  is  turned  to  its  fullest  extent,  rendering 
the  chain  tense  and  thus  raising  the  rubber  cover  into 
a  fold  which  divides  the  lower  part  of  the  bladder. 
To  prevent  mixing  the  urines  from  each  kidney,  the 
curved  end  of  the  separator  is  pressed  to  the  base  of 
the  bladder.  The  back  of  the  operating  table  is  then 
elevated  to  raise  the  patient  into  the  sitting  position ; 
his  or  her  legs  are  then  placed  into  stirrups  at  either 
side  of  the  table's  foot-board,  and  the  handle  of  the 
separator  rested  upon  a  support,  which  also  has  vials 
to  receive  the  urine  as  it  drips  from  each  catheter. 


\^ 


Fio.  4858. — The  Luys   Separator,  Di 
rious  Parts, 


ted;  .Showing  the  Ve 


Luys,  however,  does  not  regularly  use  this  support, 
as  the  hand  can  better  keep  the  curve  of  the  separator 
in  close  contact  with  the  vesical  neck.  The  author 
says  that  he  has  often  left  his  separator  in  place  for 
forty-five  minutes  to  an  hour,  without  in  the  slightest 
degree  inconveniencing  the  patient. 

Luys  claims  the  following  advantages  for  intra- 
vesical separation  of  the  urine  over  ureteral  cathe- 
terism:  1,  that  it  is  simpler;  2,  that  it  can  beemployed 
in  a  greater  number  of  cases;  3,  that  it  entails  no 
dangers:  and  4,  that  the  information  derived  when 
the  instrument  is  properly  employed  is,  if  not  better, 
at  least  as  rigorously  precise  as  that  furnished  by 
ureteral  catheterism. 

Vale'  of  Washington  advances  the  following  points 
of  superiority  for  the  Luys  separator:  "Its  sim- 
plicity and  freedom  from  all  danger  reduces  urinary 
separation  from  the  dignity  of  an  operation  to  a 
procedure.  .  .  .  Tuberculosis  of  one  kidney  or  an 
infected  bladder  do  not  constitute  contraindications 
to  urinary  separation  with  this  instrument.  In 
children,  in  prostatics,  and  in  patients  with  a  reduced 
bladder  capacity  it  is  successful,  when  catheteriza- 
tion may  be  impossible.  Among  Luys'  cases,  how- 
ever, I  find  one  in  which  separation  could  not  be 
effected,  becau.se  the  use  of  any  instrument  caused 
bleeding  in  passing  the  prostate,'  and  the  blood  clots 
plugged  the  mouths  of  the  catheters." 

V.  Frisch'  thus  sums  up  consideration  of  the  instru- 
ments mentioned.  "None  of  these  apparatus  posi- 
tively insures   against   mixture  of  urine  from  both 
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sides.  .  .  .  The  slightest  change  of  shape  of  the 
prostate  produces  quite  unreliable  results.  More- 
over, none  of  these  instruments  is  applicable  in  severe, 
especially  ulcerative,  affections  of  the  bladder,  in 
which  we  must  count  on  admixture  of  catarrhal  secre- 
tions and  blood,  even  though  the  bladder  has  been 
previously  irrigated  as  thoroughly  as  possible.  The 
problem  to  separate  the  urine  from  each  kidney  in  an 
unexceptionable  manner  could  be  solved  only  by  direct 
ureteral  catheterism."  Despite  this  authoritative 
condemnation  of  divisors,  separators,  segregators, 
etc.,  it  is  undeniable  that,  in  the  hands  of  the  authors 
and  those  directly  instructed  by  them,  the  urine  from 
each  kidney  is  successfully  obtained. 

Catheterization  of  the  ureters  has  attained  greater 
popularity  than  intravesical  division  since  -it  permits 
at  the  same  stance  inspection  of  intravesical  condi- 
tions, meatoscopy,  drainage  of  any  existing  renal 
retention,  the  injection  of  suspension  of  colloidal 
silver  salts  into  the  kidney  pelves  and  ureters  for 
pyelography,  and  therapeutic  applications  to  the 
upper  urinary  tract  through  ureteral  catheters. 

Aside  from  all  other  considerations,  ureteral  cathe- 
terism possesses  an  advantage  not  available  to  the 
other  methods.  The  others,  even  when  acting  per- 
fectly and  in  an  extremely  tolerant  bladder,  cannot 
be  employed,  at  the  utmost,  beyond  thirty  minutes. 
This  is  denied  by  Luys,  who  separated  the  urine  for 
a  whole  hour.  Even  then  the  urines  so  obtained 
represent  only  the  amount  secreted  during  that  time. 
Ureteral  catheters  can  be  retained  for  twenty-four 
or  even  forty-eight  hours,  and  can  then  be  removed 
and  replaced  by  others  with  only  the  loss  of  that  little 
urine  which  escapes  between  the  removal  of  one 
catheter  and  the  insertion  of  another.  Thus  the 
entire  quantity  of  urine  for  twenty-four  hours  from 
each  kidney  can  be  obtained  for  examination,  and 
the  act  repeated  as  often  as  may  be  necessary  for 
an  absolute  diagnosis  and  the  treatment  of  unilateral 
ureteral  or  renal  conditions,  when  they  do  not  require 
major  surgical  intervention. 

As  readily  performed  and  as  well  borne  as  ureteral 
catheterism  is  in  the  majority  of  cases,  it  is  by  no 
means  always  an  innocuous  procedure.  Nitze,  in 
his  posthumous  work,'  emphasizes  that  it  "is  not  a. 
harmless  intervention,  but  a  more  or  less  dangerous 
one."  He  concludes  that  the  danger  is  minimal  when, 
the  urethra,  bladder,  and  kidneys  are  normal,  but 
adds  that  then  the  intervention  is  unnecessary. 
Manifestly,  when  a  cystoscope  carrying  a  ureteral 
catheter  traverses  an  infected  urethra  or  bladder  it 
is  only  a  matter  of  accident  when  the  ureter  is  not 
infected  thereby.  On  the  other  hand,  it  is  undeniable 
that  in  the  very  cases  in  which  ureteral  catheterism 
is  most  valuable  for  diagnostic  purposes  its  dangers 
are  considerable.  Nitze  points  out  that  it  is  permis- 
sible only  when  the  operator  is  positive  that  the  inter- 
vention will  result  in  a  certitude  which  is  a  gain  for 
the  patient  greater  than  the  danger  to  which  ureteral 
catheterism  exposes  him. 

Before  Nitze's  genius  gave  the  profession  his  per- 
fected catheterizing  cystoscope,  a  number  of  methods 
and  instruments  had  been  devised  to  the  same  end; 
their  interest  is  now  but  historic.  Since  Nitze's  first 
presentation  of  his  catheterizing  cystoscope,  a  number 
of  other  instruments  for  the  same  purposes  have  been 
offered  the  profession. 

The  Kelly  tube,  without  the  aid  of  an  optical 
apparatus,  and  by  postural  air-dilatation  of  the 
bladder,  exposes  the  ureteral  mouths  to  reflected 
light.  The  instruments  used  by  Kelly,  and  the 
technique  of  ureteral  catheterism  as  practised  by 
him  were  at  one  time  attacked  as  not  being  original 
with  him,  but  the  question  of  priority  in  visual  ureteral 
catheterism  through  the  urethra  is  briefly  disposed 
of  by  Fuller:'"  "Although  Kelly  was  not  the  origi- 
nator of  the  method  he  employs",  Pawlick  and  Neu- 
mann being  his   predecessors,  still   he   has   done  sO' 
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much  in  the  way  of  developing  ideas  and  making  the 
procedure  practical  that  it  is  proper  to  give  him  chief 
credit." 

Kelly,  by  lengthening  his  tube,  endeavored  to 
extend  its  usefulness  to  catheterism  of  the  male 
ureters.     Attempts  made  by  others  to  use  this  instru- 


AU,  however,  serve  to  demonstrate  the  uncertainty 
of  air  as  a  vesical  dilating  medium,  e.xcept  when  used 
with  the  Kelly  tube  in  females. 

The  essential  ditference  between  the  two  general 
forms  of  ureter-catheterizing  cystoscopes  is  in  the 
manner  in  which  the  ureteral  catheter  is  directed 
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FiQ.  4859. — Nitze  Ureter-catheterizing  Cystoscope,  Convertible  into  an  Irrigating  Cystoscope  by  Removing  the  staff  A  f  which  carries 
the  Ureteral  Catheter)  and  Attaching  the  Staff/?  in  its  Place.  Staff  A  shows  the  movable  "onglet"  (C);  by  moving  the  screw  eit  acts  as  a 
lever,  curving  the  ureteral  catheter  a  to  the  angle  necessary  to  permit  its  insertion  into  the  ureter.  After  the  tip  of  the  catheter  is  engaged  in 
the  ureteral  mouth  the  screw  e  is  turned  to  flatten  down  the  onglet  to  its  place,  freeing  the  catheter  from  all  friction  and  enabling  its  easy  pro- 
jection into  the  ureter  as  far  as  needed. 

ment  in  any  but  female  patients  have  not  proven      after   its   tip   has   been   projected   out   of   the   canal 

successful.  carrying  it. 

Many  other  instruments  for  dilating  the  bladder  The  Nitze  cystoscopy  accomplishes  this  by  means  of 

with    air   for    cystoscopy    and    ureteral    catheterism      the  Albarr&n  "onglet,"  a  little  lever  shaped  somewhat 

have  been  devised.     Some  of  these  are  arranged  for      like  a  human  finger-nail  by  which  any  desired  angle  can 

be  given  to  the  ureteral  catheter  by  means  of  a  screw 
near  the  ocular  end  of  the  cystoscope  ( I'"ig.  4.S59). 

Nitze's  cystoscope  for  simultaneous  catheterism  of 
both  ureters  is  provided  with  double  catheter-carriers, 
which  improvemenl  Nitze  attributes  to  Lohnstein. 
F.  Tilden  Brown  has  further  essentially  modified 
Lohnstein's  modification  by  adding  an  irrigating 
attachment  to  the  doublc-catheterizing  instrument. 
Albarrdn's  cystoscope,  from  which  the  onglet  used 
in  most  modern  ureteral  catheterizing  instruments 
is  derived,  differs  from  the  Nitze  instrument  in  that 
his  (.-Vlbarrdn's)  simple  exploring  cystoscope  can  be 
converted  into  either  a  catheterizing  or  irrigating 
instrument  by  merely  clasping  thereon  separate 
attachments  for  each  purpose. 

Casper's  ureter  cystoscope"  differs  from  those 
mentioned  in  that  the  varying  curves  of  the  catheter 
are  produced  by  a  tubular  slide  moving  the  entire 
length  of  a  gutter  that  occupies  the  upper  surface  of 
the  cystoscope.  The  further  the  slide  is  thrust  for- 
ward the  more  closely  does  it  press  the  protruding 
catheter  toward  the  head  of  the  cystoscope;  in  thus 
pressing  it  bends  the  catheter  to  an  angle  the  more 
acute  the  tighter  the  pressure  e.xerted.  .\s  the  slide 
is  entirely  removable  after  the  ureter  is  penetrated, 
it  leaves  the  catheter  free  in  the  ureter,  bladder,  and 
urethra.  The  cystoscope  then  can  be  removed,  leav- 
ing the  catheter  1o  drain  the  kidney  for  the  time  re- 
quired, or  to  dilate  a  ureteral  stricture  by  .\lbarrdn's 
method. 

Casper  also  devised  a  double-cathoterizing  cysto- 
scope, as  did  Nitze,  .Ubarrdn,  Schlifka,  Frank, 
BierhofT,  Schlagintweit,  Frcudenberg,  Bransford 
Lewis,  and  others.  Each  has  special  advantages 
in  minor  additions;  the  principle  underlying  every 
one  is  according  to  the  original  design  of  either 
Nitze,  Casper,  or  .Ubarrdn,  and  differs  accordingly 
from  the  others. 
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FlQ  4860. — Brown-Buerger  Combination  Cystoscope.  1.  Con- 
cave sheath  and  lamp;  '2,  convex  sheath  and  lamp;  3,  examining 
telescope;  4.  patented  obturator;  5,  indirect  catherizing  telescope. 
(Wappler  Electric  M'f'g.  Co.) 

use  with  air  or  water;  some  are  essentially  tubes 
carrying  a  Nitze  intravesical  liglit;  others  liave  as 
an  optical  apparatus  an  adaptation  of  tin-  terrestrial 
telescopy,  arranged  to  augment  the  field  of  vision. 


Drinary  Segregation 
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Buerger'^  modified  the  instrument  of  F.  Tilden 
Brown  in  a  most  practical  manner  and  gave  impetus 
to  cystoscopy  and  ureteral  catheterization  in  America 
by  simplifying  its  technique  and  popularizing  the 
procedure.  As  noted  by  Pilcher"  the  Brown- 
Buerger  instrument  possesses  the  following  advantages : 
(1)  The  sheath,  when  introduced  into  the  bladder 
and  the  obturator  removed,  is  practically  a  large 
evacuating  catheter,  24  F.  in  size,  allowing  of  a  rapid 
and  comi)letc  irrigation  of  the  viscus,  the  opening 
being  large  enough  to  evacuate  most  blood  clots  and 
accumulations  of  pus.  (2)  It  is  not  necessary  to 
employ  a  catheter  for  previous  w-ashing  of  the  bladder. 

(3)  After  withdrawal  of  the  obturator,  a  right-angled 
prismatic  telescope  may  be  introduced  and  an  ex- 
amination of  the  entire  bladder  made,  obtaining  an 
unusually  brilliant,  large,  and  clear  picture,  and 
allowing  of  thorough  meatoscopy  before  catheterism. 

(4)  It  is  round  and  perfectly  smooth,  especially  in 
the  region  of  the  beak,  and  its  diameter  at  the  angle 
where  the  beak  joins  the  shaft  is  comparatively  small, 
facilitating  greatly  the  introduction  of  the  instrument 
into  the  bladder.  There  are  no  rough  angles  to 
injure  the  urethral  mucosa.  (5)  The  telescope  may 
be  removed  without  removing  the  sheath  from  the 
urethra,  leaving  the  catheters  lying  ciuite  free  in  a 
large  metal  tube,  so  that  the  sheath  itself  may  then 
be  easily  removed  with  very  little  friction  and  less 
danger  of  pulling  the  catheters  from  the  ureters. 
(6)  The  instrument  is  provided  with  an  irrigating 
device  so  that  the  amount  of  distending  fluid  may  be 
lessened  or  increased,  at  the  wDl  of  the  operator, 
without  removing  the  instrument  from  the  bladder; 
also  if  the  medium  becomes  cloudy  from  pus  or  blood, 
it  may  be  rapidly  changed 

without     disturbing    the 

patient.     (7)  Theproxirii-     _J^5Si^^ 

ity  of  the  lamp  and  ob-     ^g^^^^^^^^^ 


to  cocaine,  as  it  is  less  poisonous,  and  stronger  than 
eucaine  alone  or  mixed  with  cocaine."  With  large 
experience  in  ureteral  catheterism,  the  use  of  anes- 
thetics becomes  superfluous  in  the  majority  of  cases. 

The  necessary  conditions  existing,  the  cystoscope 
carrying  the  ureteral  catheter  or  catheters  is  intro- 
duced as  described  on  p.  409,  Vol.  iii.  If,  then,  the 
ureteral  mouths  are  not  embedded  in  deep  folds  of 
mucosa,  as  in  severe  cystitis,  or  not  covered  by  heavy 
trabeculse,  nor  so  distorted  or  minute  as  to  escape 
vision,  they  are  easily  brought  into  view. 

The  practised  eye  finds  no  difficulty  in  at  once  dis- 
cerning the  interureteric  fold,  at  each  end  of  which  a 
normal  ureter  opens.  Turning  the  c.vstoscope  to  the 
right  or  left  soon  exposes  the  ureteral  meatus.  As 
mentioned  before,  it  sometimes  is  difficult  to  decide, 
w-hen  the  bladder  is  heavily  trabeculated,  which  is 
the  ureteral  mouth  and  which  the  opening  of  an  inter- 
trabecular  sulcus.  Casper  says  that  if  the  region  of 
these  openings  is  observed  for  a  sufficient  length  of 
time,  the  escaping  jets  of  urine  will  show  which  is  the 
ureteral  mouth.  At  times  vesical  contractions  may 
produce  swirls  in  its  contents  that  may  so  closely 
resemble  the  escaping  jets  of  urine  as  to  deceive  the 
observer.  Casper  thinks  that,  in  such  cases,  Volcker 
and  Joseph's  method  of  preliminary  hypodermic  use 
of  indigo-carmine  may  be  useful.  It  cannot,  how- 
ever, be  recommended  for  this  purpose,  except  to 
those  whom  experience  has  rendered  very  quick  in 
catheterizing  ureters,  as  the  tinted  urine  soon  so 
universally  colors  the  vesical  contents  as  to  obscure 
vision.  It  is  true,  then,  that  attempts  at  cathe- 
terism may  be  interrupted  until  irrigation  has  again 
rendered  the  bladder  contents  clear,  but  this  entails 


jective  lens  gives  the  best 
illumination  for  catheter- 
ization  purposes.  (8) 
There  is  no  danger  of 
burning  the  vesical  mu- 
cosa with  the  beak  of  the 
instrument.  (9)  The  cath- 
eter-bearing  mechan- 
ism,   being    introduced 

after  the  sheath  is  in  the  bladder,  never  comes  in  con- 
tact with  the  mucous  membrane  of  the  urethra.  (10) 
If  the  lens  becomes  soiled,  it  may  be  cleansed  with- 
out removing  the  sheath  from  the  urethra. 

Buerger's  operating  and  catheterizing  cystoscope, 
a  further  amplification  of  his  first  model,  among 
its  advantages  of  intravesical  manipulations,  permits 
the  synchronous  catheterization  of  two  or  more  ureters, 
and  admits  the  large  (11  F.)  Garceau  catheter. 

The  technique  of  ureteral  catheterism  premises  (1) 
complete  familiarity  with  the  instrument  used;  (2) 
a  certain  amount  of  manual  dexterity;  (.3)  a  knowl- 
edge of  the  anatomy  of  the  parts  to  be  invaded;  (4) 
a  urethra  that  will  easily  permit  the  instrument  to 
pass,  especially  the  prostatic  portion,  without  pro- 
ducing hemorrhage;  (5)  the  bladder  filled  with  a  clear 
medium,  120  to  150  c.c.  presents  the  average  quantity 
which  a  bladder  will  hold  without  inconvenience; 
ureteral  catheterism  is  necessary  sometimes,  when  this 
amount  of  distention  cannot  be  obtained.  Generally 
an  adequate  amount  of  fluid  very  slowly  and  carefully 
injected  so  expands  the  bladder  as  to  permit  cathe- 
terism of  both  ureters.  Gradual  dilatation  in  most 
instances  expanded  the  viscus  to  50  or  even  60  c.c, 
making  ureteral  catheterism,  while  not  easy,  at  least 
possible.  Willy  Meyer'^  places  the  amount  of  fluid 
necessary  for  vesical  exploration  at  90  c.c.  He  says: 
"The  method  usually  employed  by  me  is  as  follows: 
After  gentle  preliminary  irrigation,  the  posterior 
urethra  and  bladder  are  anesthetized  with  a  two- 
per-cent.  solution  of  alypin.  ...     I  consider  it  superior 
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Flo.  4S61. — Casper's  Uretercystoscope. 


prolonging  a  procedure  which,  if  not  positively  pain- 
ful, is  at  least  a  very  severe  strain,  especially  upon 
the  male  patient.  The  ejaculations  of  normal  urine 
from  the  ureter  into  clear  bladder  contents  may  be 
well  studied,  utilizing  the  comparison  Nitze  makes, 
namely,  that  of  alcohol  being  squirted  from  a  pipette 
into  clear  water. 

With  the  ureteral  meatus  clearly  in  view,  however, 
no  difficulty  is  experienced  in  penetrating  it  with  the 
catheter.  The  essential  point  to  be  observed  is  that 
the  ureteral  mouth.be  seen  from  above,  as  in  a  bird's- 
eye  view.  To  accomplish  this  the  ocular  end  of  the 
cystoscope  is  turned  to  the  opposite  side  (i.e.  to  the 
right  for  the  left  ureter,  and  vice  versa)  and  the  tip 
of  the  cystoscope  brought  as  close  to  the  ureter  as 
possible  without  touching  the  bladder  wall.  The 
approximation  to  the  ureteral  mouth  is  obtained  by 
cautiously  raising  the  ocular  end  of  the  cystoscope, 
always  keeping  the  ureter  in  view,  until  a  distinct, 
large  image  thereof  is  perceived. 

■The  instrument  is  then  firiflly  held  with  one  hand, 
while  the  fingers  of  the  other  push  the  catheter  for- 
ward. Its  tip  then  appears,  traversing  the  field. 
Another  very  slight  projection  shows  whether  it  is 
in  the  direction  of  the  ureteral  mouth.  Any  devia- 
tion can  be  at  once  corrected  by  the  screw-head  near 
the  ocular  end  when  an  instrument  of  the  Albarrdn 
or  Nitze  model  is  used.  When  a  cystoscope  with 
Casper's  slide-lid  is  employed  the  necessary  changes 
in  curvature  of  the  catheter  are  produced  by  pro- 
jecting or  withdrawing  the  slide. 
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When  the  catheter  has  been  so  curved  that  its  tip 
fairly  presents  to  the  ureteral  meatus,  the  cystoscope 
may  be  tipped  slightly  in  the  same  direction.  The  tip 
of  the  catheter  will  then  be  seen  to  engage  in  the 
mouth  of  the  ureter,  especially  if  this  little  maneuver 
is  performed  at  the  instant  when  the  ureteral  mouth 
is  open,  ejecting  urine.  The  cystoscope  being  still 
held  in  the  same  position,  the  catheter  Ls  again  slightly 
projected.  It  will  then  appear  as  if  raising  a  fold 
of  mucosa.  At  this  instant  its  angulation  must  be 
released,  by  reversing  the  procedure  used  for  its 
curvature.  The  catheter  may  then  be  freely  pushed 
throughout  the  length  of  the  ureter  to  the  renal 
pelvis. 

The  same  attention  may  then  be  given  the  other 
ureter,  and  when  its  catheter  is  in  place  the  cysto- 
scope is  removed.  This  is  accomplished  with  the 
instruments  of  the  Nitze  model  by  pushing  the 
catheters  forward  as  the  cystoscope  is  withdrawn. 
When  the  tip  of  the  latter  has  reached  the  meatus, 
the  projecting  catheters  are  firmly  grasped  with  the 
thumb  and  index-finger,  while  the  cystoscope  is 
stripped  from  them.  When  using  an  instrument  with 
the  Casper  slide-lid,  the  slide  is  first  withdrawn, 
leaving  the  parts  of  the  catheters  which  are  not  in 
the  ureters  lying  free  in  the  bladder;  the  cj-stoscope 
itself  may  then  be  withdrawn. 

,\fter  the  cystoscope  is  removed  the  catheters  must 
be  fastened  in  place,  either  by  the  method  of  Guyon 
or  with  straps  of  adhesive  tape.  The  catheters  so 
secured,  the  following  important  points  must  be 
determined: 

1.  To  assure  that  the  catheters  have  not  been 
twisted  during  removal  of  the  cystoscope  and  that 
consequently  they  are  not  in  ureters  opposite  to  those 
in  which  they  appear  to  lie,  it  is  advisable  to  use 
catheters  of  different  markings.  With  this  in  view, 
it  is  convenient  tliat  one  be  of  the  kind  marked  in 
brown  and  black  at  intervals  of  one  centimeter,  while 
the  other  is  plain;  or  one  catheter  may  be  split  at  its 
lower  end,  thereby  contrasting  with  the  other  not 
mutilated.  If  this  marked  catheter  is  inserted  into  the 
left  ureter,  then  no  matter  how  the  catheters  may 
have  become  twisted  in  the  bladder,  it  is  known  that 
the  marked  catheter  is  delivering  urine  from  the  left 
kidney. 

2.  The  catheter,  especially  when  not  well  grasped 
by  the  ureter,  may  have  been  pulled  out  of  this 
channel  while  removing  the  cystoscope.  If  its  tip 
lies  loosely  in  the  bladder,  there  will  be  a  continuous 
stream  from  its  mouth;  this  is  not  changed  by  push- 
ing the  catheter  in  more  deeply,  nor  by  withdrawing 
it  slightly.  If  it  drains  the  renal  pelvis,  the  discharge 
will  be  continuous,  as  if  its  tip  were  in  the  bladder. 
If  then  the  catheter  is  slightly  withdrawn,  the  con- 
tinuous flow  will  be  replaced  by  the  arhythmic  dis- 
charge of  drops  of  urine.  In  accord  with  the  ureteral 
contractions,  the  properly  placed  catheter  emits 
from  one  to  twelve  drops  of  urine  every  ten  to  thirty 
seconds.  In  neurasthenics  this  may  take  the  form 
of  quite  forcible  ejaculations  of  urinary  streams  at 
even  smaller  intervals. 

As  contractions  of  both  ureters  do  not  occur  syn- 
chronously, their  urines  do  not  escape  from  their 
respective  catheters  at  the  same  time. 

3.  One  catheter  or  both,  though  quite  pervious  and 
properly  placed,  may  emit  no  urine  at  all.  When 
one  catheter  fails,  the  erroneous  presumption  of  a 
non-functioning  kidney  may  be  avoided  by  waiting, 
sometimes  as  long  as  half  an  hour.  Then  some  warm 
four-per-cent.  boric-acid  solution  may  be  gently  in- 
jected to  establish  siphonage.  If  repeated  attemi)ts 
fail  thus  to  elicit  a  flow  from  the  suspected  side,  there 
is  still  a  possibility  that  the  catheter  is  of  too  small 
a  caliber  to  occlude  the  ureter,  and  that  the  urine 
from  its  renal  pelvis  is  escaping  along  the  sides  of 
the  instrument,  into  the  bladder.  Then  drainage 
with  a  larger  catheter  must  be  tried  before  it  is  de- 


cided that  the  kidney  does  not  perform  its  function. 

The  interruptions  of  renal  secretion  mentioned  are 
not  infrequent,  even  when  the  kidney  is  perfectly 
healthy. 

4.  The  first  5  or  6  c.e.  of  urine  escaping  from  a, 
catheter  must  be  discarded,  as  its  examination  may 
lead  to  serious  error.  It  may  contain  boric  acid  or 
wh.atever  solution  has  been  used  to  dilate  the  bladder 
and  so  yield  false  deductions;  it  Ls  furthermore  likely 
to  contain  a  slight  admixture  of  blood,  from  the  minute 
traumatisms  which  the  catheter  has  inflicted  upon 
the  ureter. 

These  essential  points  determined,  the  patient  is 
placed  in  a  comfortable  position,  and  the  catheters 
are  conducted  to  separate  receptacles,  in  which  the 
urine  from  each  kidney  may  be  gathered  for  such 
examination  as  may  be  necessarv  for  precise  diagnosis. 
Terry  Si.  Townsend. 
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Urine. — Norm.\l  Urine. — The  composition  of  the 
daily  urine  is  dependent  upon  the  diet.  Normal 
standards  fluctuate  with  the  changes  in  the  diet  and 
the  liquid  intake.  Tables  of  normal  ingredients  with- 
out careful  inclusion  of  the  diet  element  and  a  variety 
of  fluctuating  individual  factors  are  therefore  of  little 
value. 

Quantity. — \  normal  healthy  adult  excretes  from 
1,200  to  1,500  c.c.  daily.  Night  urination  is  normally 
lo.<s  than  day  urination;  in  chronic  nephritis  this  rela- 
tion is  often  reversed. 

Pathological  variations  in  the  quantity  of  the  urine 
are  an  increase,  polyuria;  a  decrease,  oliguria;  a  stop- 
page, aiiuria. 

.\n  increase  of  urine  without  corresponding  excre- 
tion of  solids  (hydruria)  is  common  in  chronic  forms  of 
nephritis  where  the  renal  tissues  are  contracted  and 
the  blood  flow  increased.  The  most  marked  grades 
of  polyuria  are  seen  in  diabetes  mellitus  (as  much  as 
sixty  liters  a  day),  in  certain  neuroses  (tirina  spastica) 
paroxysmal   in   tj-pe,   in   convalescence   from   febrile 
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disorders  {epicritic  polyuria),  in  certain  disorders  when 
fluids,  accumulated  in  body  cavities  or  as  general 
edema,  are  discharged,  in  reestablished  compensation 
aft«r  decompensation,  in  circulatory  diseases,  and 
after  the  taking  of  certain  drugs  and  inorganic  salts. 

Oliguria  is  common  in  broken  cardiac  compensation, 
in  nearly  all  acute  febrile  diseases,  in  acute  nephritis 
and  certain  stages  of  chronic  parenchymatous  ne- 
phritis, provided  the  lesion  is  bilateral;  in  unilateral 
lesions  vicarious  compensation  on  the  part  of  the 
healthy  organ  takes  place.  Any  severe  dehydration 
of  the  body  (hemorrhage,  diarrhea,  vomiting),  portal 
obstruction  (hepatic  cirrhosis  or  atrophy,  tumor  in 
the  region  of  the  porta  hepatis),  and  certain  neuroses 
cause  oliguria. 

Anuria  may  supervene  in  any  of  the  conditions 
enumerated  under  oliguria.  Complete  suppression  of 
urine  does  not  necessarily  produce  uremia;  if  suffi- 
ciently prolonged,  it  always,  however,  causes  the 
clinical  syndrome  of  urinemia.  Sudden  anuria,  due 
to  "reflex"  disturbances  of  the  nervous  mechanism 
controlling  urine  formation  and  urination  is  seen  in 
hysteria,  certain  toxemias  and  very  painful  lesions  of 
the  urinary  tract,  especially  in  renal  colic  due  to 
various  causes ;  occlusion  of  one  ureter  often  producing 
reflex  closure  of  the  other. 

Specific  Gravity  and  Total  Solids. — The  specific 
gravity  of  the  urine  fluctuates  with  the  amount  of 
urine  voided  and  is  directly  proportionate  to  the 
amount  of  urinary  solids.  Normally,  with  a  daily 
excretion  of  between  1,200  and  1,500  c.c,  with  from 
sixty  to  seventy  grams  of  total  solids,  the  specific 
gravity  ranges  from  1,01.5  to  1,025;  pathologically  the 
limits  may  be  from  1,002  to  1,060.  Oliguria  is  usually 
associated  with  high  specific  gravity,  polyuria  with  a 
low  figure;  it  is  essential  to  establish  the  total  twenty- 
four  hours'  excretion  of  urine,  as  wide  variations  are 
found  in  single  specimens,  that  are  equalized  in  larger 
collections.  In  severe  febrile  diseases  both  the  total 
urination  and  the  specific  gravity  are  generally  low. 
In  acute  and  subacute  nephritis  the  specific  gravity  is 
usually  high,  the  urination  correspondingly  reduced; 
in  the  healing  stage  the  urinary  flow  often  increases 
while  the  specific  gravity  remains  low.  In  contracted 
kidney  the  flow  of  urine  is  abundant,  the  specific 
gravity  low.  In  diabetes  mellitus  the  flow  is  great 
and  the  specific  gravity  high,  whereas  in  diabetes 
insipidus,  while  the  urination  is  profuse,  the  specific 
gravity  remains  very  low. 

The  total  solids  of  the  urine  can  be  roughly  esti- 
mated by  multiplying  the  last  two  figures  of  the 
specific  gravity  bv  the  empiric  coefficient  2.33 
(example— specific  gravity  1,018;  18  X  2.33  =  41.94 
grams  of  total  solids  in  1,000  c.c.  of  urine).  This 
method  is  only  approximative  and  of  value  only  in 
urines  free  from  large  quantities  of  albumin  or  sugar. 
Of  the  total  60  to  70  grams  of  solids  normally  excreted 
inorganic  ingredients  constitute  from  25  to  30  grams, 
organic  ingredients  from  35  to  40  grams.  Urea 
usually  forms  about  one-half  of  the  total  solids. 

Reaction. — -Much  doubt  has  been  cast  upon  the 
orthodox  assumptions  that  the  normal  acidity  of  the 
urine  is  due  not  to  free  acids  but  to  the  preponderance 
of  acid  over  basic  phosphates  in  solution  Much 
will  depend  upon  the  indicator  used.  To  litmus 
.normal  urine  is  never  neutral  and  generally  acid;  to 
phenolphthalein,  which  reacts  to  all  bodies  of  an  acid 
nature,  invariably  acid,  unless  large  amounts  of  cal- 
cium or  ammonium  salts  are  present,  a  difficulty  that 
can  be  overcome  by  the  addition  of  potassium  oxalate 
to  the  urine  as  a  preliminary  step  to  reaction  deter- 
minations. The  total  free  acids  are  determined  by 
titrating  the  total  acidity  and  the  phosphates  and  by 
calculating  the  difference  between  the  former  and 
the  latter.  If  the  total  phosphates  acidity  is  greater 
than  the  titrated  acidity,  then  no  free  organic  acids 
are  contained  in  the  urine.  One  can  also  conveniently 
express  the  urinary  acidity  in  the  number  of  cubic 
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centimeters  of  normal  or  tenth-normal  NaOH  needed 
to  neutralize  100  c.c.  of  urine,  or  in  degrees  to  corre- 
spond to  the  amount  of  reagent  so  required;  nor- 
mally this  will  correspond  to  35°  to  45°. 

Abundant  meat  feeding  generally  increases  the 
urinary  acidity,  whereas  a  vegetable  regime  renders 
the  urine  alkaline.  Fluctuations  in  the  urinary  reac- 
tion are  observed  during  the  day;  the  early  morning 
urine  usually  shows  the  highest  acidity;  after  break- 
fast, with  outpouring  of  HCl  into  the  stomach,  the 
acidity  decreases,  gradually  increasing  again  until  the 
next  meal  is  eaten. 

Alkalies  will  neutralize  or  alkalinize  the  urine. 
Organic  acids  of  the  aliphatic  series,  if  not  taken  above 
the  point  of  tolerance,  render  the  urine  alkaline,  as 
they  undergo  oxidation  to  carbonic  acid  and  form 
basic  salts  with  bases  in  the  body.  Mineral  acids  and 
organic  acids  increase  the  urinary  acidity. 

Pathologically,  the  acidity  of  the  urine  is  always 
increased  in  febrile  processes  on  account  of  the  in- 
creased protein  catabolism  with  liberation  of  phos- 
phoric and  sulphuric  acid  radicles.  In  certain  stages 
of  pneumonia,  and  following  the  rapid  absorption  of 
exudates  or  transudates,  however,  the  urine  is  usually 
alkaline.  The  reaction  of  the  urine  varies  in  gastric 
disturbances  according  to  fluctuations  in  the  excre- 
tion of  HCl.  In  most  nervous  diseases  associated 
with  excitation  the  urine  is  persistently  alkaline.  In 
leucemia  it  is  generally  acid,  also  in  severe  diabetes 
mellitus. 

Whenever  the  urine  is  decomposed  by  bacteria  it 
contains  ammonium  carbamate  and  carbonate  as 
cleavage  products  of  urea  and  is  alkaline.  Here  litmus 
paper  turns  blue  but  the  blue  color  disappears  on 
drying,  whereas  in  other  conditions  of  alkalinity  the 
blue  color  persists.  The  former  is  called  volatile, 
the  latter  fixed  alkalinity.  Volatile  alkalinity  in 
fresh  urine  is  indicative  of  stagnation  of  infected 
urine  in  the  bladder. 

Optical  Properties. — (o)  Appearance.  Fresh  nor- 
mal urine  is  clear;  after  an  abundant  vegetable  diet 
the  urine  being  alkaline  precipitates  pho.sphates  and 
is  faintly  turbid.  The  small  amount  of  mucus  and 
epithelia  that  every  urine  contains  causes  the  forma- 
tion of  a  faint  cloud,  "nubecula,"  on  standing.  On 
longer  standing,  especially  if  the  urine  is  acid  and  is 
allowed  to  become  quite  cold,  uric  acid  and  urate 
crystals  precipitate,  causing  turbidity  and  a  sediment. 
An  alkaline  urine,  or  a  urine  decomposed  after  stand- 
ing at  room  temperature,  precipitates  a  copious  sedi- 
ment of  phosphates.  Air-borne  saprophytes  form  a 
bacterial  cloud,  even  in  faintly  acid  urine,  and  this 
turbidity  is  very  difficult  to  remove  by  filtration.  A 
urine  that  is  cloudy  when  voided  indicates  either  the 
presence  of  abundant  organized  sediment  (casts, 
blood,  pus)  or  of  phosphates. 

(6)  Color.  The  normal  pigments  of  the  urine  that 
produce  the  yellow  color  are  urochrome,  uroerythrin, 
and  urobilin.  The  shade  of  yellow  depends  upon  the 
concentration  of  the  urine  and  its  reaction;  urines  of 
low  specific  gravity  are  usually  light,  of  high  concen- 
tration dark.  Acid  urine  is  usually  darker  than 
alkaline  urine  and  acid  urine  becomes  pale  when 
alkalinized,  alkaline  urine  darker  when  acidified.  The 
day  urine  is  generally  of  a  clear  yellow,  amber  color, 
the  night  urine  generally  has  a  greenish  sheen. 

In  pathological  urines  bile  pigments  impart  a 
greenish  or  brownish  color,  blood  pigments  a  red  to 
brown  tinge;  indican,  phenol  derivatives  cause  the 
urine  to  turn  dark  brown  or  greenish  black.  Melanin, 
voided  in  cases  of  melanotic  tumors,  causes  the  urine 
that  may  be  light  yellow  on  standing  to  turn  dark 
brown  or  black  on  exposure  to  the  air;  in  alkaptonuria, 
homogentisic  and  uroleucinic  acids  impart  a  brownish- 
black  color  to  the  urine,  especially  after  standing. 

Cherries,  blackberries,  raspberries,  and  beets  irn- 
part  a  characteristic  color  to  the  urine  if  eaten  in 
excess.     Carbolic     acid,     resorcin,     salol,     creosote, 
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guaiacol  produce  a  dark  brown  or  black  urine  due  to 
the  excretion  of  hydroquinon  and  pyrocatechin. 
Methylene  blue  produces  a  green  urine;  sulphonal  and 
its  congeners  occasionally  cause  hematopoqiliyrinuria 
with  a  deep  burgundy-red  urine.  Antipyrin  and 
P3Tamidon  produce  pink  or  red  urines.  Senna, 
rhubarb,  cascara,  santonin,  chrysarobin  color  the 
urine  a  bright  yellow  that  turns  red  on  alkalinization 
of  the  specimen.  Fluorescence,  either  bluish  or  j-el- 
lowish  red.  is  occasionally  observed  in  urine,  especially 
in  ammoniacal  and  slightly  albuminous  urine. 

(c)  Behavior  toward  Polarized  Light. — Normal 
urine  is  almost  always  slightly  levorotary;  it  is  never 
dextrorotary  and  hardly  ever  optically  inactive.  The 
presence  of  dextrose.  le\Tjlose,  glycuronic  acid  com- 
pounds produces  typical  polarimetric  phenomena  that 
will  be  described  below. 

(d)  The  Spectrum. — Normal  urine  shows  no  absorp- 
tion bands,  but  the  coefficient  of  light  extinction 
varies  in  different  regions  of  the  spectrum.  In 
pathologic  urines  hematoporphyrin,  uroerj-thrin,  and 
urobilin  produce  tyi)ic:il  spectra. 

Odor. — The  faintly  aromatic  odor  of  the  fresh  urine 
is  due  to  certain  volatile  acids.  The  "urinous"  odor 
only  appears  on  decomposition  and  is  attributable 
presumably  to  phenols  and  ammonia.  In  a  fresh 
urine  it  indicates  stagnation  of  urine  in  the  bladder  and 
usually  infection.  If  there  is  much  pus  an  hydrogen- 
sulphide  odor  may  be  noticed. 

Acetone  produces  a  fruity  odor  whenever  it  ap- 
pears in  large  quantities  in  the  urine  (see  Acelonurin) . 
especially,  therefore,  in  diabetes.  Asparagus  pro- 
duces a  characteristic  odor  in  the  urine  due  to  methyl 
mercaptan;  turpentine  imparts  an  odor  of  violets, 
menthol  of  peppermint,  copaiba,  sandal-wood  oil, 
tolu  and  other  balsams  of  spice  to  the  urine;  valerian, 
asafetida,  and  garlic  can  be  recognized  in  the  urine. 

Freezing-point  (Cryoscopy). — The  freezing-point  of 
the  urine  may  be  considered  an  index  of  the  osmo- 
regulatory function  of  the  kidneys  and  indirectly  of 
the  amount  of  electrolytes  in  solution.  Fluctuations 
in  the  freezing-point  of  the  urine  are  utilized  in  the 
determination  of  the  renal  function.  The  more  con- 
centrated the  solution,  the  lower  it  freezes.  The 
freezing-point  is,  therefore,  an  index  of  the  molecular 
concentration.  The  lowering  of  the  freezing-point 
below  that  of  distilled  water  is  designated  by  the 
symbol  A.  The  greater  the  difference  of  the  delta  of 
the  urine  and  the  blood,  the  greater  the  permeability 
of  the  kidneys.  And  the  more  the  delta  of  the  urine 
approaches  that  of  the  blood,  the  less  the  permeability 
of  the  kidneys.  By  determining  the  delta  in  blood 
and  urine  one  can.  therefore,  establish  the  relation 
between  retained  and  eliminated  substances. 

Clinically  this  method  is  for  the  present  of  subordi- 
nate importance;  for  eryoscopic  examinations  give 
very  little  information  that  cannot  also  be  obtained 
by  other  means.  The  method  requires  great  skill,  the 
sources  of  error  are  many  and  numerous  factors  must 
be  controlled,  if  the  results  are  to  be  properly  inter- 
preted. The  determination  of  the  delta  in  a  single 
specimen  of  urine  is  of  no  value  at  all.  The  chief 
advantage  of  the  method,  if  carried  out  in  catheterized 
specimens  obtained  from  each  kidney,  is  to  deter- 
mine the  eliminatory  powers  of  the  kidneys  for  all  the 
sohds.  especially  as  it  is  not  influenced  by  the  presence 
of  albumin  in  pathological  urines.  The  normal  urine 
has  a  freezing-point  from  0.9°  to  0.26°. 

Electric  Conductii'itij. — The  resistance  ofi'ered  by  the 
urine  to  the  passage  of  an  electric  current  can  be 
utilized  to  determine  the  quantity  of  mineral  solids 
present.  Larce  numbers  of  non-electrolytes  present 
in  normal,  and  especially  pathological  urines,  do  not 
interfere  with  this  determination.  There  is  a  dis- 
tinct connection  between  the  total  ash  of  the  urine 
and  its  conductivity,  the  conductivity  of  the  urine 
being  essentiallv  a  function  of  its  total  mineral  con- 
tent.    Clinically  the  method  is  of  very  little  value, 


as  it  is  quite  complicated  and  requires  an  expensive 
apparatus. 

Organic  Constituents:  the  Albcmin-s — 1.  Serum- 
(ilbumin  and  Serum-globulin. — These  two  elements 
usually  occur  together.  Pure  "serinuria"  and  "glo- 
bulinuria"  are  reported  as  rare  findings.  The 
appearance  of  these  elements  is  always  pathologicaL 
Mmimal  quantities,  when  not  accompanied  by  other 
urinary  evidence  of  nephritis,  indicate  only  one  of  sev- 
eral forms  of  so  called  physiological  albuminuria,  vari- 
ou.sly  called  albuminuria  minima,  intermittent  or 
cyclic  albuminuria,  or,  again,  postural  albuminuria 
(syn.  Orthostatic  albuminuria).  Finally  there  are 
forms  of  extrarenal  albuminuria  (syn.  Pseudo- 
albuminuria,  albuminuria  spuria),  in  which  the  urine 
contains  albumin  from  a  mixture  of  albuminous  fluids 
that  enter  the  urinary  passages  below  the  kidneys. 
Every  case  of  minimal  albuminuria  calls  for  a  guarded 
prognosis.  And  one  should  constantly  be  on  the 
lookout  for  the  development  of  true  nephritis.  Serum- 
albumin  in  quantities  over  one  pro  mille  always 
renders  the  diagnosis  of  nephritis  justified,  even 
though  not  accompanied  by  renal  elements  and  unless 
extrarenal  in  origin. 

2.  Nuclco-nlhumin  (Mucin). — Mucin  is  a  complex 
body  consisting  of  three  distinct  combinations  of 
serum-albumin  with  three  acids,  viz.,  nucleinic  acid, 
chondroitin-sulphuric  acid  and  tauroeholic  acid;  the 
first  two  always  being  present  in  minimal  quantities 
in  normal  urine.  The  character  of  the  mucin  varies 
according  to  the  relative  proportion  of  the  three 
acids.  In  all  desquamative  catarrhs  of  the  kidneys 
we  find  the  nucleo-albumin  of  the  urine  increased. 
There  is  also  an  extrarenal  form  due  to  desquamation 
of  the  ureteral,  vesical  and  urethral  epithelium.  In 
this  latter  form  we  find  nucleo-albvmiin  alone;  in  other 
stages  it  occurs  together  with  serum-albumin  and 
globulin. 

N ucleo-albunnnuria  (Mucinuria)  always  indicates  a 
degeneration  of  epithelia.  It  is  not  uncommon  in 
cyclic  albuminurias;  in  many  infectious  and  toxic 
forms  of  nephritis;  after  chloroform  anesthesia  and, 
above  all,  in  icterus,  with  abundant  excretion  of  tauro- 
eholic acid. 

.3.  Albumoses  and  Peptone. — These  albumins  are 
degradation  products  of  native  albumin,  that  are 
spontaneously  formed  in  the  intestine  but  normally 
undergo  reconversion  into  more  complex  albumins, 
chiefly  serum-albumin,  somewhere  in  the  intestinal 
wall.  They  are,  therefore,  not  ordinarily  found  in  the 
blood  or  urine  and  are,  in  fact,  very  toxic.  In  a 
variety  of  lesions  of  the  digestive  tract  the  normal 
reconversion  does  not  occur  and  albumoses  and  pep- 
tones appear  in  the  urine.  Proteolytic  ferments 
found  in  necrotic  foci  anywhere  in  the  body  may  also 
give  rise  to  the  entrance  of  albumoses  and  peptones 
into  the  blood  stream  and.  hence,  into  the  urine. 

These  albumins  are  not  coagulable  by  heat.  The 
differentiation  between  albumoses  and  peptones  is 
very  difficult.  Pure  peptonuria  is  very  rare.  And 
one  should  speak  of  it  only  when  the  urine  contains 
albumin  that  is  not  coagulable  by  heat;  not  precipi- 
table  by  the  ordinary  albumin  precipitates  (see  below) 
and  that  gives  the  biuret  reaction. 

The  clinical  significance  of  albumo,ses  and  peptone 
excretion  is  the  same.  There  is  an  enterogenous  form 
in  certain  diseases  of  the  liver  accompanied  by  gastro- 
intestinal disturbances,  in  carcinoma  of  the  stomach 
and  in  atrophic  processes  of  the  stomach  and  bowel;  a 
puerperal  form,  in  which  these  albumoses  are  derived 
from  the  absorption  of  disassimilating  dead  albu- 
minous d<^bris  from  the  subinvolution  of  the  uterus. 
.■Albumosuria  also  accompanies  hemorrhagic  fibrin- 
ous exudates  and  may  occur  after  croupous  pneumonia, 
apoplexy,  and  ecchynioses. 

From  a  practical  point  of  view  the  most  important 
form    is    the   pyogenic    variety    that    occurs    almost 
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invariably  when  pus  is  present  in  an  enclosed  body- 
cavity.  In  severe  intoxications  or  infections,  in 
which  there  is  much  destruction  of  blood  corpuscles, 
albuinoses  is  apt  to  appear  in  the  urine.  This  is  the 
so-called  hematogenous  "peptonuria." 

In  view  of  the  fact  that  the  urine  normally  contains 
small  quantities  of  digestive  ferments,  among  them 
proteases,  and  that  the  latter,  under  favorable  condi- 
tions, may  digest  any  serum-albumin  present  and 
convert  it  into  albumoses  and  peptone,  it  will  be 
understood  that  these  albumins  may  occur  whenever 
there  is  stagnation  of  albuminous  urine.  This  may 
be  called  an  extrarenal  albumosuria. 

4.  Bcnce-Jones  Albumin. — The  exact  chemical  na- 
ture of  this  body  has  not  been  settled.  It  is  probably 
a  true  albumin.  It  differs  from  all  other  forms  of 
protein  occurring  in  the  urine  by  being  precipitated  at 
low  temperatures,  by  dissolving  on  boiling  and  reap- 
pearing on  cooling.  It  also  dissolves  readily  in  dilute 
ammonia,  after  it  has  been  precipitated  with  alcohol. 
The  output  rarely  exceeds  one  per  cent.  Its  origin  is 
not  known,  but  it  is  in  some  way  derived  from  the  bone 
marrow,  for  it  is  most  common  in  cases  of  multiple 
myeloma  of  the  bones,  but  it  is  not  a  constant  finding 
in  this  disease.  Inasmuch  as  this  disorder  occasion- 
ally runs  its  course  without  determinable  local  bone 
manifestations,  but  with  a  profound  anemia,  it  is 
important  in  cases  of  obscure  anemia  to  test  the  urine 
for  Bence-Jones  albuminuria.  Occasionally  crystals 
assuming  the  form  of  spheroliths  consisting  of  Bencc- 
Jones  albumin  appear  in  the  urinary  sediment.  This 
albumin  is  rarelj'  associated  with  other  albumins. 

5.  Fibrin  (Fibrinogen). — Spontaneous  coagulation 
of  pathologic  urines  is  occasionally  observed,  so  that 
the  urine  may  be  converted  into  a  jelly  or  may  con- 
tain a  mass  of  fibrin  shreds.  Or  the  urine  may  coagu- 
late on  slight  heating  (56°  C),  i.e.  below  the  coagula- 
tion temperature  of  the  ordinary  albumins.  Here 
the  fibrinous  character  of  the  coagulate  should  always 
be  suspected.  This  phenomenon  is  due  to  the  fibrino- 
gen that  coagulates  under  the  influence  of  the  fibrin 
ferment  that  is  generally  present  in  the  urine.  In 
chyluria  and  hematuria  fibrin  coagulates  are  often 
found  in  the  urine.  Here  the  clinical  interpretation  of 
the  fibrinuria  is  simple  and  the  character  of  the  affec- 
tion can  readily  be  determined  by  an  examination  of 
the  sediment.  There  are  cases  of  fibrinuria,  however, 
due  to  violent  inflammation  of  the'kidneys.  ureters,  or 
bladder,  in  which  the  fibrin  appears  dissolved  in  the 
urine.  This  has  been  seen  in  eantharidal  nephritis 
and  in  acute  nephritis,  as  well  as  in  renal  alsscess. 
Now  and  then  fibrinous  casts  of  the  pelvis  and  ureter 
are  excreted. 

6.  Hislon  and  Nudcohision. — These  two  albumins 
are  derivatives  of  the  cell  nuclei,  are  concerned  in  the 
coagulation  of  the  blood  and  partake  of  the  chemical 
characteristics  of  the  albumoses.  They  are  found  in 
the  urine  in  diseases  accompanied  by  great  destruc- 
tion of  blood  corpuscles,  viz.,  in  lymphemia,  anemia, 
acute  febrile  diseases  accompanied  by  high  grades  of 
leucocj^osis  and  in  cases  of  pseudoleucemia.  As  his- 
ton  is  a  cleavage  product  of  nucleohiston  the  former 
is  more  commonly  found  than  the  latter. 

Qualitative  and  Quantitative  Determination  of  the 
Different  Albumins. — Of  the  many  tests  for  albumin 
known  the  following  four  are  given  on  account  of  their 
value  as  clinical  tests.  They  are  simple  and  rapid 
of  execution  and  permit  differentiation  of  the  most 
important  urinary  elements: 

_  The  Boiling  Test. — The  urine  is  slightly  acidulated 
either  with  dilute  nitric  or  acetic  acid.  A  flocculent 
precipitate  appearing  on  boiling  indicates  the  presence 
of  serum-albumin  or  serum-globulin.  If  the  urine  is 
not  acidulated  a  flocculent  precipitate  of  calcium 
phosphate  may  appear,  which  disappears  on  the  addi- 
tion of  the  acid,  whereas  the  albumin  precipitate  per- 
sists or  becomes  more  intense.  If  too  much  acid 
is  added  albumin  nitrate  may  form  and  go  into  solu- 
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tion.  If  too  little  is  added,  a  portion  of  the  basic 
phosphate  is  converted  into  simple  acid  phosphate 
and  the  albumin  in  combination  with  a  base  (alkali 
albuminate)  may  again  remain  in  solution.  One  or 
two  drops  of  nitric  acid  (specific  gravity  1.2)  to  each 
cubic  centimeter  of  urine  is  usually  the  proper  quantity. 

The  albumoses  and  nucleo-albuniins  escape  detec- 
tion altogether  by  this  test.  Bence-Jones  albumin 
forms  a  coagulate  on  heating  acidified  urine  up  to 
50°  C,  but  disappears  again  on  boiling.  Nucleo-histon 
is  not  precipitated. 

Nitric  Acid  Test. — A  few  cubic  centimeters  of  cold 
filtered  urine  are  poured  into  a  test-tube  and  about 
1  c.c.  of  nitric  acid  allowed  to  flow  carefully  down  the 
sides  of  the  tube;  the  acid  being  heavier  than  the 
urine  collects  at  the  bottom  of  the  tube.  Appreciable 
quantities  of  serum-albumin  or  serum-globulin  form  a 
white  opaque  zone  at  the  plane  of  contact.  If  the 
amount  of  albumin  is  very  small  the  ring  may  not 
appear  for  two  or  three  minutes. 

Nucleo-albumin  also  forms  a  ring.  The  test  should 
be  repeated  with  diluted  urine  and,  if  the  ring  is  now 
thicker,  the  presence  of  this  albumin  should  be  sus- 
pected. 

The  albumoses  form  a  ring  that  disappears  on  heat- 
ing and  reappears  on  cooling.  In  pure  albumosuria, 
boiling  the  mixture  turns  the  urine  bright  yellow. 
If  both  serum-albumin  and  albumoses  are  present ,  the 
urine  will  become  clear  on  heating,  but  the  cloudiness 
will  reappear  on  cooling.  Bence-Jones  albumin  and 
histon  act  like  the  albumoses. 

Other  urinary  bodies  also  form  a  nitric  acid  ring. 
The  urate  ring  in  contradistinction  to  the  albumin 
ring,  which  begins  at  the  plane  of  contact  and  extends 
upward,  begins  above  the  plane  of  contact  and  extends 
downward.  Sometimes  the  particles  of  urate  cloud 
scintillate,  owing  to  their  crystalline  structure.  In 
dilute  urine  the  urate  ring  will  not  appear.  It  also 
disappears  on  heating.  Urea  in  large  ciuantities  forms 
a  crystalline  ring  of  urea  nitrate  above  the  acid; 
microscopical  examination  will  reveal  the  typical 
crystals.  The  ring  formed  by  balsams  and  resins 
disappears  when  a  little  ether  is  added  to  the  urine. 
Pigments  form  multicolored  rings,  usually  below  the 
albumin  ring. 

The  Potassium  Ferrocyanide  Test. — The  urine  must 
be  altogether  clear.  The  specimen  is  acidulated  with 
acetic  acid  and  a  ten  per  cent,  solution  of  potassium 
ferrocyanide  added  drop  by  drop.  A  faint  cloudiness 
reveals  the  presence  of  even  minute  quantities  of 
serum-albumin;  larger  quantities  forming  a  thick 
flocculent  precipitate.  If  the  precipitate  forms  on  the 
addition  of  acetic  acid  alone,  this  is  generally  due  to 
the  presence  of  nucleo-albumin,  globulin,  or  urates; 
and  it  should  be  filtered  off  before  adding  the  potas- 
sium ferrocj'anide.  The  albumoses  also  form  a  pre- 
cipitate, but  the  cloudiness  promptly  disappears  on 
heating,  only  to  reappear  on  cooling.  Globulin  and 
nucleo-albumin  that  appear  on  the  addition  of  acetic 
acid  can  be  differentiated  by  adding  more  acetic  acid; 
the  former  going  into  solution,  the  latter  not. 

4.  The  Biuret  Reaction. — The  urine  is  treated  with  a 
ten  per  cent,  solution  of  potassium  hydrate  and  a  ten 
per  cent,  solution  of  cupric  sulphate  added  drop  by 
drop.  If  serum-albumin  or  serum-globulin  alone  is 
present,  the  solution  turns  pure  violet ;  if  albumoses  are 
present,  it  turns  rose  color;  if  several  of  the  albumins 
are  present  together,  intermediary  tints  are  developed. 
In  the  presence  of  minute  quantities  of  albumin  only 
very  little  of  the  cupric  sulphate  solution  should  be 
added,  as  otherwise  the  blue  copper  masks  the  violet 
or  rose  tint  of  the  biuret  reaction.  If  several  of  the 
albumins  are  present  together,  it  often  becomes 
necessary  to  separate  them  and  to  perform  special 
tests,  the  details  of  which  are  too  complicated  to 
warrant  inclusion  in  this  article. 

The  quantitative  determination  of  coagulable  albu- 
mins is  of  some  clinical  importance,  whereas  in  the 
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case  of  the  other  albumins  tlie  quantitative  estima- 
tions are  rarel.y  retiuired. 

The  only  absolutely  accurate  method  for  determin- 
ing the  coagulable  albumins  is  to  precipitate  them;  to 
collect  the  precipitate  on  a  weighed  filter  and,  after 
washing  with  water,  alcoliol  and  ether,  to  dry  to  a 
constant  weight.  A  nitrogen  dptorniination  of  the 
residue  is  then  made  according  to  the  method  of 
Kjehldahl  and  the  value  obtained  multiplied  by  6.25. 

For  ordinary  clinical  work  the  most  rapid  and  the 
simplest  method  is  that  of  Esbach  with  the  aid  of  the 
well-known  Esbach  albuminonieter. 

The  Purin  Bodies. — The  purin  group  of  the  urinary 
constituents  is  composed  of  uric  acid,  a  number  of 
basic  bodies  (xanthin,  hj^poxanthin,  etc.)  also  called 
the  purin  bases,  nuclein  bases,  xanthin  bases.  Uric 
acid  and  its  congeners  are  also  called  alloxuric  bodies ; 
and  the  bases  alone  alloxuric  bases.  The  chief 
sources  of  the  urinary  purin  bodies  are  the  nudeins  of 
the  cell  nuclei.  These  nucleins  may  be  either  derived 
from  the  food  or  from  the  body  cells,  hence  the  purin 
bodies  excretion  is  determined  both  by  the  amount  of 
nuclein  containing  food  and  by  the  degree  of  body 
catabolism.  The  former  are  called  the  exogenous 
purins,  the  latter  the  endogenous  purins.  The  endo- 
genous purin  bodies  excretion  varies  in  different 
individuals  and  fluctuates  from  0.1  to  0.2  gram  a  day. 
The  exogenous  purin  bodies  excretion  is,  of  course, 
exclusively  dependent  upon  the  character  of  the 
food. 

Uric  acid  is  not,  as  was  formerly  believed,  a  terminal 
product  of  metabolism,  but  rather  an  intermediary 
product  between  nuclein  and  urea. 

Uric  Acid. — Uric  acid  is  a  normal  constituent  of 
the  urine.  In  a  healthy  adult  living  upon  an  ordinary 
diet  the  daily  excretion  varies  from  0.2  to  1.25  grams, 
constituting  from  one  to  two  per  cent,  of  the  total 
daily  output  of  nitrogen. 

Pathologically  the  uric  acid  output  is  increased  in 
all  cfiseases  in  which  there  is  rapid  loss  of  flesh,  par- 
ticularly in  febrile  diseases;  leucocytosis  also  con- 
tributes to  the  increased  output  of  urinary  uric  acid. 
Hence  in  septic  disorders  with  a  great  leucocytosis  and 
in  leucemia  we  have  much  uric  acid  in  the  urine. 

In  gout  the  uric  acid  output  is  somewhat  increased 
during  the  gouty  attack  and  slightly  decreased  im- 
mediately preceding  the  attack.  In  the  intervals 
between  the  attacks  the  uric  acid  excretion  differs  in 
no  way  from  that  seen  in  healthy  subjects  and  is  in 
the  main  dependent  upon  the  same  factors. 

The  amount  of  urinary  uric  acid  excreted  cannot  be 
estimated  from  the  uric  acid  or  urea  sediment  seen. 
The  precipitate  of  uric  acid  from  the  urine  is  a  question 
of  the  urinary  reaction  and  the  proportion  of  basic 
and  acid  salts ;  basic  phosphates  holding  the  uric  acid 
in  solution;  acid  phosphates  precipitating  it.  In  view 
of  the  relatively  small  clinical  value  of  fluctuations 
in  the  urinary  uric  acid  excretion  the  finer  methods 
of  determination  are  of  importance  only  from  an 
academic  point  of  view.  For  clinical  purposes  the 
method  of  Ileintz  is  sufficient,  viz.,  200  c.c.  of  urine 
are  treated  with  10  c.c.  of  concentrated  HCl.  The 
crystalline  deposit  of  uric  acid  that  collects  after 
twenty-four  to  forty-eight  hours  is  gathered  on  a 
weighed  filter,  washed  with  alcohol  and  ether,  and 
dried  to  a  constant  weight. 

Of  the  purin  bases  the  most  important  is  xanthin. 
These  bodies  are  found  in  many  articles  of  food,  chiefly 
in  meat  extractives,  tea,  coffee  and  cocoa.  Some  of 
them  reappear  in  the  urine  as  purin  bases,  others  are 
converted  into  uric  acid  and  are  still  further  oxidized 
to  urea.  Normal  urine  contains  only  small  quantities 
of  the  purin  bases.  Their  excretion  fluctuates  with 
the  character  of  the  diet;  and  no  normal  values  can  be 
given.  On  an  ordinary  mixed  diet  a  healthy  adult 
excretes  from  fifty  to  ninety  mgm.  in  the  twenty-four 
hours. 

Pathologically  an  increase  of  the  purin  bases  is  seen 


in  leucemia  and  in  manifestations  of  the  so-called 
uric  acid  diathesis,  notably  in  gout. 

The  nucleinic  acids  and  allanloin  are  closely  related 
to  the  purin  bases  and  occasionally  appear  in  the  urine. 
The  nucleinic  acids  are  combinations  of  phosphoric 
acid  ^yith  the  purin  bases  and  a  nitrogen-free  molecule 
(po.ssibly  pentoses).  They  appear  in  the  urine  either 
free  or  in  combination  with  albumin  (nucleoalbumin). 
The  significance  of  the  latter  substance  has  already 
been  discussed.  Free  nucleinic  acids  are  derived  by 
cleavage  of  nucleoalbumins  and  may  in  their  turn 
constitute  a  .source  of  uric  acid  or  of  purin  bases. 

Allantoin  is  an  intermediary  product  in  the  oxida- 
tion of  uric  acid  to  urea.  It  rarely  appears  in  human 
urine,  but  is  occasionally  found  in  the  urine  of  new- 
born children  during  the  first  week  of  life.  It  is  here 
presumably  like  the  uric  acid  infarcts  in  the  kidneys  a 
product  of  the  excessive  degradation  of  the  nuclei  of 
nucleated  red  blood  corpuscles.  .-Vllantoin  is  also 
occasionally  found  in  the  urine  of  pregnant  women, 
where  it  is  probably  derived  from  the  amniotic  fluid. 

The  Total  Urinary  Nitrogen  and  Urea. — Two  factors 
determine  the  output  of  urinary  nitrogen,  namely,  the 
amount  of  nitrogenous  food  (chiefly  the  albumins) 
ingested  and  the  catabolism  of  the  tissues  proper. 
From  eighty-three  to  ninety-three  per  cent,  of  the 
urinary  nitrogen  is  excreted  as  urea;  the  remaining 
seven  to  seventeen  per  cent,  appearing  in  the  urine  in 
the  form  of  purin  bases,  certain  aromatic  compounds, 
creatin,  creatinin,  nucleinic  acids,  ailantoin,  alloxuric 
acid,  diamins,  amido  acids  and  preformed  ammonia. 
In  an  individual  fed  upon  a  constant  diet  for  a  period 
of  three  or  four  days  the  nitrogen  output  equals  the 
nitrogen  intake;  we  say  the  subject  is  in  nitrogen 
equilibrium.  The  nitrogen  output  during  a  period  of 
twenty-four  hours  accommodates  itself  to  the  nitrogen 
intake  during  the  preceding  twenty-four  hours.  If 
the  nitrogen  intake  is  con.sequently  altered,  the  latter 
factor  predominates  in  the  beginning,  .\fter  a  num- 
ber of  days,  however,  the  former  factor  determines 
the  nitrogen  output.  Even  though  the  nitrogen  intake 
fluctuates  from  day  to  day  the  sum  of  the  total  urin- 
ary nitrogen  excreted  during  a  given  period  will  never- 
theless equal  the  sum  of  the  nitrogen  intake  during 
this  time. 

The  determination  of  the  urea  in  isolated  specimens 
of  urine  or  even  in  the  twenty-four  hours'  quantity  is 
essentially  valueless,  unle.ss  the  nitrogen  content  of 
the  diet  is  considered  over  a  jjcriod  of  several  times 
twenty-four  hours.  In  other  words  the  patient 
should  be  in  a  state  of  nitrogen  equilibrium  before 
changes  in  the  nitrogen  intake  are  made  and  before 
changes  in  the  nitrogen  output  are  utilized  as  the 
basis  of  clinical  conclusions.  Exercise,  the  amount  of 
liquid  intake,  fever,  the  condition  of  the  gastrointesti- 
nal tract,  the  existence  of  cachexia,  and  other  factors 
all  determine  the  urea  output  and  should  be  included 
in  the  calculation.  The  greatest  care  should  particu- 
larly be  exercised  in  drawing  conclusions  in  regard 
to  renal  inadequacy  from  estimations  of  the  urinary 
urea. 

In  view  of  the  many  different  factors  that  determine 
the  urea  excretion  no  normal  values  can  be  given.  A 
healthy  adult  of  seventy-tive  kilos,  living  upon  an 
average  mixed  diet,  excretes  about  thirty-three  grams 
of  urea  in  the  twenty-four  hours.  The  normal  fluc- 
tuations depending  upon  the  amount  of  exercise  and 
the  liquid  intake  may  vary  from  twenty  to  forty- 
live  grams  and  still  be  within  normal  limits.  If  we 
assume  1,500  c.c.  to  be  the  normal  daily  ([uantity  of 
urine,  then  the  normal  average  urea  excretion  should  be 
from  two  to  three  per  cent.  By  designating  the  urea 
excretion  in  per  cent.,  however,  we  merely  introduce 
another  labile  tiuantity,  namely,  the  amount  of  urine. 
Here,  therefore,  it  is  by  all  means  ])referable  to  desig- 
nate the  urea  excretion  in  grams  pro  die. 

Of  the  many  methods  for  determining  the  urea  of 
the  urine,  that  nearly  all  suffer  from  the  error  that 
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other  nitrosenous  constituents  of  the  urine  are  deter- 
mined as  urea,  the  most  convenient  and  relatively  the 
most  accurate  clinical  method  is  the  hypobromite  of 
Hiifner  (Knop).  Tliis  method  is  based  upon  the  fact 
that  sodium  hydrobromite  in  alkaline  solution  decom- 
poses urea  into  nitrogen,  COj  and  water.  The  carbon 
dioxide  is  absorbed  by  soda  lye,  while  the  nitrogen 
passes  through  the  lye  and  can  be  measured.  From 
the  volume  of  nitrogen  liberated  the  amount  of  urea  is 
calculated. 

The  Doremus  ureometer  is  in  universal  use  and  is  a 
convenient  apparatus  for  carrying  out  this  method  for 
comparative  cniilc  clinical  purposes. 

For  detcrniiiuMg  the  total  urinary  nitrogen  the 
method  of  Kjehldahl  is  the  most  reliable  one,  but  it 
is  not  a  simple  clinical  method. 

Of  other  nitrogenous  bodies  that  have  clinical 
importance,  creatinin  is  the  most  important.  Then 
there  are  certain  diamins,  trypsin  and  cadaverin,  that 
are  highly  toxic,  and  certain  amido  acids,  including 
such  important  bodies  as  leucin,  tyrosin,  and  cy.stin. 
These  substances  will  be  discussed  under  appropriate 
headings  below. 

Creatin  is  a  rare  constituent  of  the  urine.  It  is  the 
mother  substance  of  creatinin,  that  is  a  normal  urin- 
ary constituent  appearing  in  quantities  varying  from 
0.6  to  1.3  grams  in  the  twenty-four  hours'  quantity. 
Both  creatin  and  creatinin  are  derived  from  the 
muscle  tissue,  either  food  muscle  or  body  muscle. 
The  creatinin  excretion  is  therefore  dependent  upon 
the  amount  of  meat  eaten,  but,  even  when  all  meat 
is  excluded,  a  certain  amount  of  creatinin  continues 
to  be  excreted. 

Pathologically  the  urinary  creatinin  is  found  in- 
creased in  nearly  all  diseases  in  which  there  is  rapid 
wasting  of  muscle  tissue,  as,  for  instance,  in  acute 
febrile  diseases,  in  diabetes,  and  in  rapid  cachexias. 
Alimentiiry  creatinuria  must,  of  course,  always  be 
considered  in  interpreting  an  increase  in  the  urinary 
creatinin.  The  exact  significance  of  creatinin  fluc- 
tuations is  not  yet  well  understood. 

Qualitatively  the  presence  of  creatinin  can  be 
determined  readily  by  Jaff6's  test.  The  urine  is 
treated  with  a  few  drops  of  a  ten  per  cent,  sodium 
hydrate  solution  and  a  few  drops  of  a  ten  per  cent, 
picric  acid  solution.  If  appreciable  quantities  of 
creatinin  are  present  the  liquid  turns  red  at  once,  even 
in  the  cold.  No  other  urinary  constituent  gives  this 
color  reaction.  The  quantitative  determination  is 
based  upon  the  fact  that  creatinin  forms  a  double 
compound  with  chloride  of  zinc,  that  is  essentially 
insoluble  in  alcohol,  so  that  it  can  be  filtered  off  and 
weighed  and  the  creatinin  calculated  from  the  amount 
of  zinc  salt  formed. 

Carbohydrates. — Of  the  carbohydrates  only  the 
pentoses  and  hexoses  are  of  importance  in  the  human 
urine.  None  of  the  other  groups  are  contained  in  the 
normal  food  elements  of  man.  And,  if  given  by 
mouth,  they  appear  unchanged  in  the  urine. 

Normal  urine  always  contains  small  quantities  of 
carbohydrates,  namely,  occasional  small  traces  of 
glucose  (dextrose),  isomaltose,  and  certain  glucosides. 
Normal  urine  also  sometimes  contains  pentoses. 

Pathological  urine  may  contain  pentoses  and,  of  the 
hexoses,  chiefly  dextrose,  levulose,  isomaltose,  lactose, 
(erythrodextrin),  and  animal  gum  (achroodextrin). 
Of  these  dextrose  is  the  most  important  clinically. 

The  increase  of  the  total  carbohydrates  of  the  urine, 
that  is  occasionally  .seen,  is  always  a  pathological 
phenomenon,  indicating  that  the  carbohydrate 
mechanism  as  a  whole  is  perverted  and  that  a  true 
diabetes  may  be  impending;  this  applies  particularly 
to  the  unfermentable  carbohydrates  of  the  urine.  The 
total  carbohydrates  can  best  be  determined  by 
the  method  of  Baumann,  which  is  based  upon  the 
principle  that  benzoyl  chloride  forms  a  filterable 
benzo-ester    with    fhe   carbohydrates   of    the    urine. 
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Normal  urine  may  contain  from  two  to  three  grams 
of  these  benzo-esters. 

Non-diabetic  Glycosuria. — The  presence  of  minimal 
quantities  of  dextrose  in  normal  urine  has  already 
been  mentioned.  It  may  be  attributed  to  slight  per- 
meability of  the  kidneys,  to  blood  sugar  or  to  cleavage 
or  urinary  mucin.  Whenever  the  blood  sugar  is  con- 
siderably increased  (hyperglycemia),  dextrose  appears 
in  the  urine.  The  causes  underlying  the  hypergly- 
cemia are  manifold.  And  non-diabetic  glycosurias, 
therefore,  may  be  due  to  a  multitude  of  possible 
perversions. 

Alimentary  glycosuria  may  follow  the  ingestion  of 
large  quantities  of  sugar  (glycosuria  e  saccharo)  or 
large  quantities  of  starchy  foods  (glycosuria ex  amylo) ; 
the  latter,  being  a  more  serious  condition  than  the 
former.  The  former  may  be  altogether  transitory 
and  need  not  indicate  diabetes,  although  it  usually 
signifies  a  reduction  in  the  carlsohydrate  destroying 
powers  of  the  organism.  The  difference  between  the 
two  is  of  degree  rather  than  of  kind.  In  healthy 
subjects  glycosuria  appears  if  more  than  150  to  200 
grams  of  dextrose,  150  grams  of  levulose,  150  to  200 
grams  of  saccharose  (cane  sugar),  125  grams  of  lactose 
(mUk  sugar)  are  taken  in  one  do.se  upon  an  empty 
stomach.  Glycosuria  following  the  ingestion  of  less 
sugar  than  above  must,  as  a  rule,  be  considered  as 
abnormal.  The  first  sugar  usually  appears  within 
an  hour  after  the  sugar  test  meal  and  persists  for  two 
or  three  hours  thereafter.  Of  the  total  sugar  ingested 
only  about  two  or  three  per  cent,  should  reappear  in 
the  urine.     If  more  appears,  this  is  abnormal. 

Toxic  Glycosuria. — Following  the  exhibition  of  cer- 
tain drugs,  the  injection  of  certain  organ  extracts,  the 
intoxication  of  the  organism  with  certain  bacterial 
poisons,  glycosuria  may  supervene.  Uranium  salts, 
corrosive  sublimate,  amylnitrate,  curare,  strychnine, 
morphine,  chloroform,  ether  and  certain  other  nar- 
cotics all  produce  a  cellular  asphyxia  and,  by  inter- 
ference with  the  normal  oxidation  of  sugar,  glycosuria. 
Another  group  of  drugs,  chloralamid,  chloral,  nitro- 
benzol  and  nitrotoluol,  cause  the  excretion  of  certain 
reducing  bodies  in  the  urine  that  may  lead  to  confu- 
sion. While  they  reduce  copper  solution,  they  rotate 
the  polarized  light  to  the  left  and  do  not  ferment. 
These  bodies  are  compound  glycuronates  and  will  be 
discussed  below.  Phlorizin  glycosuria  is  not  accom- 
panied by  hyperglycemia,  but  is  presumably  due  to  a 
specific  renal  ])n)cess. 

Thyroid  and  adrenal  secretions  when  injected  into 
the  circulation  produce  glycosuria.  Hence  in  Graves' 
disease  glycosuria  is  not  uncommon.  In  acromegaly 
glycosuria  may  also  persist  throughout  the  course  of 
the  disease.  In  syphilis  glycosuria  is  also  quite 
common,  presumably  due  to  the  syphilitic  lesions  in 
the  central  nervous  system  developing  in  regions  that 
govern  the  sugar  metabolism. 

Experimental  glycosuria  can  be  produced  by  a  num- 
ber of  inroads,  chiefly  by  complete  removal  of  the 
pancreas;  by  puncture  of  the  fourth  ventricle;  by  in- 
travenous infusion  of  salt  solutions,  particularly  if  they 
are  slightly  acid;  by  the  injection  of  adrenal  extract. 

In  nervous  diseases  and  following  psychic  or  mental 
shock  a  transitory  form  of  glycosuria  is  apt  to  develop. 
Here  we  are  dealing  with  a  certain  vasomotor  influence 
governing  the  glycogens  in  the  liver  and  muscles. 

There  is  probably  a  renal  form  of  glycosuria  asso- 
ciated with  kidney  lesions.  These  cases  never  develop 
into  true  diabetes. 

Pentoses. — When  pentoses  appear  in  the  urine  alone, 
their  recognition  is  easy.  The  urine  reduces  alkaline 
copper  solution,  possesses  no  rotary  power  or,  at  best, 
very  slight  dextrorotary  power.  It  does  not  ferment 
and  gives  an  osazon,  melting  at  150°  C.  The  mast 
characteristic  test  is  the  phloroglucin  reaction  of 
ToUens,  performed  as  follows:  A  little  powdered 
phloroglucin  is  dropped  into  a  test-tube  containing 
5  c.c.  of  fuming  HCl,  and  so  much  phloroglucin  is 
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Urine 


added  that  some  of  it  remains  undissolved  on  heatins 
the  mixture.  To  this  solution  0.5  c.c.  of  urine  is  added 
and  the  tube  heated  in  boilinK  water.  If  pentoses  are 
present  a  dark  red  color  will  appear  that  spectro- 
scopically  shows  absorption  bands  at  D  and  E. 

Dextrose. — The  most  important  tests  for  dextrose 
(glucose,  grape  sugar)  are  the  Fehling's  test,  Haines's 
test,  Nylander's  test,  the  fermentation  test  and  the 
phenylhydrazin  test. 

Both  the  Fehling  and  the  Haines  tests  utilize 
the  power  of  dextrose  to  reduce  copper  solutions  on 
boiling.  The  Fehling's  solution  consi-sts  of  an  alka- 
line solution  containing  173  grams  of  Rochelle  salts, 
120  grams  of  sodium  hydrate  with  .500  c.c.  of  water 
and  a  copper  solution  containing  34.369  grams  of 
copper  sulphate  in  500  c.c.  of  water.  Equal  parts 
of  the  two  solutions  are  mixed  and  diluted  with  five 
parts  of  water.  Equal  parts  of  this  reagent  and  of 
the  urine  are  poured  into  two  test-tubes  and  eacli 
tube  heated  to  boiling.  Both  tubes  are  then  allowed 
to  cool  a  little  and  the  reagent  poured  into  the  urine. 
If  sugar  is  present,  a  yellow  or  red  oxide  of  copper 
will  almost  instantaneously  appear  throughout  the 
whole  liquid.  In  this  way  the  reduction  of  the  alka- 
line copper  solution  by  numerous  other  urinary  bodies 
as  uric  acid,  creatinin,  nucleoalbumin,  glycuronates, 
bile  pigments,  etc.,  that  reduce  an  alkaline  copper 
solution  on  boiling  is  ruled  out. 

Haines'  reagent  is  a  convenient  and  popular  modi- 
fication of  the  above  and  is  prepared  as  follows: 
Copper  sulphate  two  grams  glycerin  15  c.c,  liquor 
potassce  (U.  S.  P.)  150  c.c,  water  to  make  200  c.c. 
This  solution  is  very  stable.  The  test  is  carried  out 
by  heating  half  a  test-tube  full  of  the  solution  to 
boiling  and  adding  from  six  to  eight  drops  of  the 
urine  and  again  boiling.  The  presence  of  sugar  is 
revealed  by  a  yellow  or  yellowish-red  precipitate. 

Nylander's  test  is  based  upon  the  power  of  dex- 
tro.se  to  reduce  bismuth  salts  in  an  alkaline  solution. 
Here  the  subnitrate  of  bismuth  is  reduced  instead 
of  the  sulphate  of  copper.  Uric  acid  and  creatinin 
do  not  reduce  bismuth  subnitrate.  .After  the  admin- 
istration of  senna,  salol,  antipyrin,  quinine,  and  rheum 
the  test  is  always  positive,  so  that  this  source  of 
€rror  must  be  ruled  out.  The  presence  of  large 
amounts  of  ammonia  salts,  as,  for  instance,  in  dia- 
betic acidosis,  may  cause  the  test  to  fail,  even  if  the 
urine  contains  abundant  dextrose. 

The  reagent  is  prepared  bj-  dissolving  four  grams  of 
sodium  potassium  tartrate,  two  grams  of  bismuth 
subnitrate  and  ten  grams  of  sodium  hydrate  in  90  c.c. 
of  boiling  water.  The  solution,  after  cooling,  must  be 
filtered  and  preserved  in  a  dark  bottle.  One  part 
of  the  reagent  is  added  to  ten  parts  of  urine  and  boiled 
for  several  minutes.  The  presence  of  dextrose  is 
revealed  by  a  gray  or  dark  brown  precipitate  of 
bismuthous  oxide  or  a  black  precipitate  of  metallic 
bismuth. 

The  fermenlalion  test  utilizes  the  property  of  yeast 
to  split  dextrose  into  alcohol,  etc.,  and  carbon  dioxide. 
A  piece  of  fresh  yeast  about  as  large  as  a  split  pea 
is  shaken  with  25  c.c.  of  urine  and  the  mixture  placed 
into  a  saccharometer  (Einhorn's).  If  dextrose  is 
present  CO2  will  be  developed  at  room  temperature 
or  more  rapidly  in  the  incubator.  At  least  six  hours 
should  be  allowed  to  elapse  before  the  presence  of 
dextrose  is  excluded  from  failure  of  the  solution  to 
develop  gas. 

The  PhenijUujdrazin  Test. — Ten  cubic  centimeters  of 
urine  are  treated  with  half  a  gram  of  phenylhydrazin- 
HCl  and  about  one  gram  of  sodium  acetate.  The 
mixture  is  heated  to  boiling  and  the  tube  kept  in  boil- 
ing water  for  about  thirty-five  minutes  and  then 
allowed  to  cool  slowly,  .\fter  half  an  hour  a  yellow 
crystalline  precipitate  of  phei\ylglucosazon  .'should 
appear,  that  presents  the  characteristic  fine  yellow 
needles  arranged  in  sheaths  and  rosettes  under  the 
microscope. 
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The  osazons  of  the  different  sugars  can  readily  be 
differentiated  by  their    melting-point:  dextrose  204' 
to  205°  C,  maltose  200°  C,  isomaltose  150°  to  153°  C 
lactose   200°  C. 

Polarimetric  Examinalion. — For  the  clinical  deter- 
mination of  dextrose  polariscopic  examination  of 
the  urine  is  superfluous.  For  highly  accurate  work 
and  especially  for  comparative  quantitative  work  the 
method  is,  however,  indispensable.  A  costly  and 
complicated  apparatus  and  much  technical  skill  are 
retiuired.  Among  other  urinary  bodies  the  biliary- 
acids  turn  the  plane  of  polarized  light  to  the  right. 
Levulose,  conjugate  glycuronatss,  /J-oxvbutvric  acid 
and  albumin  turn  it  to  the  left.  Dex-trorotation  Ls, 
therefore,  not  conclusive  evidence  of  the  presence  of 
dextrose  nor  optical  inactivity  or  even  levorotation 
conclusive  evidence  of  the  absence  of  de.xtro.se;  for 
the  presence  of  levorotatory  bodies  may  neutralize 
the  dextrorotation  of  dextrose  or  overbalance  it, 
causing  levorotation. 

For  the  quantitative  estimation  of  dextrose  the 
tests  of  Fehling,  Pavy,  or  Haines  are  the  most  popular. 
They  are  all  three  based  upon  quantitative  determi- 
nation of  the  amount  of  copper  precipitated  from 
alkaline  copper  solutions  by  dextrose.  A  description 
of  the  details  lies  without"  the  frame  of  this  article. 

Levulose  (levulosuria)  occasionally  occurs  together 
with  glycosuria  in  diabetes.  And  a  few  cases  of  pure 
levulosuria  or  of  levulosuria  with  minimal  dextrosuria 
are  on  record.  The  exact  clinical  significance  of  this 
sugar  is  not  understood,  although  it  may  generally 
be  interpreted  as  an  index  of  hepatic  insufficiency. 

The  simplest  qualitative  test  for  levulo.se  is  that  of 
Seliwanoff.  Equal  parts  of  urine  and  of  fuming 
hydrochloric  acid  are  mixed  in  a  test-tube.  .\  few 
grains  of  resorcin  are  added  and  the  mixture  rapidly 
heated.  If  levulose  is  present  the  liquid  turns  deep 
red  and  precipitates  a  dark  sediment,  soluble  in 
alcohol,  with  a  bright  red  color. 

Lactose  (Milk  Sugar). — Lactosuria  is  occasionally 
seen  in  nursing  women  and  in  the  urine  of  new-bom 
children  with  gastric  catarrh.  Following  the  inges- 
tion of  125  grams  of  lactose  in  one  dose  upon  an  empty 
stomach  alimentary  lactosuria  may  appear  in  nor- 
mal subjects.  In  diabetics  the  ingestion  of  smaller 
quantities  of  lactose  may  lead  to  an  increased  excre- 
tion of  dextrose,  whereas  in  nursing  women  consider- 
able quantities  of  dextrose  may  lead  to  an  excretion 
of  lactose.  Lactose  reduces  metallic  oxides,  forms 
an  osazon,  melting  at  200"  C,  and  rotates  the  plane  of 
polarized  light  to  the  right.  It  does  not  ferment. 
The  best  qualitative  test  is  that  of  Rubner,  performed 
by  boiling  the  urine  for  two  or  three  minutes  with  an 
excess  of  lead  acetate.  In  the  presence  of  lactose  the 
litiuid  turns  yellowish  brown.  .\  precipitate  forms 
that  is  soluble  in  ammonia  with  a  brick  red  color. 
On  standing  a  copper  red  sediment  settles,  while  the 
supernatant   fluid   becomes   clear  and   colorless. 

Acetone  Bodies. — To  this  group  belong  f*-oxy- 
butyric,  diacetic  acid  and  acetone.  Normal  0- 
oxybutjTic  is  oxidized  via  diacetic  acid  and  acetone 
to  carbon  dioxide  and  water,  so  that  none  of  these 
bodies  or,  at  best,  merely  traces  of  acetone  normally 
appear  in  the  urine.  Whenever  intracellular  oxida- 
tion is  interfered  with  acetone  is  excreted.  .-Vnd  if 
the  interference  with  oxidation  is  very  severe  all 
three  members  of  the  group  appear.  Hence  rf-t>xy- 
butyric  and  diacetic  acid  rarely  appear  without  ace- 
tone. But  acetone  frequently  appears  without  its 
precursors.  And  by  the  same  token  the  presence  of 
acetone  alone  indicates  a  less  serious  perversion  of 
oxidation  than  the  appearance  of  all  three  members 
of  the  group. 

The  gastrointestinal  secretions,  the  expired  air, 
the  muscles  and  digestive  glands  of  the  body  all 
normally  contain  small  quantities  of  acetone.  Hence 
the  appearance  of   minute   quantities   in   the   urine, 
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even  in  normal  subjects,  is  not  pathological.  Further- 
more the  complete  withdrawal  of  carbohydrates, 
even  in  a  normal  subject,  generally  leads  to  an  ace- 
tone  excretion,   especially   in   fat   individuals. 

Pathologically  acetonuria  together  with  the  excre- 
tion of  diacetic  and  fJ-oxybutyric  acids  is  common  in 
diabetes,  where  the  largest  quantities  are  excreted. 
Diabetic  acetonuria  is  generally  influenced  by  the 
administration  of  carbohydrates  in  the  same  way  as 
acetonuria  in  normal  subjects  in  the  sense  that  upon 
their  administration  a  reduction  in  the  excretion 
occurs.  In  ven,-  severe  cases  of  diabetes  carbohy- 
drate administration  increases  the  glycosuria  without 
at  the  same  time  decreasing  the  acetonuria. 

Acetonuria  in  fasting,  febrile  acetonuria,  acetonuria 
in  carcinoma,  in  severe  gastrointestinal  disorders, 
in  certain  psj-choses,  epilepsy  and  other  spasmodic 
affections  like  eclampsia,  acetonuria  after  narcosis 
and  after  the  administration  of  certain  poisons  are 
all   clinically  well  established. 

The  two  simplest  clinical  tests  for  acetone  are 
Legal's  and  Lieben's.  The  former  can  be  performed 
with  the  urine  itself;  the  latter  only  with  the  distillate. 
The  urine  is  treated  with  a  few  drops  of  a  twenty  per 
cent,  solution  of  sodium  nitroprusside  and  of  a  ten  per 
cent,  solution  of  sodium  hydrate.  Any  urine  turns  red. 
And  this  red  color  soon  fades.  If  acetone  is  present 
the  addition  of  a  few  drops  of  dilute  acetic  acid  changes 
the  color  to  purple  or  violet  red. 

In  Lieben's  test  a  few  cubic  centimeters  of  the  dis- 
tillate are  treated  with  a  few  drops  of  strong  potassium 
hydrate  solution  and  of  iodopotassic  iodide  (made  by 
dissolving  iodine  in  a  strong  solution  of  iodide  of  pot- 
ash). In  the  presence  of  acetone  a  yellow  precipitate 
of  iodoform  will  be  formed  that  can  be  identified  by  its 
characteristic  odor  and  by  the  appearance  under  the 
microscope  of  thin  hexagonal  plates. 

Gunning  has  modified  this  test  in  such  a  way  as  to 
exclude  confusion  with  other  alcohols  and  aldehydes 
that  give  this  reaction.  He  adds  an  excess  of  alcoholic 
iodine  solution  and  of  ammonia  to  the  urine.  If 
acetone  is  present  iodoform  is  formed.  At  first  the 
liquid  turns  black  from  the  precipitation  of  iodine- 
nitrogen.  As  this  precipitate  settles  the  yellow  iodo- 
form deposit  is  brought  into  view.  The  quantitative 
estimation  of  acetone  is  based  upon  the  conv-ersion 
of  acetone  to  iodoform  bj'  the  action  of  iodopotassic 
iodide.  .\nd  the  amount  of  acetone  present  in  a  defi- 
nite quantity  of  urine  is  determined  by  the  amount  of 
urine  consumed  in  forming  iodoform. 

Detection  of  diacetic  acid  is  best  performed  by 
Gerhardt's  ferric  chloride  reaction.  The  urine  is 
treated  with  a  ten  per  cent,  solution  of  ferric  chloride 
so  long  as  a  precipitate  continues  to  form.  If  diacetic 
acid  is  present  the  addition  of  ferric  chloride  beyond 
this  point  produces  a  typical  Bordeaux  red  color. 
The  same  reaction  unfortunately  is  given  by  salicylic 
acid,  antipyrin,  acetates,  phenols,  etc.,  so  that  the 
contamination  of  the  urine  with  any  of  these  drugs 
must  be  excluded. 

Arnold's  test  excludes  ^-oybutyric  acid  and  ace- 
tone and  is  performed  with  a  one  per  cent,  solution 
of  sodium  nitrate  and  a  solution  of  one  gram  of 
para-amido-acetophenone  in  100  c.c.  of  water  acidu- 
lated with  HCl  until  the  yellow  color  disappears. 
One  part  of  the  sodium  nkrate  solution  is  added  to 
two  parts  of  the  acetophenone  solution,  mixed  with 
equal  parts  of  the  filtered  urine  and  treated  with  a 
few  drops  of  ammonia.  The  amorphous  reddish  pre- 
cipitate that  forms  does  not  in  itself  denote  the  pres- 
ence of  diacetic  acid.  Only  if  on  the  addition  of  an 
excess  of  concentrated  HCl  a  violet-purplish  color 
appears  is  the  presence  of  diacetic  acid  determined. 

^-oxybutyric  acid  should  be  looked  for  only  in 
urine  that  contains  diacetic  acid.  The  detection  of 
very  small  quantities  is  difficult,  for  in  process  of 
determination  a  portion  is  always  converted  into 
diacetic  acid.     If  diabetic  urine  containing  dextrose 

354 


on  circumpolarization  gives  smaller  values  for  dex- 
trose than  by  titration,  the  existence  of  a  levorotatory 
substance  may  be  suspected.  .\nd  this  is  commonly 
(J-oxybut\Tic  acid,  although  pentoses,  levulose,  and 
glycuronic  acid  manifest  the  same  eflfect.  For  ordi- 
nary clinical  purposes,  however,  one  may  assume  the 
presence  of  /3-oxybutyric  acid,  if  the  urine,  after 
fermentation,  is  levorotatory  and  if  it  contains  con- 
siderable quantities  of  diacetic  acid.  The  exact 
methods  of  detecting  and  estimating  /3-oxybutyric 
acid  are  complicated. 

Blood  and  Bile  PIG^tE^•TS. — The  urinary  blood  and 
bile  pigments  may  be  discussed  together,  because 
the  latter  are  derived  from  the  former.  The  most 
important  blood  pigments  of  the  urine  are  hemo- 
globin, hematin  and  hematoporphyrin,  the  most 
important  bile  pigments  bilirubin,  biliverdin,  and 
urobilin.  To  the  group  of  bile  derivatives  also 
belong  the  bile  acids. 

The  entrance  of  blood  into  the  urine  is  called  hema- 
turia. And  this  may  be  renal  or  extrarenal.  Recent 
and  profuse  hemorrhages  color  the  urine  uniformly 
pink  or  red.  After  stagnation  of  the  blood  in  the 
lower  urinary  passages,  the  liemoglobin  undergoes 
degeneration  and  the  urine  appears  dark  brown  or, 
in  slight  hemorrhages,  smoky,  with  a  greenish  sheen. 

In  hemoglobinuria,  hemoglobin  alone  passes  through 
the  renal  filter.  It  is  commonly  seen  in  disorders 
accompanied  by  hemolysis,  although  slight  hemoh-sis 
occurs  without  hematuria.  Hemoglobinuria  is  seen 
in  poisoning  with  potassium  chlorate,  pj-rogallic 
acid,  certain  mushrooms,  sulphureted  and  arseniated 
hydrogen,  in  severe  cutaneous  burns,  in  certain 
infectious  diseases  and  after  blood  transfusion.  More- 
over there  are  two  disorders  sui  generis  known  as 
paroxysmal  hemoglobinuria  and  epidemic  hemoglo- 
binuria of  chOdren,  in  which  the  urine  intermittently 
contains  large  quantities  of  hemoglobin  in  solution. 

In  hemoglobinuria  the  filtered  urine  is  always  red 
and  the  sediment  may  contain  none  of  the  morpho- 
logical elements  of  the  blood.  If  only  small  quanti- 
ties of  hemoglobin  are  excreted  and  the  urine  is 
merely  pink,  the  exact  nature  of  the  pigments  must 
be  determined.  And  in  very  old  decomposed  hemo- 
globinuric  urine  the  blood-red  color  may  be  obliterated. 
Consequently  it  is  often  necessary  to  perform  special 
tests  for  the  detection  of  hemoglobin. 

In  Heller's  test  five  drops  of  a  ten  per  cent,  sodium 
nitrate  solution  are  added  to  the  urine  and  the 
mixture  boiled.  A  brown-red  pigment,  hemochro- 
mogen,  that  colors  the  precipitate  of  earthy  phos- 
phates and  carbonates  brown,  will  appear.  In 
alkaline  urine  this  test  fails. 

In  .-Vlmen's  test  5  c.c.  of  old  oil  of  turpentine  and 
5  c.c.  of  a  fresh  tincture  of  guaiac  are  shaken  with 
10  c.c.  of  urine  and  the  mixture  extracted  with  .5  c.c. 
of  ether.  If  hemoglobin  is  present  the  supernatant 
ethereal  layer  will  be  colored  blue.  In  place  of  oil 
of  turpentine  peroxide  of  hydrogen  can  be  used. 

The  most  delicate  and  the  most  reliable  test  is 
that  of  Teichmann.  The  hemoglobin  is  precipitated 
by  boQing  or  by  treating  the  urine  with  a  five  per  cent, 
tannin  solution,  the  filtered,  washed  and  dried  pre- 
cipitate is  placed  on  a  glass  slide  with  a  small  cry.stal 
of  sodium  chloride  and  a  drop  of  glacial  acetic  acid. 
A  cover  slip  is  placed  on  top  of  the  mixture  and  the 
slide  held  over  a  small  flame  until  everything  is 
dissolved.  The  liquid  is  then  boiled  for  about  a 
minute,  the  evaporating  fluid  being  constantly  re- 
placed by  glacial  acetic  acid.  As  soon  as  the  fluid 
turns  brown  it  is  allowed  to  cool  slowly  and  in  the 
presence  of  hemoglobin,  characteristic  crystals  of 
hemin,  so-called  Teichmann's  crystals,  will  be  seen 
under  the  microscope. 

Hematin  is  derived  from  the  disintegration  of 
hemoglobin  in  the  urinary  passages  or  after  the  urine 
has  been  voided.     Hence  it  is  usually  found  in  old 
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\irine  that  has  been  .stagnating  in  the  renal  pelvis 
or  the  bladder.  The  presence  of  hematin  is  recog- 
nized spectroseopically. 

Hemaloporphyrin  is  found  in  the  urine  after  wide- 
spread destruction  of  red  blood  corpuscles.  But  its 
exact  pathogenesis  Is  not  known.  The  largest 
quantities  of  hematoporphyrin  are  found  in  acute 
poisoning  with  sulphonal,  trional,  tetronal,  or  after 
the  prolonged  use  of  these  drugs.  It  has  also  been 
seen  in  disorders  characteristic  of  functional  derange- 
ment of  certain  ductless  glands,  Addison's  disease, 
Graven'  disease,  in  primary  anemias  and  chronic  lead 
poisoning. 

Urine  containing  hematoporphyrin  displaj-s  a 
typical  burgundy-red  color  that  becomes  darker  on 
standing  and  may  turn  almost  black.  In  order 
to  identify  the  pigment  it  must  be  isolated  by  precipi- 
tating the  urine  with  a  mixture  of  one  part  of  saturaterl 
barium  nitrate  solution  and  two  parts  of  concentrated 
baryta  water.  The  precipitate  that  forms  is  filtered 
off,  washed  and  extracted  with  dilute  three  per  cent. 
HCl-alcohol.  This  extract  should  be  reddish  in  color, 
should  fluoresce,  should  turn  dark  on  heating  and 
give  a  characteristic  spectrum. 

Bile  Pigments. — The  appearance  of  bile  pigments  in 
the  urine  is  always  pathological.  They  are  common 
in  .stasis  of  bile  or  diapedesis  of  bile  within  the  liver. 
Whenever  blood  stagnates  in  the  body  pigments 
closely  related  to  the  bile  pigments  are  formed  and 
choluria  may  result.  In  choluria  the  urine  has  a 
characteristic  greenish-yellow  color,  seen  particularly 
in  the  foam  over  the  urine.  Many  drugs  containing 
chrysophanic  acid,  as  rhubarb,  senna,  etc.,  color  the 
urine  greenish  brown.  And  after  the  ingestion  of 
santonin  the  urine  is  yellow.  It  caustic  alkali 
solution  is  added  to  such  urine  it  becomes  intensely 
red,  a  reaction  that  does  not  occur  if  the  coloration 
is  due  to  bile  pigments. 

In  examining  the  urine  for  bile  pigments  only 
fresh  specimens  should  be  used,  as  bilirubin  readily 
undergoes  oxidation  and  forms  products  that  do  not 
give  the  typical  reactions. 

The  two  most  important  tests  are  those  of  Gmelin 
and  Huppert.  In  the  former  a  few  cubic  centimeters 
of  strong  nitric  acid  are  poured  into  a  test-tube  and 
about  three  times  as  much  urine  allowed  to  flow 
slowly  down  the  sides  of  the  inclined  vessel.  Multi- 
colored rings  will  form  immediately  above  the  plane 
of  contact.  The  lowest  ring  is  green  (biliverdin). 
And  this  green  ring  alone  is  pathognomonic  for  bile 
pigments.  Above  the  green  ring  is  usually  seen  a 
yellowish  one  and,  above  this,  a  reddish  one,  with  an 
occasional  fourth  bluish  zone  due  to  the  presence  of 
indican. 

If  the  patients  are  taking  iodides  or  if  the  urine 
contains  much  urobilin,  the  color  of  the  rings  may  be 
masked  and  the  whole  liquid  is  apt  to  turn  brown. 
Much  albumin  may  also  mask  the  ring. 

Rosenbach's  modification  of  this  test  Ls  performed 
by  moistening  a  piece  of  filter-paper  with  the  urine 
and  placing  a  drop  of  yellow  nitric  acid  on  the  moist- 
ened area.  If  bile  pigments  are  present,  concentric 
rings  wUl  form  around  the  drop,  among  them  a  green 
zone. 

In  Huppert 's  test  10  c.c.  of  the  urine  are  treated 
with  lime  water,  the  precipitate  filtered  otT  and 
brought  into  a  test-tube  containing  five  per  cent,  sul- 
phuric acid  alcohol  and  the  mixture  boiled.  If  bile 
pigments  are  present  the  liquid  wUI  turn  preen. 

Urobilin. —  This  derivative  of  bile  pigments  is 
usually  formed  in  the  bowel  by  the  action  of  intestinal 
bacteria.  It  is  also,  according  to  some  authorities, 
ormed  wherever  in  the  body  there  is  hemolysis 
of  stagnating  hemoglobin.  The  fresh  urine  rarely 
contains  urobilin,  but  it  does  contain  urobilinogen 
and  chromogen,  from  which  urobilin  is  formed  liy 
the  action  of  sunlight.  Pathologically  urobilin  is 
most    important    in    intestinal    putrefaction.     It    is 


nearly  always  absent  from  the  urine  of  the  new-born 
and  generally  from  the  urine  of  individuals  sufTering 
from  complete  occlusion  of  the  bile  channels.  In 
cardiac  lesions  with  hepatic  stasis  and  in  all  cases  of 
pleiochromia  the  urinary  urobilin  is  increased.  In 
many  febrile  disorders  and  in  di.seases  associated 
with  great  destruction  of  red  blood  corpuscles,  as  in 
scurvy,  purpura,  intoxication  with  hemolytic  ])oison.s 
(antifebrin,  antipyrin)  in  di.sorders  with  blood  extra- 
vasation into  body  cavities  or  tissues  and  in  pernicious 
anemia  urobilinuria  is  common.  The  clinical  signifi- 
cance of  urobilinuria  is,  therefore,  practically  that  of 
choluria,  the  difference  being  of  degree  rather  than  of 
kind.     The  whole  subject  is  an  obscure  one. 

Urine  containing  urobilin  is  usually  very  dark  and 
generally  furnishes  a  brownish-green  or  yellow  foam 
upon  shaking.  The  freshly  voided  urine  may  not  be 
dark  but  turns  so  upon  standing  in  the  light.  In 
("■melin's  test  a  brown  or  orange  band  is  usually 
formed  in  place  of  the  green  biliverdin  ring. 

Two  clinical  tests  maj'  be  employed  to  detect 
urobilin  in  the  urine,  viz.,  the  fluorescence  te-^l  and 
spectroscopic  examination.  In  the  former  the  urine 
is  treated  with  an  excess  of  ammonia  and  a  few  drops 
of  a  one  per  cent,  alcoholic  solution  of  chloride  of  zinc. 
If  the  urine  contains  considerable  quantities  of  urobilin 
a  green  fluorescence  will  appear.  The  fluorescence 
may  also  be  produced  by  treating  the  urine  with  a 
solution  of  potassium  iodide  containing  some  free 
iodine  and  then  rendering  the  urine  alkaline  with  a 
solution  of  potassium  nitrate.  In  performing  the 
spectroscopic  examination  urine  that  has  been  exposed 
to  light  for  several  hours  should  be  used.  Other 
pigments  should  be  precipitated  by  mercurial  sul- 
phate and  the  test  performed  with  the  filtrate.  Or 
the  urobilin  may  be  extracted  with  amyl-alcohol, 
chloroform,  phenol,  ether  or  acetic  ether  and  the 
spectroscopic  examination  made  with  these  extracts. 

Melanin  (syn.  Phymatorhusin).— This  pigment  is 
presumably  derived  from  one  of  the  blood  pigments. 
It  is  found  occasionally  in  patients  sufTering  from 
melanotic  neoplasms.  The  urine  turns  dark  on 
standing.  And  the  dark  color  becomes  more  intense 
upon  the  addition  of  oxidizing  agents  and  may  dis- 
appear upon  the  addition  of  reducing  agents.  The 
darkening  of  the  urine  may  be  altogether  prevented 
by  keeping  the  specimen  in  an  air-tight  vessel.  The 
presence  of  indican  and  urobilin  are  always  to  be  ex- 
cluded, as  well  as  the  pre-sence  of  alkapton     (see  below). 

A  special  test  can  be  performed  by  adding  bromine 
to  the  urine.  This  causes  the  precipitation  of  a 
yellow  sediment  that  gradually  turns  black.  Or  a 
few  drops  of  a  concentrated  solution  of  ferric  chloride 
may  be  added  to  a  few  cubic  centimeters  Of  the  urine, 
whereupon  the  liquid  turns  gray. 

Bile  Acids. — Bile  acids  always  appear  together  with 
bile  pigments  and  their  excretion  possesses  the  same 
clinical  significance  as  the  excretion  of  the  latter. 
The  two  chief  bile  acids  appearing  in  the  urine  are 
taurocholic  and  glycocholic  acids,  that  appear  in  the 
form  of  their  sodium  salts.  Their  role  in  the  forma- 
tion of  urinary  mucin  has  been  described.  Their  func- 
tion in  the  development  of  cystinuria  will  be  discussed 
below. 

The  simplest  clinical  test  for  recognizing  bile 
acids  without  their  preliminary  isolation  is  Hay's 
test.  A  pinch  of  sublimed  sulphur  is  placed  upon 
the  surface  of  the  urine.  In  normal  urine  it  will 
float,  whereas,  if  the  urine  contains  even  minimal 
quantities  of  bile  acids,  the  sulphur  will  promptly 
drop  to  the  bottom  of  the  test  tube  in  the  form  of  a 
powdery  sediment;  while  the  small  amount  of  sulphur 
floating  on  top  of  the  liquid  will  coalesce  to  form  a 
granular  pellicle.  If  the  tube  is  lightly  tapped,  the 
surface  sulphur  will  drop  to  the  bottom.  The  only 
other  urinary  bodies  that  give  a  similar  reaction  are 
certain  medicaments  belonging  to  the  group  of  the 
balsams,  as  well  as  chloroform  and  carbolic  acid. 
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Isolation  of  the  bile  acids  is  difficult.  Any  albumin 
is  removed  by  coagulation,  the  coagulate  liltered  off, 
the  filtrate  evaporated  to  dryness,  the  residue  ex- 
tracted with  absolute  alcohol  and  the  alcohol  extract, 
after  dilution  with  water,  precipitated  with  lead 
acetate  and  ammonia.  The  bile  acids  are  then 
extracted  from  this  precipitate  with  absolute  alcohol. 
With  this  extract  Hay's  test  may  be  performed,  or 
the  test  of  Pettenkofer.  The  extract  of  any  urine 
containing  large  quantities  of  the  bile  acids  is  treated 
with  a  ten  per  cent,  solution  of  furfurol  and  the  mix- 
ture slowly  superposed  upon  1  c.c.  of  concentrated 
sulphuric  acid,  care  being  taken  that  the  tube  remains 
cool.  A  purple  zone  appears  at  the  plane  of  contact 
that,  upon  standing,  turns  bluish. 

Aromatic  Constituents. — The  normal  urine  con- 
tains a  number  of  aromatic  substances,  i.e.,  substances 
containing  the  benzene  (CeHe)  ring  that  are  derived 
from  the  disassimilation  of  albumm,  either  in  the 
gastrointestinal  tract  by  the  action  of  digestive  fer- 
ments or  of  bacteria  or  in  the  body  by  intracellular 
digestion.  They  are  found  increased  chiefly  in  gastro- 
intestinal putrefaction,  in  perverted  catabolism  due 
to  bacterial  invasion,  in  mtoxication  by  different 
poi.'ions,  in  gangrene  and  in  certain  metabolic  dis- 
turbances of  unknown  origin. 

.\s  a  rule  the  aromatic  bodies  appear  in  combination 
withoneof  three  substances,  namely,  (1)  Sulphuric  acid 
forming  the  group  of  conjugate  sulphates,  (2)  Glycuro- 
nie  acid  forming  the  group  of  glycuronates;  (3)  Glyco- 
cholic  acid  forming  the  group  of  compound  glycocolls. 

The  chief  representative  of  the  first  group  is  indol 
and  its  derivative  indican;  of  the  second,  mucin, 
and  of  the  third,  hippuric  acid  and  phenaceturic 
acid.  Very  rarely  aromatic  oxyacids  as  such  appear 
in  the  urine  in  a  disorder  called  alcaptonuria. 

Conjugate  Sulphates  (aromatic,  ethereal  sulphates). 
— The  ciuantity  of  conjugate  sulphates  excreted  varies 
with  the  character  of  the  food,  the  ingestion  of  certain 
drugs  (carbolic  acid),  the  degree  of  intestinal  putre- 
fiiction  and  the  character  of  the  intestinal  flora,  the 
existence  of  pus  cavities,  gangrenous  tissue,  etc.,  in 
the  body.  These  substances  appear  in  the  urine 
generally  as  potassium  or  sodium  salts.  Indol, 
skatol  appear  as  potassium  salts  of  indoxyl  sulphuric 
acid  (indican)  or  of  skatoxyl  sulphuric  acid,  having 
undergone  a  preliminary  oxidation. 

hbdol  (indoxyl,  indican)  is  found  in  normal  urine. 
Its  increase  indicates  one  of  the  conditions  enumer- 
ated above.  It  can  be  recognized  ciualitatively  by 
the  test  of  Jaff6  and  of  Oberma\'er,  both  tests  being 
based  upon  the  principle  that  indican  on  oxidation 
is  converted  into  a  blue  pigment  (indigo)  that  is 
.soluble  in  chloroform.  In  Jaffe's  test  a  mixture  of 
equal  parts  of  urine  and  of  concentrated  HCl  are 
treated  with  a  few  drops  of  a  ten  per  cent,  solution  of 
sodium  hydrochlorite  and  shaken  with  chloroform. 
If  indican  is  present  the  layer  of  chloroform  at  the 
bottom  of  the  vessel  will  turn  blue.  And  an  estimate 
of  the  quantity  of  indican  can  usually  be  made  from 
the  intensity  of  the  colorization. 

Obermayer's  test  tries  to  obviate  emulsification  of 
the  chloroform  droplets  by  first  precipitating  the 
urine  with  lead  acetate  and  filtering  and  then  em- 
ploying ferric  chloride  in  concentrated  hydrochloric 
acid  as  the  oxidizing  agent.  Obermayer's  reagent 
contains  three  grams  of  ferric  chloride  to  one  liter 
of  concentrated  fuming  HCl.  The  filtrate  from  the 
lej,d  acetate  precipitate  is  shaken  with  an  equal  vol- 
lune  of  the  above  reagent  and  then  extracted  with  a 
few  cubic  centimeters  of  chloroform.  Again  the  blue 
color  furnishes  the  index. 

Qualitatively  indican  can  be  determined  by  weigh- 
ing the  indigo  extracted  by  chloroform;  or,  colori- 
nietrically.  by  comparing  the  tint  of  the  chloroform 
extract  with  standard  control  indigo  solutions;  or 
spectrophotomet  rically. 
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Of  the  other  aromatic  constituents,  phenol  and 
cresol  are  occasionally  found  in  intense  intestinal 
putrefaction.  Pyrocatechin  and  hydroquinone  cause 
the  urine  to  turn  dark  on  standmg.  They  are  excreted 
in  cases  of  carbolic  acid  poisonuig  or  after  the  adminis- 
tration of  benzol  by  mouth.  Their  presence  may  be 
suspected,  if  the  urine  turns  green  upon  the  addition 
of  a  few  drops  of  ferric  chloride  solution.  Upon  the 
addition  of  ammonia  and  a  little  tartaric  acid  the 
urine  turns  violet;  and  with  a  surplus  of  ammonia 
cherry-red.  Hj'droquinone  can  be  recognized  by 
boiling  the  urine  with  a  dilute  solution  of  ferric 
chloride.  This  liberates  quinone  that  can  be  recog- 
nized by  its  characteristic  odor. 

The  clinical  significance  of  skatol  is  practically  the 
same  as  that  of  indol.  Its  presence  can  be  detected 
if  the  urine  turns  dark  red  or  violet  upon  standing,  or 
if  the  urine  turns  dark  red  or  violet,  as  soon  as  the  HCl 
is  added  in  Jaffe's  indican  test. 

Conjugate  Glycuronates. — Glycuronic  acid  is  an 
oxidation  product  of  dextrose.  Its  appearance  in 
the  urine  has  been  interpreted  to  signify  incomplete 
oxidation  of  the  blood  sugar  and  to  constitute  a 
warning  signal  of  impending  diabetes. 

It  appears  in  the  urine  in  combination  with  certain 
aromatic  bodies,  phenols,  indoxyl,  skatoxyl,  with 
certain  drugs  and  poisons,  as  naphthol,  camphor, 
toluol,  menthol,  turpentine,  morphine,  chloral,  the 
resulting  glycuronates  partaking  of  the  character 
of  glucosides.  Their  clinical  significance  is  similar 
to  that  of  the  conjugate  sulphates,  inasmuch  as  they 
are  apt  to  appear  when  there  is  abnormal  disassimila- 
tion of  albumin  somewhere,  especially  if  putrid  in 
character.  In  diabetes  their  appearance  indicates 
deficient  sugar  destruction,  even  when  the  urine  is 
dextrose-free.  Their  significance  after  poisoning 
with  any  of  the  above-mentioned  drugs  is  self-evident. 

Their  presence  should  always  be  suspected  when 
there  are  marked  discrejjancies  between  the  cupric 
reducing  power  of  the  urine  and  its  rotatory  power 
to  polarized  light.  The  glycuronates  being  levorota- 
tory  wiU  reduce  the  dextrorotation  of  urine  containing 
dextrose.  Unless  the  urine  contains  dextrose,  gly- 
curonates should  only  be  looked  for  in  levorotatory 
urine.  If  the  urine  contains  dextrose  the  latter  must 
be  removed  by  fermentation. 

The  best  test  for  glycuronic  acid  and  its  com- 
pounds is  the  Orcin  test.  Fifty  cubic  centimeters  of 
urine  are  acidified  with  enough  dilute  sulphuric  acid 
to  make  about  a  one  per  cent,  solution  and  boiled 
for  two  or  three  minutes.  The  mixture,  while  still 
warm,  is  treated  with  a. few  drops  of  an  oversatu- 
rated  solution  of  orcin  in  concentrated  HCl  and  again 
boUed  for  one  or  two  minutes.  In  the  presence  of 
glycuronates  the  liquid  will  turn  red.  Spectroscopic 
examination  will  definitely  determine  that  the  red 
color  of  the  liquid  is  due  to  the  presence  of  glycuronic 
acid. 

In  diabetic  urine  that  is  levorotatory  after  fermen- 
tation, one  may  be  dealing  either  with  /3-oxybutyric 
acid  or  glycuronates.  If  the  urine  still  reduces 
Fehling's  solution  and  gives  a  positive  orcin  reaction, 
the  presence  of  glycuronic  compounds  may  be  con- 
sidered established. 

The  Compound  Glycocolls. — The  only  important 
urinary  member  of  this  group  is  hippuric  acid  (ben- 
zoj'l-glycocoU).  Certain  articles  of  diet,  especially 
vegetables  containing  cinnamic  acid  (cranberries, 
plums,  prunes),  quinic  acid,  toluol  may  lead  to  the 
formation  of  benzoic  acid  in  the  bowel  and  hence  to 
the  elimination  of  hippuric  acid  in  the  urine.  It  is 
therefore  more  common  after  a  vegetable  diet  than 
a  meat  diet.  If  excreted  after  a  copious  meat  diet 
the  benzoic  acid  is  presumably  derived  from  putre- 
faction of  albumin  in  the  bowel.  Its  clinical  im- 
portance is  small. 

Of  the  aromatic  oxyacids  the  alcaptonic  acids  are 
the  most  important  ones   (homogentisic,   uroleucinic 
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acids).  In  alcaptonuria  the  urine  while  normal  in 
appoiirance,  when  fresh,  turns  dark  and  finally  black 
nil  .st.imling.  The  addition  of  an  alkali  hastens  this 
(iarkcninK  and  intensifies  the  black  color.  When 
boiled  with  Fehling's  solution  alcaptonic  urines  turn 
black.  They  also  reduce  ammoniacal  silver  solution 
in  the  cold.  But  they  neither  ferment  nor  give  the 
bismuth  test;  nor  are  they  optically  active.  They 
stain  the  linen  a  dark  brown  color.  Only  a  very 
limited  number  of  cases  of  alcaptonuria  are  on  record. 
A  convenient  ciualitative  test  for  homogentisic  acid 
is  to  add  six  grams  of  neutral  lead  acetate  to  about 
100  c.c.  of  urine  heated  nearly  to  boiling.  If  the 
mixture  is  allowed  to  cool,  small  brown,  star-shaped, 
pointed  crystals  of  red  homogentisate  will  appear 
within  twenty-four  hours.  A  solution  of  these  crys- 
tals in  water  will  give  the  ordinary  reactions  de- 
scribed  above   for  alcaptonic   urine. 

Fatty  Acids. — Aside  from  the  aromatic  acids,  uric 
acid,  acids  of  the  acetone  group  and  the  bile  acids, 
certain  organic  acids  of  the  aliphatic  series  remain  to 
be  discussed  that  are  of  occasional  clinical  importance, 
when  excreted  in  the  urine.  The  most  important 
of  this  group  are  o.xalic  acid,  lactic  acid  and  the  two 
amido  acids:  leucin  and  ty rosin.  The  volatile  fatty 
acids  like  formic,  acetic,  propionic,  butjTic  acids  are 
of   no   clinical   significance. 

Oxalic  Acid. — From  0.02  to  0.0.5  gram  of  oxalic 
acid  is  found  in  every  urine  in  the  form  of  the  cal- 
cium salt  held  in  solution  by  di-acid  sodium  phosphate. 
As  a  rule  oxalate  of  calcium  crystals  are  found  in  the 
sediment.  They  should  be  readily  soluble  in  hydro- 
chloric acid  but  insoluble  in  acetic  acid.  The  absence 
of  oxalate  crj'stals  does  not  necessarily  indicate  the 
absence  of  oxalates  in  solution.  The  precise  genesis 
of  oxalic  acid  is  not  understood.  It  is  derived  from 
several  sources,  among  them  uric  acid,  and  dextrose(?) 
of  which  it  probably  represents  an  incomplete  oxida- 
tion product.  Hence  it  is  found  in  processes  associ- 
ated with  reduced  oxidation.  Finally  it  is  found  in 
cases  of  icterus.  There  is  also  a  so-called  oxalic  acid 
diathesis  (idiopathic  oxaluria)  with  a  vague  and  indefi- 
nite clinical  syndrome  and  an  high  oxalic  acid  excre- 
tion amounting  occasionally  to  0.5  gram  in  a  liter  of 
urine. 

The  most  common  clinical  form  is  an  alimentary 
oxaluria  following  the  ingestion  of  large  quantities 
of  apples,  grapes,  asparagus,  spinach. 

There  is  no  definite  test  for  oxalic  acid  in  solution. 
Such  a  test  is  needless  because  the  urine  always  con- 
tains some  oxalic  acid.  Quantitatively  the  methotl  of 
Neuhauer  is  the  best.  Here  the  urine  is  rendered 
alkaline  with  an  excess  of  ammonia,  treated  with 
calcium  chloride  in  10  per  cent,  solution,  acidulated 
with  acetic  acid  and  allowed  to  stand  until  the  pre- 
cipitate settles  to  the  bottom.  This  is  collected  upon 
a  small  filter,  redissolved  in  hydrochloric  acid  and 
oversaturated  with  ammonia.  The  purified  crystals 
of  calcium  chloride  are  then  washed  and  glowed  to  a 
constant  weight,  whereby  the  calcium  chloride  is 
converted  into  calcium  oxide  and  the  amount  of 
oxalic  acid  calculated  therefrom. 

Lactic  Acid.  Normal  urine  never  contains  lactic 
acid.  Pathologically  it  appears  in  disorders  in  which 
intracellular  oxidation  is  perverted  and  in  which  the 
supply  of  respiratory  oxygen  is  reduced.  Hence  it  Ls 
found  in  all  experimental  dyspneas  and  in  asphyxia- 
tion with  carbon  monoxide  gas.  It  appears  after 
epileptic  seizures  with  tonic  fixation  of  the  throracic 
muscles,  after  violent  muscular  exerci.sc  and  in  trichi- 
nosis. In  diabetes  lactic  acid  is  not  uncommon. 
And  it  plays  a  role  in  the  production  of  diabetic 
acidosis.  It  is  probably  derived  from  abnormal 
splitting  of  the  body  glycogen.  In  phosphorus 
poisoning,  after  curare,  morphine,  amylnitrite,  vera- 
trine,  and  arscnious  acid,  lactic  acid  appears  in  the 
urine. 


The  convenient  qualitative  t«sts  used  for  the  deter- 
mination of  lactic  acid  in  the  stomach  contents  cannot 
be  u.sed  in  the  urine,  becau.se  dextrose  and  certain 
other  urinary  bodies  produce  the  Iffelmann  reaction 
(yellow  coloration  of  a  blue  carbolic  acid-ferric 
chloride  solution) 

The  most  convenient  method  for  determining  the 
presence  of  lactic  acid  and  for  estimating  its  quantity 
is  to  manufacture  the  zinc  salt. 

Leucin  and  Tyro-nn. — These  two  amido  acids  are 
derived  from  the  disintegration  of  albumin.  Occa- 
sionally they  are  found  in  normal  urine.  Pathologic- 
ally large  quantities  are  excreted  in  acute  yellow 
atrophy  of  the  liver.  But  they  are  not  a  constant 
finding  in  this  disease.  In  phosphorus  poisoning  they 
are  also  often  excreted,  as  well  as  in  almost  every 
organic  disorder  of  the  liver.  In  certain  intestinal 
disorders,  particularly  in  severe  typhoid  and  in  tuber- 
culous infections  of  the  bowel,  they  are  not  uncom- 
monly excreted  in  the  urine. 

When  present  in  considerable  quantities  leucin  and 
tyrosin  are  apt  to  crystallize  and  to  appear  in  the 
sediment  in  the  form  of  char.acteristic  crystals. 
Their  absence  from  the  sediment  does  not,  however, 
preclude  their  presence  in  solution.  In  order  to 
isolate  them  the  solution  is  treated  with  lead  acetate 
until  no  further  precipitate  forms,  the  precipitate  is 
filtered  off,  the  lead  removed  by  a  stream  of  Hjt^  and 
the  filtrate  from  the  lead  sulphide  evaporated  to  a 
syrupy  consistency  and  allowed  to  crystallize. 

Inorgaxic  Coxstituexts. — The  inorganic  constitu- 
ents of  normal  urine  are  the  bases  potassium,  sodium, 
ammonium,  calcium,  magnesium,  and  iron,  the  acids 
hydrochloric,  sulphuric,  phosphoric,  carbonic,  and 
traces  of  hydrofluoric,  silicic,  nitric,  and  nitrous 
acids.  In  addition  certain  "neutral"  sulphur  com- 
pounds and  occasionally  sulphureted  hydrogen  are 
found.  The  different  acids  are  distributed  in  varying 
proportions  over  the  different  biises,  forming  mono-, 
di-  and  tri-basic  salts.  The  composition  and  the 
quantity  of  the  urinary  ash  is  dependent  largely 
upon  the  character  of  the  diet  and  the  varying  power 
of  the  organism  to  eliminate  the  different  salts;  al.so 
upon  the  varying  tastes  and  idiosjmcrasies  in  regard 
to  the  ingestion  of  sodium  chloride  in  different  indi- 
viduals. Definite  standard  figures  are,  therefore, 
difficult  to  formulate.  The  following  values  given 
by  von  Noorden  approximate  the  average:  KjO  2— .3 
grams,  NaaO  4  — 6  grams,  CaO  0.1.5— 0.35  grams,  MgO 
0.2  -0.3  grams,  Fe  traces,  CI  6  -8  grams,  PjOi  2  -3..5 
grams,  SO3  2  —3.5  grams.  .A.  healthy  adult  on  an 
ordinary  mixed  diet  excretes  from  9  to  25  grams  of 
urinary  ash  in  twenty-four  hours. 

IxoRGAXic  Acids.  1.  Hydrochloric  acid  (chlorides). — 
The  normal  chloride  excretion  fluctuates  within  wide 
boundaries  and  is  dependent  upon  the  palate  of  the 
individual.  There  is  a  definite  ratio  between  the 
sodium  chloride  and  the  urea  excretion  of  about  one 
to  two.  In  chronic  inanition  and  underfeeding  this 
proportion  is  usually  maintained.  As  soon  as  all 
food  is  withdrawn  the  sodium  chloride  excretion 
rapidly  drops.  In  febrile  disorders  the  chloride  excre- 
tion is  usually  reduced  during  the  fever  period  and 
rises  when  the  temperature  drops.  This  is  especially 
striking  in  pneumonia.  In  long  lasting  fevers  the 
chloride  excretion  is  approximately  normal.  In  .se- 
vere gastric  disorders,  with  inanition,  especially  if 
associated  with  vomiting,  the  chloride  excretion  .sinks 
to  a  minimum.  In  anemia  due  to  sudden  loss  of 
blood  the  urinary  chloritles  arc  always  temporarily 
reduced.  In  chronic  anemias  the  fluctuations  fol- 
low the  chloride  ingestion,  as  in  normal  subjects. 
In  nephritis  the  chloride  excretion,  as  a  rule,  follows 
the  same  course  as  the  urea  excretion.  In  e<lema 
there  is  usually  chloride  retention.  In  diabetes  the 
urinary  chlorides  arc  usually  incre:Jsed.  probably  duo 
to  the"  large  amount  of  food  that  is  eaten.     .Xfter 
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chloroform  anesthesia  the  clilorides  of  the  urine  are 
increased,  due  to  the  elimination  of  the  chlorine 
absorlied  from  the  chloroform. 

For  establishing  the  urinary  chlorides  the  urine  is 
acidulated  witli  a  few  drops  of  dilute  nitric  acid  and 
precipitated  with  a  ten  per  cent,  silver  nitrate  solution. 
Practically  aU  the  quantitative  methods  are  based 
upon  the  determination  of  the  amount  of  silver 
precipitated. 

2.  Sulphuric  acid  (sulphates). — Sulphuric  acid 
appears  in  the  urine  either  as  mineral  or  preformed 


small.  They  give  some  information  in  regard  to  the 
degree  of  albumin  degradation,  and  hence  partake  of 
the  same  significance  as  the  urinary  nitrogen.  As  all 
albuminous  foods  generally  contain  the  same  per- 
centage of  sulphur,  changes  in  the  diet  will  determine 
a  change  in  the  sulphur  excretion  with  a  corresponding 
change  in  the  nitrogen  excretion.  The  average  pro- 
portion of  nitrogen  to  sulphur  is  16-1,  the  proportion 
of  nitrogen  to  sulphuric  acid  5-1. 

The  total  sulphates  are  estimated  by  treating  the 
urine  with  several  cubic  centimeters  of  concentrated 
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Fig.  4S62, — Uric-Acid  Sediment 
(Original.) 


4863. — ct.  Amorphous  Urates.;  0,  ; 
nium  urate.     (Original) 


Fig.  4864. — Calcium  Oxalate 
(Original.) 


Fig.  4865. — Calcium  Sulphate. 
(Original.) 
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.  4866.— Calcium  Carbo 
(Original.) 


Fig.  4SG7. — Phosphate  Sediments,  a,  Amor- 
phous earthy  phosphates ;  0,  trimagnesium 
phosphate;  y,  triple  phosphate.     (Original.) 
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Fia.  4868. — "  Neutral  "  or  Dicalc 
Phosphate.    (Original.) 


Fia.  4869. — Leucin,  Tyrosin,  and  Cystin.  a, 
Leucin;  0,  tyrosin;  7,  cystin.     (Original.^ 


sulphates  or  as  conjugate  (aromatic  ethereal)  sul- 
phates. The  latter  constitute  about  one-tenth  of  the 
total  sulphate  excretion.  Their  pathologic  role  has 
been  discussed  above.  The  urinary  sulphuric  acid 
is  derived  from  the  food  and  the  tissues  of  the  body 
itself,  as  well  as  from  small  quantities  of  preformed 
sulphates  that  are  ingested.  The  bulk  is  derived 
from  the  catabolism  of  the  blood  or  tissue  albumins. 
A  portion  of  the  albumin  sulphur  fails  to  undergo 
oxidation  and  appears  as  so-called  "neutral  sulphur" 
compounds. 

The    clinical   significance   of   urinary   sulphates  is 
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Fia.  4870.— a,  Hlppuric  acid;  b,  choles- 
terin;  c,  fatty  crystals:  d,  urea  nitrate; 
e,  fat  globules.     (Original.) 

hydrocTiloric  acid  and  ..boiling.  This  liberates  the 
sulphuric  acid  from  the  aromatic -constituents.  The 
sulphuric  acid  is  then  precipitated  with  barium  chlor- 
ide, the  precipitate^  filterod  off,  washed,  incinerated 
and  weighed  and  the  H2SO4  calculated  therefrom. 

The  determination  of  the  preformed  sulphates  is  a 
complicated  process  and  of  more  academic  than 
clinical  value.  For  determining  conjugate  sulphates 
50  c.c.  of  the  urine,  according  to  the  method  of  Bau- 
mann,  are  acidulated  with  acetic  acid  (dilute)  and 
'  precipitated  with  an  excess  of  barium  chloride,  the 
precipitate  filtered  off,  washed  with  water  and  the 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


preformed  sulphates  determined.  In  the  filtrate  and 
washings  the  conjugate  sulphates  are  decomposed 
with  strong  hydrochloric  acid  and  the  liberated  sul- 
phuric acicl  determined  as  barium  sulphate.  In  view 
of  the  small  clinical  importance  of  the  neutral  sulphur 
compounds,  the  complicated  method  required  to  esti- 
mate them  need  not  be  discussed. 

Cyslinnria  is  a  congenital  chemical  anomaly  of 
unknown  origin.  It  is  occasionally  associated  with  a 
considerable  excretion  of  diamins,  i.e.  certain  pto- 
maines, that  are  unquestionably  of  gastrointestinal, 
probably  mycotic  origin.  In  cases  in  which  no  dia- 
mins are  associated  with  cystin  in  the  urine,  a  relation- 
ship has  been  established  between  cystin  and  tauro- 
cholic  acid,  indicating  that  it  represents  an  interme- 
diary stage  in  the  formation  of  taurocholic  acid. 
Clinically,  cystinuria  is  important  chiefly  on  account 
of  the  danger  of  the  formation  of  cystin  gravel  and 
cystin  calculi.  When  a.s.sociated  with  diaminuria, 
it  indicates  an  invasion  of  the  bowel  by  abnormal 
parasites  and  appropriate  treatment  should  be 
instituted. 

Cystin  may  be  precipitated  from  the  urine  with 
benzoyl  chloride  and  the  sulphur  determined  in  the 
precipitate  by  a  rather  complicated  method. 

3.  Phosphoric  acid  (phosphates) — All  the  four  dif- 
ferent salts  that  phosphoric  acid  forms  with  bases 
appear  in  the  urine.  Using  the  sodium  salts  of 
phosphoric  acid  (H3PO4)  as  a  prototype,  we  have  the 
following  four  compounds:  (1)  NaH>PO<  =  Mono- 
sodium  phosphate;  (2)  Na^HPOi  =  Disodium  phos- 
phate; (3)  Na3P04  =  Trisodium  phosphate;  (4) 
Na3P04  (+  NaOH)  =  Basic  sodium  phosphate. 
The  latter  salt  does  not  actually  occur  in  the  urine, 
but  basic  calcium  and  magnesium  phosphate  do. 
Salts  one  and  two  and  three  are  also  spoken  of  as 
acid,  neutral  and  basic  phosphates;  and  salt  four  as 
"over  basic"  phosphate.  The  phosphoric  acid  com- 
bined with  sodium  and  potassium  is  called  alkaline 
phosphate;  when  combined  with  calcium  and  magne- 
sium earthy  phosphate.  The  phosphoric  acid  excre- 
tion is  usually  expressed  in  terms  of  P2O5,  the  average 
excretion  being  S..')  grams  pro  die,  of  which  about  sixty 
percent,  is  monophosphate  and  forty  per  cent,  diphos- 
phate; The  phosplioric  acid  of  the  urine  is  derived 
both  from  the  food  and  the  tissues  of  the  body,  espe- 
cially from  the  body  nucleins.  The  food  furnishes 
some  preformed  mineral  phosphates  and  also  con- 
siderable quantities  of  organic  phosphorus  compounds 
that  are  oxidized  to  phosphoric  acid  in  the  body  and 
are  excreted  as  mineral  phosphates. 

The  urinary  phosphate  excretion  is  largely  depen- 
dent upon  the  calcium  contained  in  the  ingesta: 
the  more  calcium  the  food  contains  the  less  phosphoric 
acid  appearing  in  the  urine,  the  more  in  the  feces. 
This  is  attributable  to  the  fact  that  calcium  forms 
insoluble  calcium  phosphate  in  the  gastroenteric 
tract  and  that  calcium  salts  are  excreted  more  copi- 
ou.sly  into  the  bowel  than  into  the  bladder.  In  inter- 
preting the  phosphorus  metabolism,  therefore,  the 
phospliate  excretion  in  the  feces  is  of  as  much  im- 
portance as  the  urinary  phosphate  excretion.  Failure 
to  consider  this  factor  explains  the  great  disorder  in 
the  clinical  interpretation  of  the  urinary  phosphate 
excretion. 

In  rapid  loss  of  flesh,  in  inanition  and  in  chronic 
undernutrition,  in  all  fevers  there  is  generally  an  in- 
crease in  the  urinary  phosphates.  In  advanced  stages 
of  anemia  the  PjOs  excretion  is  greatly  increased. 
In  leucemia  there  is  also  an  increased  pliosphate 
excretion  that  parallels  the  increased  nitrogen  excre- 
tion. There  is  a  popular  jjrejudicc  to  the  effect  that 
in  certain  nervous  disorders  the  urinary  phosphate 
excretion  is  increased.  This  is  not  based  upon  fact. 
Some  retention  of  phosphate  occurs  in  nephritis, 
even  when  the  nitrogen  excretion  is  copious,  indicating 
that  in  some  cases  the  kidneys  become  especially 
impermeable  for  phosphates,  similar  conditions  being 


observed  here  as  in  the  case  of  the  urinary  chlorides. 
In  diabetes  the  phosphate  excretion  is,  as  a  rule, 
increased,  corresponding  with  the  increased  nitrogen 
excretion  and  attributable  to  the  ingestion  of  large 
quantities  of  food.  The  increa.sed  calcium  excretion 
that  accompanies  this  phosphaturia  indicates  increased 
bone  metabolism,  possibly  the  result  of  acidosis. 
In  gout  and  goutiness  the  phosphate  excretion  paral- 
lels the  uric  acid  excretion,  a  fact  that  is  not  surpris- 
ing, in  view  of  the  origin  both  of  uric  acid  and  of 
phosphates  from  nuclein. 

All  urines  contain  phosphates,  so  that  special 
qualitative  tests  are  not  required.  On  boiling  faintly 
acid  urine  a  fiocculent  sediment  of  calcium  phos- 
phate often  forms  that  may  be  mistaken  for  albumin. 
The  addition  of  a  few  drops  of  mineral  acid  will 
promptly  cause  a  solution  of  the  phosphate  sediment, 
whereas  an  albumin  coagulate  vifill  remain  or  become 
thicker. 

Quantitatively  the  phosphates  of  the  urine  are 
determined  as  total  phosphoric  acid  expressed  as 
P2O5,  using  uranium  nitrate  solution  with  cochineal 
as  an  indicator. 

5.  Carbonic  acid  (Carbonates). — The  urinary  car- 
bonates are  largely  derived  from  the  ingesta,  medi- 
cines, mineral  waters,  vegetable  acids,  citric,  acetic, 
and  tartaric  acid.  On  a  vegetarian  diet,  therefore, 
the  urinary  carbonates  are  increased.  Carbonic  acid 
may  be  present  :is  either  free  carbonic  acid  gas  or  as 
alkaline  or  earthy  carbonates.  The  proportion  of 
the  free  to  the  combined  carbonic  acid  is  dependent 
upon  the  amount  of  acid  phosphates  present  in  the 
urine,  the  latter  possessing  the  power  of  liberating 
CO2  from  the  alkaline  carbonates.  If  the  gas  escapes 
or  is  driven  off,  more  alkali  is  dissociated,  until  finally 
only  traces  are  left.  The  urine  contains  mono-  and 
dicarbonates  of  K,  Na  and  NHj,  Ca.  and  Mg. 

Inorganic  Bases. — The  bases  of  the  urine  can  be 
conveniently  discussed  in  three  groups,  viz.,  first,  the 
group  of  fixed  alkalies,  potassium  and  sodium;  second, 
the  group  of  earthy  alkalies,  calcium  and  magnesium; 
third,  ammonia.     The  urine  also  contains  iron. 

1.  Potassium  atid  Sodium. — The  proportion  of  K 
and  Na  normally  excreted  upon  an  average  mixed 
diet  corresponds  to  the  proportion  of  these  two  ele- 
ments in  the  food,  viz.,  approximates  2-3.  A  meat 
diet  leads  to  a  relatively  increased  excretion  of  K. 

The  admixture  of  NaCl  to  our  diet  is  largely  respon- 
sible for  the  preponderance  of  Na  over  K  in  the  urine. 
In  .starvation  more  K  is  excreted  than  Na;  this  rever- 
sal of  the  K-Na  cpiotient  being  characteristic  also  of 
diseased  states  in  which  the  body  consumes  its  own 
tissues.  In  acute  febrile  diseases,  where  little  food 
(NaCl)  is  ingested,  this  reversal  is  particularly 
striking.  Exce.ssive  muscular  exercise,  by  catabolism 
of  muscle  tissue,  increases  the  K  excretion. 

Calcium  and  Magnesium. — The  urinary  Ca  and  Mg 
are  principally  derived  from  the  inge-sta,  both  animal 
and  vegetable  foods  containing  considerable  quantities 
of  these  elements.  The  urinary  Ca  excretion  is  no 
true  index  of  the  Ca  economy  of  the  body,  unless  the 
fecal  Ca  is  included  in  the  calculation.  The  adminis- 
tration of  HCl  and  hyperchlorhydria  with  abundant 
water  drinking  increase  the  urinary  Ca  excretion. 
The  administration  of  alkalies  or  of  sodium  phosphate 
diminishes  it. 

Magnesium  is  absorbed  with  greater  ease  than 
calcium  ami  a  larger  proportion  of  ingested  magnesium 
appears  in  the  urine  than  of  calcium.  However,  a 
large  proportion  of  the  Mg  also  leaves  the  body 
through  the  bowels.  Acids  and  alkalies  seem  to 
e.xercise  no  appreciable  effect  upon  the  urinary   Mg. 

The  urine,  as  a  rule,  contains  about  twice  as  much 
Mg  as  Ca,  due  to  the  fact  that  most  articles  of  diet 
(with  the  exception  of  eggs  and  milk)  contain  more 
Mg  than  Ca  and  that  more  Mg  (as  stated  above) 
appears  in  the  urine. 
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In  inanition  the  proportion  of  urinary  Ca  and  ^Ig  is, 
jis  a  rule,  reversed.  In  chronic  undernutrition  the 
calcium  and  magnesium  excretion  is  relatively  high. 
The  same  applies  to  febrile  disorders.  In  diabetes 
the  excretion  of  calcium  is  often  found  increased,  due 
largely  to  the  large  amount  of  food  that  is  eaten  and 
to  the  acidosis  that  increases  the  destruction  of  bone 
tissue.  In  osteomalacia  one  should  always  expect  a 
great  urinary  Ca  and  Mg  excretion;  frequently  the 
Ca  excretion  is  increased,  but  often  also  normal  or 
even  below  normal.  In  rachitis  neither  the  urinary 
Ca  nor  Mg  are  increased. 

The  determination  of  the  fixed  and  earthy  alkalies 
in  the  urine  requires  a  refined  technique  and  is  not 
important  for  ordinary  clinical  purposes. 

Ammonium  (NIIi). — The  urinary  ammonium  excre- 
tion is  dependent  upon  the  catabolism  of  the  albumins 
and  upon  the  alkalinity  (scil.  acidity)  of  the  blood 
and  tissue  juices;  the  circulating  ammonia  neutral- 
izing any  excess  of  acid  that  may  be  poured  into  the 
blood  stream.  In  extreme  cases  a  considerable 
amount  of  ammonia  is  bound  in  this  way  and  escapes 
conversion  into  urea.  Hence  an  increase  of  the  am- 
monia excretion  in  acidosis  is  usually  associated  with  a 
corresponding  decrease  in  the  urinary  urea.  Upon  a 
meat  diet,  owing  to  the  acidulation  of  the  diet  by  the 
formation  of  sulphuric  and  phosphoric  acid,  the 
ammonia  excretion  is,  as  a  rule,  increased,  whereas  a 
vegetarian  diet  causes  a  decrease  in  the  ammonia 
excretion. 

Pathologically  the  ammonia  excretion  is  increased, 
whenever  there  is  an  increased  tissue  catabolism; 
thus,  after  violent  muscular  exercise,  in  febrile  dis- 
orders and  during  inanition  processes.  In  functional 
disorders  of  the  liver,  where  the  ammonia  fails  of 
proper  conversion  to  urea,  the  ammonia  excretion  is 
often  increased.  In  nephritis  ammonia  salts  are  not 
retained,  excepting  in  early  stages  of  acute  nephritis 
and  in  late  stages,  when  much  of  the  renal  epithelium 
is  destroyed.  The  ammonia  excretion  in  nephritis 
usually  also  parallels  the  urea  excretion.  The  great- 
est values  for  urinary  ammonia  are  found  in  diabetes, 
both  on  account  of  the  copious  protein  diet  and  the 
acidosis. 

In  determining  the  urinary  ammonia  fresh  urine 
should  be  userl,  as  ammoniacal  decomposition  of  the 
urine  by  air-borne  microorganisms  is  common. 

Iron. — The  urinary  iron  excretion  is  no  index  of  the 
iron  metabolism  of  the  body,  as  the  bulk  of  the  cir- 
culating iron  compounds  are  eliminated  through  the 
Intestinal  wall  or  are  stored  in  the  liver  and  spleen, 
where  they  undergo  a  complicated  metamorphosis 
and  either  reenter  the  circulation  in  a  changed  form 
or  leave  the  body  in  the  feces.  In  pernicious  anemia 
and  in  disorders  associated  with  hemolysis  the  iron 
content  of  the  urine  may  be  increased.  The  adminis- 
tration of  iron  containing  drugs  by  mouth  also 
increases  the  urinary  iron.  In  parenchymatous 
nephritis,  in  which  the  renal  filter  is  damaged  and  in 
diabetes,  probably  as  the  result  of  the  increased 
diuresis,  more  urinary  iron  than  normal  is  often 
found.  The  excretion  of  iron  as  blood  and  bile 
pigments  in  hemoglobinuria,  hematuria,  and  choluria 
is,  of  course,  a  thing  by  itself.  All  of  the  urinary 
iron  appears  in  organic  combinations  of  unknown 
character. 

Urix.vry  Sediment. — Upon  standing,  every  urine 
precipitates  a  sediment  consisting  largely  of  inorganic 
constituents,  a  few  cells  of  surface  epithelium  in 
various  stages  of  degeneration,  leucocytes  and  some 
ddbris.  Pathological  urine  in  general  deposits  a  more 
profuse  sediment  than  normal  urine  and  moreover 
deposits  it  sooner.     This  rule  is,  however,  not  absolute. 

The  character  and  the  quantity  of  the  unorganized 
sediment  are  dependent  first  upon  the  reaction  of  the 
urine,  second,  upon  its  concentration,  third,  upon 
the  mixture  of  salts  it  contains.     Certain  sediments 
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form  only  in  alkaline  urine,  others  only  in  acid  urine. 
The  following  scheme  may  aid  as  a  guide  in  this 
direction: 

1.  Acid  Urine.  (.4)  An  Amorphous  Sediment,  (a) 
The  sediment  is  granular  and  soluble  on  slight  heating; 
a  drop  of  acetic  acid  applied  to  the  «dge  of  the  cover- 
slip  causes  the  amorphous  granules  to  disappear. 
On  standing,  rhomboid  crystals  of  uric  acid  appear. 
The  sediment  consists  of  urates. 

(6)  A  sediment  of  dumb-bell-shaped  masses  may 
consist  of  calcium  oxalate  or  calcium  sulphate.  If  it 
is  soluble  in  concentrated  HCl  it  is  the  former. 

(c)  A  yellow  granular  sediment  consists  of  hema- 
toidin  or  bilirubin. 

(d)  A  refractive,  shiny,  circular  sediment  consists 
of  fat  droplets. 

(5)  A  Crystalline  Sediment. 

(a)  Wedge-shaped  crystals,  yellow  to  brown,  single 
or  in  heaps,  alone  or  together  with  amorphous  gran- 
ules, soluble  in  sodium  hydrate,  formation  of  rhomboid 
crystals  after  the  addition  of  HCl.  This  sediment  i3 
uric  acid. 

(6)  Small  yellow  rhomboid  plates,  often  imbedded 
in  organized  tissues:  Bilirubin  or  Uematoidin. 

(f)  Wedge-shaped  crystals  alone  or  in  groups, 
soluble  in  acetic  acid:  Dicalcium  phosphate. 

(d)  Sheaths  of  fine  needles,  insoluble  in  acetic  acid, 
soluble  in  ammonia  and  hydrochloric  acid:  Tyrosiv. 

{e)  Prisms,  single  or  in  rosettes;  if  soluble  in 
ammonia  hippuric  acid,  if  insoluble  in  ammonia  calcium 
sulphate. 

(f)  Large,  flat,  refractive,  rhomboid  plates,  soluble 
in  acetic  acid:  Normal  magnesium  phosphate. 

(g)  Colorless,  whetstone  crj'stals,  insoluble  in 
acetic  acid:  Xanthin. 

(h)  Hexagonal  plates,  insoluble  in  acetic  acid, 
soluble  in  ammonia:  Cystin. 

(i)  Colorless,  octahedral,  retractive  crystals  (envel- 
ope shape)  soluble  in  hydrochloric,  insoluble  in  acetic 
acid:  Calcium  oxalate. 

(k)  Coffin-lid  crystals,  hexagonal  (only  in  urine 
that  is  faintly  acid),  soluble  in  acetic  acid:  Triple 
phosphate. 

2.  Alkaline    Urine.      (A)   An  Amorphous  Sediment. 

(a)  Small  granules,  soluble  in  acetic  acid  without 
development  of  gas:  Calcium  and  Magnt'sium  phos'- 
phate;  soluble  in  acetic  acid  with  development  of 
gas   bubbles:  Calcium   carbonate. 

(b)  Dumb-bells,  or  large  spheres,  soluble  in  acetic 
acid  with  gas  formation:  Calcium  carbonate. 

(c)  Large,  dark  spheres,  in  rows  and  mixed  with 
crystals,  soluble  in  acetic  or  hydrocliloric  acid  with 
subsequent  formation  of  rhomboid  plates :  .1  mmonium 
urate. 

(B)   A  Crystalline  Sediment. 

(a)  Blue  plates  or  rosettes  of  fine  blue  needles: 
Indigo. 

(b)  Violet-red  rhomboid  plates  or  needles:  Indigo- 
red. 

(f)  Large  colorless  crystals,  prismatic  with  broken 
edges  (coffin-lid  shape),  readily  soluble  in  acetic  acid: 
Triple  phosphate. 

Occasionally  the  naked  eye  appearance  of  certain 
urinary  sediments  is  characteristic;  thus  the  brick- 
dust  sediment  consists  of  uric  acid  and  urates  and 
calcium  salts  and  appears  only  in  acid  urine,  whereas 
the  phosphatic  sediment  consists  of  triple  phosphates, 
normal  phosphates,  ammonium  urate  and  micrococci 
and  occurs  in  ammoniacal  urine. 

Uric  acid  and  urates  appear  only  in  acid  urine  or  in 
urine  that  has  been  acidified.  The  relative  proportion 
of  quadriurates  and  biurates  on  the  one  hand  and  of 
mono-  and  diphosphates  in  the  urine  on  the  other 
largely  determine  the  precipitation  of  uric  acid 
crystals,  diphosphates  holding  uric  acid  in  solution, 
monophosphates  causing  its  precipitation.  The 
uric  acid  sediment  consists  of  rectangular  prisms, 
whetstone  crystals,  lozenge-shaped  crystals,  needles, 
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or  spears.  Pure  uric  acid  crystals  are  white ;  in  the  urine, 
however,  they  are  always  colored  reddish  or  brown  on 
account  of  the  admixture  of  pigments.  Urate  of  so- 
dium sediment  forms  small  amorphous  grains,  calcium 
urate  prismatic  crystals,  ammonium  urate  spheres, 
often  surrounded  by  a  wreath  of  fine  needles. 

Calciuyn  oxalate  is  found  in  crystal  form  in  normal 
and  pathological  urine.  It  is  held  in  solution  by 
monophosphate  and  is  not  so  soluble  in  diphosphate. 
Hence  when  uric  acid  is  precipitated  from  the  urine 
and  its    acidity  decre:ises,  the    monophosphates    are 


Bilirubin  and  Hematoidin.— These  crj'stals  occa- 
sionally appear  in  acute  yellow  atrophy  of  the  liver 
and  in  choluric  urine,  usually  surrounded  by  a  zone 
of  mucus.  They  have  also  been  seen  enclosed  in  fat 
globules,  in  pyonephrosis,  and  in  the  renal  epithelia 
of  icteric  new-born  individuals,  also  in  many  forms 
of  renal  hemorrhages  enclosed  in  microscopical  blood 
clots.  They  appear  as  yellowish-brown  rhomboid 
plates  or  needles  and  occasionally  in  the  amorphous 
form.  Touched  with  nitric  acid,  they  will  be  seen 
to  turn  green  under  the  microscope. 
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converted  into  diphosphates  and  calcium  oxalate 
is  apt  to  crystallize  out.  Hence  it  is  commonly 
associated  in  ordinary  urine  witli  the  uratic  sediments. 
Calcium  oxalate  crystals  usually  form  some  time 
aft«r  the  urine  is  voided.  Calcium  oxalate  crystals 
appear  in  two  forms,  viz.,  octahedral  crystals  (envel- 
ope form)  and  as  flat  spheroids  (b'scuit  form). 

Calcium  sulphate,  occasionally  seen  in  very  acid 
urine,  appears  as  thin  colorless  needles  or  narrow 
prisms,  singly  or  in  rosettes. 

Calcium  carbonate  is  often  found  in  alkaline  urine 
together  with  phosphate  sediments  and  magnesium 
carbonate  m  the  shape  of  dumb-bells  or  biscuits. 

Phosphates. — Three  chief  j^liosphate  sediments 
can  be  distinguished,  viz.,  (1)  Amorphous  Earthy 
Phosphates;  (2)  Ammonium-magnesium  Phosphate 
(triple  phosphate);  (3)  Normal  magnesium  Phosphate. 
All  of  these  sediments  are  found  in  alkaline  urine  as 
amorphous  granules,  large  rhomboid  prisms  shaped 
like  coffin  lids,  flat  refractive  rhomboid  crystals  or 
small  closely  formed  rosettes  of  indefinite  shape. 

Cystin  crystals  are  generally  found  in  acid  urine  and 
are  precipitated  after  the  urine  is  voided  as  flat, 
colorless  hexagonal  plates  that  are  readily  soluble  in 
ammonia  and  insoluble  in  acetic  acid. 


Leucin  and  Tyrosin. — .\n  occasional  crystal  of  these 
bodies  is  found  in  normal  urine,  especially  in  albumin- 
ous urine  which  has  been  allowed  to  stand.  They 
are  most  copiously  excreted  in  yellow  atrophy  of  the 
liver,  f)liosphorus  poisoning,  severe  typhoid,  in  small- 
pox and  in  various  intestinal  disorders.  They  usually 
appear  together,  the  leucin  in  the  form  of  round  masses 
of  undefined  structure,  occasionally  in  the  form  of 
spheres  with  radiating  structure,  tyrosin  in  the  form 
of  fine  decussating  sheaths  or  needles. 

Organized  Sediment. — Aside  from  the  surface  epi- 
thelia, leucocj-tes  and  debris  that  every  urinary 
sediment  contains,  there  may  be  present  in  patho- 
logical conditions  involving  the  kidneys,  ureters, 
bladder,  and  urethra  an  abundant  sediment  of  ele- 
ments derived  from  these  tissues,  or  blood  corpuscles, 
pus  and  animal  and  vegetable  parasites. 

Blood  Corpu.'icles. — Under  the  microscope  the  ery- 
throcytes appear  as  yellow  circular  disks  with  a  cen- 
tral depression.  They  are  usually  uniform  in  size 
and  have  a  biscuit-shaped  profile.  In  addition,  in 
hematuria,  there  are  leucocytes,  scanty  in  proportion 
to  the  red  cells  (about  500  to  1).  If  the  urine  contains 
pus  in  addition,  the  white  cells  are  present  in  great 
numbers  and  predominate  over  the  red  blood  cor- 
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Xanihin  crystals  have  occasionally  been  found. 
They  are  apt  to  lead  to  confusion  with  uric  acid  crys- 
tals, from  which  they  can  be  distinguished  by  their 
great  solubility  in  water  and  their  disappearance  when 
the  urine  is  heated.  They  appear  as  brownLsh-yellow, 
translucent,  waxy  plates  with  acute  angles. 

Hipparic  acid  crystals  are  very  rare.  They  also 
resemble  certain  forms  of  uric  acid  crystals  but  are 
readily  soluble  in  water,  alcohol,  and  ether. 


puscles.  The  red  cells,  as  a  rule,  appear  singly, 
unless  the  hematuria  is  severe,  when  they  appear  in 
rolls.  The  white  cells  present  the  characteristic 
appearance  of  leucoc.vtes,  that  is,  they  are  larger  than 
the  red  cells,  have  one  or  several  nuclei,  either  a 
homogeneous  or  granular  protoplasm,  are  whitish  and 
have  no  central  depression.  In  old  urine  or  in  urine 
from  patients  in  whom  there  is  urinary  stagnation, 
the  red  cells  undergo  certain  morphological  changes, 
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that  is,  they  swell  or  shrink,  lose  their  circular  contour 
and,  if  the  hemoglobin  is  washed  out,  they  appear 
merely  as  shadows  and  in  still  later  stages  of  degen- 
eration they  crumble  into  unrecognizable  debris. 

Pus  (Pyuria). — In  unstained  sediment  the  pus  pre- 
sents the  appearance  of  white  blood  corpuscles.  As 
a  rule,  in  pyuria  the  white  cells  are  found  in  groups  of 
two  or  three,  whereas  in  normal  or  bloody  urine  they 
are  generally  isolated.  Round  epithelia  may  fre- 
quently be  mistaken  for  leucocytes  or  pus  cells.     By 


these  in  stages  of  degenerative  metamorphosis;  the 
latter  consisting  of  crystals  and  amorphous  deposits 
of  the  inorganic  salts  of  the  urine. 

The  coagulable  material  that  forms  the  casts  may 
in  pathological  conditions  be  derived  from  two  sources, 
viz.,  the  albumin  of  blood  serum  and  the  albumin  of 
degenerating  epithelia.  Immaterial  what  the  source 
of  the  albumin  the  end  product  is  the  same,  namely, 
a  homogeneous  cast  of  the  renal  tubules  (hyaline  casts). 
If  there  is  an  admixture  of  blood  corpuscles,  we  have 
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staining  with  Lugol's  solution  (iodine  one  gram, 
potassium  iodide  two  grams,  water  300  c.c.)  the 
epithelia  will  be  stained  light  yellow,  while  the 
leucocytes  will  appear  dark  yellow  to  mahogany 
brown  (glycogen  reaction,  "iodophilia"). 

The  pus  cells  are  generally  found  in  all  stages  of 
disintegration,  especially  in  alkaline  urine.  Some- 
times the  whole  protoplasm  is  degenerated  and  noth- 
ing remains  but  the  nuclei  that  stain  intensely  blue 
with  Ehrlich's  stain.  The  appearance  of  the  latter 
in  old  sediment  occasionally  reveals  the  former  pres- 
ence of  pus  cells. 

Epithelia. — The  scanty  epithelial  cells  found  in 
the  nubecula  or  sediment  of  normal  urine  are  largely 
derived  from  the  bladder  and  in  women  from  the 
vagina.  The  differentiation,  from  their  appearance, 
of  the  epithelia  derived  from  the  kidney,  the  pelvis, 
the  ureter,  the  bladder,  the  vagina  or  the  prepuce  is 
very  precarious.  The  following  characteristics  may 
ser\-e  as  a  guide:  The  superficial  epithelia  of  the 
bladder,  urethra  and  prepuce  are  all  largo,  polygonal, 
transparent  pavement  cells,  with  finely  granular 
protoplasm  and  a  large  oval,  well-defined  nucleus. 
Under  ordinary  conditions  these  cells  appear  as 
isolated  specimens  with  rounded  an.gles  and  occasion- 
ally agglutinated  in  groups  of  three  to  six.  In  inflam- 
mation of  the  lower  urinary  mucous  membranes  large 
plaques  of  surface  epithelia  become  detached,  so  that 
islands  of  squamous  epithelia  almost  invariably  be- 
speak bladder  catarrh,  especially  in  men.  In  women 
they  may  be  derived  from  the  vagina. 

Occasionally  in  catarrh  of  the  bladder  or  urethra 
the  deeper  layers  of  mucosa  cells  appear  in  the  sedi- 
ment together  with  or  without  squamous  cells. 
These  deeper  cells  are  rounded  or  oblong.  The  cells 
of  the  urethra,  pelvis  and  kidney  canals  resemble  the 
deeper  layers  of  bladder  epithelia,  that  is,  they  are 
rounded,  oblong  or  racket-shaped,  and  occasionally 
polyhedral  with  a  large  oval  nucleus  and  granular 
protoplasm.  They  are  considerably  smaller  than 
the  squamous  surface  epithelia  of  the  bladder  and 
vagina.  Cells  from  the  pelvis  are  often  caudate,  with 
one  thick  round  end  containing  the  nucleus  and  a 
longer   attenuated   extremity. 

Casts. — Urinary  casts  or  cylinders  or  tube  casts  are 
clinically  the  most  important  morphotic  element  of 
the  urine.  There  are  organized  and  unorganized 
casts,  the  former  consisting  of  morphotic  elements 
of  the  renal  tubules  or  the  exudation  products  from 
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blood  casts.  If  much  desquamation  of  epithelium, 
epithelial  casts.  If  blood  and  epithelial  casts  undergo 
degeneration,  we  have  granular,  fatty,  waxy,  amyloid, 
colloid  casts. 

There  are  numerous  classifications  of  urinary  casts 
that  have  a  purely  academic  interest.  Thus  one  can 
distinguish  three  groups,  as  transudation  casts,  com- 
prising the  varieties  that  are  derived  from  the  ele- 
ments of  the  blood  and  lymph;  desquamation  casts, 
comprising  the  forms  that  are  derived  from  the  tubu- 
lar epithelia;  degeneration  casts,  comprising  all  casts 
formed  by  the  welding  together  of  degeneration  prod- 
ucts. Or  again  one  can  subdivide  tube  casts  ana- 
tomically as  homogeneous  casts,  including  the  granular, 
waxy,  amyloid  casts;  cell  casts,  including  blood  and 
epithelial  casts;  degeneration  ca.Us,  including  granidar 
and  fatty  casts;  pseudo-casts,  including  crystal  cylin- 
ders, blood  pigment  casts,  pus  casts,  etc. 

The  number  of  casts  is,  as  a  rule,  proportionate  to 
the  intensity  of  the  nephritis.  Hyaline  casts  usually 
indicate  a  mild  low^  grade,  "functional"  degree  of 
irritation.  When  present  in  large  numbers  they  sig- 
nify a  more  advanced  degree  of  irritation,  if  not  dis- 
tinct inflammation.  Blood  and  epithelial  casts  indi- 
cate acute  severe  nephritis.  In  chronic  forms  of 
nephritis  casts  may  be  very  scanty  or  completely 
absent. 

Parasites. — Animal  parasites,  as  filaria  and  distoma, 
are  occasionally  found  in  urines  from  sufferers  from 
tropical  disorders.  The  echinococcus  has  been  found 
in  rupture  of  a  hyatid  cyst  of  the  urinary  passages  or 
of  some  neighboring  organ  into  the  urinary  passages. 
Fecal  and  vaginal  parasites  may,  of  course,  contami- 
nate the  urine.  Moulds  in  great  variety  are  found 
in  old  urine;  and  in  addition  numerous  saproph3'tic 
bacteria    and    various    pathogenic    organisms. 

Alfred  C.  Croftan. 


Urobilin  is  a  pigment  isolated  from  the  urine  by 
Jaffe  which  is  characterized  by  possessing  a  strong 
fiuorescence  and  yielding  an  absorption  spectrum. 
At  one  time  it  was  considered  to  be  the  principal  pig- 
ment of  the  urine  but  in  reality  it  probably  contributes 
little  toward  the  color  of  this  excretion.  In  perfectly 
fresh  urine  little  or  no  urobilin  is  present  a  chromo- 
genic  substance,  urobilinogen,  without  color  being 
found.  This  under  the  influence  of  light  is  trans- 
formed to  urobilin.     It  has  been  asserted  that  uro- 
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bilin  is  closely  related  to,  or  even  identical  with, 
hydrobilirubin.  Such  an  identity  has  been  denied, 
but  there  is  no  doubt  of  a  close  chemical  relationship 
and  both  urobilin  and  hydrobilirubin  may  be  con- 
sidered as  having  a  common  origin — being  derived 
from  bilirubin  of  the  bile  through  the  inter\-ention  of 
intestinal  activities.  Sterobilin  may  be  regarded 
as  the  urobilin  of  the  feces.  Both  have  the  same 
chemical  composition.  In  disease  it  is  possible  that 
urobilin  may  be  formed  from  blood  pigments  in 
regions  of  the  body  remote  from  the  intestine.  Uro- 
bilin is  said  to  be  increased  after  hemorrhage,  and  in 
diseases  where  blood  corpuscles  are  destroyed.  It 
may  also  be  increased  in  fevers,  cardiac  diseases, 
lead  cohc,  atrophic  cirrhosis  of  the  liver,  etc.  Uro- 
bilin is  amorphorus  and  its  color  depends  upon  the 
method  of  preparation  ranging  from  reddish  yellow 
to  dark  brown.  It  is  easily  soluble  in  alcohol, 
amyl  alcohol  and  chloroform.  In  ether  and  acetic 
ether  it  is  less  readily  soluble.  It  is  still  less  soluble 
in  water  but  the  presence  of  neutral  salts  increases 
the  solubility.  From  urine  it  may  be  completely 
precipitated  by  saturating  that  fluid  with  ammonium 
sulphate  after  the  addition  of  sulphuric  acid.  Soluble 
in  alkalies  it  may  bo  precipitated  from  alkaline 
solutions  by  addition  of  sufficient  acid.  Zinc  and 
lead  salts  precipitate  urobilin  in  neutral  or  faintly 
alkaline  media  but  mercury  salts  fail  to  do  so.  It  is 
also  precipitated  from  urine  by  phosphotungstic 
acid.  Urobilin  fails  to  give  Gmelin's  reaction  for  the 
bile  pigments  but  yields  a  positive  test  with  copper 
sulphate  and  potassium  hydroxide  which  may  be 
mistaken  for  the  biuret  test.  Urobilin  in  neutral 
alcoliolic  solutions  is  brownish  yellow  in  strong  con- 
centration, yellow  or  rose  colored  when  diluted.  Such 
solutions  have  a  strong  green  fluorescence.  Urobilin 
in  acid  alcoholic  solutions  shows  a  color  from  rose 
red  to  reddish  yellow  to  brown  according  to  concen- 
tration. Acid  solutions  are  not  fluorescent  but 
present  a  faint  absorption  band,  7,  between  b  and 
F,  which  borders  on  F,  or  in  greater  concentration 
extends  over  F.  If  to  an  ammoniacal  solution  of 
urobilin  zinc  chloride  is  added  the  solution  turns  red 
and  shows  a  green  fluorescence.  This  solution  shows 
a  more  sharply  defined  absorption  band,  5,  between 
h  and  F,  almost  midway  between  E  and  F.  Uro- 
bilinogen is  colorless  and  may  be  precipitated  from 
urine  by  saturating  with  ammonium  sulphate.  It 
is  soluble  in  ether,  chloroform  and  amyl  alcohol. 
It  has  no  absorption  bands.  Under  the  influence  of 
light  and  oxygen  it  readily  passes  over  into  urobilin. 
Fr.\nk  p.  Un-derhill. 


Urochrome  is  the  yellow  pigment  of  the  urine. 
It  contains  nitrogen  but  is  iron-free.  Urochrome 
is  closely  related  to  urobilin  since  it  may  be  trans- 
formed into  urobilin  by  oxidation  and  urobilin  may 
be  changed  to  urochrome  by  evaporation  of  its 
aqueous-ether  solution.  Urochrome  may  be  obtained 
as  an  amorphous  brown  powder  readily  soluble  in 
alcohol  and  water.  It  has  only  a  slight  solubility 
in  absolute  alcohol,  acetic  ether,  amyl  alcohol,  and 
acetone  and  it  is  insoluble  in  ether,  chloroform,  and 
benzene.  It  may  be  precipitated  from  urine  by  lead 
acetate,  silver  nitrate,  mercuric  acetate  and  phos- 
photungstic acid.  It  is  only  incom])letely  precipi- 
tated by  saturating  urine  with  ammonium  sulphate. 
Urochrome  has  no  absorption  bands  and  is  not  fluores- 
cent. Acids  readily  decompose  it,  yielding  brown 
substances.  F.  P.  U. 


Uroerythrin. — The  red  color  of  urinary  sediments 
is  due  in  large  measure  to  the  presence  of  the  red  pig- 
ment uroerythrin.  It  occurs  in  small  (|uantity  only 
in  normal  urine.  Easily  soluble  in  amyl  alcohol, 
slightly  soluble  in  acetic  ether,  absolute  alcohol  and 


chloroform,  uroerythrin  is  nearlv  in.soluble  in  water. 
In  dilute  solutions  uroerythrin  is  pink  while  concen- 
trated solutions  are  orange  red  or  bright.  No 
fluorescence  is  exhibited  by  any  of  its  solutions.  They 
do,  however,  possess  an  absorption  spectrum.  The 
absorption  begins  in  the  middle  between  D  and  E 
and  extends  to  F  and  consists  of  two  bands  which  are 
united  by  a  shadow  between  E  and  6.  With  con- 
centrated sulphuric  acid  solutions  of  uroerythrin 
give  a  carmine  red — a  pink  color  Ls  imparted  by 
hydrochloric  acid.  With  alkalies  a  gra-s.s-grecn  color 
is  obtained.  The  quantity  of  uroerythrin  in  the 
urine  is  increased  after  strenuous  physical  exercise, 
profuse  perspiration,  immoderate  eating,  or  alcoholic 
drinking.  Digestive  disturbances,  fes'ers,  circulatory 
disturbances  of  the  liver  all  contribute  to  an  increased 
output  of  uroervthrin.  F.  P.  Undeehill. 


Urorosein  is  a  rose-colored  pigment  which  develops 
in  certain  pathological  urines  upon  the  addition  of 
pure  hydrochloric  acid.  It  was  first  discovered  by 
Nencki  and  Sieber  in  1892  in  the  urine  of  a  diabetic. 
Normal  urines  fail  to  give  the  reaction.  Urorosein 
has  been  found  in  the  urine  in  a  variety  of  diseases  as 
osteomalacia,  nephritis,  typhoid  fever,  diabetes, 
carcinoma  of  the  esophagus,  and  ulcer  of  the  stomach. 
According  to  Herter  the  chromogenic  substance 
present  in  urine  from  which  the  pigment  is  derived 
is  inflole  acetic  acid  probably  formed  from  intestinal 
putrefaction.  "  F.   P.  U. 


Urotoxic  Coefficient. — Many  investigations  have 
been  carried  through  in  recent  years  concerning  the 
toxic  properties  of  urine.  The  urotoxic  coefficient  has 
been  determined  by  Bouchard  in  order  to  have  a 
basis  for  comparison  of  the  toxicity  of  urine  under 
variable  conditions.  According  to  Bouchard  the 
urotoxic  ceefficient  may  be  defined  as  the  weight  of 
rabbit  killed  in  twenty-four  hours  by  the  quantity 
of  urine  excreted  in  twenty-four  hours  by  one  kilo 
of  the  person  experimented  upon.  F.  P.  U. 


Urticaria. — Urticaria  is  an  afTection  of  the  skin  of 
which  the  salient  characteristic  is  the  occurrence  of 
peculiar  lesions  called  wheals.  The  description  of 
wheals,  therefore,  covers  in  large  part  the  objective 
symptoms  of  urticaria. 

A  wheal  is  a  circumscribed  elevation  of  the  skin 
due  to  edema  of  the  corium.  A  typical  wheal  is  the 
lesion  produced  in  the  average  individual  by  the  bite 
of  a  mosquito  or  flea.  The  typical  wheal  is  slightly 
elevated,  sharply  circumscribed,  with  a  flat  or  rounded 
surface,  and  of  irregular  or  oval  outline.  The  center 
is  usually  pale  and  bloodless,  but  around  this  pale 
elevated  center  there  is  an  erythematous  halo.  The 
pressure  of  the  edge  of  the  finger  nail  on  a  wheal  causes 
a  slowly  disajipcaring  pitting,  as  in  other  edema.  The 
development  of  a  wheal  takes  place  suddenly.  The 
first  evidence  of  it  is  a  rapidly  appearing  erythematous 
spot  which  itches,  and  upon  which  there  suddenly 
develops  a  flat,  edematous  swelling.  The  whole 
evolution  of  the  lesion  may  occur  in  a  few  seconds. 
The  duration  is  usually  short,  from  a  few  minutes  to 
an  hour  or  two,  though  occasionally  the  lesions  last 
for  one  or  two  days,  and  at  times  they  persist  for  a 
week  or  more.  Upon  the  disappearance  of  a  wheal, 
if  there  has  been  no  traumatism  from  scratchinpj  no 
trace  is  usually  left.  At  times,  however,  there  is  slight 
pigmentation,  and  if,  as  frequently  happens,  there 
has  been  vigorous  scratching,  inflamed  papules  or 
excoriations  remain  as  a  result  of  the  traumatism. 

As  would  be  expected  of  so  capricious  a  lesion  there 
are  numerous  variations  upon  this  typical  wheal,  and 
various  subvarieties  of  urticaria  are  described  accord- 
ing to  the  predominating  form  of  wheals  which  char- 
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actcrizp  thorn.  Wheals  vary  in  size  most  widely. 
Typical  wheals  are  usually  from  the  size  of  a  split 
pea  to  that  of  a  finger  nail.  At  times  they  are  not 
larger  than  small  papules  and  indeed  are  almost  in- 
distinguishable from  ordinary  inflammatorj^  papules. 
They  are  frequently  of  the  size  of  a  twenty-five-cent 
piece,  and  in  extreme  cases  are  much  larger.  The 
writer  has  seen  a  wheal  of  which  the  elev.ation  was 
not  greater  than  a  quarter  of  an  inch,  which  extended 
arovmd  the  chest  from  the  median  line  in  front  to  the 
median  line  at  the  back,  and  from  the  line  of  the  nipple 
above  to  below  the  border  of  the  ribs  (urticaria 
gigans).  Their  shape  is  equallj'  uncertain.  Usually 
of  more  or  less  oval  outline,  they  at  times  assume  most 
irregular  shapes,  and,  in  persons  whose  skins  are 
particularly  susceptible  to  the  production  of  wheals 
they  may  by  local  irritation  be  produced  of  any  shape 
(urticaria  factiiia).  In  color  they  vary  from  inflam- 
matory red  to  waxy  white.  If  the  edema  is  intense 
enough  to  press  out  the  blood  from  the  capillaries, 
they  show  as  a  pale  waxy  center  with  a  narrow  red 
periphery.  Where  the  edema  is  not  so  intense,  or 
where  the  looseness  of  the  tissues  prevents  extreme 
pressure  from  the  edema,  the  lesions  are  red  in 
evidence  of  the  hyperemia.  Occurring  in  tissues  like 
the  prepuce  and  eyelids,  which  are  lax  and  offer, 
therefore,  little  resistance  to  the  outpouring  of  serum, 
the  lesions  often  form  tumor-like  edematous  swellings 
that  closely  resemble  an  inflammatory  process  in  the 
same  tissues  (urticaria  tuberosa).  They  are  dif- 
ferentiated by  their  sudden  appearance  and  equally 
sudden  subsidence  and  the  entire  absence  of  pain. 
Very  rarely  the  pressure  of  the  extravasated  fluid  in 
the  skin  is  sufficient  to  cause  uplifting  of  the  epidermis, 
so  that  the  wheal  is  capped  with  a  vesicle  or  bulla 
(urlicaria  bullosa).  In  still  rarer  instances  the  extra- 
vasation of  serum  is  accompanied  bj'  enough  red  blood 
corpuscles  to  make  the  contents  of  these  vesicles  or 
buUiB  hemorrhagic   (urlicaria  hccmorrhagica). 

In  an  acute  attack  of  urticaria  there  is  a  sudden 
outbreak  of  wheals  preceded  and  accompanied  by 
more  or  less  itching.  There  may  be  only  a  few  lesions, 
or  they  may  be  innumerable.  They  occur  on  any 
part  of  the  body,  without  symmetry  and  without  any 
regularity  of  distribution,  the  acute  attacks  are  often 
introduced  by  a  transient  systemic  disturbance,  with 
evidences  of  acute  gastrointestinal  irritation.  The 
temperature  rises  sharply  three  or  four  degrees;  there 
arc  a  rapid  pulse,  furred  tongue,  nausea  and  vomiting, 
and  more  or  less  prostration.  At  times  evidences  of 
a  gastric  crisis  seem  to  indicate  the  involvement  of 
the  stomach  in  this  peculiar  angioneurotic  process. 
The  lesions  themselves  arc  characterized  by  intense 
itching.  This  itching  may  occur  not  only  in  the 
wheals  themselves,  but  often  at  points  where  no 
wheals  are  present.  The  itching  usually  precedes 
for  a  few  minutes  the  appearance  of  the  wheals,  and 
it  persists  during  their  continuance.  It  is  somewhat 
paroxysmal  in  character,  varying  in  intensity,  with- 
out correspondng  variation  in  the  lesions.  The 
itching  varies  ini  different  cases  and  in  different  indi- 
viduals, and  according  to  the  site  of  the  lesions. 
Lesions  in  loose  tissue  may  be  accompanied  by  no 
itching  whatever,  while  those  occurring  in  dense  thick 
skin  and  where  the  sensory  nerve  supply  is  richest, 
as  on  the  hands  and  feet,  are  characterized  by  the 
most  intense  itching. 

The  course  of  an  acute  attack  of  urticaria  usually 
extends  over  a  few  hours  or  at  most  a  day  or  two,  the 
disease  passing  away  after  the  appearance  of  several 
crops  of  evanescent  lesions.  At  times,  however,  the 
disease  persists  for  weeks  and  months  in  successive 
outbreaks  of  the  eruption,  and  in  such  cases  is  char- 
acterized as  urticaria  chronica,  the  term  referring  to 
the  persistence  of  the  process  as  a  whole  rather  than 
to  any  peculiarity  of  the  individual  attacks.  On 
the  other  hand,  urticaria  is  persistent  at  times  not 
only  from  the  occurrence  of  repeated  outbreaks  of 
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the  eruption,  but  because  the  lesions  lose  their  evanes- 
cent character  and  persist  for  days  or  weeks  (urticaria 
Persians). 

The  urticaria  papulosa  of  children,  described  by 
English  dermatologists,  is  the  best  type  of  persistent 
urticaria.  The  characteristics  of  this  form  are  the 
persistence  of  the  lesions  and  the  fact  that  the  true 
urticarial  wheals  are  followed  by  inflammatory  papules 
which  may  persist  for  several  weeks.  It  is  readily 
seen  that  the  occurrence  of  successive  crops  of  wheals, 
which  themselves  persist  for  days  or  weeks  and  are 
followed  by  inflammatory  papules  which  persist  even 
longer,  will  produce  an  exaggerated  picture  of  the 
urticarial  skin.  In  such  cases,  as  a  result  of  scratching, 
we  have  inflamed  papules,  infected  excoriations,  and 
more  or  less  dermatitis,  that  results  in  thickening  and 
induration  of  the  skin.  These  cases  in  their  most 
extreme  type  are  strikingly  similar  to  Hebra's  prurigo. 
It  is  indeed  not  unlikely  that  they  pass  at  times  into 
true  prurigo. 

It  is  not  an  infrequent  experience  to  see  the  vaso- 
motor mechanism  so  sensitive  that  wheals  may  be 
produced  at  will  by  friction  or  other  slight  traumatism 
(urticaria  factitia).  In  cases  of  acute  urticaria  this 
phenomenon  is  usual.  In  certain  individuals  this 
vasomotor  instability  is  inherent,  so  that  factitious 
wheals  may  be  produced  at  any  time  by  slight  trau- 
matism, as  drawing  a  line  on  the  skin  with  a  little 
force  with  a  blunt  stick  or  a  finger  nail.  In  such  cases 
it  is,  of  course,  possible  to  produce  wheals  of  any  shape, 
so  that  names  and  elaborate  designs  may  easily  be 
written  in  wheals  upon  the  skin   (dermograpliism). 

Urticaria  tuberosa,  urticaria  bullosa,  and  urticaria 
hoemorrhagica  have  been  referred  to  above.  The 
peculiarities  of  the  lesions  of  urticaria  tuberosa 
depend  almost  solely  upon  their  location  at  sites  where 
the  skin  is  very  loose,  and  the  lesions  deserve  no 
especial  mention  except  to  call  attention  to  their 
somewhat  confusing  appearance  at  times.  The 
lesions  of  urticaria  bullosa  and  urticaria  ha>morrhagica 
are  usually  seen  in  run-down  individuals  living  under 
unfavorable  conditions.  Urticaria  bullosa  occurs 
most  frequently  in  children.  Urticaria  ha>morrhagica 
is  frequently  associated  with  other  evidences  of  hemor- 
rhagic tendency,  as  hemorrhage  from  the  mucous 
membranes,  from  the  bowels  and  from  the  genito- 
urinary tract,  and  it  is  an  evidence  of  a  more  profound 
systemic  disturbance  than  usually  exists  in  urticaria. 
Both  of  these  forms  of  urticaria  are  rare. 

The  term  giant  urticaria  is  applied  to  urticaria 
which  is  characterized  by  the  development  of  one  or 
more  wheals  of  very  large  size.  They  may  be  typical 
wheals,  but  most  frequently  they  are  rapidly  develop- 
ing edematous  swellings  of  pinkish  color  that  bear 
a  very  striking  objective  similarity  to  an  acute 
cellulitis.  Such  swellings  at  times  present  very  slight 
if  any  resemblance  to  an  urticarial  wheal.  They  occur 
most  frequently  about  the  face  and  extremities,  and 
often  form  tense,  angry-looking  swellings  that  for  the 
time  cause  alarming  distortion.  Frequent  sites  of 
these  lesions  are  the  eyelid,  the  cheek,  the  nose,  the 
lips,  and  the  ear,  and  on  such  parts  they  may  cause 
the  most  grotesque  deformity.  The  larynx  is  not  an 
uncommon  site  for  their  development,  and  their  occur- 
rence in  that  location  may  be  the  cause  of  distressing 
dyspnea.  Very  rarely  has  it  been  found  necessary 
to  perform  tracheotomy  in  such  cases.  Usually 
these  large  lesions  occur  singly,  but  they  may  occur 
in  successive  outbreaks  or  several  large  lesions  may 
occur  at  one  time.  These  lesions,  like  other  urticarial 
wheals,  develop  rapidly,  usually  in  the  course  of  a  few 
minutes,  and  after  persisting  for  a  shorter  or  longer 
time  as  rapidly  subside.  They  are  painless,  usually 
unaccompanied  by  itching,  and,  unless  they  inter- 
fere with  some  important  function  through  their 
size,  are  the  source  of  little  discomfort.  There  may 
be  slight  constitutional  disturbance  such  as  occurs 
in   other  forms  of  acute  urticaria,  and  typical  urti- 
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carial  wheals  may  accompany  or  alternate  with  these 
giant  lesions. 

Giant  urticaria  is  frequently  tlescribed  as  a  sepa- 
rate disease  under  the  title  of  Angioneurotic  Edema, 
or  Acute  Circumscribed  Edema.  It  presents,  how- 
ever, no  essential  difference  from  other  forms  of 
urticaria.  Its  etiology,  its  course,  and  the  fact  of  its 
being  frequently  accompanied  by  ordinary  urticarial 
lesions  show  its  essential  relationship  to  urticaria,  and 
for  that  reason  it  is  included  here.  All  thatis  to  be 
said  about  etiology,  pathology,  prognosis,  and  treat- 
ment of  other  forms  of  urticaria  applies  with  unessen- 
tial variations  to  giant  urticaria  or  angioneurotic 
edema.  The  original  description  of  this  condition 
is  usually  credited  to  Quincke  (Monalskefte  f.  prnkl. 
Derm.  u.  Syph.,  1882).  The  condition,  however,  had 
been  accurately  described,  and  its  character  recog- 
nized previously,  bv  Bannister  (Chicago  Medical 
Review,  June  20,  1880). 

Etiology. — Urticaria  occurs  at  any  time  of  life,  but 
is  most  frequent  in  childhood.  Among  young  children 
acute  attacks  of  urticaria  are  very  common,  as  a  result 
of  imprudent  eating  or  slight  disturbance  of  digestion. 

Urticaria  is  the  typical  anaphylactic  reaction  in 
the  skin.  In  most  urticarias  two  factors  stand  out 
prominently  in  the  etiology.  The  first  is  individual 
predispcisition;  the  second  is  the  presence  of  some 
toxic  substance  which  di.sturbs  the  local  vasomotor 
tone.  There  are  other  forms  of  urticaria  besides 
those  due  to  the  disturbance  of  the  vasomotor  mechan- 
ism of  the  skin  by  to.xic  substances,  but  they  are 
relatively  few. 

Underlying  the  development  of  urticaria  from  all 
sorts  of  causes  is  individual  predisposition.  In  cer- 
tain individuals  urticaria  can  be  produced  by  the 
most  trivial  causes,  such  as  the  crawling  of  a  cater- 
pillar upon  the  skin,  or  the  ingestion  of  the  minutest 
([uantity  of  some  particular  substance.  In  other 
individuals  its  occurrence  is  unknown.  So  violent  an 
irritant  as  even  the  sting  of  a  bee  may  not  produce  the 
smallest  wheal. 

The  causes  of  urticaria  may  be  divided  into  local 
and  constitutional.  Among  the  local  causes  of  urti- 
caria are  especially  to  be  mentioned  the  bites  of 
parasites,  such  as  fleas,  mosquitoes,  the  various  forms 
of  pediculi,  bedbugs,  and  the  stings  of  wasps  and  bees. 
The  lesions  may  also  be  caused  by  contact  with  sting- 
ing nettle,  jelly  fish,  or  caterpillars. 

The  constitutional  causes  of  urticaria  are  numerous, 
but  they  are  largely  comprehended  under  various 
forms  of  intoxication.  In  certain  individuals  the 
ingestion  of  a  particular  article  of  food  or  of  a  particu- 
lar nieflicine  is  followed  by  the  development  of  an 
acute  outbreak  of  urticaria.  Among  foodstuffs  that 
may  cause  urticaria  are:  oysters,  crabs,  lobsters,  and 
other  shell  fish;  pork,  sausage,  and  other  similar  highly 
seasoned  meats;  mushrooms,  strawberries,  tomatoes, 
cucumbers,  and  nuts.  Among  medicines:  opium, 
chloral,  the  salicylates,  copaiba,  cubebs,  quinine, 
turpentine,  valerian,  and  various  coal-tar  products. 
The  most  frequently  offending  substances  among  the 
above  perhaps  are  shell  fish  and  .strawberries,  opium, 
quinine,  copaiba,  and  cubebs.  .Vnother  form  of  in- 
toxication which  is  now  a  very  common  cause  of 
urticaria  is  that  from  the  use  of  alien  sera,  each  as 
diphtheria  antitoxin.  Somewhat  similar  are  the 
urticarias  which  have  been  described  from  the  absorp- 
tion of  hydatid  fluid. 

The  forms  of  intoxication  from  within  which  may 
cause  urticaria  are  numerous,  but  far  and  away  the 
most  important  is  intoxication  arising  from  the  gastro- 
intestinal tract.  Overeating,  constipation,  and  defect- 
ive elimination  are  the  group  of  factors  rnost  fre- 
q\iently  seen  in  the  causation  of  urticaria.  Dis- 
turbances of  the  liver,  particularly  those  which  are 
accompanied  by  the  presence  of  bile  in  the  circulation, 
are  at  times  responsible  for  outbreaks  of  urticaria. 


And  the  conditioas  which  are  vaguely  described  under 
lithemia,  gout,  and  rheumatism,  of  which  the  essential 
characteristic  is  a  di.sturbance  of  the  balance  between 
a.ssimilation  and  excretion,  are  frequently  responsible 
for  chronic  urticarias.  Urticaria  is  also  at  times  a 
result  of  malaria,  and  Matas  has  reported  a  case  in 
which  outbreaks  of  urticaria  .seemed  to  take  the  place 
of  the  usual  malarial  attacks.  Anemia  is  a  factor  which 
ha-s  to  be  frequently  combated  in  the  management  of 
urticaria,  and  it  occurs  also  at  times  in  connection 
with  albuminuria  and  glycosuria.  Harassing  urti- 
caria is  sometimes  produced  by  leucemia  and 
pseudoleucemia. 

After  intoxication,  in  the  etiology  of  urticaria,  come 
the  various  factors  which  may  be  included  under  the 
head  of  the  nervous  causes  of  urticaria.  The  con- 
dition is  seen  with  considerable  frequency  as  a  result 
of  the  nervous  disturbances  accompanying  di.sorders 
of  the  genitourinary  tract,  in  pregnancy,  at  men.stni- 
ation,  and  during  lactation.  It  is  excit^ed  at  times  by 
violent  emotional  disturbances,  as  grief,  the  dread  of 
some  impending  crisis,  or  the  shock  of  surgical  opera- 
tions. In  particularly  unstable  individuals  it  may 
occur  from  such  slight  mental  disturbances  as  anger, 
confusion,  or  surprise.  Its  occurrence  as  a  result  of 
rectal  worms,  phimosis,  and  similar  forms  of  local 
irritation  seems  to  indicate  that  at  times  it  is  due  to 
reflex  nervous  irritation.  The  occurrence  of  urticaria 
in  connection  with  nervous  diseases  is  well  recognized. 
This  is  rather  frequent  in  functional  nervous  dis- 
turbances like  hysteria.  It  is  rarer  in  connection  with 
organic  diseases  of  the  central  nervous  system. 

Pathology. — Urticaria  is  distinctly  an  angioneu- 
rotic disturbance.  There  is  a  temporary  disturb- 
ance of  the  vasomotor  control  which  results  in  a  dila- 
tation of  the  capillaries  of  the  part  and  local  hyperemia. 
There  is  a  rapid  outpouring  of  serum  into  the  tissues 
producing  an  intense  edema.  This  shows  as  a  swell- 
mg  of  the  skin  which  at  first  is  pink,  but  as  the  pres- 
sure becomes  greater  the  blood  is  driven  out  of  the 
capillaries  at  the  center  and  there  develops  a  pale 
bloodless  area  surrounded  by  a  halo  of  hyperemia. 
Microscopically  the  tissues  show  the  evidences  of 
intense  serous  effusion  with  more  or  less  diapedesis 
of  leucocytes. 

Diagnosis. — The  diagnosis  of  typical  urticaria  offers 
no  difficulties.  Indeed  this  is  usually  made  without 
the  physician's  aid.  The  rarer  varieties  of  urticaria, 
urticaria  ha?morrhagica,  urticaria  bullosa,  and  angio- 
neurotic edema,  may  lead  to  some  confusion.  In  the 
first  two  types  there  are  usually  evidences  of  typical 
urticaria  sufficiently  manifest  to  give  the  key  to  the 
diagnosis.  In  angioneurotic  edema  or  giant  urticaria 
the  suddenness  of  its  onset,  its  rapid  development, 
the  freedom  from  pain,  and  the  accompanying  evi- 
dences of  typical  urticaria  usually  make  the  diagnosis 
from  cellulitis,  with  which  it  is  most  likely  to  be  con- 
fused, ea.sy.  The  diagnosis  of  urticaria  in  itself,  how- 
ever, is  the  smallest  part  of  the  problem  with  which 
one  lias  to  deal  in  the  cases.  The  far  more  difficult 
part  is  the  determination  of  the  causative  factors. 
This,  in  cases  of  chronic  urticaria,  often  ta.Tes  one  to 
the  utmost. 

Prognosis. — In  acute  urticarias  relief  is  easy.  In 
chronic  urticarias  the  success  of  treatment  depends 
altogether  upon  the  difficulty  which  attends  the  relief 
of  the  underlying  condition,  and  the  prognosis  as  to 
ready  relief  in  such  cases  should  be  very  guarded. 

TnEATMENT. — The  curative  treatment  of  urticaria 
is  altogether  a  question  of  the  elimination  of  the  under- 
lying trouble  and  the  management  of  the  various 
cases  is  along  the  line  of  rational  therapeutics.  In 
all  cases  the  possibility  of  the  disease  being  due  to 
parasites  should  be  borne  in  mind.  Where  any  of 
these  are  found  to  be  the  cause,  the  treatment  is  of 
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course  that  necessary  for  the  destruction  of  the  par- 
ticular parasite. 

The  constitutional  treatment  of  acute  attacks  of 
urticaria  is  simply  a  matter  of  the  relief  of  the  digestive 
disturbance  which  usually  is  the  cause  of  it.  If  the 
cases  are  seen  early  an  emetic  may  be  indicated. 
More  frequently,  however,  a  brisk  cathartic,  such  as 
magnesium  sulphate,  is  all  that  is  necessary.  The 
after-treatment  of  these  cases  consists  of  keeping  the 
bowels  open,  and  keeping  the  patient  upon  a  careful 
diet  until  the  digestive  disturbance  is  relieved.  Fre- 
quently an  acute  urticaria  is  the  culmination  of  more 
or  less  "continued  digestive  disturbance.  In  such  cases 
the   mercurial    cathartics   are   particularly   valuable. 

In  the  chronic  forms  of  urticaria  permanent  relief  is 
usually  the  result  of  painstaking  investigation  into 
the  causation.  The  questions  of  defective  elimina- 
tion, constipation,  or  some  lack  of  balance  between 
assimilation  and  excretion,  particularly  have  to  be 
taken  into  consideration.  The  first  attention  has  to 
be  paid  to  the  digestion.  The  diet  should  be  regu- 
lated, indigestible  foods  generally  prohibited,  and  a 
bland,  simple  dietary  followed  for  a  time.  The  free 
use  of  fruits,  contrary  to  the  advice  sometimes  given, 
is  in  my  opinion  usually  indicated,  and  the  patient 
should  drink  plenty  of  water.  Careful  attention 
should  be  paid  to  elimination,  especially  by  the  bowels, 
and  for  this  purpose  the  rather  liberal  use  of  aperients 
for  a  time  is  advisable.  Of  the  aperients  I  think  that 
calomel  and  blue  mass  easily  head  the  list  in  value; 
after  them  come  senna,  podophyllin,  sodium  pho.s- 
phate.  In  certain  cases  the  nervous  sedatives  prove 
distinctly  valuable;  the  bromides,  acetanilid,  phe- 
nacetin,  and  sulphonal  are  all  at  times  useful.  The 
various  forms  of  opium  are  to  be  avoided,  not  only 
because  of  their  adverse  effect  on  elimination,  but 
because  of  the  marked  tendency  of  opium  itself  to 
cause  urticaria. 

It  cannot  be  emphasized  too  strongly  that  in  all 
persistent  cases  of  urticaria  the  question  of  elimination 
and  the  condition  of  the  digestive  tract  deserve  first 
consideration.  After  that  the  other  factors,  such  as 
malaria,  jaundice,  anemia,  and  other  less  frequent 
causes,  are  to  be  investigated,  and  when  found  present 
are  to  be  treated  along  the  usual  lines.  Rational 
treatment  failing,  certain  remedies,  used  more  or  less 
empirically,  have  been  found  helpful.  Quinine,  the 
salicylates,  belladonna,  and  strychnine  are  useful  in 
certain  cases.  Calcium  chloride  has  been  recom- 
mended by  Wright,  and  it  has  at  times  seemed  to  me 
to  be  of  service.  Among  the  remedies  used  empiri- 
cally the  one  which  has  given  me  the  greatest  satis- 
faction has  been  pilocarpine.  Given  to  the  point  of 
producing  the  .slightest  evidence  of  its  physiological 
effects,  it  is  valuable  in  relieving  itching  and  giving 
the  patients  rest.  In  certain  intractable  cases  without 
gastrointestinal  trouble  arsenic  is  recommended. 

Local  Treatment. — The  local  treatment  of  urticaria 
is  almost  entirely  directed  to  the  relief  of  itching.  For 
this  purpose  in  acute  attacks  of  urticaria  one  of  the 
commonest  and  most  useful  measures  is  the  alkaline 
or  acid  bath.  A  general  bath  or  sponge  bath  with 
.sodium  bicarbonate  usually  irnmediately  stops  the 
itching.  Equally  good  results  are  frequently  obtained 
with  similar  baths  of  common  salt.  Either  the  salt 
or  the  soda  bath  is  most  effective  when  it  is  rather 
strong.  In  place  of  soda  or  salt,  borax  or  ammonium 
chloride  may  be  used  with  equally  good  effect.  The 
strength,  for  ammonium  chloride,  is  one  or  two 
ounces  to  the  bath. 

Similar  baths  with  vinegar  or  other  acids  are  often 
equally  effective,  but  they  are  not  quite  so  agreeable, 
and  usually  nothing  is  gained  by  substituting  them  for 
the  salt  or  soda  bath.  In  place  of  the  bath  alkaline  or 
acid  lotions  may  be  substituted.  As  acid  lotions, 
water  and  vinegar  equal  parts,  water  two  parts  and 
vinegar  one  part,  or  alcohol  two  parts  and  vinegar  one 
part,  may  be  used  with  good  effect.     A  one-  or  two- 
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per-cent.  solution  of  carbolic  acid  with  glycerin  in 
water  or  in  a  boric  acid  solution  is  a  most  excellent 
antipruritic  in  these  cases.  In  place  of  the  water  the 
lotion  is  sometimes  made  more  agreeable,  and  perhaps 
more  effective,  by  the  substitution  of  distilled  extract 
of  hamamelis.  Other  antipruritic  lotions  are  made 
with  liquor  carbonis  detergens,  or  camphor  chloral, 
or  resorcin  in  the  strength  of  one  to  three  per  cent,  in 
water.  A  lotion  which  I  have  found  particularly 
useful  in  severe  itching,  where  the  skin  is  not  broken, 
is  camphor  chloral  and  carbolic  acid,  each  one  to  three 
per  cent.,  in  equal  parts  of  distilled  extract  of  witch 
hazel  and  alcohol.  This  may  be  made  more  cooling 
and  more  powerful  by  the  addition  of  one  to  two  per 
cent,  of  menthol.  In  certain  cases  the  addition  of  an 
insoluble  powder  in  suspension  to  these  lotions  is  ad- 
vantageous. For  this  purpose  suitable  powders  are 
zinc  oxide  and  calamine.  These  may  be  added  to 
such  lotions  as  have  been  suggested  above  in  the 
strength  of  one  or  two  ounces  to  the  pint.  A  type  of 
such  a  lotion,  which  has  given  me  excellent  service, 
is  the  well-known  calamine  and  zinc-oxide  loticui, 
with  the  addition  of  one  or  two  per  cent,  carbolic 
acid  and  glycerin.  A  good  formula  for  this  lotion  is 
as  follows:  Acid  carbolic,  glycerine,  aa  Si-- 3  iij.; 
zinc  oxide,  calamine,  aa  5  i~5  ^■',  lime  water,  Oj. 
Frequently  a  most  agreeable  application,  in  con- 
junction with  these  other  measures,  is  a  d\isting 
powder  to  be  applied  after  the  bath  or  after  the  ap- 
plication of  a  lotion.  Suitable  dusting  powders  for 
this  purpose  are  zinc  oxide,  starch,  talcum,  or  stear- 
ate  of  zinc.  A  useful  addition  to  these  powders  is 
boric  acid  in  the  proportion  of  one-half  to  one  dram 
to  the  ounce,  or  salicylic  acid,  resorcin  or  thymol  in 
the  proportion  of  five  to  twenty  grains  to  the  ounce. 
Usually,  unless  there  is  a  secondary  dermatitis,  oint- 
ments are  not  desirable.  They  are  mussy  and  in- 
convenient and  dirty  and  not  more  effective  than  the 
lotions.  Where  there  is  a  secondary  dermatitis, 
however,  as  a  result  of  scratching,  ointments  are 
frequently  useful  not  only  as  vehicles  for  the  active 
medicament,  but  as  a  protection  for  the  abraded 
surfaces.  In  such  conditions  the  antipruritic  lotions 
have  to  be  used  with  some  care,  as  they  are  more  or 
less  irritating.  Baths  are  not  contraindicated,  but 
the  addition  of  bran  or  oatmeal  to  the  baths  in 
sufficient  quantities  to  make  them  slightly  mucilagin- 
ous renders  them  more  soothing. 

William  Allen   Pdset. 


Urticaria  Pigmentosa. — Urticaria  pigmentosa  is 
a  rare  affection  which  is  characterized  by  the  develop- 
ment of  wheals  which  are  followed  by  peculiar  per- 
sistent pigmented  macules  or  nodules.  It  differs  in 
many  respects  from  ordinary  urticaria  and  although 
the  disease  is  accompanied  by  wheals,  it  is  in  all 
probability  not  a  form  of  true  urticaria.  Two  forms 
of  the  disease  exist — the  macular  and  the  nodular. 
These  at  times  occur  distinctly,  or  more  frecjuently 
the  disease  presents  a  combination  of  the  two  types. 
All  forms  begin  in  early  childhood.  The  first  evidence 
is  the  development  of  ervthematous  spots,  which  are 
followed  in  a  day  or  two  by  the  development  of  small 
reddish  wheals.  In  other  cases  wheals  develop  sud- 
denly without  any  noticeable  premonitory  erythema. 
In  the  macular  form,  upon  the  disappearnace  of  the 
wheals  there  are  left  fawn-colored  or  brownish-yellow 
pigmented  stains.  These  are  level  with  the  skin  or 
perhaps  slightly  elevated.  In  the  nodular  form  there 
is  the  same  sudden  eruption  of  wheaiS  which  are 
succeeded  by  nodular  lesions  that  remain  indefinitely. 
These  are  at  first  reddish,  but  in  time  become 
brownish-red  or  brownish-yellow.  Similar  lesions 
continue  to  appear  and  the  disease  thus  goes  on 
for  many  years.  Individual  nodules  may  persist 
for  years;  at  other  times  they  shrink  and  disap- 
pear, leaving  brownish,   pigmented,   atrophic  spots. 
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Usually  after  several  years  new  lesioas  no  longer 
develop  and  the  disea.se  gradually  disappears.  In 
both  the  macular  and  the  nodular  forms  factitious 
urticaria  can  be  produced  by  friction,  and  in  the  same 
way  wheals  may  be  made  to  develop  at  tlio  site  of  the 
nodular  or  macular  lesions.  Itching  in  these  cases 
is  usually  severe,  and,  continuing  as  it  does  for  years, 
is  the  most  serious  feature  of  the  disease. 

Etiology. — Its  cause  is  practically  unknown.  It 
appears  usually  within  the  first  six  months  of  life, 
most  frequently  before  the  third  month,  and  only  a 
few  cases  developing  after  eighteen  months  have  been 
recorded.  Most  of  the  recorded  cases  have  been  in 
boys. 

Pathology. — A  .section  from  one  of  the  lesions  shows 
no  alterations  in  the  epithelial  layer  except  marked 
increase  of  pigment  in  the  basal  layer  and  some  hori- 
zontal stretching  of  the  epithelial  cells.  The  upper 
part  of  the  coriuni  is  edematous,  and  there  is  a  pecu- 
liarly abundant  infiltration  with  mast  cells.  Unna 
was  the  first  to  call  attention  to  the  marked  accumula- 
tion of  mast  cells  in  the  corium,  and  his  observations 
have  been  repeatedly  confirmed  by  other  observers. 

Diagnosis. — The  extreme  rarity  of  the  disease  ren- 
ders it  liable  to  be  overlooked.  The  presence  of 
factitious  wheals  and  itching  suggests  urticaria,  and 
when  there  is  added  to  this  the  presence  of  the  peculiar 
brownish-yellow  persistent  nodules  or  macules,  the 
diagnosis  should  readily  suggest  itself.  There  is  no 
other  disease  that  closely  resembles  it.  The  diagnosis 
from  urticaria  is  made  by  the  presence  of  the  peculiar 
persistent  lesions.  The  process  might  also  suggest 
xanthoma,  but  the  lesions  of  xanthoma  are  of  a 
distinctly  yellow  color,  while  these  are  dirty  yellow  or 
brown.  Xanthoma  does  not  itch,  and  has  none  of 
the  other  features  suggestive  of  urticaria. 

Prognosis. — The  disease  usually  persists  for  years, 
at  least  until  the  time  of  puberty,  although  some  cases 
have  been  known  to  get  well  after  a  duration  of  one  or 
two  years.  , 

Treatment. — Treatment  has  had  no  effect  upon  the 
course  of  the  disease.  Relief  of  digestive  disturbances 
renders  the  disease  less  severe,  and  careful  attention 
to  the  dietary  of  the  patients  has  some  effect  in  im- 
proving their  condition.  Crocker  reports  that  the 
empirical  use  of  Fowler's  solution  had  a  marked  effect 
in  preventing  the  development  of  new  lesions  in  one 
of  his  cases.  The  itching  can  be  in  great  part  con- 
trolled by  the  use  of  antipruritic  applications,  such 
as  are  used  in  ordinarj-  urticaria,  and  the  local  treat- 
ment is  along  the  same  lines  as  in  urticaria. 

WiLLL\M  Allen  Pcset. 


Ustilago. — (Corn-smut,  Corn-ergot,  etc.)  The  fun- 
gus Uslilago  maydis  LeveUle,  replacing  the  grain  of 
Zea  tnays  L.  This  well-known  blight  of  Indian  corn 
grows  upon  various  parts  of  the  plant — stem,  leaf, 
sheaths,  tassels,  but  especially  upon  the  forming 
ears  which  it  transforms  or  destroys.  It  forms  early 
a  fleshy,  irregular  mass  of  mycelium  embedded  in  a 
jelly-like  substance,  and  attains  a  size  equalling  that 
of  a  cocoanut,  more  or  less  irregularly  globular.  .\t 
maturity  it  develops  into  a  black,  dry,  crumbly,  or 
powdery  mass  of  spherical,  tuberculated  spores  en- 
closed in  a  cellular  pouch.  It  has  an  unpleasant 
musty  odor  and  ta.ste.  This  ripe  mass  of  spores  is  the 
portion  used,  and  it  is  collected  in  midsummer,  simply 
freed  from  impurities  and  dried.  As  obtained,  it  is 
a  mass  of  powder  and  shreds  of  membrane,  nearly  as 
black  and  quite  as  dusty  as  powdered  charcoal. 

Little  is  known  of  the  constituents  of  ustilago, 
except  that  they  are,  in  a  gener.al  way,  similar  to 
those  of  ergot.  Mitchell  has  found  that  in  frogs  it 
soon  acted  as  a  narcotic,  destroying  consciousness;  it 
then  paralyzed  the  sen.sory  centers  in  the  spinal  cord, 
and  afterward,  if  the  dose  were  toxic,  the  motor 
centers  and  nerves. 


Numerous  clinical  reports  have  been  made  to  the 
effect  that  it  acts  upon  the  parturient  uterus  much 
like  ergot.  Its  use  was  considerably  urged  from  1876 
to  IS.SO,  and  it  became  official  in  the  I'nited  States 
Pharmacopa-ia  of  the  latter  year,  but  its  u.se  has  now 
almost  altogether  ceased,  ft  has  also  been  given  in 
menorrhagia.  bleeding  fibroids,  and  other  troubles 
which  may  be  relieved  by  increasing  the  tension  of 
uterine  ti.ssue.  Dose,  in  infusion  or  fluid  extract,  from 
gr.  XV  to  Ix. (1.0-4.0).  W.   P.  BoLLEs. 


L'tah  Hot  Springs. — Box  Elder  County,  Utah. 

Post-office. — Utah  Hot  Springs.  Hotel  and 
Sanatorium. 

ACCES.S. — Via  Oregon  Short  Line  Railroad.  The 
Ogden  Rapid  Transit  cars  also  pass  the  door. 

These  springs  flow  from  the  western  base  of  the 
Wahsatch  Mountains  into  Salt  Lake  valley,  about 
nine  mUes  north  of  the  city  of  Ogden.  They  are 
located  at  an  elevation  of  4,246  feet  above  the  sea-level. 
The  mountains  here  are  very  rugged  and  picturesque, 
and  attain  an  elevation  of  more  than  5,000  feet  above 
the  location  of  the  springs.  As  shown  by  the  reports 
of  the  United  States  Signal  Service,  the  climate  of  the 
Salt  Lake  valley  is  very  mild  in  winter  and  free  from 
oppressive  heat  during  the  summer  months.  The 
atmosphere  is  very  invigorating  and  beneficial  to 
almost  all  clas.ses  of  invalids.  There  are  three  large 
springs  in  the  group,  and  when  discovered  they  resem- 
bled three  immense  wells,  twenty  to  thirty  feet  in 
diameter,  and  eighty  to  100  feet  deep.  Each  of  these 
furnishes  a  large  stream  of  clear,  hot.  sparkling  water, 
their  combined  outflow  being  about  KiO.OOO  gallons 
in  twenty-four  hours.  An  analysis  by  Prof.  Spencer 
F.  Baird,  Smithsonian  Institution,  Washington,  D.  C. 
resulted  as  follows: 

United  States  Gallon  Contains; 

Solids.  r.raiM. 

Silica 2  ,  6S7 

.Mumina 0.234 

Calcium  sulphate 18.074 

Calcium  chloride .  1 70 .  498 

Potassium  chloride  97 .  74 1 

Sodium  chloride.  1.0,i3.47o 

Magnesium  chloride 1  .Oti7 

Magnesium  carbonate 1 1  -  776 

Total I.Sao.  552 

Carbonic  acid  gas.  37.185  cubic  inches. 
Temperature,  131°  to  144°  F. 
Organic  matter     (alga?J   large  amount. 

The  Hot  Springs  Hotel  is  a  frame  structure,  about 
300  feet  long,  the  north  end  of  which  is  used  for  baths. 
The  re-sort  is  very  well  supplied  with  bathing  facilities, 
containing,  besides  many  private  rooms,  a  large  plunge 
bath  for  women  and  another  for  men,  and  two  large 
swimming  pools.  The  water  is  quite  strongly  muriated 
saline.  The  alg:r  form  rapidly  in  reservoirs  containing 
the  water,  and.  it  is  said,  they  impart  a  soft,  unctuous, 
or  oleaginous  effect  to  the  water,  which  is  very  pleasing 
to  the  skin,  and  believed  to  be  soothing  to  the  nervous 
system.  There  are  electric  light  baths  and  spacious 
rubbing  rooms  with  experienced  attendants.  The 
baths  are  much  resorted  to  by  persons  suffering 
from  rheumatic  troubles,  gout,  s\-philis,  chronic  bron- 
chial catarrh,  obstructive  jaundice,  disorders  of  men- 
struation and  renal  disorders.  Em.m.\  E.  W.\lker. 


Utah  Warm  Springs. — Salt  Lake  County,  Ut«h. 

Post-office. — Salt  Lake  Citj-. 

These  springs  are  situated  at  the  base  of  the  heights 
of  Ensign  Peak,  in  West  Second  Street.  Salt  Lake 
City.  The  location  is  about  4,060  feet  above  the 
sea-level,  or  twenty  feet  above  the  general  level  of  the 
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Salt  Lake  valley  and  forty  feet  above  the  lake  itself. 
The  springs  are  the  property  of  the  city,  and  are 
leased  by  the  present  managers.  .\n  excellent  bath- 
house, easily  accessible  from  all  parts  of  the  city  by 
electric  cars,  is  maintained  at  the  springs.  The  water 
has  a  temperature  of  112°  F.  as  it  flows.  It  was 
analyzed  by  Dr.  Charles  T.  Jackson,  of  Boston,  with 
the  following  results: 

Three  fluid  ounces  of  the  water  on  complete  evapo- 
ration in  a  platina  capsule  gave  S.2.'5  grains  of  solid 
dry  saline  matter. 

Grains. 

Calcium  and  magnesium  carbonate 0.240 

Iron  peroxide 0 .  040 

Calcium 0 .  545 

Chlorine ,- 3.453 

Soda  , 2.877 

Magnesia 0.370 

Sulphuric  acid 0.703 

Total 8.228 

This  water  is  recommended  for  bathing  in  cases 
of  rheumatic  troubles,  catarrh,  and  in  disorders  of 
the  .stomach,  liver,  kidneys,  and  skin. 

Emm.\  E.   Walker. 


Uterus,  Diseases  of  the  Cervix. — In  considering 
the  disease  of  the  cervi.x  uteri,  it  must  be  remembered 
that  the  cervix  is  a  jjart  of  the  corpus  uteri,  and 
diseases  affecting  one  part  usually  extend  to  the  other 
portion  of  the  organ.  There  may,  however,  be 
lesions  of  the  cervix  without  affecting  the  body,  and 
rice  versa. 

Atrophy. — Senile  Involution.  —  Under  ordinary 
physiological  conditions,  senile  atrophy  of  the  exter- 
nal and  that  of  the  internal  genitals  are  coincident 
and  begin  at  the  time  of  the  climacteric  and  proceed 
gradually  to  degrees,  varying  in  different  individuals. 
Tlie  atrophy  of  the  genital  organs  does  not  make  its 
appearance  as  a  rule  until  after  the  age  of  forty  years. 
These  changes  may,  however,  begin  at  a  much  earlier 
period,  and  continue  in  the  ordinary  way  without 
any  apparent  cause,  thus  ending  the  active  sexual 
life  of  the  individual  long  before  the  usual  time. 
The  muscular  elements  of  the  cervical  wall  diminish 
and  become  proportionally  less  than  the  connective 
tissue.  The  mucous  membrane  becomes  pale  and 
anemic  in  appearance;  the  folds  and  arbor  vita;  become 
thin,  and  often  are  effaced  altogether;  the  glands 
become  shrunken  and  their  secretion  is  diminished  or 
entirely  absent.  The  canal  becomes  smaller  and 
may  be  barely  patent;  the  whole  cervix  becomes 
thinner,  and  less  prominent,  and  in  time  may  appear 
as  a  dimple  in  the  vault  of  the  vagina.  The  vault 
which  was  formerly  broad  and  pouch-like  becomes 
narrow  and  pointed  with  gradual  obliteration  of  the 
receptaculum. 

Lactation  Atrophy. — In  women  who  nurse  their 
children  the  cervix  and  uterus  undergo  a. slight  degree 
of  involution,  due  to  reflex  irritation,  emanating  from 
the  breasts.  This  in  moderate  degrees  is  a  perfectly 
physiological  process,  yet  it  ma.v  go  so  far  as  to  be- 
come pathological,  especially  in  women  upon  whom 
the  strain  of  nursing  is  too  severe,  or  who  are  suffering 
from  debility.  The  condition  becomes  most  marked 
during  the  third  and  fourth  months  after  delivery  and 
u.sually  di.sai)pears  spontaneously  after  weaning. 
When  the  child  is  nursed  longer  than  the  usual  period, 
the  uterus  may  begin  to  increase  in  size  before  the 
end  of  a  year,  even  though  lactation  be  continued. 
It  is  thought  that  the  cessation  of  menstruation,  which 
is  usually  observed  during  lactation,  is  partly  due  to 
this  form  of  uterine  atrophy.  Horn  describes  two 
varieties  of  lactation  atrophy:  one  in  which  the 
uterus  contracts,  and  the  cavity  diminishes  in  size; 
in  the  other  the  uterine  walls  themselves  become 
thinner  and  flabby,  and   the   cavity  diminishes,  the 

368 


cervLx  becoming  thin  and  short.  The  cervix,  while 
usually  affected,  does  not  in  all  cases  participate  in 
this  atrophy.  In  rare  eases,  the  atrophy  may  persist 
after  weaning,  and  may  be  the  causative  factor  in 
the  unusually  early  appearance  of  the  menopause. 

Treatment. — As  a  rule,  no  treatment  is  required, 
the  uterus  returning  to  its  normal  size  and  function 
soon  after  lactation  ceases.  In  cases,  where  the 
atrophy  seems  to  be  proeeding  too  far,  the  child  should 
be  weaned,  and  general  tonics  given.  In  extreme 
forms  of  atrophy  from  this  cause,  local  treatment 
should  be  instituted  in  the  form  of  warm,  daily  vaginal 
douching,  together  with  warm  sitz  baths,  massage  of 
the  uterus  by  Brandt's  method,  and  local  applica- 
tions of  tincture  of  iodine  to  the  cervix. 

Pathological  Atrophies. — Cervical  atrophies  have 
been  reported  following  diabetes,  tuberculosis,  Addi- 
son's disease.  Graves'  disease,  paralysis  of  the  limbs, 
insanity,  and  morphinism. 

Atrophy  after  uterine  infection  is  noted  where 
necrotic  changes  take  place  with  sloughing  of  portions 
of  the  uterus  and  cervix,  subsequent  contraction,  and 
scar  formation. 

Atrophy  from  disease  of  the  ovaries  which  ends  in 
destruction  of  their  function,  or  the  removal  of  the 
ovaries  by  operation,  results  in  an  atrophy  of  the 
uterus  and  cervix. 

Treatment  in  these  cases  is  unsatisfactory.  General 
tonics  and  the  administration  of  ovarian  extract, 
five  or  ten  grains  three  or  four  times  a  day,  have 
been  found  to  influence  the  condition  favorably 
after  the  disease  of  the  ovaries  or  after  castration. 
In  the  systemic  diseases,  the  process  is  usually  only  a 
local  manifestation  of  the  general  condition,  and 
treatment  suited  to  the  general  bodily  condition  in 
each  case  is  indicated. 

Hypertrophy. — Elongation  hypertrophy  of  the  cer- 
vix is  seen  to  take  place  either  in  intravaginal  or 
supravaginal  portions,  and  occurs  independent  of 
laceration  and  its  resultant  inflammation.  The 
cervix  is  greatly  stretched  so  that  the  uterine  canal 
may  be  twice  the  normal  length.  Overstretching  is 
usually  seen  where  there  is  marked  injury  to  the  pelvic 
floor  with  normal  uterine  ligaments  existing  in  the 
same  patient.  This  condition  may  however  be  seen 
in  cases  of  prolapsed  uterus  from  a  passive  congestion 
due  to  the  dependent  position  which  the  cervix  occu- 
pies. Cases  have  also  been  noted  where  a  suspension 
or  fixation  of  the  uterus  has  been  done  for  prolapse 
without  proper  repair  of  the  perineal  floor,  and  while 
the  fungus  remain  in  situ,  the  cervix  elongated,  until 
the  external  os  appeared  at  the  vaginal  outlet. 

Treatment  is  amputation  for  the  simple  forms  with 
repair  of  the  perineal  floor,  if  necessary.  The  pro- 
lapse, when  present,  should  be  treated  as  elsewhere 
described. 

Inflammatory  Hypertrophy  of  the  Cervix. — Endo- 
cervicitis,  or  cervical  catarrh  is  an  inflammation  of 
the  mucosa  and  of  the  adjacent  tissues  in  that  por- 
tion of  the  uterine  canal  which  lies  between  the  in- 
ternal and  external  ostia,  and  may  be  caused  by  an 
infection  of  the  ordinary  pus  germs  or  by  the  gono- 
coccus.  It  may  be  a  primary  infection,  or  secondary 
to  a  vaginitis  or  an  inflammation  in  tlie  body  of  the 
uterus.  This  latter  is  seen  more  particularly  after 
labor  or  abortion  where  there  exists  a  septic  endome- 
tritis or  some  mechanical  injury  to  the  cervix.  The 
mucous  membrane  becomes  congested.  The  sub- 
mucous tissues  undergo  inflammatory  changes. 
The  glands  of  Naboth  situated  in  the  subcutaneous 
tissues  participate  in  the  process.  Their  secretion  is 
increased,  and  this  secretion,  which  is  a  thick,  stringy 
mucus  in  the  normal  state,  becomes  more  profuse  and 
is  changed  in  character  so  that  it  resembles  the  white 
of  an  egg.  The  reaction  changes  from  alkaline  to 
acid,  and  is  very  irritating  to  the  mucous  membrano 
of  the  cervix,  vagina,  and  vulva.     There  is  usually 
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consiflorable  erosion  about  the  external  os,  due  to  this 
discharge.  The  cervical  glands  often  undergo  cystic 
degeneration,  and  appear  as  small  nodules,  pin-head 
to  pea  size,  over  the  entire  vaginal  portion,  and  if 
punctured  with  some  sharp  instrument,  a  glairy  mu- 
cous discharge  is  seen.  The  cervix  bleeds  easily  when 
touched  with  a  sound  or  forceps,  and  has  a  blue  and 
congested  appearance.  There  is  very  little  or  no 
pain,  but  a  sense  of  weight  in  the  pelvis  is  often 
complained  of.  Backache  in  the  sacral  region  is  a 
prominent  symptom.  The  erosion  is  diagnosed  from 
carcinoma  by  removing  a  small  portion  of  the  tissue 
for  microscopic  examination. 

Treatment.— Care  of  the  general  health  with  suit- 
able tonics  such  as  iron,  quinine,  strychnine,  and 
arsenic  should  be  given.  Constipation,  if  present, 
should  be  treated  by  the  administration  of  suitable 
doses  of  cascara  or  other  mild  laxative.  Local  treat- 
ment is  directed:  (1)  To  the  cure  of  the  inflammatory 
condition  before  it  spreads  to  the  deeper  glandular 
structures,  thus  causing  chronic  hypertrophy.  (2) 
If  the  cervix  be  the  primary  seat  of  infection,  to 
prevent  its  spread  to  the  adjacent  structures  of  the 
vagina  or  uterus.  (3)  To  stop  the  irritating  dis- 
charge and  resulting  discomfort.  For  this  we  ma)' 
make  applications  of  twenty-five  per  cent,  argyrol, 
five  per  cent,  protargol,  or  five  to  fifteen  per  cent, 
silver  nitrate  solution,  every  third  or  fourth  day, 
following  a  cleansing  douche  of  zinc  sulphate,  boric 
acid,  or  sterile  salt  solution.  These  applications 
should  be  made  through  a  speculum,  after  first  re- 
moving all  mucous  secretion  from  the  cervix  by  gently 
wiping  it  away  with  a  pledget  of  cotton  mounted  on 
a  dressing  forceps  and  saturated  in  some  antiseptic 
solution.  This  is  an  important  step  in  the  treatment, 
and  if  not  done,  the  tenacious  secretion  prevents  the 
application  from  reaching  the  diseased  mucous 
surface.  If  there  are  any  cystic  areas  in  the  cervix, 
these  should  be  opened  by  puncture  with  the  point  of 
a  scalpel,  and  their  contents  evacuated,  before  the 
application  of  silver  is  made.  Multiple  puncture 
until  free  bleeding  is  obtained  are  often  beneficial. 
The  next  step  is  to  apply  an  astringent  or  depleting 
tampon  of  ten  per  cent,  tannic  acid  in  glycerin, 
glycerite  of  boroglycerin,  or  ten  per  cent,  ichthyol 
in  glycerin,  and  leave  in  place  for  eight  or  ten  hours; 
when  removed  a  hot  astringent  douche  should  follow, 
and  should  be  repeated  every  eight  to  twelve  hours. 
When  the  foregoing  measures  are  ineffective,  dilata- 
tion of  the  cervix  under  anesthesia  and  a  thorough 
scraping  of  the  diseased  mucous  membrane  with  a 
sharp  curette  should  be  resorted  to.  Later,  if  all  these 
measures  fail,  some  form  of  operation  which  will 
remove  the  inflamed  mucous  membrane  is  indicated. 
The  method  devised  by  Schroder  is  well  adapted  to 
this  form  of  cervical  hypertrophy,  and  will  be  de- 
scribed under  lacerations.  In  certain  cases  where 
operation  is  contraindicated  through  organic  disease 
or  is  refused  by  the  patient,  certain  mechanical 
measures  may  be  used,  such  as  the  large,  soft-rubber 
rings  which  fit  firmly  into  the  vaginal  canal.  When 
retroversion  is  present,  the  Smith-Hodge  pessary 
may  be  of  service.  The  stem  and  cup  pessary  may 
also  be  used  where  the  vaginal  pessary  fails  to  stay  in 
position  owing  to  the  lacerated  perineum.  Its  use, 
however,  is  attended  with  great  risks  even  in  the  most 
skilful  hands.  It  is  apt  to  cause  erosion  of  the 
cervix  or  rectovaginal  or  vesicovaginal  fistula  through 
pressure.  This  instrument  is  fashioned  like  a  cup  to 
which  is  attached  a  two-armed  stem,  with  perineal 
straps  which  fasten  to  a  waist  band. 

Ulceration. — L'lcers  of  the  cervix  are  the  result  of 
local  or  systemic  infection  or  trauma,  and  are  very 
infrequent  affections.  Chancre  of  the  cervix  is 
occasionally  seen  and  may  simulate  carcinoma,  but 
may  be  differentiated  by  the  history  and  course  of  the 
case    together    with    microscopic    examination    of    a 
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piece  of  tissue  taken  from  the  ulcerated  area.  Mucous 
patches  may  accompany  it. 

Chancroid  is  also  a  rare  cause  of  ulcer  of  the  cervix. 
Smears  of  the  secretion  will  show  the  causative 
bacillus  of  Ducrey.  The  treatment  is  the  same  as 
in  chancroid  of  other  portions  of  the  body. 

Tuberculous  ulcer  if  seen  is  usually  associated  with 
the  di.sease  in  other  parts  of  the  body,  but  may  be 
mistaken  for  carcinoma.  The  microscopic  section 
will  however  clear  up  the  diagnosis.  The  treatment  is 
removal  of  the  uterus  and  cervix.  If  this  operation 
is  not  practicable,  through  general  debility,  the 
curette  and  cautery  should  be  used,  and  the  parts 
kept  clean  with  antiseptic  and  astringent  vaginal 
douches. 

.\tresia. — This  is  generally  the  result  of  lacera- 
tions during  labor  of  the  application  of  caustics. 
It  may  result  from  the  contraction  of  an  old  ulcer, 
from  new  growths  within  the  uterus,  or  from  okl  age. 
After  the  menopause  atresia  is  of  no  particular 
moment  unless  some  infection  takes  place  and  pus  is 
retained  in  the  uterine  cavity.  Previous  to  the  meno- 
pause hematometra  may  be  expected.  Under  such 
circumstances,  if  the  atresia  is  at  the  internal  os,  the 
shape  of  the  cervix  is  well  preserved ;  but  if  it  is  at  the 
external  os,  the  cervix  is  carried  up  to  a  higher  level 
and  the  entrance  appears  as  a  dimple  in  the  vaginal 
vault. 

Stricture. — The  causes  are  the  same  as  tho.se  of 
atresia.  It  occurs  more  often  at  the  external  than  at 
the  internal  os,  but  the  cavity  of  the  cervix  may  be 
contracted  throughout  its  entire  length. 

Diagnosis  may  be  made  by  inspection  or  by 
passing  a  sound.  As  the  tip  of  a  small  probe  is  often 
caught  in  the  folds  of  the  arbor  vita*,  it  is  well  to  pull 
down  the  cervix  with  the  tenaculum.  Usually  there 
is  a  slight  spasm  of  the  internal  os,  which  gives  way 
after  a  few  moments  of  .steady  pressure. 

Dysmenorrhea  is  usually  present  and  there  is  also 
sterility,  but  the  first  does  not  foUow  in  every  case, 
as  women  with  a  tight  internal  os  often  complain  of 
no  pain  with  the  menses. 

Treatment  of  stenosis  is  surgical,  and  what  is  said 
concerning  this  applies  to  atresia  coming  on  before 
the  menopause.  Four  methods  are  in  common 
vogue:  gradual  dilatation,  discission,  di\'ulsion.  and 
plastic  operations. 

Gradual  dilatation  is  performed  with  the  Hanks 
dilators,  with  the  patient  on  the  back  or  in  the  Sims 
position.  The  vagina  is  cleansed  with  soap  and  water, 
and  wiped  out  with  a  solution  of  corrosive  sublimate 
or  phenol.  The  anterior  lip  is  seized  with  the  tenacu- 
lum and  pulled  gently  downward.  After  the  direc- 
tion of  the  canal  has  been  ascertained  by  means  of  a 
sound,  the  dilators  are  inserted  in  increa.^ing  sizes. 
each  one  being  allowed  to  remain  a  few  moments  in 
the  canal.  The'dilatation  should  not  be  carried  so  far 
as  to  cause  fissures  of  the  os.  and  one  treatment  a  week 
is  sufficient.  Finally  the  canal  is  swabbed  out  with 
ninety-five  per  cent,  carbolic  acid  or  with  tincture  of 
iodine,  and  a  tampon  of  ichthyol  and  glycerin  is 
inserted.  The  latter  should  be  removed  the  next 
day.  Patients  should  remain  quiet  for  a  time  after 
the  operation,  as  uterine  cramps  sometimes  come  on. 

Discussion  of  the  cervix,  once  practised  widely, 
has  practically  been  abandoned  owing  to  the  hemor- 
rhage, sepsis,  and  ccuitraction  which  followed  too 
often  in  its  wake.  .\s  practised  to-day,  it  consists  in 
splitting  the  cervix  on  each  side  as  high  as  the  junc- 
tion of  the  vaginal  wall  and  nicking  the  internal  os  on 
each  side. 

Divulsion  or  rapid  dilatation  under  general  anes- 
thesia and  with  aseptic  precautions  is  almost  devoid 
of  danger,  and  is  perhaps  the  most  generally  applicable 
method  when  the  canal  is  patent.  This  is  i)erformed 
with  any  of  the  well-known  cervical  dilators.  The 
external  genitals  and  vagina   having  been  rendere<l 
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surgically  clean,  the  cervix  is  seized  with  the  vulselluin 
forceps;  and  if  the  canal  does  not  admit  the  tip  of  the 
special  form  of  tlilator  used,  it  may  be  expanded 
with  the  Hanks  dilators  to  the  necessary  extent. 
The  blades  of  the  dilator  are  then  inserted  under 
steady,  gentle  traction  upon  the  cervix  with  the 
vulseilum  forceps,  and  spread  in  all  directions  until 
the  canal  is  dilated  to  from  one-half  to  three-quarters 
of  an  inch.  This  may  be  followed  by  curettage,  if 
necessary,  the  cavity  then  being  packed  with  iodo- 
form gauze  for  from  twenty-four  to  forty-eight  hours. 
Curettage  is  necessary  when  the  stenosis  is  due  to 
inflammation  of  the  mucous  membrane,  which  is  so 
common  in  these  cases. 

The  patient  should  remain  in  bed  for  ten  days,  and 
after  the  first  two  or  three  days  the  use  of  an  antiseptic 
douche  of  lysol,  1  in  100,  adds  much  to  her  comfort 
and  cleanliness. 

A  plastic  operation  may  be  indicated  to  relieve 
contraction  or  atresia  of  the  external  os  when  the 
cervical  canal  is  dilated  above. 

Abr.\sions. — The  wearing  of  a  pessary  may  produce 
slight  abrasions  of  the  mucous  membrane  of  the  cervix 
due  to  careless  fitting  or  to  retention  for  so  long  a 
period.  When  the  pessary  gives  relief,  the  patient 
may  neglect  to  remove  it  for  cleansing  with  the  result 
that  there  forms  an  accumulation  of  salts  on  the 
pessary  from  the  cervical  and  vaginal  secretions  which 
in  turn  irritates  the  cervical  membrane,  increasing  the 
size  of  the  abrasion. 

Treatment. — Absolute  removal  of  the  pessary  for 
thorough  cleansing  under  the  direction  of  the  phy- 
sician must  be  insisted  upon  and  this  should  be 
followed  by  the  application  of  a  mild  antiseptic  to 
the  abraded  area.  It  may  be  necessary  to  remove  the 
pessary  for  a  length  of  time  until  the  abrasion  has 
healed. 

Lacerations. — These  are  chiefly  the  result  of  par- 
turition, operations  for  dilatation,  and  instrumental 
abortions. 

Lacerations  may  be  partial  or  complete.  They  are 
partial  when  the  tear  extends  through  the  mucous 
membrane  and  muscular  tissue  at  the  external  os, 
but  not  to  the  vagina  at  any  other  point ;  complete 
when  the  tear  is  through  the  entire  surface  of  the 
cervix,  involving  the  canal  sometimes  as  far  as  the 
internal  os. 

These  tears  may  occur  on  one  or  both  sides  of  the 
cervix.  Unilateral  lacerations  seem  to  be  more 
frequent  in  the  left  and  posterior  portions;  bilateral 
laceration  is  the  most  common  form  and  here  the 
cerv'ix  is  divided  into  an  anterior  and  posterior  lip. 
This  type  occurs  most  frequently  after  forceps  de- 
livery, the  pressure  of  the  blades  of  the  forceps  being 
exerted  at  these  points.  Stellate  lacerations,  while 
they  may  not  be  deep,  may  cause  considerable  gap- 
ing of  the  external  os  and  open  a  field  for  infection 
more  quickly  than  the  other  types. 

In  many  cases  of  laceration,  where  the  tear  is  not 
deep,  there  may  be  spontaneous  healing,  but  in  the 
majority  of  cases,  when  the  laceration  is  extensive, 
it  produces  definite  pathological  conditions.  In- 
fection is  the  most  serious  and  frequent  complication 
as  the  secretions  flow  constantly  over  these  hyperemic, 
everted  surfaces  or  lips  of  the  cervix,  producing  in 
time  chronic  inflammatory  changes.  As  in  ordinary 
cervical  catarrh  the  inflammation  may  proceed  so 
far  that  the  cylindrical  epithelium  of  the  cervical 
mucosa  oversteps  its  boundaries  and  extends  on  to 
the  mucous  membrane  of  the  vaginal  surface  of  the 
cervix,  displacing  the  squamous  epithelium.  This 
is  the  "erosion  of  the  cervix."  With  the  glandular 
hyperplasia  comes  increased  secretion,  while  gradual 
occlusion  of  the  glands  by  the  new-forming  connective 
tissue  causes  the  the  Nabothian  cysts.  Subinvolution 
of  the  uterus  is  often  found  after  extensive  injuries  to 
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the  cervix,  due  to  contractions  in  the  cervix  by  the 
presence  of  newly  formed  connective  tissue. 

In  addition  to  the  pathological  changes  which  are 
found  in  the  pelvis  itself,  various  disturbances  may 
take  place,  due  not  to  the  lacerations,  but  to  the 
irritation  of  the  chronic  metritis  and  endometritis 
with  which  they  are  so  often  combined.  Further- 
more, the  increased  weight  of  the  subinvoluted  uterus, 
when  coupled  with  relaxed  ligaments  and  a  torn  peri- 
neum, causes  the  organ  to  sag  downward  and  adds  to 
the  effect  of  the  diseased  organs  upon  the  system,  the 
discomforts  which  arise  from  the  loss  of  mechanical 
support.  The  unhealthy  state  of  the  mucous  mem- 
brane is  the  cause  of  frequent  abortions,  and  there  is 
no  doubt  that  cancer  of  the  cervix  is  more  common  in 
women  who  have  suffered  for  years  from  these  chronic 
inflammatory  processes,  of  which  the  untreated  in- 
juries caused  by  childbirth  were  but  the  beginnings. 
However,  according  to  Graves,  erosion  and  ulceration 
of  the  cervix  are  not  as  common  as  might  be  expected. 
The  everted  mucous  membrane  looks  very  red  and 
may  give  the  impression  of  a  loss  of  surface  tissue. 

Sumptoms. — When  the  tear  is  fresh  there  may  be 
some  bleeding;  later,  the  symptoms  are  variable,  and 
there  may  not  be  any  definite  signs  except  on  examina- 
tion. Leucorrhea,  often  blood-tinged  in  the  newer 
tears,  is  the  most  constant  sign,  and  menstruation  is 
usually  excessive  and  painful.  Coitus  may  give 
exceeding  discomfort.  Pain  in  the  back,  especially 
the  sacral  region  and  reflex  signs  may  be  indications. 
As  is  usual  in  nearly  all  pelvic  conditions,  the  nervous 
system  suffers  sometimes  out  of  all  proportion  to  the 
cause.  Sterility  is  one  of  the  results  of  lacerations 
since  the  secretions  from  the  injured  parts  destroy 
the  life  of  the  spermatozoa;  miscarriages  naturally 
would  follow  in  the  wake  of  deep  cervical  tears. 

Diagnosis. — Young  considers  that  this  must  be 
done  by  the  sense  of  touch  as  the  introduction  of  a 
speculum  except  in  the  knee-chest  position  but  widens 
the  distance  between  the  lips  and  obscures  the  real 
situation.  Severe  laceration  must  be  distinguished 
from  cancer  of  this  part,  which  is  difficult  then  the 
Nabothian  cysts  are  numerous,  as  these  give  an 
irregular,  nodular  feeling  to  the  cervix  simulating 
cancer.  Inspection  usually  will  show  the  presence  of 
the  small,  bead-like  cysts  and  of  an  inflamed,  bulging 
mucous  membrane,  sometimes  showing  the  plica; 
palmatse;  and  the  approximation  of  the  lips  by  instru- 
ments will  aid  in  clearing  the  diagnosis. 

Treatment. — Since  so  many  women,  who  have  borne 
or  attempted  to  bear  children,  have  been  lacerated, 
and  suffer  no  inconvenience  to  their  health  or  life 
when  the  condition  is  slight,  treatment  seems  to  be 
necessary  only  in  those  cases  in  which  the  laceration 
is  deep  or  severe,  or  when  a  knowledge  of  the  injury 
gives  rise  to  undue  nervous  conditions.  Palliative 
measures  may  relieve  in  cases  of  the  last-named  type, 
but  onl}^  operation  cures  the  severe  cases.  Opera- 
tion should  be  performed  after  the  puerperium,  when 
the  tissues  have  more  nearly  resumed  their  normal 
condition  and  sloughing  has  ceased.  Many  apparent 
lacerations  at  the  time  of  delivery  disappear  when  the 
patient  is  over  the  confinement.  Occasionally  it 
may  be  necessary  to  insert  a  suture  to  control  bleeding 
from  the  circular  artery,  but  usually  firm  packing  of 
the  uterus  and  vagina,  or  even  of  the  vagina  alone, 
will  stop  this  bleeding. 

Women  are  prone  to  delay  operations  for  lacera- 
tions. They  seem  to  consider  them  as  a  natural 
result  of  childbirth  for  which  nothing  should  be  done, 
consequently  the  trouble  is  not  brought  to  operation 
for  months  or  years  after  it  has  occurred. 

When  operation  is  contraindicated  or  refused,  it 
may  be  possible  to  palliate  the  condition  to  a  certain 
degree.  The  subinvolution  and  endometritis  may  be 
relieved  by  hot  douches  and  by  depletion  with 
tampons  of  glyceride  of  tannin,  ichthyol,  and  glycerin 
and  boroglyceride.     The  patients  should  be  carefully 
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instructed  ia  using  the  douche,  both  as  to  quantity 
and  as  to  temperature.  It  should  be  taken  while 
the  patient  is  lying  oo  her  back,  with  the  hips  elevated, 
and  at  least  twice  daily.  Not  less  than  eight  quarts 
of  water  should  be  used  at  a  temperature  as  hot  as 
can  be  borne.  To  this  may  be  added  disinfectants, 
or  astringents,  as  alum  or  tannin.  The  reservoir 
should  be  just  high  enough  above  the  patient  for  the 
water  to  flow  very  slowly,  and  at  the  end  of  the  re- 
clining position  should  be  maintained  for  from  twenty 
to  thirty  minutes.  The  amount  of  douching  depends 
on  the  profuseness  of  the  discharge. 

Cysts  if  present  should  be  punctured  and  the  exu- 
berant mucous  membrane  painted  with  tincture  of 
iodine,  phenol  or  silver  nitrate  as  often  as  may  be 
demanded. 

Considerable  relief  is  often  obtained  by  these 
measures,  and  thej'  often  prove  a  valuable  preparatory 
treatment  for  many  operative  cases.  Unfortunately 
the  price  of  this  relief  is  constant  treatment,  and 
with  its  cessation  the  old  symptoms  soon  return. 

Operative  Treatment. — In  considering  the  subject 
of  operative  treatment,  the  first  question  is  to  decide 
in  what  cases  to  advise  operation.  Every  deep 
laceration  is  not  in  need  of  repair,  and  many  com- 
paratively slight  ones  demand  more  than  palliative 
treatment.  It  is  the  condition  of  the  cervix  and  uter- 
ine body  more  than  the  extent  of  the  tear  which  decides 
the  treatment;  but,  as  has  been  said,  the  more  ex- 
tensive the  laceration,  the  greater  likelihood  of  en- 
dometritis, ectropion,  and  the  widely  known  "erosion." 
For  the  small  laceration  with  much  uterine  catarrh 
and  enlarged  tender  cervix,  showing  the  effect  of  the 
irritating  discharges,  curetting  of  the  uterus  and 
depletion  may  prove  sufficient.  If  the  cervix  is 
much  h>-pertrophied  and  studded  with  cj'Sts,  curetting, 
the  excision  of  a  wedge  from  each  side  and  uniting 
by  the  method  of  Emmet,  or  Schroder's  operation 
is  to  be  advised.  Where  very  extensive  disease  is 
present,  amputation  is  the  best  procedure. 

As  the  climacteric  approaches,  repair  is  more  neces- 
sary than  in  younger  women,  for  a  lacerated  cervix 
may  be  the  starting-point  for  malignant  disease. 

The  operative  procedures  as  outlined  by  Emmet 
with  modifications  according  to  the  individual  operator 
are  advised  for  lacerations  of  the  cervix.  The  patient 
is  put  through  the  usual  preparation  for  a  pelvic 
operation  and  if  there  is  a  foul  discharge  it  may  be 
advisable  to  curette  the  uterus  and  wait  for  a  few- 
days  before  performing  an  operation  on  the  cervix. 

The  general  outline  of  the  operation  is  as  follows: 
The  patient  is  placed  in  the  perineal  position  and 
dilatation  of  the  cervix  is  done  with  a  speculum 
separating  the  vagina.  The  anterior  and  posterior 
lips  of  the  cervix  are  firmly  grasped  with  the  double 
hooks  exactly  in  the  middle  line  and  approximated  in 
order  to  determine  the  extent  of  the  injury  to  the 
lips  and  canal.  The  cavity  of  the  uterus  is  next 
curetted  if  this  has  not  been  done  recently.  The 
area  of  denudation  at  the  os  is  now  marked  out  by  a 
scalpel  on  one  or  both  sides  of  the  traction  forceps. 
In  doing  this  danger  of  atresia  of  the  canal  must  be 
allowed  for  and  denudation  made  sufficient  to  allow 
for  width  of  canal.  The  area  of  denudation  includes 
only  the  sides  and  angle  of  the  laceration. 

With  the  tenaculum  the  posterior  lip  is  seized  in 
the  center  and  denuded,  or,  as  Graves  advises,  the 
denudation  may  be  heart-shaped  with  ba.se  toward 
the  canal.  AH  the  diseased  mucous  membrane  and 
the  cicatricial  tissue  which  always  forms  in  the 
apex  of  the  tear,  must  be  removed,  only  the  mucous 
membrane  in  the  line  of  the  cervical  canal — a  strip 
from  one-fourth  to  three-eighths  of  an  inch  wide — 
being  left.  The  anterior  lip  is  treated  in  the  same 
way.  If  the  hemorrhage  is  considerable,  it  can  be 
readily  stopped  by  packing  a  sponge  against  the 
cervix  for  a  few  moments. 

For  the  denudation  the  scalpel  is  best,  as  it  causes 


less  trauma.  Scissors  can  be  used  anrl  the  hawk- 
billed  scissors  of  Skene  are  often  useful  in  clearing 
away  scar  tissue  at  the  apex  of  the  werlge. 

Suture  material  of  chromicixed  catgut,  silkworm 
gut,  or  silver  wire  may  be  used.  Chromicized  catgut 
has  the  advantage  that  it  is  unnecessary  to  remove  the 
sutures.  This  is  especially  advantageous  where  an 
operation  for  lacerated  perineum  is  to  be  performed 
at  the  same  time. 

The  manner  of  suture  is  also  best  illustrated  by  the 
figure.  The  first  suture  should  be  well  up  in  the 
apex. 

Graves  suggests  that  if  the  angle  is  difficult  to 
reach,  it  will  be  wiser  to  use  a  "double  header" 
suture — one  with  a  needle  on  each  end.  The  first 
needle  is  passed  from  within  outward  on  one  lip,  so 
that  it  will  issue  well  beyond  the  angle  of  denudation. 
The  other  needle  is  then  passed  in  a  corresponding 
manner  in  the  other  lip  and  the  two  ends  held  to- 
gether in  a  clamp.  The  other  sutures  are  then  passed 
in  like  manrter,  but  the  "double  header"  will  be  no 
longer  needed  after  the  first  one  or  two  stitches. 
Tying  of  the  sutures  should  be  done  after  all  have 
been  placed.  In  stellate  lacerations  each  tear  must 
be  treated  separatel}^  and  a  careful,  smooth  result 
obtained.  When  one  lip,  often  the  anterior,  is  longer, 
the  difficulty  may  be  overcome  by  placing  a  tenacu- 
lum in  the  side  of  the  longer  lip,  not  far  from  the 
angle  of  denudation  and  drawing  it  sharply  outward. 
This  will  equalize  the  lengths  of  the  two  lips.  The 
difference,  however,  may  be  so  great  that  it  may  be 
necessary  to  remove  a  wedge-shaped  piece  of  tissue 
from  the  longer  lip,  join  with  catgut  and  then 
proceed  as  above. 

Gonorrhea. — This  condition  is  far  more  frequent 
than  is  usually  diagnosed.  The  infection  may  be 
primary  from  sexual  intercourse,  or  secondan,-.  follow- 
ing an  infection  of  other  parts  of  the  genital  tract. 
The  mucous  membrane  lining  the  cervix  offers  a 
particularly  rich  field  for  the  easy  and  rapid  develop- 
ment of  this  infection.  Composed  of  compound 
racemose  glands  which  secrete  a  clear,  viscid  alkaline 
mucus,  this  membrane  is  folded  into  numerous  oblique 
ridges  which  in  turn  run  into  anterior  and  posterior 
longitudinal  ruga",  composing  the  arbor  vita?.  Since 
the  gonococcus  thrives  more  luxuriantly  in  a  moist 
medium  and  is  transmitted  only  in  the  moist  state, 
it  readily  will  be  understood  how  this  membrane 
with  its  many  channels  and  rich  mucous  secretion 
presents  an  ideal  habitation  for  the  organism. 

Acute  endocervicitis  may  at  first  exist  without 
knowledge  of  the  patient  as  it  may  cause  little  or  no 
discomfort.  It  is  characterized  by  a  profuse,  green- 
ish-yellow discharge  combined  with  the  mucus  from 
the  cervical  glands.  Examination  made  at  the  onset 
of  the  condition  will  reveal  the  cervix  decidedly  red, 
with  the  lips  everted  and  membrane  much  swollen. 
Since  the  cervix  is  more  or  less  insensitive,  pain  may 
or  may  not  be  present  to  the  touch.  There  is  usually 
a  certain  amount  of  backache.  Microscopical  ex- 
amination of  the  discharge  reveals  the  gonococci. 

Unless  taken  in  hand  immediately  and  given  vigor- 
ous treatment  the  condition  becomes  chronic  as  the 
gonococci  are  forced  into  the  lumina  of  the  racema<c 
glands  by  the  presence  of  other  organisms  and  a  mi.xed 
infection  is  established.  There  is  a  corresponding 
hypersecretion  of  the  cervical  glands  by  which  a 
mucopurulent  leucorrhea  is  continually  produced. 

Chronic  gonorrheal  endocervicitis  is  recognized  as 
one  of  the  most  difficult  conditions  to  master  by  any 
form  of  treatment,  as  the  peculiar  arrangement  of 
the  cervical  mucous  membrane  allows  for  latent 
conditions  of  the  gonococcus  in  which  the  patient 
apparently  may  seem  cured,  but  in  which  relapses 
readily  occur.  Retention  cysts  or  Nabothian  cysts 
may  form  in  the  cervical  canal,  due  to  occlusion  of 
these  glands. 
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Treatment. — No  guarantee  of  absolute  cure  should 
be  given  until  the  smears  have  been  free  from  the 
gonocoeci  for  several  months.  The  usual  treatment 
by  medicated  douches  is  of  no  permanent  effect  as  it 
is  impossible  to  reach  all  points  of  the  infection  by 
this  means.  Graves  states  that  the  same  reason  ap- 
plies to  the  use  alone  of  medicated  tampous  and 
medicated  coatings  to  the  vagina  and  cervix.  These 
measures,  however,  combined  with  hygienic  living 
and  the  systematic  injection  of  gonococcus  serum  or 
vaccine,  which  in  the  chronic  form  of  this  condition 
must  be  a  polyvalent  one,  have  given  excellent  results 
and  some  claimed  cures.  If  a  positive  cure  is  to  be 
hoped  for,  the  patient  should  be  placed  in  a  hospital 
in  order  to  receive  the  rigorous,  careful  treatment 
required,  or  if  at  large,  the  life  should  be  regulated 
absolutely  to  conform  to  the  same  exceedingly  careful, 
watchful  treatment. 

Many  gynecologists  claim  that  a  cure  is  to  be 
obtained  only  by  curettage  and  cauterization  of  the 
cervix.  Local  treatment  consists  of  applications  of 
nitrate  of  silver  or  argyrol  directly  to  the  cervix, 
with  hot  potassium  permanganate  douches  (1  : 6,000), 
carried  clear  up  to  the  cervical  canal,  although  douches 
unless  carefully  given  may  be  a  means  of  continuing 
the  trouble.  The  serum  and  vaccine  therapy  is 
outlined  by  Ballenger  in  the  article  on  Gonorrhea  in 
vol.  iv.  of  this  Handbook. 

If  these  various  measures  fail  and  there  has  been 
no  development  in  uterus  or  tubes,  Schroder's  opera- 
tion for  removal  of  the  entire  cervix  may  be  per- 
formed, thus  removing  the  focus  of  infection. 

Graves  cautions  that  most  of  the  leucorrheal  dis- 
charges are  from  the  endocervix  and  not  from  the 
uterus,  hence  curettage  of  the  uterus  is  no  means  of 
cure  but  rather  tends  to  add  fresh  ground  for  growth 
of  the  organism  and  spread  of  the  condition.  Curet- 
tage must  be  done  on  the  endocervLx. 
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Uterus,  Displacements  of  the. — Although  sub- 
ject to  variations  from  changes  in  the  position  of  the 
body  and  the  descension  of  the  bladder  or  rectum,  the 
nonpregnant  normal  uterus  may  be  said  to  occupy  a 
position  at  the  brim  of  the  pelvis  with  its  long  axis  at 
right  angles  to  the  longitudinal  axis  of  the  vagina,  the 
corpus  resting  on  the  bladder  and  the  cervix  pointing 
to  the  last  sacral  vertebra.  Considerable  latitude  in 
the  position  of  the  uterus,  from  a  horizontal  to  an 
almost  vertical  attitude  and  also  a  lesser  downward  or 
backward  displacement,  is  possible  and  so  long  as 
these  excursions  are  not  permanent  or  fixed,  this  may 
be  regarded  as  physiological.  A  uterus  fixed  in  any 
position  must,  however,  be  looked  upon  as  abnormal. 
In  order  to  maintain  the  uterus  in  its  physiological 
state  of  mobility,  a  set  of  normally  placed  and  healthy 
ligaments  is  essential  and,  in  addition,  properly 
directed  intraabdominal  pressure,  abdominal  suction, 
and  an  intact  pelvic  floor.  The  uterine  ligaments,  so- 
called,  act  merely  as  stays,  exert  no  active  force,  and 
do  not  really  suspend  the  uterus.  They  number  eight 
and  with  the  exception  of  the  round  ligaments  are 
merely  peritoneal  reflections  containing  connective 
tissue  and  a  small  amount  of  imstriped  muscle.  The 
intraabdominal  pressure  serves  to  maintain  the  uterus 
in  a  state  of  anteversion  so  long  as  the  intestines 
impinge  on  the  posterior  surface.  Descent  is  like- 
wise prevented  by  keeping  the  uterine  axis  away  from 
the  axis  of  the  vaginal  canal.  The  same  force  exerted 
on  the  fundus  or  the  anterior  aspect  of  [the  uterus 
.serves  to  maintain  a  condition  of  retroversion  and 
favors  descent  because  it  approximates  the  axes  of 
the  uterus  and  the  vagina.  The  so-called  suction 
power  of  the  abdomen  probably  serves  as  a  retentive 
factor  in  preventing  prolapse  of  the  pelvic  viscera. 
An  mtact  pelvic  floor  is  very  essential  to  the  uterus  in 
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maintaining  its  normal  mobility  and  position  by 
providing  a  definite  support  for  the  bladder  and  rec- 
tum and  maintaining  the  vagina  in  a  closed  condition 
with  its  axis  at  right  angles  to  that  of  the  uterus. 
Where  laceration  from  childbirth  or  relaxation  alone 
is  present,  deviations  in  the  position  of  the  uterus 
usually  follow.  Thus  the  production  of  a  cystocele 
or  a  rectocele  brings  about  a  prolapse  of  the  vaginal 
walls  and  drags  the  uterus  down  into  the  vaginal 
canal  itself.  If  the  uterus  is  retro  verted  this  descent 
is  aggravated  by  the  intraabdominal  pressure  and 
imperfectly  inhibited  by  a  set  of  ligaments  that  in 
themselves  have  no  compensatory  contractile  power. 
The  uterus  may  be  displaced  in  its  entirety  from 
the  normal  position  either  upward,  downward, 
anteriorly  or  posteriorly,  and  to  either  side.  Its 
position  may  also  be  changed  by  an  alteration  in  its 
axis  in  relation  to  that  of  the  vagina,  resulting  in 
ante-,  retro-,  or  lateral  version.  The  uterus  may  also 
become  twisted  on  its  longitudinal  axis,  as  in  preg- 
nancy, producing  a  condition  of  torsion.  If,  on  the 
other  hand,  the  uterus  becomes  bent  on  itself  so  that 
the  normal  direction  of  the  uterine  canal  is  changed 
with  a  consequent  disturbance  in  the  relations  be- 
tween the  body  and  the  cervix,  then  ante-,  retro-,  or 
lateral  flexion  results.  Although  these  various 
changes  in  the  position  of  the  uterus  have  been  de- 
scribed as  distinct  entities,  in  practice  they  need  not 
be  so  carefully  distinguished,  and  we  frequently  have 
associated  two  of  the  varieties  in  position  just  noted. 
Thus  anteversion  with  anteflexion  and  retroversion 
with  retroflexion  are  frequently  found. 

Causes. — The  changes  in  the  position  of  the  uterus 
from  the  normal  may  be  due  to  congenital  causes  or 
to  extraneous  factors,  such  as  disturbances  in  the 
ligaments,  adnexa>,  or  neighboring  organs.  The 
causes  of  the  more  common  displacements  of  the 
uterus  are  as  follows:  Elevation  or  ascent  may  be  due 
to  shortening  of  the  uterosacral  ligaments,  to  preg- 
nancy, to  the  presence  of  a  tumor  in  the  lower  uterine 
segment,  or  to  bands  of  adhesions  from  above,  either 
pathological  or  following  operations.  Anteversion  of 
the  uterus  is  due  to  the  presence  of  tumors  behind  the 
.same,  of  which  the  most  common  are  pelvic  abscesses 
or  hematoceles,  tubal  and  ovarian  enlargements,  and 
fibroids  in  the  cervix  or  posterior  wall.  It  is  also 
associated  with  early  pregnancy.  A  posterior  posi- 
tion of  the  uterus  is  due  to  the  presence  of  adhesions 
at  the  back  or  else  to  tumors  anterior  to  the  uterus. 
Lateral  displacements  are  due  to  contractions  in  the 
broad  ligament  from  inflammatory  causes  or  are  due 
to  the  presence  of  intraligamentous  neoplasms.  Dur- 
ing the  puerperium  we  also  find  that  exudates  in  the 
pelvic  cellular  tissue  will  crowd  the  uterus  to  the 
opposite  side  and  retract  it  when  the  inflammation 
subsides  and  cicatricial  bands  develop.  Retrover- 
sion is  so  frequently  combined  with  retroflexion  that 
it  is  not  worth  while  to  consider  it  separately. 
Flexions  of  the  uterus,  both  forward  and  backward, 
are  more  productive  of  symptoms  per  se  than  the 
other  displacements,  except  descent. 

Considering  anteflexion  first  we  find  that  it  may  be 
congenital  or  acquired  and  its  usual  site  is  at  the 
junction  of  the  cervix  and  the  body  of  the  uterus. 
.Anteflexion  is  usually  found  in  nulliparous  women 
and  rarely  in  those  who  have  had  children.  The 
congenital  variety  is  usually  associated  with  imper- 
fect or  retarded  development  of  the  uterus  and  the 
other  pelvic  organs.  The  acquired  variety  may  be 
due  to  inflammatory  processes  or  to  neoplasms  in  the 
uterus  which  cause  it  to  fall  forward,  or  a  cicatricial 
contraction  in  the  uteros.Tcrals  may  puU  the  cervix 
upward  and  backward  and  thus  displace  the  fundus 
anteriorly.  Anteflexion  is  of  pathognomic  signifi- 
cance only  if  it  produces  symptoms.  The  diagnosis 
can  be  made  on  bimanual  examination  and  the  ante- 
flexed  position  of  the  uterus  iiiust  be  distinguished 
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from  a  fibroid  of  the  anterior  wall  or  an  exudate 
between  the  bladder  and  uterus. 

Retrodeviatioiis  of  the  uterus  are  commonly  due  to 
the  complications  associated  with  faulty  involution 
after  childbirth,  including  here  increased  weight, 
relaxed  suspensory  ligaments  and  vaginal  walls, 
lacerations,  and  chronic  local  infectious  processes. 
If  these  are  combined  with  traumatic  lesions  involving 
the  fascial  layers,  a  more  or  less  marked  degree  of 
descent  follows.  Other  causes  are  the  prone  position 
assumed  for  too  long  a  time  after  labor,  tight  obstetric 
binder,  the  contractile  force  exerted  by  adhesions 
between  the  uterus  and  posterior  pelvic  wall,  chronic 
constipation  with  marked  straining  efforts.  In 
nuUiparous  women  retroversion  is  not  readily  ac- 
counted for  if  of  the  acquired  variety,  but  is  probably 
associated  with  relaxation  of  the  suspensory  struc- 
tures and  skeletal  anomalies  producing  postural  dis- 
turbances. The  diagnosis  is  to  be  made  by  bimanual 
examination  and  depends  on  finding  the  funrlus 
posteriorly  with  the  cervix  directed  downward  anfl 
forward  or  in  extreme  cases  even  upward.  The 
ovaries  are  often  found  in  the  cul-de-sac.  It  is 
necessary  to  rule  out  early  pregnancy,  tumors  of  the 
posterior  wall,  the  adnexa,  or  the  cul-de-sac. 

The  causes  of  uterine  descent  are  more  or  less  the 
same  as  those  which  bring  about  a  condition  of  retro- 
version, although  in  older  women  senile  atrophy  is 
often  an  important  factor.  Intraabdominal  pressure 
from  various  causes — tight  clothing,  straining,  con- 
tinual distention  of  the  bladder,  tumors,  ascites,  may 
cause  uterine  prolapse,  likewise  subinvolution  after 
labor  which  is  neglected.  Marked  hypertrophy  of  the 
cervix  in  these  cases  results  from  the  chronic  conges- 
tion, and  cystocele  and  rectocele  of  varying  degrees 
may  be  present  with  their  complicating  features. 

Symptomatology. — In  discussing  the  symptoms  due 
to  malpositions  of  the  uterus  we  must  be  careful  to 
bear  in  mind  that  the  lesions  in  neighboring  struc- 
tures may  be  the  cause  of  the  complaint  rather  tlian 
the  displaced  uterus  itself.  However,  there  is  often 
such  a  close  relation  between  several  lesions  in  the 
pelvis  that  the  correction  of  one  will  demand  the 
correction  of  the  remainder.  The  symptoms  vary 
with  the  type  of  displacement  and  also  with  the  com- 
plications present. 

Considering  first  the  anterior  displacements,  we 
find  that  anteverted  uteri  are  not  productive  of 
symptoms  unless  a  chronic  metritis  is  present  or  the 
condition  is  produced  by  tumors  in  the  uterus  or 
lesions  back  of  the  same,  such  as  neoplasms  or  inflam- 
matory exudates.  Anteflexion  may  also  exist  witli- 
out  symptoms,  but  in  many  cases  we  find  this  condi- 
tion accompanied  by  dystocia  and  sterility.  The 
painful  periods .  date  usually  from  puberty  and 
result  from  a  hyperemia  which  in  the  course  of  time 
results  in  the  production  of  new  connective  tissue  in 
the  uterus.  The  flexion  interferes  with  the  drainage 
of  the  blood  from  the  uterine  cavity  and  the  resulting 
reaction  is  usually  productive  of  a  dysmenorrhea  that 
is  marked  by  pain  before  and  in  the  early  part  of  tlie 
period.  As  a  rule  very  little  relief  is  secured  from 
sedative  measures,  except  rest  in  bed.  As  a  result 
of  the  continued  hyperemia  hypersecretion  is  present 
in  the  glands  of  both  the  cervix  and  the  eiidonictriuin, 
resulting  in  a  more  or  less  constant  leucorrlical  <lis- 
charge  which  becomes  worse  before  a  period.  Ste- 
rility is  frequently  associated  with  an  anteflexed  uterus, 
due  to  the  presence  of  a  chronic  metritis  or  because 
the  cervix  is  displaced  and  does  not  rest  in  the  so- 
called  seminal  lake.  Another  factor  tending  toward 
sterility  is  the  pain  on  intercourse,  due  probably  to 
local  inflammation  in  the  region  of  the  posterior  fornix. 
It  is  important  in  cases  of  this  kind  to  determine  the 
exact  cause  of  the  symptoms  and  to  distinguish  be- 
tween anteflexion  and  neoplasms  of  the  uterus  and 
exudates  in  the  surrounding  areas.     The  introduction 


of  a  sound  may  be  necessary  to  distinguish  an  ante- 
fle.xed  uterus  from  other  pelvic  processes. 

Posterior  displacements  of  the  uterus,  both  flexionii 
and  versions,  may  also  be  free  from  subjective  symp- 
toms but  this  is  less  apt  to  be  the  case  than  "with 
anterior  displacements.  The  symptoms  moreover  are 
more  constant  rather  than  limited  to  the  time  of  the 
periods,  and  complicating  pelvic  lesions  are  more 
frequently  associated  with  this  form  of  displacement. 
Among_  the  cardinal  sjTnptoms  of  a  retrodisplaccd 
uterus  is  backache,  which  is  described  as  constant,  of 
a  dragging  character,  aggravated  on  standing  but 
relieved  on  lying  down,  and  perhaps  becoming  worse 
at  the  time  of  the  menstrual  periods.  The  backache  is 
due  in  part  to  the  traction  on  the  ligaments  and  the 
local  hyperemia.  The  congestion  which  is  present 
in  the  uterus  almost  invariably  develops  an  increascfl 
menstrual  flow  so  that  a  menorrhagia  usually  results, 
less  often  a  metrorrhagia.  Leucorrhea  is  also  a  more 
or  less  constant  symptom  and  irritability  of  the 
bladder  is  frequently  founrl.  If  the  uterus  is  large 
and  adherent,  the  act  of  defecation  itself  may  become 
painful.  A  retroverted  uterus  is  usually  a  cause  for 
sterility  and  even  if  a  pregnancy  results,  abortion  in 
the  early  months  is  common.  General  symptoms, 
including  indigestion,  nausea,  etc.,  are  indirect  results 
of  retrodisplaeements  and  as  the  patient  is  readily 
tired  when  in  the  erect  position,  a  sedentarj'  life  with 
its  consequent  efi'ect  on  health  results.  Headache 
and  various  ner\-ous  disturbances  are  frequent.  The 
diagnosis  in  all  cases  depenrls  on  a  careful  bimanual 
examination,  when  the  fundus  may  be  felt  posteriorly 
and  the  cervix  in  the  axis  of  the  vagina,  or  in  the 
extreme  degrees  of  retroversion  pointing  forward 
even  above  the  level  of  the  sjTnphysis.  The  intro- 
duction of  a  sound  demonstrates  the  direction  of  the 
canal.  Associated  with  retroversion  we  often  find 
the  ovaries  displaced  downward  and  readily  palpable. 
The  presence  of  pelvic  exudates,  tumors  in  the  pos- 
terior uterine  wall  and  an  intercurrent  pregnancy 
must  be  taken  into  consideration  in  making  the  diag- 
nosis. In  postpartum  retrodisplaeements  subinvolu- 
tion is  always  found  and  likewise  we  may  have  a 
variety  of  pelvic  exudates. 

The  symptoms  of  lateral  deviation  are  usually  due 
to  the  complicating  factors,  such  as  adhesive  bands 
and  pelvic  tumors. 

The  symptoms  of  prolapse  depend,  of  course,  on 
the  degree.  These  patients  are  often  free  from  sjinp- 
toms  referable  to  the  pelvis  but  commonly  there  are 
lumbosacral  backache,  pain  in  the  lower  abdomen,  and 
pelvic  discomfort  which  is  relieved  by  lying  down,  or 
after  tamponing  or  pessary  treatment.  Irritability 
of  the  bladder  is  common,  menstruation  is  usually 
prolonged,  chronic  vaginal  discharges  are  frequent, 
and  ulcerations  of  the  cervix  and  vagina  are  usually 
present.     Sterility  is  common. 

The  diagnosis  in  the  milder  degrees  of  descent  can 
be  aided  by  directing  the  patient  to  strain,  when  the 
cervix  usually  appears  in  or  near  the  outlet.  In 
more  marked  cases  varying  portions  of  the  entire 
uterus  protrude  and  the  vaginal  walls  become  in- 
verted. In  casesof  longstandingthe  vaginalsecretions 
may  be  almost  absent  from  the  continued  exposure. 

TREATXfENT. — Malpositions  of  the  uterus  have  called 
forth  a  very  large  number  of  procedures  directed 
toward  their  alleviation  or  cure,  and  numberless 
operations  have  been  devised  to  overcome  retro- 
flexion or  prolapse  in  particular.  There  are  certain 
malpositions  which  do  not  require  treatment  unless 
they  produce  symptoms  but  in  the  majority  of  cases 
symptoms  are  present,  and  depending  on  the  individual 
case,  usually  require  treatment.  Forward  displace- 
ments of  the  uterus  are  less  apt  to  require  interfer- 
ence unless  a  more  or  less  acute  degree  of  flexion  is 
present,  when  dysmenorrhea  and  sterility  call  atten- 
tion to  the  condition.    In  the  presence  of  an  infantile 
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uterus  some  relief  may  be  obtained  by  metliods 
directed  toward  the  general  improvement  of  tlie 
liealtli  of  the  patient.  The  dilatation  of  the  cervix, 
together  with  the  insertion  of  a  stem  pessar.v,  has  been 
recommended  as  a  means  for  developing  the  muscula- 
ture and  therefore  the  size  of  the  organ,  and  elec- 
tricity has  also  been  employed  for  the  same  purpose 
but  without  definite  results.  In  many  instances  the 
anteversion  is  associated  on  account  of  the  chronic 
hyperemia  with  metritis  and  cervicitis,  which  con- 
ditions can  be  very  much  improved  by  providing  for 
better  drainage  from  the  uterine  cavity.  Dilatation 
and  curettage  are  largely  used  for  this  purpose  and  the 
insertion  of  a  stem  pessary  to  keep  the  canal  open 
for  several  months  is  also  advised.  In  certain  cases 
discission  of  the  posterior  lip  of  the  cervix  (Dudley, 
Boldt)  by  which  the  curve  in  the  canal  is  straightened 
out,  is  recommended.  Such  treatment  must  also  be 
supplemented  by  depleting  tampons  and  hot  douches 
in  order  to  reduce  the  pelvic  congestion  usually  pres- 
ent in  such  cases.  An  intercurrent  pregnancy  often 
relieves  an  anteflexion  of  the  uterus  although  in  some 
cases  a  return  may  occur,  but  is  less  in  degree. 

A  backward  displacement  of  the  uterus  is  usually 
productive  of  symptoms  and  the  treatment  of  this 
condition  depends  on  the  individual  factors  present. 
If  the  symptoms  are  sufficiently  severe  it  does  not 
matter  whether  we  are  dealing  with  a  retroversion  or 
a  retroflexion.  In  retroflexion  we  have  ordinarily, 
however,  more  or  less  coexisting  descent  present. 
Congenital  retroversions  are  usually  symptomless 
until  after  pregnancy,  when  the  lack  of  drainage  and 
proper  involution  are  very  apt  to  produce  some  degree 
of  parametritis  which  results  in  the  formation  of 
adhesions.  Acquired  retrodisplacements  of  the  uterus 
are  most  apt  to  occur  after  childbirth,  when  the  heavy 
involuting  uterus  falls  back  toward  the  hollow  of  the 
sacrum  if  the  patient  remains  in  the  prone  position. 
The  prophylactic  measures  to  avoid  retrodisplace- 
ments should,  therefore,  be  begun  at  this  time  and  a 
puerperal  patient  after  the  first  twelve  hours  should 
be  directed  to  turn  on  her  side  and  even  on  her 
stomach.  Proper  involution  of  the  uterus  may  be 
favored  by  the  administration  of  ergot,  suprapubic 
ice-bags,  hot  douches,  elevated  trunlc  position,  and 
other  measures  administered  as  the  case  may  indicate. 
In  many  cases,  however,  the  retrodisplacement  is 
not  diagnosed  until  some  time  after  labor,  when  the 
presence  of  symptoms  calls  for  treatment.  Unless 
adhesions  or  other  inflammatory  complications  are 
present  the  uterus  may  be  brought  forward  and  held 
in  place  by  a  pessary  within  a  month  after  delivery. 
In  cases  seen  at  varying  periods  after  childbirth  the 
treatment  will  depend  a  great  deal  on  the  associated 
pathological  conditions.  In  addition  to  replacing 
the  uterus,  lacerations  of  the  cervix  and  perineum 
should  also  be  repaired  and  if  any  parametritis  is 
present  efforts  should  be  made  to  resolve  the  same  by 
the  use  of  depleting  tampons,  vaginal  douches,  and 
posture.  Movable  retroversions  can  often  be  reduced 
by  manual  means  with  the  woman  in  the  prone  or 
knee-chest  position  and  a  properly  adjusted  pessary 
introduced  to  retain  the  uterus.  If  this  procedure  is 
ineffective  in  keeping  the  uterus  in  place,  more  radical 
measures  may  be  required.  As  the  pessary  is  a  source 
of  irritation  to  the  vaginal  mucous  membrane  it 
should  not  be  allowed  to  remain  in  place  more  than 
ten  days  and  a  daily  alkaline  douche  is  necessary. 
Leaving  the  pessary  for  prolonged  periods  is  apt  to 
produce  ulceration  of  the  mucous  membrane  with 
subsecjuent  infection.  Pessaries  cannot  be  used 
where  there  is  relaxation  or  laceration  of  the  outlet  or 
in  the  presence  of  extensive  cervical  lacerations  and 
pelvic  exudates,  for  the  reason  that  the  irritation 
produced  by  the  same  may  light  up  a  former  infectious 
process  or  start  a  new  one. 

In  considering  the  operative  treatment  of  retro- 
positions   we   must   in   the   first   place   remove   any 
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hypertrophied  tissue  such  as  a  large  cervix,  then 
restore  the  perineal  floor  if  this  has  been  lacerated, 
and  the  uterus  must  be  brought  into  a  position  of 
anteversion  and  kept  there  by  shortening  one  of  the 
sets  of  suspensory  ligaments  or  forming  a  new  liga- 
mentous support. 

As  retropositions  of  the  uterus  are  so  often  associated 
with  a  partial  descent  of  this  organ  it  will  be  necessary 
to  bear  the  latter  fact  in  mind  in  deciding  upon  the  rep- 
arative operation  in  any  particular  case.  It  is  also  im- 
portant to  take  into  account  the  social  status  of  the  pa- 
tient and  her  relation  to  child-bearing.  In  selecting  a 
jjrocedure  for  the  restoration  of  a  deviated  uterus  it  is 
important  to  remember  that  the  experience  of  the 
individual  operator  probably  dictates  the  good  result 
in  the  procedure  selected.  Undoubtedly  a  favorable 
outcome  will  result  in  any  series  of  cases  done  by  one 
man  who  has  thoroughly  mastered  a  certain  line  of 
technique  and  is  in  a  position  to  make  detailed  changes 
called  for  in  each  isolated  instance.  General  recom- 
mendations cannot,  therefore,  be  justifiably  presented. 
When  a  diagnosis  has  once  been  made  and  all  the 
accessory  factors  taken  into  consideration  the  further 
operative  treatment  of  the  case  depends  to  some 
extent  on  the  operator's  preferences.  It  should  be 
borne  in  mind,  however,  that  certain  cardinal  factors 
are  to  be  taken  into  consideration.  The  possibility 
of  a  future  pregnancy  must  not  be  disregarded  in  a 
nulliparous  woman  or  one  in  whom  child-bearing  is 
still  possible.  No  procedure  should  be  resorted  to  in 
which  a  later  dystocia  is  likely  to  result.  If  any 
operation  is  decided  upon  as  the  result  of  which  future 
pregnancies  would  become  a  source  of  danger  to  the 
mother,  effective  means  must  be  taken  to  sterilize 
the  patient. 

It  is  impossible  within  the  brief  limits  of  this  article 
to  describe  even  in  detail  the  important  procedures 
devised  for  the  correction  of  retrodeviations  and 
uterine  prolapse.  Only  a  few  of  the  more  prominent 
ones  will  be  mentioned  and  their  particular  indications 
considered.  In  cases  of  acute  retroflexion  that  are 
found  in  nullipara  and  also  during  the  puerperium, 
efforts  should  be  made  to  correct  the  same  by  manual 
replacement  and  the  wearing  of  a  pessary  with  the 
accompanying  treatment.  Such  cases  should  be 
carefully  watched,  however,  and  if  the  displacement 
recurs,  a  permanent  correction  may  be  necessary  if 
symptoms  result.  We  must  not  forget,  however,  that 
the  symptoms  are  often  due  to  complicating  pelvic 
lesions  and  in  correcting  any  retrodisplacement,  these 
conditions  in  the  pelvis  must  likewise  be  taken  care  of. 
Among  the  first  procedures  to  be  considered  is  that 
with  which  the  name  of  the  Liverpool  surgeon  Alex- 
ander is  associated.  The  principle  of  this  operation 
is  to  correct  the  uterine  displacement  by  shortening 
the  round  ligaments  without  invading  the  abdominal 
cavity  for  the  purpose.  The  operation  is  only  ap- 
plicable in  those  cases  where  no  other  pathological 
conditions  in  the  pelvis  exist  and  the  uterus  can  be 
readily  pulled  forward  by  means  of  its  round  ligaments. 
As  it  is  difficult,  however,  in  many  instances  to  deter- 
mine whether  adhesions  or  other  pathological  proces- 
ses are  present  in  the  pelvis,  the  field  for  this  opera- 
tion is  a  rather  narrow  one.  Devised  when  the  fear 
of  entering  the  abdominal  cavity  was  greater  than 
at  the  present  time,  it  met  with  great  favor  and  par- 
ticularly in  the  modified  form  as  suggested  by  Adams, 
has  been  largelj-  employed.  As  the  procedure  does 
not  permit  of  a  satisfactory  knowledge  of  other  pelvic 
conditions,  it  has  now  been  largely  abandoned.  The 
operation  has  also  been  found  to  be  productive  of 
considerable  after  pain  and  in  subsequent  pregnancies 
the  engagement  of  the  presenting  part  has  been  in- 
terfered with. 

The  value  of  the  round  ligaments  as  supporting 
structures  has  also  been  made  use  of  in  a  series  of 
intraabdominal  operations  of  which  the  Baldy- 
Webster,  the  Coffey,  and  the  Gilliam  operations  are 
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pruiuiiicut  uxainples.  In  the  Gilliam  procedure, 
^fter  other  pelvic  lesions  have  been  corrected,  the 
round  ligaments  are  brought  through  the  recti  muscles 
on  either  side  of  the  incision  and  fastened.  It  has 
been  successfully  used  in  a  large  number  of  cases  and 
subsequent  pregnancies  are  reported  not  to  have  been 
interfered  with. 

In  the  Baldy-Webster  procedure  loops  of  the  round 
ligaments  are  brought  through  openings  made  in  the 
broad  ligaments  on  either  side  and  sutured  in  back  of 
the  uterus,  forming  a  sort  of  hammock.  In  the 
Coffey  operation  the  ligaments  are  similarly  brought 
around  in  front  of  the  uterus  and  fastened  in  this 
position.  All  of  these  procedures  permit  more  or 
less  mobility  of  the  uterus  and  have  been  successfully 
emploj-ed  in  many  cases.  In  the  jiresence  of  marked 
relaxation  of  the  sacrouterine  ligaments  these  may  be 
plicated  and  sutured  as  an  accessory  procedure.  The 
production  of  a  new  suspensory  ligament  is  the  basis 
of  the  operation  advised  by  Howard  Kelly  and  largely 
employed  until  recently,  when  its  weakness  and  faults 
seemed  to  have  become  more  prominent.  In  this 
procedure  by  means  of  sutures,  a  false  ligament  is 
formed  between  the  fundus  of  the  uterus  and  the 
anterior  abdominal  wall.  This  is  an  operation  not  to' 
be  recommended  in  women  still  likely  to  become 
pregnant  and  also  because  a  ventral  fixation  instead  of 
suspension  may  result.  In  this  procedure  two  sutures 
are  passed  from  a  point  on  the  posterior  uterine  wall 
at  the  level  of  the  tubes  through  the  parietal  peri- 
toneum and  the  overlying  fascia  of  the  anterior  ab- 
dominal wall.  This  suture,  of  chromic  catgut  or  silk, 
serves  as  the  basis  for  the  production  of  a  new  liga- 
ment. The  latter  may  be  torn  in  a  subsequent  preg- 
nancy or  if  very  thick  may  interfere  with  proper  en- 
gagement of  the  presenting  part  during  labor.  It 
may  also  be  productive  of  intestinal  strangulation. 
Fixation  of  the  uterus  to  the  anterior  abdominal  wall 
is  similar  to  suspension  except  that  the  peritoneum  is 
scarified  or  denuded  so  that  actual  adhesion  between 
the  uterus  and  abdominal  wall  results  from  the  sutur- 
ing. In  this  procedure  sterilization  is  necessary,  as  a 
subsequent  pregnancy  would  result  in  an  extreme  de- 
velopment of  the  posterior  uterine  wall  with  displace- 
ment of  the  cervix  and  inability  of  the  bag  of  waters  to 
protrude  through  the  same.  Unless  recognized  and 
properly  treated  this  may  cause  a  rupture  of  the 
uterus.  The  round  ligaments  can  also  be  shortened 
through  the  vaginal  route  in  cases  where  retrodevia- 
tion is  uncomplicated  by  adhesions  or  inflammation 
of  the  adnexa.  The  peritoneal  cavity  is  entered 
through  the  anterior  fornix  and  after  the  bladder  is 
dissected  up  and  held  aside  with  a  retractor,  the  lower 
portion  of  each  round  ligament  is  drawn  out  and 
stitched  to  the  horn  of  the  uterus.  In  all  these  round 
ligament  operations  the  bladder  must  be  prevented 
from  becoming  overdistended  and  pulling  on  the 
sutures.  Frequent  catheterization  is,  therefore,  neces- 
sary. .\  pessary  should  likewise  be  fitted  until  the 
pelvic  congestion  has  disappeared  and  the  new  liga- 
mentous attachments  are  secured. 

Where  descent  of  the  uterus  occurs,  two  degrees 
may  be  recognized.  In  the  first  or  incomplete  variety, 
or  simple  descent,  the  prolapsed  uterus  and  vaginal 
walls  do  not  emerge  from  the  vulvovaginal  orifice. 
In  the  .second  variety,  the  complete  prolapse  or  proci- 
dentia, the  uterus  is  more  or  less  out  of  the  vagina. 
In  these  cases  displacement  of  the  bladder  and  rectum 
likewise  occurs.  The  treatment  is  prophylactic  and 
curative.  The  prophylactic  treatment  provides  for 
proper  involution  of  the  uterus  after  labor  and  the 
avoidance  of  lacerations  of  the  pelvic  floor  or  their 
proper  repair  when  present.  The  use  of  a  pessary 
together  with  depleting  measures  is  likewise  indicated. 
In  cases  seen  at  varying  periods  after  labor  a  pre- 
liminary treatment  directed  to  the  restoration  of  the 
pelvic  circulation  by  rest  in  bed  and  tamponing  with 
glycerin  followed  by  hot  douching  is  required.     The 


procedures  referred  to  for  tlie  correction  of  retrtKlis- 
placements  may  be  done  in  the  mild  cases  of  descent, 
combined  with  restoration  of  the  anterior  and  pos- 
terior vaginal  walls.  As  a  rule,  the  majority  of  round 
ligament  suspensory  operations  are  not  satisfactory 
where  descent  of  more  than  a  slight  degree  has 
occurred.  It  is  always  necessary  to  diminish  the 
weight  of  the  uterus  by  amputation  of  the  cervix  and 
if  the  woman  is  still  in  the  child-bearing  age  no  opera- 
tion should  be  undertaken  which  will  result  in  future 
dystocia.  In  women  past  the  child-bearing  period  or 
in  whom  sterilization  can  be  done  and  the  uterus  is 
small,  this  may  be  interposed  below  the  bladder 
after  the  amputation  of  an  hypertrophied  cervix 
where  present.  Where  the  uterus  is  large  and  the 
descent  or  procidentia  marked,  a  supravaginal 
hysterectomy  by  the  abdominal  route  may  be  neces- 
sary, the  cervical  stump  being  secured  by  suturing 
of  the  broad  and  round  ligaments  or  fi.xing  the  same 
in  the  lower  angle  of  the  aVxlominal  wound.  In  milder 
cases  shortening  of  the  uterosacral  ligaments  should 
be  resorted  to  in  order  to  keep  the  cervix  pointing 
backward. 

The  text-books  of  Gilliam,  Hirst,  Polak,  Findley, 
and  others  have  been  consulted  in  the  preparation  of 
this  article.  Geo.   W.  Kos.uak. 


Uterus,  Involution  of  the. — Definition. — The 
term  involution  of  the  uterus  is  applied  to  the  re- 
trogressive changes  in  the  organ  which  occur  after 
childbirth  that  result  in  an  approximate  return  to  the 
conditions  existing  before  labor.  Such  restitution, 
however,  is  not  perfect  and  evidences  of  child-bearing 
invariably  persist.  It  is  difficult  moreover  to  distin- 
guish sometimes  between  normal  and  pathological 
changes,  as  variations  of  different  degree  are  likely  to 
occur  in  each  case. 

CouR.<iE. — After  the  deliverj-  of  the  pl.icenta.  the 
uterus  in  an  anteflexed  position  sinks  to  the  level  of, 
or  below,  the  umbilicus.  It  measures  about  1.5  X  12 
X  10  centimeters,  and  weighs  about  two  pounds. 
The  cervix  at  this  time  is  soft  and  patulous  and  the 
cavity  of  the  uterus  is  usually  filled  with  blood  clots. 
At  the  end  of  the  first  twenty-four  hours  the  fundus 
of  the  uterus  rises  above  the  umbilicus  and  then  gradu- 
ally recedes  until  it  sinks  below  the  inlet  about  the 
twelfth  day.  The  weight  likewise  diminishes  and  at 
the  end  of  the  second  week  the  uterus  usually  weighs 
about  eleven  ounces  and  returns  to  its  original  weight 
of  about  two  ounces  during  the  eighth  week.  The 
rapid  reduction  in  size  is  due  to  a  fatty  degenera- 
tion of  the  muscle  fibers  which,  however,  are  not 
destroyed.  As  the  uterus  contracts  the  veins  are 
obliterated  and  a  superficial  thrombosis  often  occurs. 
The  protoplasm  of  the  nuiscle  fibers  undergoes  both 
hyaline  and  fatty  degeneration  and  the  results  of  the 
latter  are  gotten  rid  of  by  the  lymphatics,  by  oxida- 
tion, by  the  action  of  a  fat-splitting  element,  and  by 
the  leucocytes.  Glycogen  and  peptone  have  also 
been  demonstrated  in  the  degenerating  muscle  ti.ssues. 
The  vessels  of  the  uterus  are  compressed  during  the 
process  and  bring  about  a  condition  of  anemia  which 
contributes  to  the  degenerative  changes.  The  endo- 
metriimi  likewise  undergoes  a  change  and  when  the 
membranes  and  placenta  have  been  expelled  the 
uterus  presents  a  denuded  surface  in  which  the  con- 
nective-tissue spaces  are  exposed,  especially  at  the 
placental  site.  This  accounts  for  the  ease  with  which 
infection  takes  place  at  this  time.  From  this  con- 
nective-tissue layer  the  new  mucous  membrane  is 
regenerated  and  also  from  the  epithelium  of  the 
utricular  glands,  resembling  the  healing  of  any  mucous 
surface  by  granulation.  During  the  process  of  involu- 
tion retrogression  also  takes  place  in  the  vagina  and 
external    genitals,   including    the  absorption  of    ex- 
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truded  blood  or  serum  and  a  return  of  the  elastic 
character  of  the  surrounding  tissues.  The  gradually 
changing  discharge  of  blood,  scrum,  mucus,  and 
tissue  elements  from  the  uterus  after  delivery,  known 
as  the  lochia,  is  also  a  part  of  the  process  of  involu- 
tion but  will  be  found  discussed  in  the  article  on  the 
Puerperium.  The  most  prominent  feature  of  the 
process  of  involution  is  the  reduction  of  the  size  of 
the  uterus  which,  however,  is  subject  to  variations. 
In  women  who  do  not  nurse  their  children,  involu- 
tion is  slower,  and  likewise  in  multiparjB.  The  oc- 
currence of  a  septic  process  hinders  involution  and 
on  the  other  hand  this  is  prevented  by  a  firmly  con- 
tracted or  involuting  organ.  The  process  of  shrink- 
ing is  extreme  in  certain  nursing  women  and  is  re- 
ferred to  as  superinvolution  or  lactation  atrophy. 
This  is  especially  marked  in  the  third  or  fourth  month 
after  labor.  It" is  ordinarily  assumed  that  involution 
of  the  uterus  is  complete  at  three  months  but  it  is 
very  much  safer  to  regard  this  period  as  extending 
to  the  sixth  month.  In  a  certain  proportion  of  cases 
there  is  a  return  of  blood  at  the  end  of  four  weeks 
after  labor,  which  has  been  assumed  to  be  a  menstrual 
flow.  As  a  rule  this  does  not  occur  again  until 
lactation  ceases,  although  some  women  apparent  1\- 
menstruate  even  during  this  period  with  varying 
regularity.  During  the  process  of  involution  the 
uterine  suspensory  ligaments  are  in  a  more  or  less 
relaxed  condition  and  unless  the  condition  is  guarded 
against,  the  uterus,  being  large  and  heavy,  is  very 
apt  to  assume  a  position  of  retroversion  with  its 
consequences.  All  the  other  organs  and  structures 
of  the  body  which  have  partaken  in  the  changes  in- 
cident to  pregnancy  undergo  retrogressive  phenomena 
until  they  return  to  their  former  state,  including  the 
blood  and  circulatory  apparatus,  the  kidneys,  the 
liver,  the  abdominal  wall,  etc.  These  have  already 
been  considered  in  the  discussion  of  the  puerperium. 
The  return  of  the  abdominal  wall  to  the  condition  of 
original  elasticity  may  be  considerably  postponed 
and  in  fact  in  many  cases  of  distention  the  original 
tone  fails  to  be  returned.  This  is  aggravated  by  the 
accumulation  of  gas  in  the  intestines  and  lack  of  use 
of  the  abdominal  muscles  and  much  can  be  done  to 
prevent  the  same.  Involution  in  the  breasts  begins 
with  the  cessation  of  nursing  and  the  excess  of  fat 
and  tissue  fluids  is  gotten  rid  of  through  the  circulatory 
apparatus.  The  distention  of  the  skin  of  the  breasts 
is  not  always  taken  up  and  in  women  who  have  nursed 
several  children  we  frequently  find  that  considerable 
wrinkling  has  resulted. 

Treatment. — In  discussing  the  treatment  of  involu- 
tion we  must  bear  in  mind  the  avoidance  of  any 
intrinsic  or  extrinsic  factors  that  might  interfere 
with  the  same.  Complete  emptying  of  the  uterus  of 
all  blood  clots  and  secundines  and  keeping  the  organ 
in  a  well-contracted  condition  by  the  administration 
of  oxytocics  and  hot  douches  where  contraction  is  not 
prompt,  is  usually  sufficient  in  most  cases  where 
involution  does  not  proceed  promptly.  It  is  also 
essential  th.at  the  organ  be  returned  to  its  normal 
anteverted  position  and  for  this  reason  the  puerperal 
patient  should  not  be  kept  on  her  back  while  in  bed, 
but  directed  to  turn  on  her  side  or  stomach.  Ex- 
tensive lacerations  and  ulcerations  of  the  cervix  will 
require  treatment  in  those  cases  where  involution  of 
the  uterus  does  not  proceed  properly.  Broad  liga- 
ment exudates  and  adnexal  disease  must  also  be 
appropriately  taken  care  of  in  order  to  secure  a  satis- 
factory involution.  The  details  of  this  treatment  will 
be  found  under  the  article  on  the  Puerperium.  The 
maintenance  of  the  mother's  general  health,  including 
the  treatment  of  anemia  when  present,  guarding 
against  constipation,  intestinal  indigestion,  and  too 
early  getting  out  of  bed,  are  among  the  important 
prophylactic  measures  by  which  normal  puerperal 
involution  will  be  secured.  Geo.  W.  Kosmak. 
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Uterus,  Malformations  of  the. — The  genital 
organs  are  formed  from  the  complete  fusion  of  the 
Mtillerian  ducts  with  the  disappearance  of  the 
septum  which  at  first  exists  in  the  fusion.  Any 
variation  in  this  complete  fusion  may  result  in  con- 
genital malformations  of  different  types  and  degrees. 

Thus  the  upper  portions  of  the  ducts  remain  distinct 
as  they  converge  and  form  the  Fallopian  tubes. 
The  middle  and  lower  portions  join,  the  dividing 
septum  disappears  and  the  uterus  and  vagina  have 
been  developed.  At  a  little  later  stage  of  develop- 
ment the  cervix  is  evolved  at  the  middle  third  of  the 
tube  formed  and  separates  the  uterus  from  the 
vagina.  Many  of  the  so-called  malformations  in 
women  correspond  to  the  normal  stage  of  develop- 
ment of  the  uterus  in  the  lower  animals.  From  birth 
to  puberty  the  cervix  is  longer  and  thicker  than  the 
fundus  of  the  uterus,  while  from  this  time  on  rapid 
growth  occurs  and  the  order  is  reversed,  the  cervix 
appearing  as  an  appendage  to  the  uterine  body  until 
by  the  twentieth  year  full  development  of  the  genitalia 
is  obtained. 

Congenital  malformations  of  the  uterus  occur  in 
conseciuence  of  either  the  non-appearance  of  the  ele- 
ments that  compose  the  body,  arrest  in  their  develop- 
ment, or  their  destruction  by  intrauterine  changes  and 
other  external  influences. 

Consensus  of  opinion  among  gynecologists  is  that 
there  never  is  a  complete  absence  of  the  uterus  in  a 
living  female.  It  has  been  known  to  occur,  however, 
in  monstrosities  who  fortunately  never  live.  Even 
though  the  other  genital  organs  may  be  absent,  chiefly 
the  vagina,  there  is  always  a  trace  of  uterine  fibers 
although  it  may  be  impossible  to  find  them  except 
by  celiotomy  or  after  death. 

Uterus  Rudimentariu.s;  Rudimentary  Uterus. — 
This  indicates  a  beginning  in  size  with  the  smallest 
development  that  may  be  palpated.  It  may  be  but 
a  few  fibers  showing  a  thickening  on  the  posterior 
surface  of  the  bladder  wall  by  examination,  or  slightly 
larger  at  the  juncture  of  the  imperfect  broad  liga- 
ments, or  may  be  a  solid  mass  about  the  size  of  a 
hazlenut  in  the  normal  uterine  position.  As  may  be 
readily  understood,  there  may  be  all  degrees  of  this 
last  degree  of  development,  perhaps  with  the  tubes 
ascending  and  the  round  ligaments  descending  from 
it.  The  next  step  in  the  development  of  the  rudi- 
mentary stage  is  the  uterus  bipartitus,  which  consists 
of  two  round,  solid,  vertically  placed  bodies  composed 
of  muscular  and  connective-tissue  fibers,  swung  be- 
tween the  bladder  and  rectum.  They  may  be  united 
at  their  lower  portions,  constructing  a  rudimentary 
cervix,  opening  into  a  rudimentary  vagina.  Here  the 
upper  part  remains  independent  forming  two  horns, 
and  there  may  be  also  some  hollow  enlargement, 
mucus-lined,  near  the  round  ligaments.  This  last 
is  sometimes  termed  uterus  rudimentarius  bicornis  or 
uterus  rudimentarius  bipartitus.  Ofttimes  there 
may  be  no  vaginal  development  and  a  corresponding 
lack  of  development  in  the  other  genital  organs,  or 
the  vagina  may  be  sufficiently  developed  to  admit  of 
attempted  intercourse.  Any  small  solid  mass  in 
the  uterine  position  is  probably  a  rudimentary 
uterus.  According  to  Johnson  the  more  advanced 
forms  of  atrophic  or  rudimentary  uterus  are  not 
difficult  to  diagnose,  by  wa.y  of  palpation  through  the 
posterior  bladder  wall,  especially  if  the  urethra  has 
been  used  in  attempts  at  cohabitation. 

Absence  or  Atrophy  of  the  Cervix. — The  cervix 
may  be  entirely  absent,  or  persist  as  a  solid  fibrous 
band,  or  it  may  be  more  perfectly  formed  and  have 
either  the  internal  os,  external  os,  or  both,  occluded 
with  the  canal  between  partially  or  wholly  open.  The 
least  variation  from  the  normal  in  this  respect  is  when 
the  external  os  alone  is  closed  which  is  comparatively 
frequent.  The  uterus  itself  may  be  normal  as  well  as 
the  vagina.     When  the  menstrual  cycle  is  established, 
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heraatometria  is  the  natural  outcome  of  this  condition. 
In  this  case  a  fluctuating  mass  can  be  felt  upon  palpa- 
tion through  the  vagina  or  rectum.  It  may  be  re- 
lieved by  an  operation  opening  the  occluded  portion. 

Uterus  Unicornis;  the  One-horned  Uterus. — Here 
there  is  usually  a  development  of  only  one  Mullerian 
duct  and  there  may  or  may  not  be  any  or  even  rudi- 
mentary development  of  tlie  opposite  side  of  the  gen- 
ital tract.  The  vagina  may  be  very  narrow.  The 
cervix  is  larger  than  the  body  of  the  uterus,  which 
may  be  long,  arched,  or  bow-shaped  and  occasionally 
is  solid.  Yet  when  sufficiently  developed  and  hollow 
this  type  of  uterus  is  capable  of  reprorluction  and 
twins  have  been  delivered  from  a  one-horned  uterus. 
There  is  danger  of  rupture  in  labor  as  this  type  of 
organ  lacks  the  full  quota  of  muscular  fibers.  Sub- 
sequent pregnancies  have  been  known  to  strengthen 
it  through  hypertrophy  of  its  muscular  tissue. 

A  second  type  of  the  one-horned  uterus  may  be 
founrl  where  there  is  developed  a  rudimentary  second 
horn  from  the  slight  development  of  the  opposite 
duct.  It  may  be  solid,  it  may  be  hollow  and  com- 
municate with  the  tube  or  the  opposite  side  of  the 
uterus  below  it,  or  it  may  be  closed  at  one  or  both 
extremities.  Conception  may  take  place  in  this 
rudimentary  horn. 

Uterus  Bicornis;  the  Two-horned  Uterus. — This 
is  the  next  stage  of  progression  of  which  various 
degrees  may  exist.  The  !^ItilIerian  ducts  have  united 
in  their  middle  parts  below  the  normal  point  of  union 
forming  two  distinct  uterine  cavities,  or  hollow  bodies, 
joined  to  a  common  cervix,  but  each  with  a  separate 
opening  into  the  cervix.  These  bodies  are  deeply 
furrowed  anteriorly  and  posteriorly.  Another  varia- 
tion is  when  the  union  is  more  normal  but  a  sulcus 
exists  only  on  external  aspect  of  the  fundus  wliQe 
the  rest  of  the  fundus  and  cervix,  though  broader 
than  normal,  have  no  furrowing  of  their  outer  surfaces. 
This  is  termed  the  uterus  arcuatus  or  saddle-shaped 
uterus.  The  next  type  is  the  uterus  triangularis, 
uterus  incudiformis,  when  the  body  shows  no  furrow 
but  is  flat  and  somewhat  triangular  in  shape. 

In  all  types  of  this  two-horned  uterus  there  is 
usually  a  difi'erence  in  the  size  of  the  two  parts,  and 
Johnson  states  that  the  left  or  normal  horn  lies  a 
little  farther  forward  than  the  right  horn. 

Still  another  variety  of  this  same  tj'pe  is  when  the 
septum  completely  divides  the  body  of  the  uterus 
into  two  parts;  this  is  called  uterus  bicornis  septus; 
or  the  body  may  be  divided  and  the  horns  remain 
distinct,  this  being  called  uterus  bicornis  unicorporeus. 
When  the  body  is  double  and  the  cervix  single  it  is 
termed  uterus  bicornis  unicollis.  In  any  of  these 
conditions  there  may  be  a  single  or  double  vagina. 
There  may  be  also  but  an  indication  in  the  body  of 
the  uterus  of  a  partition  by  the  existence  of  a  ridge. 
The  rest  of  the  genital  tract  is  usually  perfectly  de- 
veloped, while  sometimes  the  face,  thorax,  and  pelvis 
are  broadened.  This  type  of  uterus  may  perfectly 
perform  its  functions  but  menstruation  usually  occurs 
from  each  side  alternately,  although  it  may  be  simul- 
taneous. One  side  may  be  pregnant  while  the  other 
side  carries  on  the  menstrual  life. 

Johnson  states  that  either  half  of  a  two-horned 
uterus  may  become  gravid,  the  other  horn  participat- 
ing in  the  subsequent  hypertrophic  and  decidual 
changes.  The  fetus  may  lie  largely  in  one  cornu  while 
the  placenta  is  adherent  to  the  inner  surface  of  the 
other.  Sometimes  pregnancy  occurs  first  in  one  and 
then  in  the  other  horn,  and  in  twin  pregnancies, 
which  are  not  uncommon,  both  ova  may  occupy  the 
same  or  each  a  different  cornu.  The  presentation 
varies  largely  with  the  grade  of  the  rudimentary 
condition:  in  uterus  bicornis  septus  and  uterus 
bicornis  unicollis,  the  vertex;  with  a  common  uterine 
cavity,  the  breech;  in  uterus  arcuatus  unicorporeus, 
transverse  presentations  are  common.     During  labor, 


contractions  may  occur  simultaneously  in  both 
horns  of  the  uterus,  or  the  empty  horn  may  plav  an 
entirely  passive  part  in  the  process  of  delivery.  In 
twin  births  contractions  of  the  two  horns  alternate, 
and  delivery  from  one  may  be  accomplished  much 
earlier  than  from  the  other.  Independence  of  action 
between  the  two  cornua  is  observed  most  charac- 
teristically when  independence  of  structure  is  most 
marked. 

The  cour.se  of  uterogestation  and  of  the  puerperium 
in  individuals  with  uterus  bicornis  is  usuallv  un- 
eventful, but  labor  is  apt  to  be  tedious,  difficult,  or 
flangerous.  The  non-gravid  horn,  the  rectovesical 
ligament,  or  the  septum  dividing  uterus  or  vagina, 
rnay  oppose  barriers  to  the  exit  of  the  child  which  are 
diflficult  to  surmount.  Death  from  exhaustion  is 
apt  to  ensue,  and  rupture  of  the  lower  uterine  seg- 
ment has  been  observed.  In  nearly  every  case  some 
operative  interference  is  called  for  to  insure  safe 
and  rapid  delivery.  Placenta  previa  is  by  no 
means  uncommon,  and  postpartum  hemorrhage  is 
to  be  feared  when  the  placenta  is  attached  to  the 
uterine  septum. 

Conception  is  not  as  apt  to  take  place  in  this  type 
of  uterus  as  in  the  normal,  as  intercourse  is  carried 
on  in  the  larger  and  occluded  half  of  the  accompany- 
ing divided  vagina. 

If  conception  has  taken  place  in  the  horn  that  is 
occluded  operation  for  evacuation  of  the  .sac  must  be 
performed  by  puncture  at  its  lowest  part.  Miiller 
states  that  when  the  head  is  impeded  during  delivery 
by  the  rectovesical  ligament,  the  correction  of  the 
obliquity  of  the  pregnant  liorn,  or  allowing  the 
patient  to  rest  on  the  side  of  the  non-pregnant  half  of 
the  uterus  may  be  sufficient;  if  not,  podalic  version 
and  extraction  should  be  attempted.  Interfering 
bands  or  septa  may  be  pushed  to  one  side  or  divided. 

Uterus  Bilocularis,  Uterus  Septus;  the  Two- 
chambered  Uterus. — Here  the  uterus  is  broader  than 
usual  but  its  contour  is  normal  except  that  there  is  a 
difference  in  the  size  of  the  two  sides.  There  is  but 
one  body  but  the  uterine  cavity  is  more  or  less  divided 
into  two  chambers  by  the  persistence  of  the  .Midlerian 
septum.  The  different  degrees  of  this  condition  are 
known  as  follows:  If  the  partition  extends  from  the 
fundus  downward  for  but  a  short  distance  it  is  termed 
uterus  bilocularis  unicorporeus,  or  uterus  subseptus 
unicorporeus;  if  it  extends  to  the  level  of  the  internal 
OS  it  is  termed  uterus  bilocularis  unicollis;  if  to  the 
external  os,  uterus  hitocutaris  septus  sice  complctus;  if 
the  partition  allows  but  one  external  opening  from 
the  uterus  into  the  cervical  canal  then  it  is  known  as 
uterus  subseptus  uniforis;  and  if  the  septum  is  situated 
only  near  the  external  os  and  the  cavity  above  is  one, 
it  is  termed  uterus  bifnris  supra  simplex.  The  parti- 
tion may  continue  and  separate  the  vagina  into  two 
parts  and  there  may  be  perforations  through  the 
septum.  Rarely  is  either  one  of  these  chambers 
occluded.  By  manual  examination  or  introduction 
of  the  sound  it  is  impossible  to  differentiate  this  type 
of  uterus  from  the  two-horned  type.  In  so  far  as 
menstruation,  conception,  pregnancy,  and  delivery 
are  concerned,  it  in  no  way  differs  from  the  two- 
horned  uterus. 

I'terus  DroELPHYs,  Uterus  Duplex  Separatus; 
the  Double  Uterus. — This  type  is  extremely  rare, 
being  a  retrograde  one,  corresponding  to  the  lowest 
form  of  mammalian  life.  It  is  caused  by  the  absolute 
non-fusion  of  the  Mullerian  ducts,  because  at  or  about 
the  eighth  week  of  intrauterine  life  some  of  the  ab- 
dominal or  pelvic  organs  come  between  the  ducts  and 
prevent  their  imion.  The  rectovesical  ligament 
plays  an  important  etiological  factor.  Hence  there 
is  no  opportunity  for  the  formation  of  a  single  uterine 
body,  but  each  duct  forms  a  distinct  body.  Other 
signs  of  grave  disturbances  in  development  are  present. 
Each  uterine  body  is  of  a  cylindrical  or  conical  shape. 
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continuous  above  with  a  Fallopian  tube,  and  ends 
below  in  a  cervix.  The  bodies  may  be  entirely  solid 
or  but  a  limited  atresia  of  one  or  both  organs  may 
exist.  In  double  uterus  the  menstrual  discharge 
docs  not  seem  to  alternate  between  the  two  cavities. 
Either  may  be  occluded,  and  either  organ  or  both 
simultaneously  may  become  gravid. 

HvpOPL.^iA  Uteri;  Faulty  or  Deficient  Develop- 
ment of  the  Uterus. — Here  the  condition  is  not  an 
atrophic  one,  as  the  uterus  may  be  fairly  well  de- 
veloped, but  it  has  not  reached  the  develo|)ment 
found  in  the  adult  w^oman,  as  a  result  of  some  fault 
during  the  latter  months  of  embryonal  life.  Systemic 
conditions  during  childhood  as  well  as  lack  of  ovarian 
stimulation  due  to  the  absence  of  the  ovaries  or  their 
imperfect  development  can  produce  this  type  of 
uterus.  The  uterus  fetalis  is  found  when  the  organ  has 
remained  as  it  was"  at  birth,  with  the  cervix  large, 
several  times  the  length  of  the  fundus,  the  body  snmll 
and  in  shape  resembling  an  anvil,  while  there  exists 
an  extreme  degree  of  cervieocoporeal  anteflexion. 
Again  it  may  be  that  the  cervix  and  body  are  of  equal 
size  but  much  smaller  than  normal,  with  thin  walls; 
this  is  termed  uterus  pubescens.  In  the  uterus  in- 
fantilis the  organ  may  be  perfectly  balanced  as  to 
proportion  of  its  parts  but  deficient  in  size  and  the 
plicie  palmatK  pass  well  up  into  the  cavity  of  the 
uterus.  With  any  of  these  conditions  the  uterine 
wall  is  weak  muscularly,  there  may  be  rudimentary 
ovaries  or  none  at  all;  menstruation  may  or  may  not 
appear,  or  may  be  scanty,  difficult,  and  very  painful. 
Pregnancy,  when  it  occurs,  is  not  unlikely  to  end  in 
abortion. 

In  these  cases  the  general  condition  must  be  built 
up;  when  the  ovaries  are  intact  and  not  excessively 
atrophic  and  the  uterus  not  too  diminutive,  much 
relief  can  be  given  for  amenorrhea  or  dysmenorrhea 
with  scanty  flow-  by  the  use  of  local  uterine  irritants, 
while  in  certain  selected  cases,  castration  may  have 
to  be  resorted  to. 

Slight  DEVELOPMENT.'iL  Anomalies. — Obliquity  of 
the  Uterus. — Here,  one  Mullerian  duct  has  not  de- 
veloped fully  and  from  the  pulling  exerted  by  a  broad 
ligament  shortened  by  fetal  inflammation,  the  uterus 
is  made  smaller  on  one  side  than  the  other,  causing  it 
to  assume  an  oblique  position  in  the  pelvis.  Difficult 
menstruation  and  sterility  are  the  outcome  of  this 
condition. 

Congenital  Malpositions. — The  uterus  may  be 
formed  normally,  but  placed  too  near  any  of  the  walls 
of  the  pelvis.  If  displaced  laterally,  it  usually  tends 
to  the  left  side.  Also  contraction  of  either  or  both  of 
the  broad  ligaments  and  increased  size  of  adjacent 
organs  can  produce  this  result. 

Uterus  Biforis,  the  Double-mouthed  Uterus. — 
This  is  caused  by  the  presence  of  the  septum  in  the 
external  os  in  anteroposterior  position,  the  uterus 
and  cervix  being  in  other  respects  normal.  It  may 
prove  necessary  to  divide  this  band,  as  it  can  become 
an  obstacle  during  labor,  either  causing  considerable 
hemorrh.age  if  spontaneously  ruptured  or  may  be  a 
focus  of  infection. 

Abnormal  Plication  of  the  Cervical  Cavity. — This  may 
be  caused  by  a  fold  of  tissue  projecting  into  the 
cervical  canal  and  may  lead  to  prolonged  labor. 

Abnormal  Communications  vith  Other  Organs. — 
The  uterus  may  communicate  abnormally  with  the 
cloaca,  urinary  tract,  or  with  the  rectum. 

Premature  Uterine  Development. — Combined  with 
increased  premature  developments  of  the  other  organs 
indicative  of  the  female,  the  uterus  occasionally 
develops  prematurely  and  menstruation  is  established 
much  earlier  than  the  normal.  This  may  be  oc- 
casioned in  hyperthyroidism  although  the  effects  of 
the  ductless  glandular  system  on  the  genital  tract 
have  not  been  thoroughly  worked  out.  It  is  also  to 
be   considered   that   in  all  of  these  tj^jes  of  faulty 
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development  of  the  uterus,  the  interrelation  of  the 
thyroid,  adrenals  and  the  ovaries  may  play  an  im- 
portant part. 

Hernia  Uteri. — -The  uterus  and  possibly  a  prolapsed 
ovary  may  descend  into  a  congenital  hernial  sac  and 
to  become  pregnant  in  this  situation.  Cesareaa 
section  would  then  be  indicated. 

Esther  L.  Jefferis. 


Uterus,  Tumors  of  the. — The  uterus  is  more 
commonly  the  seat  of  new  growths  than  any  other 
organ  in  the  body,  twenty-five  per  cent,  of  all  tumors 
being  found  in  it.  These  tumors  are  benign  or  malig- 
nant and  may  arise  from  the  muscular  and  connective- 
tissue  elements  of  the  uterus,  from  its  lining  epithelium, 
or  from  retained  fetal  cells.  In  order  of  frequency 
these  tumors  are  classified  as  follows:  fibromyomata, 
carcinomata,  adenofibromata,  chorioepitheliomata, 
and  sarcomata. 

Fibroid  Tumors  (fibromyoma,  myoma,  fibroma, 
myofibroma  or  leiomyoma  uteri). — These  are  the 
most  frequent  forms  of  uterine  tumor,  occurring  in 
twenty  per  cent,  of  all  women  over  thirty-five; 
they  are  circumscribed  growths  consisting  of  smooth 
muscle  and  connective-tissue  fibers.  The  proportion 
of  these  elements  varies  greatly  in  different  tumors 
and  probably  in  the  same  tumor  at  different  periods 
of  its  development,  e.g.  after  the  menopause  there  is 
apt  to  be  a  disappearance  of  muscular  elements, 
the  tumor  becoming  smaller  and  harder  as  the  normal 
uterus  does.  The  nomenclature  of  these  tumors 
varies  with  the  preponderance  of  one  or  the  other 
elements  in  their  composition. 

Fibromyomata  usually  begin  as  multiple  tumors, 
but  only  a  limited  number  undergo  further  develop- 
ment; solitary  tumors  are  rare.  Primarily  these 
tumors  are  all  interstitial,  a  certain  number  of  them 
develop  in  a  centrifugal  direction,  or  away  from  the 
uterine  cavity,  and  eventually  emerge  upon  the  surface 
of  the  uterus  as  subserous  growths;  others  develop 
in  a  centripetal  direction,  growing  toward  the  cavity 
of  the  uterus,  into  which  they  finally  project  as  sub- 
mucous growths.  All  varieties  may  be  represented 
in  the  same  uterus  in  the  form  of  nodules,  varying 
from  microscopic  size  to  that  of  a  man's  head  or 
larger — among  the  largest  fibroid  uteri  on  record  are 
several  varying  from  eighty  to  one  hundred  pounds 
in  weight. 

Subserous  growths  distort  the  surface  of«the  uterus 
in  the  form  of  irregular,  nodular  enlargements  which 
tend  to  grow  further  and  further  from  the  uterine 
w-all,  to  which  they  are  at  first  attached  by  a  broad 
pedicle,  later  by  a  slender  one  while  in  rare  instances 
they  may  lose  their  uterine  attachments  altogether 
and"  become  floating  parasitic  growths  nourished  by 
vessels  passing  through  omental  or  other  adhesions. 
When  developed  from  the  lateral  aspect  of  the  uterus 
these  growths  separate  the  layers  of  the  broad  liga- 
ment and  are  termed  intraligamentary  growths. 

Interstitial  growths  are  situated  in  the  muscular 
wall  of  the  uterus  by  which  they  are  completely 
surrounded;  while  the}'  possess  no  real  capsule  the 
concentric  arrangement  of  the  surrounding  muscle 
fibers  gives  the  appearance  of  one  from  which  the 
nodules  can  be  easilj"  shelled  out.  They  produce  a 
general  enlargement  of  the  uterus  with  considerable 
distortion  of  its  cavity. 

Submucous  growths  cause  a  uniform  enlargement 
of  the  uterus;  while  originally  sessile  they  tend  to 
become  pedunculated  and  by  means  of  the  uterine 
contractions  which  they  excite,  may  dUate  the  cervix 
and  be  expelled  through  the  external  os — a  process 
which  has  been  termed  "the  birth  of  the  myoma." 
If  the  tumor  is  large,  it  may  completely  fill  the  vagina 
as  a  boggy  mass,  tightly  grasped  above  by  a  firm  rim, 
which  is  the  dilated  cervix;  circulatory  disturbances. 
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togctlier  with  infoi'tion  by  vaginal  oiganisms  lead  to 
more  or  less  extensive  necrotic  and  suppurative 
changes  which  arc  attended  by  an  offensive  discharge 
and  symptoms  of  toxemia. 

Cervical  myomata  are  rare;  all  three  varieties  may 
occur  and  owing  to  proximity  to  the  urethra  and 
rectum,  pressure  symptoms  are  produced  early. 
The  removal  of  these  tumors'  is  apt  to  be  difficult 
and  dangerous. 

Etiotogij. — The  true  cause  of  these  tumors  is  un- 
known; they  are  probably  best  explained  by  Ribbcrt's 
theory  of  misplaced  germ  cells  which  do  liot  flevelop 
until  late  in  life,  when,  under  the  influence  of  various 
stimuli  which  produce  hj^peremia,  they  assume  a 
more  or  less  rapid  growth.  That  heredity  plays  a 
part  in  the  development  of  fibromyomata  seems  proba- 
ble from  the  frequency  with  which  they  have  been 
found  in  several  sisters  of  the  same  family  (five  out 
of  a  family  of  six  sisters  reported  by  Opitz  presented 
fibroid  tumors  of  the  uterus).  Their  greater  fre- 
quency among  negroes  as  compared  with  whites  sug- 
gests that  race  is  a  factor  of  some  importance.  Tlic 
theory  that  abnormal  ovarian  hormones  may  produce 
these  tumors  is  attractive  but  not  proven"  In  line 
with  this  theory  is  their  definite  association  with  the 
period  of  sexual  activity;  they  are  rarely  discovered 
before  the  age  of  twenty-five  and  it  is  doubtful  it 
they  ever  originate  after  the  menopause. 

Degenerations. — Various  degenerative  changes  arise 
in  uterine  myomata,  the  result  of  circulatory  dis- 
turl)ances,  pressure,  infection  or  malignant  change. 
As  a  result  of  scanty  blood  supply,  hyaline,  myxomat- 
ous or  cystic  degeneration  may  arise;  atrophy,  such 
as  occurs  normally  after  the  menopause;  and  calci- 
fication, which  may  be  partial,  appearing  as  tiny 
calcareous  particles  scattered  through  the  growth,  or 
complete  in  which  an  entire  nodule  is  converted  into 
lime  salts,  the  latter  change  is  most  apt  to  occur  in 
tumors  of  long  standing  after  the  menopause. 

Pressure  during  pregnancy  or  labor  may  produce 
necrosis  and  fatty  degeneration  of  interstitial  growths, 
wliilc  edema  and  low-grade  infection  are  common  in 
submucous  growths.  The  frequency  of  malignant 
degeneration  has  been  estimated  as  4.5  per  cent. 
The  tissues  of  the  growth  itself  may  undergo  sar- 
comatous change  or  carcinoma  may  arise  in  connec- 
tion with  it. 

Torsion  of»the  pedicle  of  a  subserous  fibroid  is  an 
unusual  accident  attended  by  intense  congestion  or 
even  hemorrhage  into  the  tumor  and  severe  pain  from 
stretching  of  the  peritoneum.  Unless  relieved  by 
immediate  operation  infection  by  intestinal  organisms 
occurs  with  suppuration  of  the  tumor  and  general 
peritonitis. 

Symptoms  and  Clinical  Course. — Many  a  fibroid 
tumor  runs  its  course  without  ever  being  discovered 
by  either  patient  or  physician.  These  are  usually 
intrapelvic  growths  of  moderate  size.  Very  often 
increasing  abdominal  enlargement  or  the  discovery 
of  a  lump  finst  draws  the  patient's  attention  to  her 
tumor,  while  in  other  cases  pressure  symptoms,  such 
as  retention  of  urine,  constipation,  backache,  and 
pain  down  the  legs  cause  her  to  seek  medical  advice. 
The  occurrence  of  pressure  symptoms  is  dependent 
upon  the  location  of  the  tumor,  its  size  and  mobility; 
even  a  small  intrapelvic  growth  wedged  against  the 
urethra  or  rectum  may  be  sufficient  to  obstruct  these 
organs,  intraligamentous  or  cervical  growths  arc  very 
apt  to  do  so,  while  a  large,  movable  abdominal  tumor 
may  cause  only  an  unpleasant  sensation  of  stretching. 
A  tumor  large  enough  to  encroach  upon  the  diapliragm 
will  give  rise  to  dyspnea,  palpitation  and  anxiety. 
Adhesions  to  omentum,  intestines,  or  parietal  peri- 
toneum tend  to  increase  pressure  symptoms. 

The  most  frequent  symptoms  of  fibromyomata  are 
dysmenorrhea,  sterility,  and  bleeding  from  the  uterus. 
The  bleeding  at  first  is  of  the  menstrual  type;  gradu- 
ally the  periods  become  prolonged  and  come  earlier, 


until  in  time  the  bleeding  may  be  constant,  although 
even  in  such  cases  the  menstrual  wave  may  still  be 
observed.  The  appearance  of  the  patients  after 
prolonged  bleeding  is  striking — they  are  thin,  white, 
with  transparent  skins  and  pearly  conjunctiv;p,  weak 
and  short  of  breath;  in  many  cases  the  hemoglobin 
falls  to  twenty  per  cent.  If  prolonged,  this  anemia 
results  in  serious  parenchymatous  changes  in  other 
organs,  the  heart  being  one  of  the  first  to  suffer. 
The  older  writers  made  frequent  u.so  of  the  term 
"fibroid  heart"  to  signify  the  condition  of  myocardial 
degeneration  which  they  fretiuently  found  aksociated 
witih  fibromyomata  of  long  standing,  and  which  added 
to  the  risk  of  operation.  Modern  gynecologists  whose 
patients,  on  the  whole,  come  to  operation  earlier, 
are  less  apt  to  encounter  this  condition  and  rather 
inclinerl  to  be  skeptical  of  a  causal  relation  between 
the  fibromyoma  and  the  cardiac  degeneration  when 
found.  The  question  has  been  carefully  studied  by 
many  authorities  and  the  conclusion  reached  that 
about  forty  per  cent,  of  patients  with  these  tumors 
present  physical  signs  of  cardiac  disease,  .■\ccording 
to  Winter,  the  majority  of  these  are  merelv  anemic 
murmurs,  but  in  some  instances  of  very  large  tumors, 
brown  atrophy  of  the  heart  is  found,  while  in  cases 
characterized  by  protracted  or  profuse  bleeding,  car- 
diac dilatation  and  fatty  degeneration  may  be  found  as 
a  result  of  the  impoverished  condition  of  the  blood. 

Kclation  of  Fibromyomata  to  Pregnancy. — Whether 
a  woman  with  a  fibroid  tumor  is  sterile  because  of 
her  tumor,  or  whether  the  tumor  developed  because 
she  is  sterile  is  a  question  still  unanswered.  It  is 
obvious,  however,  that  certain  submucous  and  in- 
terstitial tumors  must  olfer  an  insurmountable 
barrier  to  the  entrance  of  spermatozoa.  The  occur- 
rence of  pregnancy  in  myomatous  uteri  may  give 
rise  to  serious  difficulties  in  pregnancy,  labor  or  the 
puerperium.  During  pregnancy,  severe  and  violent 
pressure  symptoms  may  arise  similar  to  those  caused 
b}'  pregnancy  in  an  incarcerated  retroflcxcd  uterus 
and  demanding  operative  removal  of  the  fibroid, 
together  with  the  pregnancy.  During  labor  these 
growths  rarely  prevent  descent  of  the  child  as  they  are 
usually  carried  out  of  the  pelvis  when  the  cervix 
becomes  effaced;  atony  in  the  expulsive  stage  and 
hemorrhage  in  the  placental  stage  are  frequently 
noted.  In  the  puerperium  there  is  great  danger  of 
necrosis  and  secondary  infection  of  the  tumors. 

Complications. — The  most  frequent  are  adhesions 
and  adnexal  disease  such  as  all  varieties  of  salpingitis, 
cystic  degeneration  of  the  ovaries,  tubo-ovarian 
abscess,  ovarian  cysts,  etc. 

Diagnosis. — In  this,  palpatory  findings  form  our 
chief  guide.  The  large,  hard,  irregularly  nodular 
uterus  of  subperitoneal  fibroids  is  easy  to  diagnose. 
The  symmetrical  enlargement  of  interstitial  or  sub- 
mucous growths  presents  greater  difficulty  an<i  may 
require  differentiation  from  a  tense  ovarian  cyst, 
from  pregnancy,  from  an  early  ijrcgnancy  with  death 
of  the  fetus  ("missed  abortion"),  and  from  cancer 
of  the  body  of  the  uterus. 

If  the  tumor  is  continuous  with  the  cervix  and  if  the 
cervix  follows  the  movements  of  the  tumor,  a  diag- 
nosis of  uterine  rather  than  ovarian  tumor  may  be 
nuide.  Palpation  of  normal  adnexa>  at  the  sides  of 
the  tumor  and  tracing  the  round  ligaments  to  its 
upper  limit  show  that  the  tumor  is  uterine. 

It  is  usually  possible  to  differentiate  the  pregnant 
uterus  by  its  greater  softness,  by  the  concomitant 
signs  of  pregnancy  and  by  the  absence  of  bleeding, 
which  is  usually  noted  in  interstitial  or  submucous 
fii)n)ids.  The  Abdcrhalden  test  may  be  helpful  and 
the  further  development  of  the  case. 

The  differetitiation  from  "missed  abortion"  may 
be  very  difficult  because  of  the  irregular  bleeding 
which  characterizes  this  condition  and  the  disappear- 
ance of  the  corroborating  signs  of  pregnancy.  .\ 
history  of  missed  periods  at  the  onset  and  the  absence 
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of  any  menstrual  wave  in  the  bleeding  which  occurs 
are  significant. 

In  cancer  of  the  body  of  the  uterus,  the  tumor  is 
usually  of  moderate  size  and  associated  with  irregular 
bleeding,  which,  as  a  rule,  has  commenced  after  the 
menopause. 

The  use  of  the  uterine  sound  as  an  aid  to  diagnosis 
in  these  conditions  is  condemned  by  most  authorities 
because  of  the  great  danger  of  infection. 

Treatment.— Many  fibromyomata  require  no  treat- 
ment. Small,  stationary  or  slowly  growing  tumors 
without  undue  bleeding  or  pressure  symptoms  may 
be  left  alone,  the  patient  being  examined  from  time 
to  time  and  being  told  to  report  immediately  such 
symptoms  as  pain,  bleeding  or  rapid  growth.  Moder- 
ate bleeding  may  be  controlled  by  rest  in  bed  and  the 
administration  of  styptic  drugs  such  as  ergot,  hy- 
drastis,  or  pituitrin.  Large  tumors  or  tumors  of  any 
size  producing  pressure  symptoms  should  be  removed 
by  operation.  Bleeding  tumors  in  patients  under 
forty-five  should  be  operated  upon,  the  ovaries  being 
saved,  if  healthy,  to  avoid  a  precipitate  menopause. 
Bleeding  tumors  in  patients  over  forty-five  may  be 
removed  by  operation,  or  may  be  treated  by  the  i-ray 
or  radium. 

Operations. — Vaginal  myomectomy  or  the  removal  of 
pedunculated  submucous  growths  which  have  been 
expelled  into  the  vagina.  The  patient  is  prepared 
for  anesthesia  in  the  usual  way,  the  vulva  shaved 
and  a  vaginal  douche  given  of  bichloride  solution 
1  :  10,000,  followed  by  a  sterile  water  douche.  With 
the  patient  in  the  lithotomy  position,  the  growth  is 
exposed  by  suitable  specula  and  seized  by  stout 
volsellum  forceps.  Since  the  fundus  of  the  uterus  is 
sometimes  inverted  by  the  weight  of  the  tumor,  the 
first  step  in  the  operation  is  to  ascertain  the  depth  of 
the  uterine  cavity.  If  this  measures  two  and  one- 
half  inches  or  more,  the  tumor  may  be  cut  away  by 
stout  scissors  on  a  level  with  the  cervical  rim.  If  the 
uterine  cavity  is  shortened  a  circular  incision  should 
be  made  about  the  middle  of  the  tumor  mass,  w'hich  is 
then  shelled  out  and  its  capsule  left  behind.  There 
is  usually  no  bleeding,  but  if  there  should  be  any  it  is 
readily  controlled  by  packing  the  uterus  firmly  w'ith 
sterile  gauze. 

Abdominal  Myomectomy. — The  patient  is  prepared 
as  for  abdominal  hysterectomy,  anesthetized,  placed 
on  the  table  in  the  Trendelenburg  position  and  a 
median  incision  made  conforming  to  the  size  of  the 
tumor.  The  uterus  is  seized  with  volsellum  forceps 
above  and  below  the  tumor,  an  incision  is  made 
through  tlie  wall  of  the  uterus  over  the  most  promi- 
nent part  of  the  tumor  and  deepened  until  the  myoma 
is  reached,  which  is  evident  from  the  different  direc- 
tion of  its  fibers.  The  myoma  is  seized  by  a  double 
tenaculum  and  enucleated  by  blunt  dissection. 
Spurting  vessels  must  be  controlled  by  ligature  or 
mattress  sutures  with  great  care  as  hemorrhage  and 
subsequent  infection  constitute  a  very  grave  danger 
in  this  operation.  Buried  sutures  are  used  to  close 
the  dead  space  left  in  the  muscular  wall  and  the  peri- 
toneal surfaces  approximated  by  interrupted  sutures 
of  catgut.  Myomectomy  is  indicated  where  the 
nodules  are  few  in  number  and  where  it  is  important 
that  the  child-bearing  function  be  maintained. 

Supravaginal  hysterectomy  is  the  operation  of  choice 
when  the  tumor  formation  is  too  extensive  for  myo- 
mectomy. It  is  preferable  to  panhysterectomy 
because  of  its  lower  mortality,  because  it  does  not 
shorten  the  vagina  and  because  it  leaves  the  patient 
with  a  stronger  vault  which  is  less  prone  to  prolapse. 
The  argument  in  favor  of  panhysterectomy  for  this 
condition  is  that  sarcoma  or  carcinoma  occasionally 
develop  in  the  cervical  stump.  This  is  a  rare  occur- 
rence and  the  mortality  from  it  is  probably  distinctly 
less  than  the  mortality  which  would  attend  the  per- 
formance of  panhysterectomy  in  every  case  of  uterine 
fibroid. 
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Since  one  of  the  great  advantages  of  operative  over 
x-ray  treatment  of  fibroids  is  the  ability  to  retain  the 
ovaries  when  healthy,  the  operative  technique  will  be 
so  described. 

Preparation. — The  patient  enters  the  hospital  on 
the  day  preceding  operation  and  is  given  a  light  supper ; 
the  abdomen  and  pubes  are  shaved,  washed  with 
alcohol  and  a  sterile  abdominal  binder  applied.  A 
half  ounce  of  castor  oil  is  given  at  9  p.  m.  and  a  soap 
suds  enema  at  least  three  hours  before  the  time  set 
for  the  operation;  this  is  followed  by  a  vaginal 
douche  of  bichloride  or  boric  acid  solution.  The 
abdomen,  pubes  and  groins  are  painted  witli  tincture 
of  iodine,  a  sterile  dressing  applied  and  sterile  clothes. 
The  patient  is  anesthetized  and  placed  in  a  high 
Trendelenburg  position. 

Incision. — Small  growths  may  be  removed  through 
the  semilunar,  suprapubic  incision  of  Pfannenstiel. 
Large  growths  require  an  incision  extending  from  the 
pubic  symphysis  upward  as  far  as  the  umbilicus,  or 
beyond  in  some  cases. 

Delivery  of  Tumor. — Upon  opening  the  abdomen 
the  tumor  and  its  relations  are  explored  and  the  field 
of  operation  exposed  by  packing  back  the  intestines 
by  moist  gauze  pads.  The  fundus  is  seized  by  vol- 
sellum forceps  and  the  uterus  delivered  through  the 
incision  when  possible. 

Ligation  of  Vessels. — .\  clamp  is  applied  over  the 
upper  border  of  the  broad  ligament  close  to  the  uterus 
embracing  the  tube,  and  uteroovarian  ligament;  a 
ligature  is  applied  around  each  of  the  latter  structures 
and  the  intervening  tissues  cut.  This  is  repeated  on 
the  opposite  side.  The  round  ligaments  are  clamped, 
tied  and  cut. 

Separating  the  Bladder. — The  vesicouterine  fold 
of  peritoneum  is  cut  from  side  to  side  and  the  bladder 
gently  separated  from  the  uterus  as  far  as  the  level 
of  internal  os. 

Ligation  of  Uterine  Vessels. — By  traction  on  the 
Volsellum  forceps  the  uterus  is  lifted  as  high  as  pos- 
sible; by  palpation,  the  uterine  artery  is  located  close 
to  the  uterus  on  a  level  with  the  internal  os;  a  ligature 
is  passed  through  the  underlying  uterine  tissues  and 
tied  around  the  artery,  after  reinforcement,  this  is 
repeated  on  the  opposite  side. 

Dividing  the  Cervix. — With  a  knife,  the  cervix  is 
cut  across  above  the  ligatures  on  the  uterine  arteries; 
the  cervical  canal  is  seized  by  tenaculum  forceps  as 
soon  as  cut  across  and  its  lining  disinfected  by  car- 
bolic acid  or  excised  by  a  slender  knife  to  remove  a 
possible  seat  of  cancerous  change. 

Treatment  of  Pedicles  and  Cervical  Stump. — The 
cervical  stump  is  approximated  by  interrupted  sutures 
of  chromicizcd  catgut,  omitting  the  cervical  canal. 
The  first  of  these  sutures  on  each  side  may  be  used  to 
reinforce  the  ligation  of  the  uterine  artery.  By  means 
of  the  next  sutures  the  ovarian  ligament  and  tubal 
stump  are  anchored  to  the  angles  of  the  cervical 
stump;  a  fifth  suture  closes  the  center  of  the  stump 
over  the  cervical  canal.  The  round  ligament,  on 
each  side,  is  attached  to  the  cervical  stump  at  a  con- 
venient point,  thus  reforming  to  a  certain  extent  the 
normal  ligamentary  supports  of  what  remains  of 
the  uterus  and  thus  tending  to  prevent  prolapse. 

Covering  the  Stump. — The  stump  and  structures 
attached  to  it  are  now  covered  with  peritoneum  by 
suturing  the  detached  vesicouterine  fold  to  the 
peritoneum  on  the  posterior  surface  of  the  broad  liga- 
ment and  cervix. 

Toilet  of  the  Peritoneum. — -The  patient  is  lowered, 
the  line  of  incision  inspected  for  bleeding,  sponges 
are  removed  and  counted,  the  omentum  is  drawn 
down  over  the  intestines  and  the  incision  is  closed  in 
layers,  overlapping  the  fascia  carefully  to  avoid 
postoperative  hernia. 

Treatment  by  the  X-rays. — According  to  Pfahler 
a;-rays  are  indicated  in  the  treatment  of  bleeding 
fibroids  in:  "  (1)  All  cases  of  myoma  in  older  women 
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in  whom  there  is  already  a  well-advanced  anemia 
which  may  be  the  cause  of  an  anemic  heart.  (2) 
All  elderly  and  young  women  with  myomas  in  whom 
there  is  marked  organic  heart  disease,  diabetes 
mellitus,  chronic  nephritis,  marked  lung  disease  and 
goiter  with  cardiac  symptoms.  (3)  All  patients  be- 
yond the  age  of  forty  in  whom  there  is  no  contra- 
indication to  the  treatment.'' 

As  contraindications  he  gives:  (1)  All  cases  of 
myomas  in  whicli  the  tumor  is  pedunculated  or  which 
can  be  excised  without  destroying  the  reproductive; 
powers  of  the  patient.  (2)  Fibroids  that  are  believed 
to  have  undergone  malignant  degeneration,  or  that 
have  become  gangrenous  or  infected.  (3)  Arinexal 
disease.  (4)  Fibroids  that  are  producing  such  marketl 
symptoms  that  the  patient  is  endangered  more  by 
waiting  two  or  three  months  for  results  of  Rontgen 
therapy,  than  by  the  results  of  an  operation." 

Several  series  of  x-ray  treatments  are  required, 
each  series  consuming  several  hours  and  being  given 
at  three-  or  four-week  intervals  so  that  from  three  to 
six  months  may  be  required  for  cure.  The  younger 
the  patient,  the  more  treatment  will  be  required. 
The  rays  act  primarily  by  destroying  the  Graafian 
follicles,  which  are  essential  to  menstruation,  and,  it 
is  believed,  secondarily  by  a  direct  effect  on  the 
uterine  tissues.  In  the  majority  of  cases,  the  tumors 
eventually  disappear.  Improved  technique  has 
greatly  diminished  the  dangers  of  this  form  of  treat- 
ment and  in  expert  hands  the  results  are  most 
satisfactory. 

Radium  Treatment. — The  action  of  radium  is  similar 
to  that  of  the  x-ray,  but  its  rarity  and  cost  make  it, 
at  present,  a  treatment  for  the  favored  few.  Kelly 
and  Burnam  believe  this  to  be  the  method  of  choice 
in  uncomplicated  fibroids.  They  report  a  series  of 
cases  with  control  of  hemorrhage  in  all  and  disappear- 
ance of  the  tumor  or  great  reduction  in  its  size  in  all 
but  five  per  cent.  Kelly's  method  is  to  dUate  the  cervix 
and  place  the  radium  in  the  cavity  of  the  uterus. 
He  suggests  as  an  ideal  dosage  one-half  gram  of  radium 
element  applied  in  this  manner  for  two  hours.  This 
form  of  treatment  is  particularly  indicated  in  patients 
too  weak  or  too  anemic  for  operation.  If  unsuccessful 
in  any  given  case,  operation  can  be  performed  even- 
tually without  any  added  risk. 

Aden'omyoma. — Adenomyomata  constitute  a  special 
and  infrequent  form  of  myomatous  tumors  in  which, 
in  addition  to  the  customary  muscle  and  connective- 
tissue  cells,  certain  glandular  structures  are  found 
which  resemble  the  glands  of  the  endometrium,  from 
which  they  have  been  proven  to  be  derived. 

These  tumors  differ  from  ordinary  fibroids  in  being 
diffuse  rather  than  encapsulated;  they  attain  only 
moderate  size  and  are  frequently  found  in  the  region 
of  the  tubal  attachment. 

Their  clinical  course  and  treatment  are  similar 
to  that  of  the  ordinary  fibromyomata. 

Sarcoma. — This  is  the  rarest  form  of  new  growth  of 
the  uterus,  forming  about  2  per  cent,  of  all  uterine 
tumors  and  about  4.8  per  cent,  of  the  malignant 
growths;  its  frequency  compared  with  carcinoma 
being  as  1  to  40.  It  is  a  malignant  growth  originat- 
ing in  the  connective  tissue  of  the  wall  of  the  uterus 
or  in  the  connective-tissue  elements  of  the  endome- 
trium, occurring  in  either  the  body  of  the  uterus  or 
in  the  cervix.  Histologically  these  tumors  may  be 
classified  as  muscle-celled,  spindle-celled,  or  round- 
celled  sarcomata.  They  may  produce  diffuse  en- 
largement of  the  uterus,  nodular  projections  on  its 
surface,  polypoid  or  lobulated  growths  in  its  cavity 
or  nodular  or  grape-like  or  polypoid  masses  on  the 
cervix.  The  frequency  of  sarcomatous  degeneration 
of  fibroids  has  been  estimated  as  2  to  3  per  cent. 

Etiology. — The  cause  is  unknown. 

Sy77iptoms. — ^^^lile  found  most  frequently  in  women 
from  forty  to  si.xty  years  of  age,  younger  women  and 


even  children  may  be  affected.  The  symptoms  are 
not  typical  and  in  general  resemble  those  of  fibroid 
tumors  such  as  the  presence  of  a  tumor,  with  or 
without  pressure  symptoms,  dysmenorrhea,  Icucor- 
rhea,  and  irregular  bleeding,  menstrual  or  intermen- 
strual in  type.  In  the  late  stages  cachexia  may 
develop,  extension  to  neighboring  structures  and 
remote  metastasis.  The  course  varies  with  the  rela- 
tive malignancy  of  the  particular  type  of  tumor  pres- 
ent. Without  operation,  it  is  invariably  fatal,  death 
occurring  in  the  majority  of  cases  from  cachexia, 
metastasis  or  septic  infection. 

Diagnosis. — A  positive  diagnosis  can  only  be  made 
by  a  microscopic  examination  of  fragments  of  the 
tumor  such  as  may  be  readily  obtained  in  the  case  of 
cervical  growths. 

Clinically  they  are  differentiated  from  fibroids  by 
greater  rapidity  of  growth  and  by  the  occurrence  of 
pain,  which  is  attributed  either  to  stretching  of  the 
peritoneum  by  rapid  growth  or  to  uterine  contrac- 
tions stimulated  by  tlie  penetration  of  sarcoma  cells 
between  the  muscle  fibers.  Tumors  simulating 
fibroids  which  continue  to  grow  after  the  menopause 
may  be  definitely  diagnosed  .sarcomata.  .Vscites, 
which  is  rarely  found  in  fibroids,  is  a  not  infrequent 
accompaniment  of  sarcomata.  Cachexia,  extension 
to  neighboring  structures,  and  metastasis  are  typical 
of  the  later  stages. 

Treatment. — The  only  availing  treatment  is  early 
and  radical  removal  by  the  abdominal  route  of  the 
uterus,  adnexa,  and  as  much  of  the  surrounding 
connective  tissue  as  possible. 

CARriNOMA. — Of  all  the  organs  of  the  body,  the 
uterus  is  most  frequently  affected  by  cancer,  about 
four  per  cent,  of  all  deaths  among  women  being  from 
this  disease.  While  women  in  the  early  twenties  are 
occasionally  attacked,  the  majority  of  cases  occur 
between  forty  and  sixty  years  of  age. 

Etiology. — The  reports  of  many  investigators  tend 
to  corroborate  the  parasitic  theory  of  this  disease, 
but  actual  proof  is  not  yet  forthcoming.  The  impor- 
tance of  chronic  irritation  as  a  predi.sposing  factor 
is  shown  by  the  frequency  of  cancer  of  the  cervix 
following  the  lacerations  of  childbirth.  Heredity 
plays  a  certain  role,  while  race  and  social  condition 
seem  to  exert  very  little  influence. 

Cancer  may  affect  cither  the  fundus  or  the  cervix 
of  the  uterus  and  as  its  liistology  and  clinical  course 
vary  greatly  in  these  locations,  they  will  be  separately 
considered. 

Cancer  op  the  Cervix. — Incidence. — Cancer  of 
the  cervLx  is  a  disease  of  middle  life,  the  greatest 
number  of  cases  occurring  between  thirty-five  and 
forty-five  years  of  age.  Nullipara'  are  seldom 
attacked,  the  majority  of  eases  occurring  in  women 
who  have  borne  several  children  or  who  have  had 
difficult  deliveries. 

Varieties. — Clinically  these  growths  may  be  sub- 
divided into  a  large  group  originating  on  the  vaginal 
surface  and  a  small  group  originating  in  the  cervical 
canal,  or  intracervical  cancers,  which  are  more 
difficult  to  detect.  Histologically  they  are  classified 
as  squamous-celled  growths,  cylindrical-celled  growths, 
according  as  one  or  the  other  form  of  epithelium 
predominates.  The  squamous-ccUed  cancer  is  much 
more  frequent. 

Cancer  beginning  in  the  epithelium  of  the  vaginal 
portion  is  everting  or  proliferating  in  type  and  tends 
to  grow  outward  in  the  form  of  papillary  excrescences 
until  the  characteristic  "cauliflower  growth"  is 
produced;  extension  to  the  vaginal  wall  and  bladder 
occur  early  in  its  course,  but  it  does  not  tend  to  in- 
volve the  "body  of  the  uterus  and  invades  the  para- 
metrium and  regional  lymph  glands  relatively  late. 

Intracervical  cancer  is  infiltrating  or  inverting  in 
its  growth,  tending  to  grow  inward  through  the 
cervical  wall  towarii  the  parametrium.     In  cases  of 
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this  kind  presenting  very  little  superficial  evidence  of 
disease,  the  parametrium  and  regional  lymph  glanris 
may  be  involved,  together  with  the  subepithelial 
tissues  of  the  vaginal  wall. 

Symptoms. — The  cardinal  symptoms  of  cancer  of 
the  cervix  areleucorrhea,  bleeding,  pain,  and  cachexia. 
Li'ucorrhea  is  an  early  symptom  which  at  tirst  is  not 
cliaracteristic;  later,  as  a  transudation  of  blood  plasma 
occurs,  the  ordinary  discharge  becomes  watery  (which 
should  at  once  lead  to  an  examination)  and  finally 
blood-streaked  and  foul-smelling  as  a  result  of  super- 
ficial necrosis  and  infection  l)y  sapremic  organisms. 

Bleeding  after  slight  traumatism  is  the  most  sig- 
nificant early  symptom  of  this  disease.  It  may  follow 
digital  examination,  the  use  of  a  douche  nozzle  or 
coitus,  and  is  at  first  slight  and  irregular.  Later 
erosion  of  vessels  by  the  tumor  cells  may  lead  to 
spontaneous  bleeding  and  finally  to  severe  and  exhaust- 
ing hemorrhage.  .\s  the  ijleeding  is  nearly  always 
venous,  fatal  hemorrhage  is  rare. 

Pain  is  a  late  symptom  owing  to  the  scanty  sensorj' 
nerve  supply  of  the  uterus ;  it  is  usually  not  complained 
of  until  parametrial  involvement  is  far  advanced, 
when  pressure  on  the  sacral  nerves  may  cause  severe 
pain  in  the  lower  back  and  down  the  legs. 

Profuse  bleeding,  necrosis  of  tissues,  and  infection 
lead  to  profound  anemia  and  finally  terminate  in  a 
cachectic  and  febrile  state. 

As  the  growth  extends  to  neighboring  structures, 
symptoms  of  their  involvement  appear:  cystitis, 
pyelitis,  and  vesicovaginal  fistuliB  may  develop; 
hydroureter  and  hydronephrosis  from  constriction  of 
tlie  ureters  by  the  cancerous  mass;  extension  to  the 
rectum  and  peritoneum  are  rare;  metastases  in  the 
liver,  lungs,  brain,  and  other  structures  occur  in  about 
one-third  of  the  cases. 

Diagnosis. — The  diagnosis  of  advanced  cases  pro- 
jecting into  the  vagina  as  typical  cauliflower  growths 
is  easily  made.  In  the  ulcerative  form  the  diagnosis 
is  more  difHcult,  friability  of  the  tissue  with  bleeding 
are  important  signs  which  are  usually  present. 
Endocervical  growths  may  be  difficult  to  detect, 
requiring  skilful  manipulation  of  the  .speculum  m 
eases  obscured  by  atrophy  of  the  cervix  and  adhesions 
around  the  vaginal  vault. 

The  symptoms  of  irregular  bleeding  and  a  thin 
watery  discharge  call  for  a  systematic  and  thorough 
examination;  to  attribute  tliem  lightly  to  "change 
of  life"  is  an  error  no  longer  permissible.  If  in  the 
course  of  a  careful  search  for  the  cause  of  these 
symptoms  a  suspicious  growth  or  ulcer  is  discovered, 
a  portion  must  be  removed  under  aseptic  precautions 
by  knife  or  scissors  or  curette,  dropped  in  five  per 
cent,  formalin  and  sent  to  a  skilled  pathologist  for 
examination;  the  bleeding  following  such  excision  is 
slight  and  readily  controlled  by  a  tamponade  of  sterUe 
gauze. 

Treatment. — In  the  treatment  of  cancer  of  the 
cervix,  surgery,  radiotherapy,  and  cauterization  are 
the  principal  methods  to  be  considered. 

Cure  by  operation  is  possible  only  at  an  early  stage 
wliile  the  disease  is  confined  to  the  uterus  or  has  but 
slightly  invaded  the  parametrium  and  local  lymph 
glands.  At  this  stage  an  extensive  abdominal 
panhysterectomy  after  the  Wertheim  method  is  the 
operation  of  choice.  Even  in  this  operable  stage 
certain  prominent  advocates  of  radiotherapy,  such  as 
Kronig  and  Bumm,  are  advising  the  use  of  radium, 
claiming  that  this  method  of  treatment  yields  as 
large  a  percentage  of  cures  as  radical  operation  with- 
out its  mortality. 

For  inoperable  cases  radium  is  the  treatment  of 
choice;  under  its  application,  some  of  these  cases  are 
cured;  others  are  symptomatically  relieved,  bleeding, 
discharge  and  pain  disappearing  as  the  cancerous 
mass  heals;  still  others  are  imimproved. 

In  advanced  cases,  where  radium  is  not  available, 
temporary  relief  may  be  obtained  by  removing  the 
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cancerous  masses  by  the  curette  and  cauterizing  the 
raw  surface  by  the  actual  cautery;  it  is  in  these  cases 
that  Percy's  method  of  applying  heat  is  indicated. 

From  the  prognostic  point  of  few  the  most  hopeful 
feature  of  the  cancer  situation  to-day  is  the  general 
enlightenment  of  the  public  as  to  the  nature  and  sig- 
nificance of  its  early  symptoms.  The  crusade  against 
cancer  inaugurated  by  Winter  of  Konigsberg  has  been 
joined  by  the  leaders  of  the  profession  in  ever\'  country 
and  an  active  campaign  of  education  is  being  carried 
on  with  the  result  that  patients  with  suspicious  symp- 
toms become  alarmed  and  consult  their  physician 
at  an  early  date.  At  a  date  when,  it  must  be  admitted, 
diagnosis  may  be  very  difficult  and  the  responsibility 
of  the  medical  adviser  very  great. 

Technique  of  the  Radical  Abdominal  Operntion. — • 
Disinfection  of  Vagina  and  Tumor. — Small  growths 
may  be  disinfected  by  tincture  of  iodine,  which  is 
also  applied  in  half  strength  to  the  vaginal  wall. 
Large  cauliflower  masses  must  be  removed  by  pre- 
liminary curettage  and  cauterization  either  immedi- 
ately before  the  operation  or  on  the  preceding  clay 
Dry  gauze  is  packed  into  the  vagina  to  absorb  any 
discharge  which  may  be  pressed  out  of  the  uterus. 

Anesthesia. — The  importance  of  a  carefully  ad- 
ministered anesthetic  in  operations  of  this  kind  cannot 
be  overestimated,  for  at  best  the  operation  is  long  and 
the  patient  predisposed  to  shock.  The  combination 
of  nitrous  oxide  and  oxygen  with  small  quantities  of 
ether  from  time  to  time  when  complete  relaxation  is 
required,  is  a  very  satisfactory  method. 

Incision  and  Examination. — The  patient  is  elevated 
on  the  table  into  an  exaggerated  Trendelenburg  posi- 
tion and  the  abdomen  opened  by  a  long  incision  ex- 
tending from  the  umbilicus  to  the  symphysis;  the  in- 
testines are  packed  back,  adhesions  are  broken  up  and 
the  operability  of  the  tumor  confirmed  or  disproved. 

Freeing  the  Upper  Part  of  the  Uterus. — The  fundus 
is  grasped  by  a  stout  forceps  and  drawn  strongly  to 
one  side.  The  infundibulopelvic  ligament  and  the 
round  ligament  of  the  opposite  side  are  ligated  and 
divided.  This  is  repeated  on  the  other  side  of  the 
pelvis,  thus  freeing  the  body  of  the  uterus. 

Separating  the  Bladder. — The  peritoneum  on  the 
anterior  surface  of  the  uterus  is  incised  from  side  to 
side  at  the  level  of  the  rovmd  ligaments  and  the 
vesical  fold  of  the  peritoneum  thus  freed  is  drawn 
forward.  The  bladder  is  gently  separated  from  the 
cervix  by  a  mounted  sponge  and  pushed  down  below 
the  level  of  the  ureters. 

Freeing  the  Ureters. — The  uterus  is  drawn  to  one 
side  and  the  ureter  located,  a  finger  is  carefully  in- 
troduced between  the  ureter  and  the  uterine  vessels 
which  lie  in  the  parametrium  immediately  above  it; 
these  vessels  are  ligated  and  cut  exposing  the  ureter 
in  the  parametrial  tissues,  from  which  it  is  gently 
separated.  After  this  separation  is  completed  the 
base  of  the  bladder  is  separated  from  the  cervix  and 
vagina  as  far  down  as  necessary. 

Freeing  the  Cervix  Posteriorly  and  Separation  of 
the  Rectum. — The  uterus  is  drawn  strongly  forward 
and  the  peritoneum  of  the  posterior  cul-de-sac  divided 
from  one  broad  ligament  to  the  other  exposing  the 
uterosacral  ligaments,  which  are  then  ligated  and 
cut.  This  releases  the  cervix  noticeably.  The 
rectum  is  now  separated  from  the  vagina  by  gentle 
sponging. 

Excision  of  the  Lateral  Parametrium. — The  para- 
metrial tissues  are  gently  loosened,  clamped  near 
the  pelvic  wall  and  cut  bit  by  bit;  in  similar  manner 
they  are  separated  from  the  pelvic  floor  until  the 
uterus  is  completely  liberated  except  for  its  vaginal 
attachment. 

Clamping  and  Amputation  of  the  Vagina. — ^The 
gauze  packing  placed  in  the  vagina  at  the  beginning 
of  the  operation  is  now  removed  and  the  lower  limit 
of  vaginal  involvement  carefully  determined  by  grasp- 
ing   the    vagina    from    before    backward     with    the 
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thumb  and  finger.  The  vaginal  clamps  are  next 
applied  at  least  a  finger's  breadth  below  the  infiltra- 
tion, the  lower  clamp  is  applicrl  first,  the  upper  one 
being  applied  from  the  opposite  side  and  overlapping 
the  other  for  a  considerable  distance.  The  vagina 
is  now  amputated  below  the  lower  clamp,  the  cut  edge 
being  seized  with  forceps  and  disinfected  with  iodine 
as  soon  as  the  cancerous  mass  is  removed. 

Closing  the  Vaginal  Stump.— The  vaginal  stump  is 
now  closed,  with  or  without  a  drain,  bleeding  points 
being  controlled  by  ligatures. 

Ligating  the  Parametrial  Pedicles. — These  para- 
metrial  clamps  are  removed  one  by  one  after  careful 
ligation  of  the  tissues  contained  in  them.  After  all 
oozing  has  been  controlled  the  peritoneum  is  closed 
from  side  to  side  in  the  usual  manner. 

Technique,  oj  Percy's  Method  of  Applying  [leal. — 
This  treatment  is  based  upon  the  observations  of 
many  scientists  that  the  death  point  of  carcinoma 
cells  is  approximately  55°  C.  By  the  prolonged  ap- 
plication of  this  degree  of  heat  to  an  inoperable  pelvic 
mass,  Percy  achieves  complete  destruction  of  the 
cancerous  tissue,  while  the  vitality  of  the  normal 
tissues  is  not  affected.  His  operation  may  be  briefly 
described  as  follows:  Through  a  long  abdominal 
incision  the  extent  of  the  metastasis  is  determined, 
the  ovaries  and  tubes  are  removed  and  the  internal 
iliac  arteries  ligated;  by  this  means,  the  blood  supply 
of  the  tissues  about  to  be  treated  is  very  largely  cut 
off  and  the  possibility  of  secondary  hemorrhage  done 
away  with.  The  vagina  is  dilated  and  a  special 
water-cooled  speculum  inserted,  through  which  the 
electric  heating  iron  is  introduced  to  the  fundus  of 
the  uterus,  where  it  is  held  until  the  uterus  becomes 
too  hot  to  be  held  by  the  hand  of  an  assistant  wearing 
a  medium  weight  rubber  glove.  The  iron  is  now 
moved  to  a  new  position  and  the  heat  reapplied. 
This  is  continued  until  the  pelvic  mass  is  freely  mov- 
able, which  may  consume  several  hours.  In  spite  of 
the  prolonged  anesthesia  required,  these  operations 
are  not  attended  by  shock  as  the  patient  can  be  carried 
very  light. 

For  several  weeks  after  the  operation  there  may  be 
an  offensive  discharge  and  vesical  and  rectal  fistula 
occasionally  develop.  In  a  short  time  the  improve- 
ment in  the  local  and  general  condition  of  these 
patients  is  striking.  Percy  claims  that  about  fifty 
per  cent,  of  these  cases  are  free  from  recurrence  after 
five  years. 

In  advanced  cases  one  may  have  to  repeat  the  opera- 
tion several  times  at  three-  or  four-week  intervals, 
the  abdomen  being  opened  each  time  in  order  to 
determine  that  the  proper  amount  of  heat  is  being 
applied.  Percy  firmly  believes  that  the  curette  has  no 
place  in  the  treatment  of  cancer.  He  recommends 
following  up  his  treatment  by  the  x-ray  in  order  to 
destroy  scattered  foci  which  may  not  have  been 
reached  by  the  heat.  He  is  not  in  favor  of  operating 
upon  cases  which  have  apparently  become  operable 
as  a  result  of  the  application  of  heat — which  procedure, 
on  the  contrary,  is  highly  recommended  by  other 
authorities.  The  application  of  heat,  according  to 
Percy's  method,  as  a  preliminary  to  the  radical  ab- 
dominal operation  is  rapidly  growing  in  favor. 

Cancer  of  the  Body  of  the  Uterus. — Incidence. — 
Cancer  of  the  body  of  the  uterus  is  a  disease  of  old 
age,  fifty  per  cent,  of  the  cases  occurring  in  women 
between  fifty  and  sixty;  it  is  rarely  seen  in  women 
under  forty  and  occurs  only  about  one-eighth  as 
often  as  cancer  of  the  cervix.  It  is  especially  frequent 
in  women  who  have  not  borne  children. 

Varieties. — In  this  location  the  growth  is  invariably 
an  adenocarcinoma;  it  originates  in  the  mucous  mem- 
brane and  may  proliferate  into  the  uterine  cavity  or 
may  infiltrate  the  uterine  wall.  Involvement  of  the 
I)arametrium  and  metastasis  to  the  regional  lymph 
glands  is  late. 


Symptoms. — The  first  symptoms  are  increased 
discharge  and  bleeding.  The  bleeding  coming  on,  as 
a  rule,  after  the  menopause  attracts  the  attention  of 
the  patient  and  she  is  apt  to  seek  advice  at  an  early 
.stage.  Occurring  before  the  menopause,  the  bleeding 
is  apt  to  occur  at  the  menstrual  period  and  be  at- 
tributed to  the  "change  of  life."  As  the  progress 
of  the  disease  is  slow,  however,  it  is  usually  discovered 
in  time  for  operation  to  promise  a  cure. 

Diagnosis.— This  is  based  on  a  microscopic  examina- 
tion of  curettings.  Chnically  this  condition  must  be 
differentiated  from  mucous  polyps,  cancer  of  the 
cervix  and  submucous  fibroids. 

Treatment. — The  treatment  is  immediate  radical 
operation  after  the  technique  described  under  cancer 
of  the  cervix.  Wide  dissection  of  the  parametrium 
is  rarely  necessary  and  as  the  disease  does  not  tend 
to  spread,  the  vagina  does  not  need  to  be  removed 
extensively. 

Prognosis  is  good,  permanent  cure  being  obtained 
in  about  eighty  per  cent,  of  the  cases  operated  on. 

Chorioepithelioma  Maligxcm. — This  is  a  rare 
form  of  tumor  which  develops  from  the  epithelial 
cells  of  retained  chorionic  villi. 

Etiology. — The  causes  are  unknown;  the  tumor 
usually  follows  the  expulsion  of  a  hydatid  mole,  but 
may  follow  an  abortion  or  full-time  delivery. 

The  tumor  appears  as  a  dark  red  or  purple  swelling 
in  the  cavity  of  the  uterus.  It  may  rupture  and  dis- 
charge blood  freely.  Metastatic  growths  develop 
rapidly  in  other  organs,  particularly  in  the  lungs  and 
implantation  growths  in  the  vagina  appear  early.  The 
disease  may  immediately  follow  an  abortion  or  mole, 
or  may  not  appear  for  weeks,  months  or  even  years. 

Microscopically  these  tumors  consist  of  extravasa- 
tions of  blood  enclosing  irregular  masses  of  cells  which 
are  identical  with  the  two  kinds  of  epithelial  cells 
found  in  the  chorionic  villi  from  which  they  originate. 

Symptoms  and  Course. — At  varying  intervals  after 
the  pregnancy  in  which  these  growths  originate,  a 
bloody  uterine  discharge  appears  and  examination 
reveals  the  uterus  enlarged  and  secondary  growths  in 
the  vagina.  In  a  short  time  bloody  expectoration 
may  give  evidence  of  metastatic  deposits  in  the  lungs 
and  masses  of  characteristic  tumor  cells  may  even  be 
expectorated.  Usually  in  a  short  time  the  |)atient 
dies  from  exhaustion  or  hemorrhage.  In  exceptional 
cases  the  original  tumor  and  the  remote  metastases 
may  undergo  retrogressive  change  and  spontaneous 
cure  result. 

Diagnosis. — In  the  presence  of  the  above-described 
symptoms,  curettage  must  be  performed  and  the 
diagnosis  based  on  the  microscopic  findings  in  the 
curettings. 

Prognosis  is  very  grave. 

Treatment  consists  in  radical  abdominal  hysterec- 
tomy. Cath.vrinx   Macf.irlane. 


Uva  Ursi. — Bearberry.  "The  dried  leaves  of 
.{rctostaphylos  uva  ursi  (L.)  Sprengel  (fam.  Eric- 
area-)  with  not  more  than  5  per  cent,  of  stems  or 
other  foreign  matter."  (U.  S.  P.) 

This  little  gregarious,  evergreen  shrub,  with  reclin- 
ing or  creeping  stems,  and  stiff,  shining.  gr<H'n  leaves, 
is  at  home  on  the  dry  hills  and  plains,  :is  well  as  Siindy 
barrens  near  the  coast,  in  the  colder  parts  of  the  entire 
north-temperate  zone. 

The  leaves,  the  part  used,  are  nearly  sessile,  about 
two  centimeters  (fo\ir-fifths  inch)  in  length;  narrowly 
obovate  or  spatulate,  with  entire  slightly  revolute 
margins,  They  are  ver>-  thick,  dark  green,  and  shin- 
ing above,  pale  green  underneath.  The  dried  leaves 
preserve  their  color  well;  they  have  a  faint,  herby.  or 
tea-like  smell,  and  a  not  uni)leasant  bitterish- 
astringent  taste. 

Uva  ursi  contains  both  tannic  and   gallic  acids — 
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the  former  in  large  quantity;  also  ericolin,  to  which 
[jart  of  its  bitterness  is  due,  urson,  arbutin,  and  methyl 
arbiiHn.  Arbutin  is  a  glucoside  which  yields  hydro- 
quinone  within  the  system,  and  its  medicinal  effect 
depends  largely  upon  this  product.  The  arbutin 
gives  up  anthraquinone,  which  acts  antiseptically 
upon  the  urine. 

Uva  ursi  has  the  mildly  stimulating  and  antiseptic 
diuretic  action  of  arbutin,  and  is  rather  extensively 
used. 

Dose  of  uva  ursi,  from  5ss  to  i  (2.0-4.0),  or  more 
if  the  digestive  organs  are  not  disturbed  by  it.  There 
is  an  official  fluid  extract,  as  well  as  an  extract,  but 
the  decoction  is  probably  a  better  form  of  adminis- 
stration.  Arbutin  is  frequently  used  instead,  in 
Bright's  disease,  in  doses  of  gr.  iiss  to  viij  (0.1.5-0..')). 

Arctostaphylos  glauca,  a  West  American  species, 
with  larger  roundish  leaves,  has  similar  qualities, 
and  also  contains  arbutin.  H.  H.  Rusby. 

Uvula  and  Soft  Palate. — Anatomy. — The  soft 
palate,  or  velum  pendulum  palati,  is,  as  its  name  im- 
plies, a  movable  curtain  or  fold  formed  by  a  duplica- 
tion of  the  mucous  membrane  which  covers  the  hard 
palate  and  is  continued  backward  from  it.  It  contains 
muscular  fibers,  an  aponeurosis,  vessels,  nerves,  and 
mucous  glands.  Its  inferior  border  is  free  and  pendu- 
lous, and  is  prolonged  in  the  middle  into  a  small  con- 
ical process,  the  uvula.  At  each  side  it  presents  two 
curved  folds  known  as  the  arches  or  pillars  of  tlic  soft 
palate.  These,  starting  from  above  at  a  short  distance 
outside  the  median  line, extend  downward  and  outward, 
diverging  in  their  course  to  form  the  triangular  space 
in  which  lies  the  tonsil.  These  folds  are  called  respec- 
tively the  anterior  and  the  posterior  pillars  of  the  palate. 
The  anterior  descends  to  the  side  of  the  tongue,  while 
the  posterior  runs  downward  and  backward  into  the 
pharynx.  The  space  which  is  situated  between  the 
anterior  arches  of  the  palate,  and  which  constitutes 
the  passage-way  from  the  mouth  to  the  pharynx,  is 
called  the  isthmus  of  the  fauces.  The  mucous  mem- 
brane covering  the  greater  part  of  the  velum,  as  well 
as  its  free  margin,  is  covered  with  pavement  epithe- 
lium. At  the  upper  part,  however,  and  near  the  orifice 
of  the  Eustachian  tube,  ciliated  and  columnar  epithe- 
lium is  found.  The  epithelium  of  the  gland  ducts  is 
also,  in  many  instances,  of  this  character.  At  birth 
the  whole  posterior  surface  of  the  velum  is  lined  with 
ciliated  epithelium,  which  later  becomes  squamous. 

The  soft  palate  is  acted  upon  by  five  pairs  of  mus- 
cles, two  superior,  two  inferior,  and  one  intermediate. 
The  superior  muscles  are  the  tensor  palati  and  the 
levator  palati,  the  two  inferior  are  the  palatoglossus 
and  the  palatopharyngeus,  and  the  intermediate  is  the 
azygos  uvulse. 

Physiology. — The  soft  palate  forms  a  valve,  more 
or  less  complete,  between  the  mouth  and  the  upper 
pharynx.  Loss  of  its  function  through  paralysis  or 
destruction  permits  the  entrance  into  the  upper  phar- 
ynx and  nasal  ^region  of  matter  swallowed,  with  un- 
pleasant results.  In  voice  production  the  soft  palate 
plays  an  active  and  very  important  part,  the  proper 
articulation  of  each  consonant  sound  requiring  a 
change  in  its  position  as  has  been  demonstrated  by 
Harrison  Allen. 

Diseases. — The  diseases  of  the  soft  palate  and 
uvula  may  be  classified  into  two  groups,  namely, 
general  and  local.  In  the  first  division  may  bo 
grouped  such  as  are  symptomatic,  and  merely  the 
local  manifestation  of  a  general  condition,  such  as 
measles,  scarlet  fever,  diphtheria,  syphilis,  tuberculo- 
sis, and  lupus.  Although  the  local  lesion  in  any  of  the 
above  affections  cannot  compare  in  importance  with 
the  general  disease,  there  may  arise  certain  conditions 
under  which  the  throat  affection  may  become  of 
decided  importance,  as  will  be  seen  later  on  in  the 
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study  of  chronic  inflammation,  diphtheria,  and  syph- 
ilis of  the  parts.  Local  affections  of  the  soft  palate 
include  the  various  inflammations  which  may  attack 
it,  such  as  simple  hyperemia,  acute,  subacute,  and 
chronic  congestion,  edema,  and  phlegmon,  as  well 
as  general  relaxation,  dilatation  of  the  superficial 
blood-vessels,  paresis,  new  growths,  and  congenital 
malformation. 

Inflammation. — Acute  catarrhal  inflammation  of 
the  uvula  and  soft  palate  presents  the  following  symp- 
toms: The  uvula  is  reddened,  swollen,  and  somewhat 
sensitive,  the  sensitiveness  increasing  at  each  effort  of 
deglutition,  and  the  patient  experiencing  a  sharp  pain, 
as  from  the  presence  of  a  foreign  body  in  the  throat. 
If  the  inflammation  be  severe,  edema  of  the  sub- 
mucous connective  tissue  and  of  the  muscular  tissue 
beneath  may  occur,  giving  rise  to  an  acute  prolapsus 
of  the  uvula,  and  attended  with  much  irritation  and 
discomfort.  These  anatomical  changes  are  usually 
temporary,  and  disappear  with  the  subsidence  of  the 
attack.  Follicular  and  herpetic  inflammations  of  the 
uvula  are  usually  associated  with  the  same  condition 
in  the  pharynx,  and  therefore  show  no  features  which 
are  distinctive. 

Phlegmonous  uvulitis  is  characterized  by  the 
greater  intensity  of  the  accompanying  inflammation. 
The  uvula  is  very  much  swollen  and  reddened,  and  the 
pain  is  excessive.  The  sensation  is  as  of  a  heavy, 
voluminous  bod}'  in  the  mouth,  which  in  the  act  of 
deglutition  gives  rise  to  lancinating,  almost  unbear- 
able pain.  Respiration,  besides,  is  more  or  less 
seriously  impeded.  In  such  cases  the  inflammation 
involves  both  the  mucous  membrane  and  the  sub- 
mucous connective  tissue,  and  also  the  azygos  muscle, 
and  it  may  extend  to  the  neighboring  parts. 

The  causes  of  the  above-mentioned  forms  of  inflam- 
mation of  the  uvula  are,  in  general,  as  follows:  Influ- 
ence of  cold,  or  of  irritating  substances,  such  as  too 
hot  food  or  drink,  burning  or  irritating  alkaline  sub- 
stances or  mineral  acids;  and,  finally,  progressive 
inflammation  extending  from  the  neighboring  parts. 
As  already  mentioned,  the  symptoms  of  acute  uvulitis 
do  not  last  long,  and  the  disease  can  usuallj'  be  short- 
ened by  the  application  of  medicines  such  as  are 
generally  used  for  similar  conditions  elsewhere. 
Sometimes  the  disease  becomes  chronic,  especially 
when  the  inflammation  is  often  repeated,  or  the 
patient  is  suffering  from  constitutional  disease  or 
general  disturbance  of  nutrition. 

The  chronic  catarrhal  form  of  uvulitis  presents  all 
the  well-known  changes  in  appearance  which  are 
common  in  like  affections  of  the  pharynx  and  larynx. 
A  granular  cc^ndition  of  the  mucous  membrane  is 
especially  frequent,  originating  in  a  hyperplastic 
inflammation  of  the  mucous  glands.  The  surface  of 
the  uvula  is  hard,  reddened,  and  covered  with  small 
nodules.  Between  the  latter  the  mucous  membrane 
is  indurated,  hyperemic,  and  insensitive.  The  condi- 
tion is  often  associated  with  a  similar  disease  of  the 
pharynx,  and  it  occurs  most  frequently  in  strumous 
and  anemic  subjects,  or  in  those  whose  general  nutri- 
tion has  become  impaired.  It  is  a  somewhat  stub- 
born affection,  for  which  general  as  well  as  local  treat- 
ment is  required. 

Relaxed  Uvula. — Chronic  inflammation  of  the  uvula 
usually  ends  in  prolapse  and  hypertrophy,  a  condition 
which  may  give  rise  both  to  direct  and  to  reflex  irrita- 
tion of  a  serious  nature.  One  of  the  chief  causes  of 
relaxed  uvula  or,  more  properly  speaking,  of  the 
catarrhal  troubles  which  occasion  it,  are  vicissitudes 
ot  climate  and  variations  of  temperature,  especially  in 
countries  where  there  is  a  frequent  combination  of 
cold  and  wet  weather. 

Exposure  to  night  air,  or  to  the  vitiated  atmosphere 
of  crowded  and  overheated  rooms,  overindulgence  in 
eating  or  drinking,  and  excessive  smoking  are  among 
the  causes  of  relaxed  throat.  It  is  a  c(mimon  com- 
panion of  the  alcoholic  habit,  often  being  associated 
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with  the  gastric  catarrh  which  attends  that  condition. 
Occurring  in  the  morning,  it  is  probably  due  to  mouth- 
breathing  from  nasal  or  nasopharyngeal  obstruction; 
in  the  evening,  from  fatigue.  It  is  often  seen  in  those 
suffering  from  general  depression,  and  when  it  is 
observed  in  women  in  whom  uterine  di.sease  is  pre.sent, 
it  is  probably  the  result  of  the  general  enfeeblcment 
caused  by  the  latter,  rather  than  of  any  distinct  reflex 
influence.  Marked  elongation  of  the  uvula  is  often 
present  in  strumous  children  and  in  those  in  whom  the 
tonsils  are  enlarged.  It  is  sometimes  congenital. 
In  some  instances  it  has  .seemed  to  be  hereditary, 
numerous  examples  of  it  occurring  in  the  same  family. 
In  general,  any  cause  which  may  produce  a  relaxation 
of  the  velum  palati  may  also  be  followed  by  relaxation 
and  elongation  of  the  uvula. 

The  symptoms  of  an  acute  attack  of  relaxed  palate 
are  a  sensation  of  fulness  and  stiffness  of  the  throat, 
together  sometimes  with  the  sensation  as  of  a  foreign 
body.  There  are  also  an  uncomfortable  feeling  of 
dryness  and  a  desire  to  make  repeated  efforts  to  dis- 
lodge the  supposed  foreign  substance. 

The  symptoms  may  quickly  subside,  or  they  may 
•continue  for  several  days.  Examination  reveals  more 
or  less  congestion  of  the  parts,  although  this  is  some- 
times so  shght  as  hardly  to  be  noticeable.  There  is 
also  slight  swelling,  and  often  a  varicose  condition  of 
the  smaller  veins.  The  elongated  state  of  the  uvula 
may  give  rise  to  a  greater  or  less  degree  of  local 
irritation.  Sometimes  this  becomes  excessive,  occa- 
sioning persistent  and  severe  attacks  of  coughing.  In 
case  the  uvula  be  long  enough  to  touch  the  epiglottis 
or  the  laryn.x,  severe  paroxysms  of  coughing  may  occur 
whenever  the  patient  lies  upon  his  back.  This  may 
cause  him  much  distress  upon  lying  down  at  night, 
and,  should  he  turn  upon  his  back  during  sleep,  may 
waken  him  with  a  sense  of  impending  suffocation. 
When  the  condition  has  become  chronic,  or  is  congeni- 
tal, these  suffocative  attacks  may  be  of  almost  nightly 
occurrence,  the  patient  being  obliged  to  sleep  with 
the  head  raised  by  several  pillows  to  obtain  any 
immunity  from  them.  Sometimes  the  attendant 
hyperesthesia  of  the  pharjmx  is  so  pronounced  that 
the  patient  may  be  subject  to  sudden  fits  of  violent, 
spasmodic  cough  upon  the  slightest  provocation,  or 
even  without  any  apparent  reason  at  all.  The 
writer  has  seen  cases  of  spasmodic  stricture  of  the 
esophagus  in  patients  suffering  from  elongated  uvula 
and  hyperesthesia  of  the  pharynx,  cured  by  amputa- 
tion of  the  uvula.  Again,  so  great  may  be  the  irrita- 
tion that  cough,  loss  of  appetite  and  sleep,  nausea  and 
vomiting  may  result  in  such  pronounced  emaciation, 
anemia,  debility,  and  malaise  that  the  case  may,  upon 
superficial  examination,  be  taken  for  one  of  phthisis, 
an  error  not  infrequently  made. 

Proper  treatment  of  relaxed  uvula  generally  results 
in  the  cure  of  the  disease.  The  various  exciting 
causes  of  the  trouble  should,  if  possible,  be  carefully 
avoided.  The  patient  should  be  directed  to  live  in 
a  dry  and  bracing  climate.  Indigestion  or  consti- 
pation, if  present,  should  be  corrected.  Anernia 
and  debility  must  be  removed  by  the  administration 
of  tonics,  and  the  local  condition  is  to  be  treated  by 
the  application  of  mild  astringent  sprays  or  applica- 
tions. If  the  uvula  be  much  elongated,  if  it  be  a 
source  of  irritation,  and  if  it  refuse  to  retract 
under  the  influence  of  local  treatment,  it  should  be 
shortened. 

-imputation  or  abscission  of  the  uvula  has  been 
practised  among  many  peoples  from  a  very  early 
date.  Although  in  itself  an  apparently  insignificant 
operation,  it  is  one  of  great  utility  and  practical 
importance. 

At  the  present  daj'  it  is  employed  with  an  increasing 
degree  of  discretion. 

For  the  more  convenient  and  perfect  performarice  of 
the  operation  many  instruments  have  been  devised. 

By  far  the  simplest  and  best  instrument  is  a  pair  of 
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long-handl<'d  scissors,  having  the  blades  curved  side- 
ways toward  the  right  hand,  and  one  blade  hooked 
at  its  tip  so  that  the  uvula  may  not  shp  from  its 
grasp.  A  holder,  made  on  the  principle  of  Sim.s' 
uterine  thumb  forceps,  an  instrument  about  eight 
inches  in  length,  possesses  the  advantages  over  other 
forceps  that  it  has  not  the  inconvenient  sci-ssors  handle, 
that  it  may  be  held  firmly  and  with  great  steadiness 
by  allowing  its  proximate  end  to  rest  in  the  hollow 
between  the  thumb  and  forefinger,  the  whole  hand 
meanwhile  being  steadied  by  resting  the  fourth  and 
fifth  fingers  against  the  patient's  chin,  and,  finally, 
that  in  applying  the  scissors  the  forceps  may  be  u.sed 
as  a  guide. 

In  operating,  the  patient's  tongue  should  be  held 
down  by  himself,  or  by  an  assistant,  with  a  tongue 
depressor.  The  amount  necessary  to  be  removed 
having  been  carefully  estimated,  the  u\Tila  is  grasped 
by  the  forceps  at  a  point  below  the  proposed  line  of 
incision  and  drawn  slightly  forward.  The  scissors, 
carefully  guided  by  the  hand  and  eye  of  the  operator, 
are  then  applied,  and  the  separation  of  the  retlundant 
tissue  is  completed.  The  same  result  may  be  obtained 
by  means  of  the  Jarvis  snare,  in  the  use  of  which  it 
is  only  necessary  to  seize  the  part  to  be  removed  in 
the  loop  of  the  (Jcraseur,  without  the  aid  of  the  for- 
ceps. This  latter  method  is  not  painful  if  cocaine 
anesthesia  is  employed,  and  it  has  been  found  by  the 
writer  to  be  particularly  convenient  and  effective. 
Should  there  be  any  fear  of  exciting  undue  bleeding, 
the  galvanocaustic  loop  may  be  used,  the  uvula  being 
first  drawn  forward  as  in  abscission  by  the  scissors. 
.\s  was  long  ago  pointed  out  by  Llewellyn  Thomas. 
the  line  of  incision  should  be  directed  from  below 
obliquely  upward  and  backward,  in  order  that  the 
wound  may  be  exposed  as  little  as  possible  in  the  act 
of  deglutition  and  to  avoid  leaving  a  truncated  end. 
Local  anesthesia  should  always  be  secured  before  the 
operation.  For  this  purpose  the  holding  of  a  piece 
of  ice  in  the  mouth  for  a  few  moments  before  the 
operation  is  effective  and  free  from  the  objectionable 
features  of  cocaine.  Pain  during  and  after  the 
operation  will  vary  greatly  in  different  cases.  While 
in  the  case  of  a  slender,  anemic  uvula  it  may  be 
very  slight,  in  a  thick,  congested,  hyperesthetic  one 
it  may  be  severe  and  annoying,  and  the  process  of 
healing  may  be  protracted  for  from  two  days  to  a 
week.  Morell  Mackenzie  insisted  that,  where  there 
is  any  follicular  disease  of  the  throat,  it  is  most  im- 
portant to  cure  that  affection  before  the  uvula  is 
amputated,  as,  owing  to  the  after-pain  caused  by  the 
removal  of  the  uvula,  patients  will  not  submit  to 
any  further  treatment  when  they  have  recovered 
from  the  operation.  Hence  the  patient  remains 
uncured,  and  the  operation  and  he  who  performed  it 
are  brought  into  discredit.  The  amount  of  relief 
from  a  needed  amputation,  however,  is  sometimes 
remarkable,  the  whole  train  of  symptoms,  local  and 
reflex,  vanishing,  the  general  health  returning  to  a 
normal  basis,  and  the  voice  gaining  markedly  in 
quality  and  power.  This,  however,  is  not  invariably 
the  case,  as  the  reflex  symptoms  may  be  slo\y  in 
disappearing.  This  possibility  should  be  recognized 
and  explained  to  the  patient. 

While  the  operation  of  uvulotomy  is  attended  with 
the  slightest  danger,  and  the  bleeding  is  seldom  more 
than  a  few  drops  in  amount,  in  certain  rare  instances 
hemorrhage  has  resulted.  The  existence  of  an 
anomalous  distribution  of  the  arteries  or  veins  of 
the  velum  palati  may  be  an  important  factor  in  pro- 
ducing hemorrhage,  while  excessive  h^^)e^t^ophy  or 
the  presence  of  a  varicose  or  hemorrhoidal  condition 
of  the  vessels  would  certainly  predispose  to  bleeding. 
Operations  performed  during  the  existence  of  acute 
inflammation,  edema,  or  ulceration  are  more  likely 
to  be  succeeded  by  bleeding  than  when  made  for 
simple  prolapsus. 

The  character  of  the  bleeding  is  usually  arterial, 
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as  is  evidenced  by  the  color  of  tlie  blood,  the  spurting 
of  the  vessels,  and  the  pulsation  of  the  stump.  Never- 
theless, venous  hemorrhage  is  sometimes  noticed. 

Troublesome  bleeding  is  not  necessarily  attributable 
to  the  removal  of  too  much  of  the  uvula,  for  a  simple 
clipping  has  caused  profuse  hemorrhage,  while  ex- 
tensive removals  may  be  almost  bloodless.  The  exist- 
ence of  the  hemorrhagic  diathesis  would  of  course 
exert  an  influence  in  rendering  bleeding  after  uvulot- 
omy  persistent. 

The  most  reliable  surgical  methods  for  controlling 
uvular  hemorrhage  are  the  ligature,  compression  by 
the  clamp  or  forceps,  or  the  use  of  the  galvanocautery 
or  the  actual  cautery. 

The  most  reliable  styptics  are,  in  the  order  named, 
adrenalin,  solutions  of  antipyrin,  tannogallic  acid, 
alum,  ice,  and  the  solid  silver  nitrate,  directly  applied 
to  the  bleeding  stump. 

Of  course,  the  patient  should  refrain  from  attempts 
at  clearing  the  throat  and  from  coughing. 

Occasionally  the  operation  of  uvulotomy  is  fol- 
lowed by  a  somewhat  slow  process  of  healing,  and 
attended  with  considerable  pain,  deglutition  be- 
coming almost  impossible,  and  even  the  swallowing 
of  the  saliva  causing  inconvenience.  Bland  and 
unirritating  food  should  be  taken  until  the  healing 
process  is  fairly  completed.  IVIeanwhile  the  use  of 
tobacco  and  of  alcohol  must  be  interdicted.  Gum 
arabic,  or  a  marshmallow  drop  allowed  to  dissolve  in 
the  mouth,  will  give  decided  relief,  while,  in  case  the 
granulations  become  exuberant,  an  application  of  the 
solid  nitrate  of  silver  will  hasten  recovery.  Cracked 
ice  freely  used  is  very  valuable.  When  much  pain  is 
experienced  in  swallowing,  the  application  of  adrenalin 
is  indicated.  Pain  reflected  to  the  ears  may  be  annoy- 
ing. The  highest  authorities  are  unanimous  in  insist- 
ing upon  the  deleterious  effects  of  an  elongated  uvula 
upon  the  voice,  and  upon  the  vital  importance  to  that 
function  of  remedying  the  evil. 

Malformations  of  the  uvula  are  not  infrequent. 
In  addition  to  asymmetry  or  absence  of  the  part, 
two  common  varieties  of  deformity  are  met  with, 
viz.,  congenital  elongation,  and  the  condition  known 
as  bifid  or  double  uvula.  In  the  former  the  whole 
structure,  including  the  muscular  tissue,  is  lengthened 
to  a  greater  or  less  degree  beyond  the  normal  limit, 
the  amount  of  elongation  in  some  recorded  instances 
being  incredible. 

Congenital  elongation  of  the  uvula  has  been  ob- 
served by  the  writer  as  an  hereditary  trait,  several 
members  of  the  same  family  showing  the  same  con- 
dition of  general  hypertrophy  and  lengthening.  The 
condition  is  easily  remedied  by  the  amputation  of 
the  redundant  part. 

Bifurcation  of  the  uvula,  a  result  of  arrested  develop- 
ment, is  quite  common.  It  may  be  regarded  as  the 
least  possible  manifestation  of  cleft  palate  (q.r.),  and 
may  occur  in  any  degree,  from  a  slight  indentation 
at  the  tip  of  the  organ  to  complete  division  of  it  to 
its  base.  It  often  exists  without  giving  rise  to  symp- 
toms indicative  of  its  presence.  When  it  is  attended 
with  much  hypertrophy  it  causes  the  same  abnormal 
symptoms  which  are  observed  in  ordinary  hyper- 
trophy. Abscission  of  the  redundant  portion  is 
effective  in  securing  relief.  This,  however,  is  a 
clumsy  method  of  operation,  since,  if  the  bifurcation 
be  extensive,  a  broad,  truncated  stump  is  left.  To 
avoid  this,  in  the  opinion  of  the  writer,  some  attempt 
at  a  plastic  operation  should  be  made,  in  order  to 
secure,  if  possible,  the  union  of  the  two  stumps  in 
the  median  line.  This  may  be  accomplished,  in  the 
majority  of  instances,  by  first  removing  the  tips  of 
the  two  uvuUe,  and  then  denuding,  with  small  curved 
scissors  the  inner  aspect  of  each  well  up  to  the  base. 

New  Growths. — Papillomatous  growths,  generally 
of  small  size,  but  sometimes  of  sufficient  dimensions 
to   cause   irritation,   are   occasionally  seen   upon   the 
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uvula.  They  are  usually  located  near  its  free  ex- 
tremity and  may  be  either  pedunculated  or  sessile. 
Myxomata  of  the  uvula  are  occasionally  seen. 
Angiomata  or  vascular  growths  may  also  occur. 

Occasionally  a  benign  growth  may  be  attached 
to  a  pedicle  so  long  that  the  tumor  itself  escapes 
observation  until  drawn  upward  and  forward.  In 
all  of  these  cases  amputation  of  the  uvula  above  the 
site  of  the  growth  is  at  once  successful  in  relieving 
the  difficulty. 

Malignant  growths  of  the  uvula  and  soft  palate  are 
occasionally  encountered,  usually,  however,  as  an 
extension  of  the  disease  from  adjacent  parts. 

Syphilis,  tuberculosis,  lupus,  and  lepra  of  the  velum 
and  uvula  are  met  with,  the  first  often,  the  last  three 
rarely. 

The  main  points  in  the  differential  diagnosis  be- 
tween them  are,  that  in  syphilis  the  various  lesions 
common  to  this  disease  are  usually  disposed  upon  the 
soft  palate  in  a  markedly  symmetrical  arrangement, 
they  are  but  slightly  painful,  and  they  j-ield  quickly 
to  specific  treatment.  Tuberculous  ulcers  are  far 
less  common  than  the  former;  they  are  usually  super- 
ficial; they  often  give  rise  to  extreme  pain,  and  they 
coexist  with  well-marked  disease  of  the  lungs,  and 
generally  with  other  manifestations  of  ulceration  in 
the  pharynx.  The  differentiation  of  lupus  from 
syphilis  of  the  soft  palate  is  sometimes  difficult, 
especially  if  the  patient  be  also  suffering  from  general 
syphilis.  The  chief  characteristics  of  lupus  are  that 
the  normal  sensitiveness  of  the  part  is  maintained; 
or,  if  altered,  there  is  anesthesia.  The  tubercles  are 
multiple,  which  distinguishes  the  disease  from  car- 
cinoma; they  are  rounded,  their  surface  is  smooth 
and  glistening,  and  their  color  is  bright  red.  They 
are  firm  in  consistence,  but  less  firm  than  epitheliomaf 
The  diagnosis  may  be  confirmed  by  the  presence  of 
external  manifestations  of  the  disease.  Lesions  or 
the  mucous  membranes,  common  in  leprosy,  never 
occur  until  the  disease  has  clearly  manifested  itself 
in  other  parts  of  the  body.  As  a  rule,  therefore, 
little  doubt  can  arise  as  to  the  true  nature  of  the 
pharyngeal  disease.  Here,  as  elsewhere,  the  course 
of  lepra  is  one  of  active  and  widespread  destruction. 
Pemphigus,  in  the  rare  cases  present  in  the  throat,  will 
always  be  found  in  other  parts  as  well. 

Syphilis  op  the  Velum  Palati. — The  occurrence 
of  the  primary  lesion  of  syphilis,  although  now  and 
then  observed  upon  the  tonsil,  is,  upon  the  velum, 
almost  unknown. 

In  the  secondary  manifestations  of  the  disease, 
however,  the  soft  palate  and  uvula  are  frequently 
involved.  The  conditions  presented  are  those  com- 
monly seen  in  the  adjacent  parts  of  the  oral  cavity, 
and  include  simple  erj-thema  or  congestive  patches 
symmetrically  disposed,  submucous  infiltration, 
mucous  tubercles,  followed  by  mucous  patches,  or 
by  the  formation  of  condylomata.  A  peculiar 
feature  of  these  manifestations  is  their  symmetry, 
which,  as  is  often  seen  upon  the  uvula,  is  so  well 
marked  as  to  attract  the  attention  of  the  observer. 
Early  in  the  disease  the  congestion  may  be  so  indis- 
tinct as  to  escape  observation.  Gentle  irritation, 
however,  will  often  cause  the  distinctive  character 
to  be  intensified.  Considerable  rise  of  temperature 
often  accompanies  the  first  appearance  of  this  form 
of  sore  throat. 

The  tertiary  form  of  syphilis  may  occur  in  the  soft 
palate  at  any  period  of  time  beyond  two  years  after 
the  primary  infection.  It  is  characterized  by  true 
ulceration  or  loss  of  tissue,  and  is  the  result  of  the 
degeneration  of  gummatous  deposit. 

Adhesion  of  the  Soft  Palate. — This  condition 
may  be  due  to  traumatism  and  7iot  infreqiiinlly 
resiills  from  operations  upon  the  tonsils  and  adciKiids 
badly     performed.      The      application     of      chemical 


REFERENCE    HANDBOOK   OF   THE   MEDIC.\L  SCIENCES 


Lvula  and  Soft  Palate 


oiiustics  and  of  the  galvanocautery  to  the  naso- 
pharyngeal region  has  been  followed  by  it. 

Tlie  effects  upon  the  velum  palati  of  tertiary  syphilis 
are  often  most  disastrous.  A  frequent  seat  of  gum- 
matous infiltration,  its  exposed  situation  and  delicate 
texture  render  it  liable  to  serious  injury  as  the  result 
of  tertiary  ulcerative  processes.  Those  are  often 
characterized  by  extensive  loss  of  substance,  and  are 
followed  by  marked  cicatricial  contraction  and  the 
formation  of  adhesions  between  the  remaining  tissue 
and  the  neighboring  soft  parts,  which  not  only 
destroy  the  velum  itself  and  abolish  its  functions,  but 
result  in  a  closure  or  a  shutting  off  of  the  upper 
pharynx  from  the  lower.  This  closure  is  more  or 
less  complete  in  proportion  to  the  extent  of  adhesion 
present,  and  may  vary  from  a  slight  narrowing  of 
the  aperture,  due  to  adhesions  at  the  outside  angles 
of  the  velum,  up  to  a  degree  of  occlusion  which 
seems  absolute.  Two  varieties  of  eases  may  be  de- 
scribed: (1)  Those  in  which  simple  ulceration  has 
taken  place,  at  or  near  the  margins  of  the  velum, 
without  material  loss  of  substance.  In  such  cases, 
the  adhesions  being  limited  to  a  somewhat  narrow 
band  of  union  between  the  edge  of  the  velum  and  the 
pharynx,  and  the  greater  part  of  the  velum  itself 
being  intact,  the  prognosis  is  good.  (2)  When  the 
loss  of  substance  has  been  considerable,  and  when  the 
soft  palate  has  become  extensively  adherent  to  the 
pharynx,  relief  becomes  a  matter  of  extreme  difficulty, 
and,  in  many  eases,  is  next  to  impossible  by  any  known 
plan  of  treatment.  In  the  worst  cases  the  whole 
posterior  surface  of  the  velum,  and  the  superior  sur- 
face of  the  soft  palate,  seem  to  be  firmly  incorporated 
with  the  posterior  pharyngeal  wall.  In  these  cases 
the  roof  of  the  mouth  and  the  posterior  wall  of  the 
pharynx  seem  to  be  continuous,  the  line  of  adhesion 
not  being  traceable  in  the  confused  mass  of  cicatricial 
bands  which  represent  the  original  structures,  and 
which  are  sometimes  disposed  in  the  shape  of  irregular 
vertical  digitations,  between  which  there  may  be  one 
or  more  places  in  which  the  adhesion  is  incomplete, 
and  through  which  a  probe  may  be  passed.  Cases, 
however,  in  which  complete  occlusion  has  actually 
taken  place  are  rare.  Should  the  opening  be  invisible 
upon  inspection  of  the  pharynx,  it  maj'  generally  be 
demonstrated  by  forcing  air  into  the  nasal  cavities 
by  means  of  a  Politzer  infiator.  If  an  opening  exists, 
its  presence  will  be  indicated  by  the  appearance  of 
bubbles  in  the  pharynx,  when  the  air  is  forced  through 
the  opening. 

The  results  of  extensive  adhesion  of  the  velum  to 
the  pharynx  are  most  distressing,  and  may  be  summed 
up  as  follows:  (1)  Mouth-breathing,  with  all  of  its 
attendant  evil  results;  (2)  impairment  of  the  quality 
and  tone  of  the  voice;  (3)  interference  with  drainage 
from  the  nasal  cavities  and  nasopharynx;  (4)  conse- 
quent upon  this,  loss  of  hearing  from  irritation  of  the 
Eustachian  tube,  and  from  the  almost  inevitable 
occurrence  of  serious  middle-ear  disease;  (5)  loss  of 
the  sense  of  olfaction,  owing  to  the  lack  of  a  current 
of  air  through  the  nasal  passages,  such  a  current  being 
necessary  to  bring  the  odoriferous  particles  in  contact 
with  the  olfactory  membrane.  When  the  passage  to 
the  lower  part  of  the  pharynx  is  contracted,  there  is 
sometimes  dysphagia  as  well  as  dyspnea. 

The  treatment  of  this  condition  consists  in  the 
attempt  to  separate  the  adherent  tissues,  and  to  es- 
tablish, more  or  less  perfectly,  communication  between 
the  upper  and  the  lower  pharynx.  To  carry  out  this 
design  with  success  is  one  of  the  most  difficult  prob- 
lems of  surgery.  Perforation  of  the  velum  through 
the  breaking  down  of  gummatous  deposits  is  said  to 
be  a  cause  of  serious  danger  to  that  organ,  since, 
having  thereby  lost  to  a  greater  or  less  degree  its 
muscular  vigor  and  resiliency,  it  is  li.able  fo  swing 
backward  against  the  pharynx,  instead  of  being  held 
at  a  normal  distance  from"  it.  Furthermore,  a  per- 
foration renders  it  all  the  more  liable  to  form  adhe- 


sions subsequently  with  neighboring  parts.  Tin- 
mechanism,  however,  by  which  adhesion  commonly 
takes  place,  is  the  same  as  that  which  is  observed  in 
the  cicatricial  union  of  the  fingers  of  the  hand  follow- 
ing burns.  Despite  all  possible  care,  the  cicatrizing 
surfaces  begin  to  unite  at  the  bottom  of  the  angle 
between  the  members,  and  the  process  of  adhesion 
continues  until  the  denuded  surfaces,  throughout  their 
whole  extent,  have  become  firmly  joined  to  each 
other. 

In  the  treatment  of  these  unfortunate  ca,ses  tlie 
first  care  should  be  to  prevent  adhesion,  by  checking 
with  all  possible  diligence  the  appearance  and  spread 
of  ulceration  upon  the  parts.  Not  only  should  the 
iodide  of  potassium  be  freely  administered,  combined 
if  necessary  with  mercury,  but  local  applications 
should  also  be  made  to  the  ulcers:  of  nitrate  of  silver, 
or  the  acid  nitrate  of  mercury,  if  they  be  .spreading,  or 
of  a  solution  of  sulphate  of  copper  (gr.  xv.  ad  3  '■)  if 
they  be  indolent.  If  this  treatment  fails,  means 
should  be  used  to  keep  the  ulcerated  .surfaces  apart. 
For  this  purpose  several  methods  have  been  proposed, 
but  as  they  apply  as  well  to  the  separation  of  the  parts 
after  operation,  they  will  be  described  later. 

The  prognosis  as  to  the  results  of  operation  must 
depend  largely  upon  the  extent  of  deformity  present 
in  a  given  case.  Where  the  degree  of  adhesion  is  com- 
paratively slight,  the  adherent  surfaces  may  be 
separated  by  means  of  a  small,  flat  knife.  As,  how- 
ever, the  separated  parts  have  a  very  strong  tendency 
to  reunite,  it  will  be  necessary,  after  operation,  to  use 
means  for  preventing  such  a  reunion.  Of  these  the 
simplest  is  the  application  to  the  cut  surfaces  of 
monoehloracetic  acid.  This  forms  an  adherent  es- 
char, under  which  the  healing  process  seems  to  pro- 
gress to  such  a  degree  that,  when  the  eschar  separate.? 
and  comes  away,  the  period  in  which  adhesion  would 
have  taken  place  has  passed,  and  the  parts  heal 
without  uniting. 

Few  cases,  however,  are  so  simple  as  to  render  the 
above  method  possible.  Perhaps  the  most  valuable 
plan  of  treatment  yet  suggested  is  to  separate  the 
united  parts  by  means  of  the  galvanocautery,  and 
then  to  use  great  diligence  in  keeping  them  apart,  and 
in  maintaining  full  dilatation  of  the  pa.ssage.  This 
may  be  done  by  repeatedly  drawing  forward  the 
remnant  of  the  velum  by  means  of  a  palate  hook — a 
procedure  which  the  patient  can  carry  out  himself; 
or,  as  has  been  suggested,  a  piece  of  tape  may  be 
passed  through  each  nostril  and  out  at  the  correspond- 
ing angle  of  the  mouth,  the  velum  being  thus  drawn 
away  from  the  posterior  pharyngeal  wall;  or,  finally, 
giving  the  best  results,  a  piece  of  metal  shaped  to  fit 
the  space  between  the  velum  and  the  pharynx  may 
be  suspended  from  two  stout  threads  passed  forward 
through  the  nose,  and  tied  so  as  to  hold  the  plate  in 
position.  This,  worn  constantly,  serves  as  a  perma- 
nent dilator. 

Since  rcadhesion  after  operation  is  due  to  granula- 
tion and  union  at  the  external  angles  of  the  wound,  as 
in  web  finger,  Nichols  has  devised  the  following  excel- 
lent operation:  Before  attempting  the  separation  of 
the  velum  from  the  posterior  wall  of  the  pharynx, 
openings  should  be  made  through  the  adhesions  and 
at  their  extreme  outer  angle,  one  on  each  side.  These 
openings  should  be  kept  packed  until  their  surfaces 
have  healed.  Thus  the  granulating  angle  will  have 
been  destroyed,  and  in  favorable  cases  the  remaining 
adhesions  can  be  separated  and  kept  apart  with 
success. 

In  cases  in  which  the  degree  of  deformity  is  exces- 
sive, more  recently  Roe  and  McKenty  have  each 
described  operations  promising  better  results  than 
any  heretofore  suggested — the  best  that  has  hitherto 
been  accomplished  has  been  to  widen  the  channel  of 
communication  between  the  upper  and  lower  pharynx 
sufficiently  to  allow  the  nasal  secretions  to  be  drained 
away.     This  has  been  done  by  applications  of  the 
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galvanocaustic  knife,  followed  by  persistent  dilata- 
tion, practised  by  the  patient  himself  by  means  of 
some  form  of  sound.  It  is  highly  probable  that  by 
the  last-mentioned  method  an  opening  of  considerable 
size  may  be  maintained.  Preliminary  to  operating 
upon  such  a  case,  much  aid  may  be  secured  by  passing 
a  sound  backward  through  the  nose,  and  demonstrat- 
ing the  lowest  and  most  superficial  point  of  the 
pharyngeal  pouch.  By  cutting  against  the  point  of 
the  sound  used  as  a  guide,  an  entrance  may  easily  be 
effected. 

Finally,  it  must  be  said  that,  although  the  prognosis 
as  to  relief  of  adhesion  of  the  soft  palate  to  the  pharynx 
is  often  most  unpromising,  much  may  be  done  to  help 
the  sufferer  by  skill,  ingenuity,  and  unremitting  pa- 
tience in  the  application  of  the  means  already  at 
hand. 

Neuroses  op  the  Veltjm  Palati  ajjd  Uvula. — These 
may  be  either  sensory  or  motor.  With  the  former 
may  be  classed  anesthesia,  hyperesthesia,  paresthesia, 
to  which  may  be  added  vasomotor  neuroses,  and,  pos- 
sibly, neuralgia.  Motor  disturbances  include  spasm, 
or  increased  mobility,  and  paralysis,  or  diminished 
mobility.  The  causes  of  these  neuroses  may  be  either 
central  or  peripheral,  and  they  may  be  either  unilateral 
or  bilateral. 

In  addition  to  the  central  causes  which  may  produce 
anesthesia  of  the  velum,  it  may  also  be  present  in  epi- 
lepsy, chorea,  and  hysteria.  It  commonly  occurs 
after  diphtheria.  It  may  be  caused  artificially  by 
certain  drugs,  among  which  may  be  mentioned  co- 
caine, morphine,  chloral,  and  bromide  of  potassium. 
The  symptoms,  if  present,  consist  usually  in  a  feeling 
of  relaxation  of  the  part,  or  a  sensation  as  of  the  pres- 
ence of  cotton  or  wool  in  the  pharynx,  sometimes 
associated  with  a  feeling  of  pain. 

Hyperesthesia  is  often  met  with,  and  may  be  due  to 
elongation  of  the  uvula,  inflammations  of  the  pharynx, 
acute  and  chronic,  the  presence  of  a  new  growth,  or  a 
dilated  condition  of  the  blood-vessels. 

Neuralgia  seems  to  exist  in  certain  rare  cases,  in 
which,  without  apparent  cause,  lancinating  pain  is 
experienced,  and  areas  of  localized  tenderness  may 
be  found. 

Paresthesia  often  occurs.  Schech  observes  that  the 
affection,  when  independent  of  disease  of  the  mucous 
membrane,  is  most  frequently  associated  with 
hysteria  and  hypochondriasis,  or  with  a  fear  of  diph- 
theria or  syphilis.  Those  individuals  are  most  prone 
to  it  whose  occupation  demands  excessive  use  of  the 
vocal  organs  as  also  are  chlorotic  or  anemic  persons, 
women  who  suffer  from  gastric  or  uterine  disease,  and 
those  whose  temperament  is  excitable;  more  rarely  it 
is  a  symptom  of  disease  of  the  brain,  or  of  bulbar 
paralysis. 

Of  the  motor  disturbances  from  which  the  velum 
may  suffer,  spasm  is  the  more  unusual.  It  is  almost 
always  associated  with  a  similar  condition  of  the 
pharynx,  and  is  found  associated  with  the  same 
disorders  as  those  which  cause  it  in  the  latter 
region. 

Paralysis  of  the  velum  is  a  common  condition,  and 
one  of  much  importance.  It  may  be  due  to  central 
causes,  such  as  acute,  chronic,  and  degenerative  dis- 
eases of  the  brain;  to  diphtheria;  to  local  diseases;  or, 
finally,  it  may  be  associated  with  facial  paralysis. 
The  paralysis  may  be  either  unilateral  or  bilateral, 
partial  or  complete.  When  it  is  unilateral  the  velum 
and  uvula  are  drawn  toward  the  unaffected  side,  the 
faucial  arch  on  the  affected  side  is  wider,  and  that  of 
the  sound  side  is  narrower  than  normal.  During 
phonation  there  is  distinct  distortion  toward  the 
healthy  side.  In  bilateral  paralysis  the  uvula  hangs 
loosely  in  the  pharynx,  showing  no  sign  of  voluntary 
motion,  and  flapping  back  and  forth  with  the  acts 
of  respiration.  During  phonation,  in  partial  paralysis, 
a  slight  upward  movement  of  the  soft  palate  may  be 
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noticed,  while,  when  the  paralysis  is  complete,  it 
reinains  immovable. 

Besides  the  causes  mentioned,  there  are  several 
influences  under  which  paretic  conditions  of  the 
velum  may  occur.  Thus,  it  is  not  uncommon  to  find 
tiiis  organ  more  or  less  paralyzed  after  severe  acute 
affections  of  the  pharynx  other  than  diphtheria,  and 
while  the  presence  of  such  paralysis,  after  what  ap- 
peared to  have  been  a  simple  follicular  tonsillitis,  may 
cause  the  accuracy  of  the  diagnosis  to  be  held  in 
question  and  suggest  the  presence  of  diphtheria,  there 
are  so  many  other  disorders,  evidently  not  diphtheritic, 
by  which  it  may  be  brought  about  that  its  occurrence 
from  simple  causes  seems  probable. 

Not  only  may  paresis  be  found  after  acute  affections 
of  the  throat  and  nasopharynx,  but,  as  is  more  com- 
mon, it  may  be  present  in  chronic  conditions,  as,  for 
instance,  chronic  pharyngeal  catarrh,  chronic  hyper- 
trophy of  the  tonsils,  and  hypertrophy  of  the  adenoid 
tissue  at  the  pharyngeal  vault.  It  is  found  in  cases 
of  chronic  nasal  catarrh,  and  associated  with  pos- 
terior hypertrophy  of  the  inferior  turbinated  bodies. 
It  may  also  occur  as  an  accompaniment  of  an 
elongated  uvula. 

The  results  of  this  condition  are  generally  evident, 
both  to  the  patient  and  to  the  observer,  and  it  is 
probable  that  the  defects  of  speech  generally  present 
in,  and  attributed  to,  adenoid  hypertrophy  at  the 
vault,  are  often  due  rather  to  the  attendant  paresis 
of  the  soft  palate  than  to  the  mechanical  obstruction 
of  the  pharynx. 

The  treatment  of  neuroses  of  the  soft  palate  must 
be  conducted  in  accordance  with  the  exciting  cause 
present  in  a  given  case.  This  must  be  demonstrated, 
and,  if  possible,  removed.  Catarrhal  conditions 
must  be  treated,  hypertrophied  masses  of  adenoid 
tissue  must  be  removed,  and  the  various  systemic 
disorders  with  which  it  may  be  associated  properly 
dealt  with. 

Locally,  direct  therapeutic  measures  are  required, 
the  most  important  thing  being  to  restore  tone  to  the 
enfeebled  muscular  structures.  To  this  end  the 
faradic  current  is  valuable,  the  negative  pole  being 
applied  to  the  affected  part,  or  outside,  along  the  angle 
of  the  jaw.  Systematic  exercise  of  the  velum  is  also 
beneficial,  and  may  be  secured  by  such  gymnastic 
exercises  as  frequent  gargling,  the  singing  of  high 
notes,  or,  better  still,  blowing  through  a  small  tube. 
In  the  case  of  children  this  may  be  accomplished  by 
allowing  the  patient  to  practise  daily  at  blowing  soap 
bubbles.  D.   Bryson  Delavan. 


Vaccination. — Edward  Jenner,  who  introduced 
vaccination,  was  born  in  Berkeley,  Gloucestershire, 
England,  in  1749.  He  was  the  son  of  Stephen  Jenner, 
rector  of  Rockhampton,  and  studied  medicine  under 
the  celebrated  John  Hunter.  In  1798  he  published  a 
modest  brochure  entitled  "An  Inquiry  Into  the  Causes 
and  Effects  of  the  Variolae  VaecinEe,  A  Disease  Dis- 
covered in  Some  of  the  Western  Countries  of  Eng- 
land, Particularly  Gloucestershire,  and  known  by 
the  Name  of  Cowpox."  This  publication  attracted 
attention  in  England  and  soon  throughout  the  civil- 
ized world. 

Jenner  was  obliged  for  a  number  of  years  to  protect 
the  reputation  of  vaccination  from  attacks  made 
upon  it,  but  finally  overcame  his  detractors  and 
received  the  acclaim  of  the  scientific  world.  In 
1802,  he  was  voted  a  grant  of  10,000  pounds  by 
Parliament,  and  in  1807,  a  further  grant  of  20,000 
pounds. 

The  most  distinguished  scientific  bodies  vied  with 
each  other  in  conferring  honors  upon  Jenner.  From 
1801  to  1822  he  received  no  less  than  twenty-eight 
diplomas  from  institutions  of  learning  and  scientific 
societies  in  every  country  of  Europe,  and  in  the 
United    States    and    Canada.     Complimentary    ad- 
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dresses  were  sent  to  him  by  public  bodies,  b.v  royal 
personages  and  by  eminent  individuals  throughout 
the  world.  Within  a  period  of  six  years  eight 
medals  were  struck  in  Europe  in  honor  of  the 
great  discovery.  _  In  lSO-1  one  of  the  most  beautiful 
of  the  Napoleonic  series  of  medals  appeared,  com- 
memorative of  the  emperor's  estimate  of  the  value  of 
vaccination. 

At  the  present  day,  living  in  a  country  in  which 
smallpox  is  relatively  rare,  we  are  prone  to  under- 
estimate the  importance  of  the  discovery  of  vaccina- 
tion. It  must  be  remembered  that  in  the  seventeenth 
and  eighteenth  centuries  smallpox  was  a  dreaded 
scourge  that  attacked  a  great  majority  of  the  people. 
It  was  estimated  that  on  an  average  400,000  persons 
succumbed  to  smallpox  in  Europe  each  year.  Most 
children  in  London  had  smallpox  before  the  seventh 
year  of  life.  A  German  proverb,  indicative  of  the 
prevalence  of  the  disease,  reads:  "From  smallpox 
and  love  but  few  remain  free." 

Smallpox  respected  neither  age,  sex  nor  condition 
of  life.  Kings,  Queens,  and  Princes,  despite  their 
opportunity  to  migrate  from  stricken  districts  to  their 
palaces  elsewhere,  commonly  fell  victims  to  the 
disease.  Of  the  members  of  the  Royal  families 
who  succumbed  to  smallpox  may  be  mentioned: 
William  II,  of  Orange;  Emperor  Joseph  I,  of  Austria 
(1711);  Louis  XV,  of  France;  a  son  of  Louis  XIV  (the 
grand  Dauphin) ;  two  children  of  Charles  I,  of  England, 
one  of  them  Mary,  Princess  of  Orange,  mother  of 
William  III,  and  the  other,  the  Duke  of  Gloucester 
(1060);  the  beautiful  Queen  Mary,  daughter  of  James 
II  and  wife  of  Prince  William,  of  Orange  (lllOo); 
Princess  Louisa,  a  daughter  of  James  II;  the  Duke  of 
Cambridge,  infant  son  of  the  same  monarch;  Peter 
II,  Emperor  of  Russia;  Henry,  Prince  of  Prussia; 
Maximilian,  the  last  Elector  of  Bavaria;  two  German 
Empresses,  one  the  wife  of  Joseph  II;  six  Austrian 
Arciidukes  and  Archduchesses;  an  Elector  of  Saxony; 
and  the  Queen  of  Sweden  (1741). 

The  following  were  severely  attacked,  but  recovered : 
Queen  Anne,  of  England;  Peter  III,  of  Russia;  Louis 
XIV,  of  France;  William  of  Orange,  afterward 
William  III;  James  Francis  Edward  (the  Chevalier 
dc  Saint  George,  son  of  James  II);  and  Empress 
Maria  Theresa,  of  Austria.  Our  own  George  Wash- 
ington was  "strongly  attacked  by  the  smallpox" 
during  his  early  manhood  while  on  a  visit  to  the  West 
Indies.  I  do  not  know  of  a  single  death  from  small- 
pox in  a  Royal  personage  that  has  taken  place  since 
the  introduction  of  vaccination. 

Decline  of  Smallpox  after  the  I  nfrodur.tion  of  Vaccina- 
tion.— In  most  of  the  countries  of  western  Europe 
there  was  noted  about  the  beginning  of  the  nineteenth 
century  a  sudden  and  pronounced  decrease  in  the 
morbidity  and  mortality  of  smallpox.  Inasmuch  as 
this  was  coincident  with  the  diffusion  of  the  practice 
of  vaccination,  there  is  strong  reason  to  regard 
Jenner's  epoch  making  discovery  as  the  causative  in- 
fluence. The  careful  records  of  smallpox  mortality 
which  were  kept  in  various  countries,  particularly  in 
Sweden  and  England,  make  it  possible  to  prove  by 
documentary  evidence  that  a  marvelous  decrease  in 
the  deaths  from  smallpox  occurred  within  a  short 
period  after  the  introduction  of  vaccination.  In 
the  twenty-eight  years  before  the  introduction  of  vaccina- 
tion in  Sweden  there  died  each  year  from  smallpox  out 
of  each  1,000,000  of  jjopulation  2,0.50  persons;  during 
the  forty  years  followinf/  racciniilion,  out  of  each  1,000.- 
000  of  population  the  smallijox  deaths  annually 
averaged  158. 

During  the  seven  years  preceding  the  introduction 
of  vaccination  in  Prague,  smallpox  caused  one  twelfth 
of  the  total  number  of  deathx;  during  the  twenty  years 
following  the  introduction  of  vaccination,  smallpox 
caused  but  one  four-hundred-and-Jifty-scrcnth  of  the 
total  n  umber  of  deaths. 

Smallpo.r  Statistics  of  Germany.— In  1874  Germany 


passed  a  compulsory  vaccination  and  revacciiiation 
law.  This  law  has  been  more  thoroughly  enforced 
than  the  vaccination  law  of  any  other  great  country 
of  Europe.  It  is  obviously  of  importance,  in  judg- 
ing of  the  efBcacy  of  vaccination  from  statistics  drawn 
on  a  massive  scale,  to  note  the  influence  of  such  a  law 
on  the  prevalence  and  mortality  of  smallpox  in  Ger- 
many, and  to  compare  the  results  with  those  obtained 
in  other  European  countries  under  less  stringent  vac- 
cination requirements. 

It  must  here  be  pointed  out  that  it  is  important  to 
recognize  the  distinction  between  law  and  the  enforce- 
ment thereof.  Many  countries  have  excellent  vac- 
cination laws  but  sorne  of  them  are  most  inefficiently 
carried  out.  Only  in  such  countries  as  possess  a 
stable  and  efficient  government,  and  in  which  the 
people  have  a  high  respect  for  the  law,  can  vaccina- 
tion regulations  be  well  administered. 

It  niust  also  be  recognized  that  even  in  such  a  well- 
vaccinated  country  as  Germany,  there  will  always 
be  some  thousands  of  unprotected  persons.  In  the 
first  place,  infants  are  not  obliged  to  be  vaccinated 
until  they  reach  the  age  of  one  to  two  years.  .\ 
small  percentage  of  vaccinations  will  fail  to  take; 
although  these  may  not  exceed  two  or  three  per  cent., 
yet  the  aggregate  among  one  and  a  half  million 
primary  vaccinations  yearly,  would  reach  considerable 
figures. 

Then  there  is  a  certain  amount  of  evasion  of  the 
law  by  removal  and  other  causes.  There  is,  in  a 
proportion  of  cases,  postponement  of  vaccination 
because  of  physical  disabihty.  Finally,  the  ingress 
into  the  country  of  foreigners  who  have  not  been 
subject  to  the  vaccination  laws  of  the  land.  These 
causes  operate  to  supply  susceptible  material  even  in 
generally  well-vaccinated  countries. 

A  remarkable  decline  in  smallpox  mortality  is 
apparent  in  Germany  beginning  with  1875.  This 
decline  has  continued  down  to  the  present  time  and 
Germany  may  be  said  to  have  exterminated  smallpox 
as  an  epidemic  diease.  To  what  can  the  inauguration 
of  this  decline  be  attributed?  Tiiere  can  be  little 
doubt  that  the  dominant  factor  was  the  compulsory 
vaccination  law  of  1874,  which  went  into  operation  in 
1875. 

Before  proceeding  to  a  more  detailed  discu.«sion 
of  the  results  of  this  law,  we  will  advert  to  the  great 
epidemic  of  smallpox  of  1871-75.  This  epidemic 
originated  in  France  in  1S70,  and  during  the  Franco- 
Prussian  war  was  carried  throughout  Germany;  it 
later  spread  all  over  Europe  and  even  reached  Ameri- 
can shores.  While  the  fatality  of  this  epidemic  was 
unusually  great,  the  force  of  the  epidemic  in  most 
countries  was  spent  within  two  years,  differing  in 
this  respect  from  the  continuous  outbreaks  of  the 
seventeenth  and  eighteenth  centuries. 

The  opponents  of  vaccination  have  contended  that 
Germany  was  a  well  vaccinated  country  and  that  it 
had  compulsory  vaccination  prior  to  1870.  The  facts 
do  not  bear  out  these  allegations,  and  there  is  consider- 
able Gorman  somi-otiicial  testimony  to  the  contrary. 
Furthermore,  statistical  tables  have  been  in  evidence, 
showing  that  a  considerable  percentage  of  infants 
born  escaped  vaccination  particularly  in  the  period 
from  1865  to  1S70.  Finally  there  "was  admittedly 
no  law  requiring  revaccination,  so  that  even  though 
the  bulk  of  the  people  had  been  vaccinated  early  in 
life,  the  vaccinal  immunity  would  in  middle  and 
advanced  life  have  been  greatly  weakened  or,  indeed, 
entirely  exhausted. 

The  insufficient  protection  conferred  for  life  by  a 
single  vaccination  in  infancy  was  emphasized  in  this 
severe  epidemic,  and  this  led  the  German  Govern- 
ment to  increase  the  rigor  of  her  vaccination  require- 
ments. Since  the  supplementary  requirement  of 
revaccination,  Germany  has  not  had  a  smallpox 
epidemic.  This  immunity  from  epidemic  smallpox 
has   now   covered   a   period   of   thirty-nine   years,   a 
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sufficiently  long  period  to  enable  one  to  assert  that 
the  freedom  is  not  a  temporary  or  accidental  one. 

During  the  past  twenty-two  years  (from  1889  to 
1910)  the  average  number  of  deaths  from  smallpox 
in  the  entire  German  Empire,  has  been  only  fifty-three 
per  year.  (Population  fifty  to  sixty  millions.)  No 
other  great  country  of  the  world  can  boast  of  such 
low  figures.  In  the  year  1897,  there  were  only  five 
deaths  from  smallpox  throughout  Germany.  From 
the  year  1886  to  the  present  day,  the  smallpox 
mortality  in  Germany  has  never  reached  one  per 
hundred  thousand  of  population,  and  since  1892,  it 
has  not  reached  one  per  two  hundred  thousand  of 
population. 

These  remarkable  figures  are  all  the  more  significant 
when  we  consider  that  Austria,  one  of  Germany's 
neighbors  had,  for  twenty  years  following  1874,  .al- 
most thirty  times  higher  smallpox  mortality  than 
Germany.  During  this  period  239,800  persons  per- 
ished in  Austria  from  smallpox. 

The  sm.allpox  mortality  in  Russia,  another  neighbor 
of  Germany,  has  been  much  higher  than  that  of 
Austria.  From  1901  to  1908  Russia  has  lost  on  an 
average  by  smallpox,  38,8.33  persons  per  year.  And 
this  is  in  a  territory  covering  but  sixty  to  seventy 
millions  of  Russia's  population. 

In  considering  evidence  on  the  subject  of  the  efficacy 
of  vaccination,  it  is  pertinent  to  inquire  why  Germany 
has  the  lowest  smallpox  mortality  of  all  of  the  great 
countries  of  Europe.  It  wouki  be  misleading  to 
select  for  comparison  countries  which  are  essentially 
different  in  their  sanitary  administration.  It  would 
be  unfair,  for  instance,  to  compare  the  smallpox 
mortality  of  Germany  with  that  of  Russia,  Austria, 
Spain,  or  Italy  which  have  all  suffered  in  the  past 
quarter  of  a  century  an  enormous  loss  of  life  from 
smallpox.  There  exists  no  equitable  reason,  however, 
why  Germany  should  not  be  compared  with  England, 
for  the  latter  country,  which  was  the  pioneer  in 
matters  of  sanitation,  has  still  a  distinct  though  dimin- 
ishing advantage  with  respect  to  healthful  condi- 
tions of  living.  The  evidence  adduced  in  favor  of 
this  thesis  appears  very  strong,  and  is  confirmed  by 
independent  writers.  (See  paragraph  on  page  378,  of 
Municipal  Government  in  Continental  Europe,  bv 
Albert  Shaw,   189.5.) 

The  conclusive  comparative  test  of  conditions  of 
healthful  living  in  different  countries  is,  however,  the 
general  death  rate.  This  has  always  been  and  is  still 
lower  in  England  than  in  Germany.  The  general 
death  rates  from  all  causes  in  England  and  Wales 
and  in  Germany  are  as  follows: 


General  De 


Rate  per  1000  of  Pop 


1841-50     1861-70     1895-190-4     1909 

Germany 25.8  20.9  20.8  18.1 

England  and  Walea 23.7  24.0  17.2  15  3 

(1901  to  1910) 

The  prevalence  of  smallpox  in  a  country  must  be 
markedly  influenced  by  the  frequency  of  introduction 
of  the  infection.  It  cannot  be  denied  that  England 
enjoys  a  great  advantage  over  Germany  in  her  insular 
isolation.  German.v  is  bordered  by  several  countries 
in  which  smallpox  is  almost  always  present.  Russia 
with  its  843  miles  of  German  frontier  is  a  perpetual 
source  of  danger  to  the  latter  country.  This  is 
evidenced  by  the  frequent  importation  of  smallpox 
into  Germany  by  Russian  travelers.  Official  mention 
of  these  cases  is  found  from  year  to  year  in  the  Medical 
Statistical  Communications  of  the  Imperial  Board 
of  Health  of  Germany. 

Leaving  aside  for  a  moment  the  consideration  of 
vaccination,  the  great  sanitary  measures  of  most 
importance  in  checking  smallpox  are  notification, 
isolation,  quarantine  of  contacts,  and  disinfection. 
In  the  perfection  of  this  English  system,  no  country 
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has  yet  surpassed  England.  The  sanitary  methods 
employed  to  suppress  smallpox  are  more  rigorously 
carried  out  in  England  than  in  Germany.  Germany 
has  few,  if  any,  special  smallpox  hospitals;  smallpox 
patients  are  quartered  in  special  pavilions  of  general 
infectious  disease  hospitals.  These  pavilions  are 
often  situated  close  to  pavilions  in  which  other  clis- 
eases  are  treated.  England,  on  the  other  hand,  has 
not  only  maintained  large  smallpox  hospitals,  but 
has  established  them  as  far  away  from  habitation  as 
possible,  and  for  many  years  London  had  special 
smallpox  hospital  ships. 

Despite  the  advantages  enjoyed  by  England,  this 
country  with  its  inferior  vaccination  requirements  has, 
for  the  past  thirty  years,  suffered  infinitely  more 
from  smallpox  than  has  Germany.  From  1875  to 
190.5  England  has  had  31,642  deaths  from  smallpox. 
From  1889  to  1908  England  and  Wales  had  8,342 
smallpox  deaths  as  compared  with  1,115  in  Germany. 
For  these  twenty  years,  England  and  Wales  had 
actually  seven  and  one-half  times  the  smallpox  mortality 
of  Germany,  and  proportionate  to  the  population,  over 
thirteen  times. 

The  opponents  of  vaccination  call  attention  to  the 
very  low  smallpox  mortality  which  England  has  had 
in  recent  years,  despite  an  increasing  number  of 
exemptions  from  vaccination.  To  endeavor  to  draw 
conclusions  from  England's  relative  immunity  during 
such  a  brief  period,  would  be  to  shut  one's  eyes  to  the 
epidemiology  of  the  disease.  No  serious  student  of 
the  subject  would  attach  any  special  weight  to  a 
relative  freedom,  aye,  even  a  complete  absence  of  the 
disease  for  a  period  of  five  or  six  years.  England  had 
as  recently  as  1902  an  epidemic  of  smallpox  in  which 
2,464  persons  lost  their  lives;  in  1903  and  1904,  1,267 
people  perished  as  a  result  of  smallpox. 

From  1887  to  1891  a  period  of  five  years,  there  was 
only  a  total  of  thirty  smallpox  deathsin  London.  At 
that  time  one  might  have  argued  as  the  opponents  of 
vaccination  are  arguing  in  the  present  instance,  that 
London  was  stamping  out  smallpox.  But  in  1893 
London  had  206  deaths  from  smallpox.  In  1902  a 
considerable  epidemic  developed  which  destroyed 
the  lives  of  1,314  people  in  London.  England  had  in 
1884  and  1885  an  epidemic  in  which  in  London  alone, 
2,665  persons  died  of  smallpox;  in  all  England,  5,043 
perished  from  this  disorder. 

England  is  a  fairly  well  vaccinated  country.  She 
has  a  law  requiring  vaccination  in  infancy,  but  there 
is  no  law  requiring  revaccination.  F'urthermore  from 
1893  to  1900,  the  primary  vaccinations  have  numbered 
only  sixty-five  to  seventy  per  cent,  of  the  children 
born;  within  the  past  few  years  exemptions  from  vacci- 
nation have  been  rapidly  increasing.  In  Germany 
there  is  compulsory  vaccination  and  revaccination, 
thoroughly  enforced.  Why  has  England  a  lower  general 
death  rate  than  Germany  and  an  infinitely  higher 
.smallpox  death  rate?  From  a  consideration  of  all  the 
available  data  the  only  reasonable  solution  of  the  ques- 
tion is  that  Germany  has  more  rigid  and  better  admin- 
istered vaccination  requirements. 

The  following  table  shows  as  conclusively  as  can  be 
demonstrated  by  statistics  the  life  saving  influence 
of  vaccination.  In  1834  compulsory  vaccination  was 
introduced  in  the  Prussian  Army;  an  enormous  decline 
in  .smallpox  mortality  immediatel}'  followed.  This 
could  not  have  been  accidental  as  the  decline  has  con- 
tinued up  to  the  present  time,  a  period  of  over  seventv- 
five  years.  Only  in  the  great  epidemic  of  1871-72  did 
it  rise,  but  even  in  this  epidemic,  smallpox  mortality 
in  the  army  did  not  reach  one-tenth  of  the  mortality 
in  the  civil  population. 

In  1875,  the  compulsory  vaccination  and  revaccina- 
tion law  went  into  effect  in  Germany.  Immediately 
a  decrease  in  smallpox  occurred  and  the  disease  now 
has   almost   reached  the  vanishing  point. 

Of  every  100,000  population  there  died  from  small- 
pox in  Prussia: 
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•  Introduction  of  vaccination  in  Army  in  1834. 
t  New  Imperial  Vaccination  Law  which  went  into  effect  April  1. 
1875.     (Kirchner,  p.  61.) 

Yaccinaiion  in  the  Philippine  Islands. — Of  particu- 
lar interest  is  the  relatively  recent  achievement  of 
the  United  States  sanitary  authorities  in  stamping 
out  smallpo.x  in  the  PhiHppine  Islands.  In  1905  and 
1906  the  enormous  number  of  3,094,635  vaccinations 
were  performed.  Dr.  Victor  G.  Heiser,  Director  of 
Health  of  the  Islands,  in  the  report  of  the  Bureau  of 
Health  (June  30,  1907)  states,  "In  the  provinces  of 
Cavite,  Batangas,  Cebu,  Bataan,  La  Union,  Rizal  and 
La  Lagima  where  heretofore  there  have  been  more 
than  6,000  deaths  annually  from  smallpox,  it  is  satis- 
factory to  report,  since  the  completion  of  vaccination 
in  the  aforesaid  provinces  more  than  a  year  ago,  not 
a  single  death  from  smallpox  has  been  reported." 

Smallpox  and  Vaecination  in  Cuba. — Cuba  owes  a 
great  debt  of  gratitude  to  the  United  States  for 
ridding  the  island  of  smallpox.  Surgeon  General 
Victor  Bhie  states:  "In  Cuba  during  the  Spanish 
regime,  smallpox  was  practically  always  present. 
There  had  been  laws  in  regard  to  vaccination,  but  they 
had  not  been  systematically  carried  out.  The  only 
available  index  of  the  occurrence  of  the  disease  in  the 
Island  is  the  record  of  deaths  from  smallpox  in  the 
city  of  Havana.     It  is  as  follows: 
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"In  the  latter  part  of  1898  the  United  States  oc- 
cupied Cuba,  and  one  of  the  early  considerations  of 
the    military    government    was   the    enforcement    of 


vaccination.  During  the  year  1899  there  were  but 
four  recorded  deaths  from  the  disease  smallpox  in 
Havana,  and  in  1909  but  two.  In  June,  1901,  the  new 
vaccination  law  was  put  into  effect  by  the  miUtary  gov- 
ernor of  Cuba,  making  vaccination  and  revaccination 
obligatory  for  all  the  inhabitants.  By  the  end  of  the 
year  1901,  Cuba  was  free  from  smallpox,  and  no  out- 
break of  the  disease  had  occurred  up  to  the  end  of  1910." 

The  Outbreak  of  Smallpox  in  Holguin,  Cuba,  in  1898 
and  the  Immunity  of  United  States  Soldiers. — The 
experience  of  two  battalions  (representing  about  700 
United  States  soldiers  in  Holguin,  Cuba,  in  1898),  as 
narrated  by  General  Leonard  Wood,  of  the  United 
States  Army,  constitutes  particularly  strong  evidence 
of  the  efficacy  of  vaccination.  General  Wood  says: 
"A  large  number  of  .\merican  soldiers  under  a  fair 
state  of  discipline  were  sent  into  a  country  infected 
with  the  most  virulent  type  of  smallpox,  where  the 
death  rate  was  heavy  and  all  sanitary  conditions  were 
against  them,  and  although  living  for  several  months 
in  towns  infected  with  the  most  malignant  type  of 
smallpox,  to  which  they  were  constantly  exposed,  not 
a  single   case   occurred   in   the   regiment." 

Major  Robert  S.  Woodson,  the  officer  in  charge,  in 
his  official  report  states:  "The  effect  of  vaccination 
seemed  to  be  instantly  to  check  the  epidemic  as 
though  it  had  been  swept  from  the  district."  *  •  • 
"The  crowning  feature  of  all  in  proving  the  efficacy  of 
vaccination  was  the  fact  that  the  entire  regiment, 
Second  U.  S.  Volunteers  (Hood),  all  protected  by 
vaccination,  encamped  practically  in  the  towns  of 
Holguin  and  Gibara,  mingling  freely  with  the  inhabi- 
tants, exhibited  an  absolute  immunity  against  small- 
pox, as  not  a  single  case  occurred  in  the  regiment 
during  the  six  months  service  in  the  di.strict." 

Immunity  of  Medical  Students  Visiting  Smallpox 
Hospitals. — One  must  be  greatly  impressed  by  the 
experience  of  the  Philadelphia  and  Chicago  smallpox 
hospitals  which  hundreds  of  medical  students  were 
permitted  to  visit  in  order  to  receive  instruction  at 
the  bedside,  .\ccording  to  the  testimony  of  Dr. 
Heman  Spalding,  Chief  of  the  Bureau  of  Medical 
Inspection  of  the  Department  of  Health  of  Chicago, 
he  has,  since  1899.  taken  thousands  of  students  from 
the  various  medical  colleges  of  Chicago,  through  the 
wards  of  the  smallpox  hospitals;  the  students  were 
exposed  for  an  hour  or  more  to  patients  in  all  stages 
of  the  disease.  The  students  were  thoroughly  vacci- 
nated before  being  permitted  to  visit  the  hospital.  Of 
the  thousands  of  students  receiving  maximum  exposure 
in  smallpox  wards,  not  one  contracted  smallpox. 

From  1901  to  1904,  during  an  epidemic  of  smallpox 
in  Philadelphia,  about  700  medical  students  from  the 
various  colleges  of  medicine,  were  taken  in  small 
classes  through  the  smallpox  wards  of  the  Municipal 
Hospital  for  instruction.  The  students  remained  for 
one  to  two  hours  in  an  intensely  infected  atmosphere, 
exposed  to  the  severest  types  of  smallpox,  j^t  one  time 
over  300  cases  of  smallpox  were  in  the  various  wards. 

The  Deans  of  the  various  Medical  Colleges  were 
previously  instructed  to  see  that  the  students  were 
properly  vaccinated.  On  reaching  the  hospital,  the 
students  were  in  the  habit  of  showing  their  vaccina- 
tion marks,  to  obtain  an  opinion  as  to  whether  they 
were  adequately  protected.  It  happened  that  there  was 
one  student  (who  was  later  said  to  have  been  opposed  to 
vaccination)  who  evaded  vaccination.  He  contracted 
a  severe  attack  of  smallpox  and  w.is  subsequently 
brought  back  to  the  hospital  for  treatment.  .'Ml  of  the 
remaining  students  were  perfectly  protected.  The  un- 
vaccinated  medical  student  alone  took  the  disease. 

The  Claims  for  Vaccination. — It  is  easy  to  com- 
prehend why  a  single  vaccination  may  not  be  relied 
upon  for  pfrpotual  protection  against  smallpox. 
Smallpox  itself  is,  in  rare  instances,  followed  by 
another  attack  later  in  life.  Now  if  one  attack  of 
smallpox  does  not  invariably  protect  against  a  second, 
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how  could  we  expect  vaccination,  which  in  reality 
represents  a  benign,  non-contagious,  and  attenuated 
smallpox,   to  accomplish  this  desired   end? 

1.  A  successful  vaccination  protects  the  subject 
against  smallpox  for  a  period  of  time  not  mathematic- 
ally determinable  for  the  individual,  but  which  aver- 
ages seven  to  ten  years. 

2.  The  protection  may  be  renewed  by  a  second 
vaccination  when  the  vaccinal  immunity  is  exhausted. 
The  revaccination  restores  the  protection  which  lapse 
of  time  has  diminished  or  abrogated. 

3.  Persons  successfully  vaccinated  on  two  occa- 
sions are  usually  immune  against  smallpox  for  life. 
There  are  excejjtional  instances,  however,  of  unusu- 
ally susceptible  individuals  in  whom  a  third  or  fourth 
vaccination  is  required.  These  exceptions  are  com- 
parable to  a  second  or  third  attack  of  smallpox. 

4.  Persons  vaccinated  in  infancy,  who  at  some 
time  later  in  life  contract  smallpox,  have  in  the 
aggregate  less  severe  and  less  frequently  fatal  attacks 
than  unvaccinated  persons.  The  degree  of  favorable 
modification  of  the  smallpox  is  in  inverse  proportion 
to  the  period  of  time  elapsing  between  vaccination 
and  the  attack  of  smallpox. 

The  beneficent  effects  of  vaccination  are  most  pro- 
nounced in  those  in  whom  the  vaccine  affection  has 
run  its  most  typical  and  perfect  course,  and  who  bear 
the  best  quality  of  vaccina!  scars  as  attestation  of 
the  same.  The  mere  production  of  a  "sore  arm" 
does  not  necessarily  imply  that  the  individual  has 
been    successfully   vaccinated. 

Symptoms  and  Course  of  Vaccinia. — Vaccinia  in 
the  human  subject  is  always  produced  by  inoculation. 
While  the  evolution  of  the  vaccine  lesion  is  a  more  or 
less  constant  one,  yet  a  certain  degree  of  variation 
■will  result  according  as  the  vaccination  is  performed 
with  original  cowpox  virus,  long  humanized,  or  heifer- 
transmitted  virus.  These  differences  refer  rather  to 
the  comparative  rapidity  of  the  process,  the  size  of 
the  lesion,  and  the  character  of  the  crust  and  the 
resulting  scar,  than  to  any  deviation  in  the  evolution 
of  the  pock. 

During  the  first  two  or  three  days  after  the  insertion 
of  the  vaccine  virus  no  symptoms  are  observed  beyond 
those  incident  to  the  slight  abrasion  of  the  skin  made 
by  the  operator's  lancet.  On  the  third  or  fourth  day 
very  faint  redness  may  be  seen  around  the  site  of  the 
inoculation.  This  redness  gradually  increases  while 
at  the  same  time  a  distinct  papule  is  formed,  which 
becomes  slightly  more  prominent  by  increasing  in 
area  rather  than  in  height. 

On  the  fifth  day  the  lesion  begins  to  be  vesicular. 
This  is  usually  observed  first  upon  the  margin  of  the 
inoculated  area.  The  vesicle  gradually  increases  in 
size,  and  the  lymph  that  it  contains  is  at  first  thin 
and  perfectly  transparent.  On  the  eighth  day  the 
vesicle  reaches  its  greatest  perfection;  it  is  then 
considerably  elevated  above  the  surface  of  the  skin, 
and  presents  a  "pearly"  appearance,  although  at 
times  the  vesicle  is  yellowish.  When  examined  closely 
it  will  be  found  to  have,  even  at  an  early  stage  of  its 
development,  an  umbilicated  form  similar  to  that  seen 
in  the  vesicle  of  variola.  The  peripheral  portion  of 
the  vesicle  is  bulging  and  prominent,  whereas  the 
center  is   depressed. 

About  this  time  there  appears  around  the  vesicle 
an  inflammatory  band  or  areola.  This  is  most  intense 
in  the  immediate  neighborhood  of  the  vesicle,  gradu- 
ally merging  into  the  normally  tinted  skin.  During 
the  ninth  and  tenth  days  the  redness  increases; 
streaks  of  redness  often  extend  a  considerable  distance 
from  the  lesion.  Occasionally  the  cellular  tissue 
becomes  involved  in  the  infiammatory  process,  pro- 
ducing a  swelling  and  hardness  of  the  skin  of  the  arm. 
The  glands  of  the  axilla,  when  the  vaccination  is 
performed  upon  the  arm,  frequently  become  enlarged 
and  painful. 
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At  the  same  time  mild  constitutional  symptoms 
make  their  appearance.  Slight  rigors  sometimes 
occur,  followed  by  moderate  elevation  of  temperature. 
It  is  not  often  that  the  temperature  rises  more  than 
one,  two  or  three  degrees  above  the  normal.  There 
are  apt  to  be  malaise,  impaired  appetite  and  dis- 
turbed sleep;  but  none  of  these  symptoms  continue 
very  long.  In  recording  very  carefully  the  constitu- 
tional disturbance  observed  in  his  first  case  of  induced 
vaccinia,  Jenner  says:  "On  the  seventh  day  he  (a  boy 
aged  eight  years)  complained  of  uneasiness  in  the 
axilla,  and  on  the  ninth  he  became  a  little  chilly,  lost 
his  appetite  and  had  slight  headache.  During  the 
whole  of  this  day  he  was  perceptibly  indisposed,  and 
spent  the  night  with  some  degree  of  restlessness,  but 
on  the  following  day  he  was  perfectly  well."  It 
cannot  be  doubted,  however,  that  many  children 
pass  through  the  regular  course  of  vaccinia  without 
any  apparent  systemic  disturbance;  our  experience 
leads  us  to  believe  that  in  very  young  infants,  particu- 
larly those  but  a  few  weeks  old,  the  febrile  reaction 
is  less  pronounced  than  in  older  children.  At  times 
both  the  constitutional  and  local  symjjtoms  of  vac- 
cinia are  very  severe,  especially  in  secondary 
vaccinations. 

It  occasionally  happens  in  severe  cases  of  primary 
vaccinia  that  a  cutaneous  eruption  appears  at  about 
the  tenth  day  of  the  disease.  This  eruption  consists 
of  a  macular  erythema  similar  to  but  flatter  than  the 
measles  eruption.  The  efflorescence  may  be  com- 
paratively limited  in  extent  or  it  may  cover  almost  the 
entire  body.  On  account  of  its  not  infrequent  associ- 
ation with  the  vaccine  proce"ss  it  has  been  called 
"roseola  vaccinosa."  An  analogous  and  almost 
identical  eruption,  designated  roseola  variolosa,  is 
occasionally  seen  in  modified  cases  of  smallpox  just 
before  the  appearance  of  the  papules.  These  erup- 
tions seldom  continue  longer  than  two  or  three  days. 

On  the  eleventh  or  twelfth  day  of  the  vaccine  proc- 
ess, the  pock  begins  to  fade.  In  its  declining  stage 
its  contents  become  opaque,  desiccation  appears  in 
the  center,  and  the  areola  shades  off  into  two  or  three 
concentric  circles,  varying  in  color  from  a  pale  red  to  a 
deep  red  or  livid  tinge. 

By  the  fifteenth  day  desiccation  is  usually  completed, 
although  the  crust  does  not  fall  off,  nor  can  it  be 
easily  removed  until  the  end  of  the  third  and  frequently 
not  until  the  end  of  the  fourth  week. 

Disinfection  of  the  Skin. — Some  difference  of  opinion 
exists  as  to  the  thoroughness  with  which  disinfection 
of  the  proposed  vaccination  area  should  be  carried 
out.  Some  writers  urge  such  a  preparation  of  the  skin 
as  is  practised  prior  to  an  ordinary  surgical  operation. 
Others  believe  that  the  use  of  strong  antiseptics  is  to 
be  avoided  inasmuch  as  they  may  destroy  the  ac- 
tivity of  the  vaccine  material  when  placed  upon  the 
skin. 

It  is  advisable  for  the  patient  to  take  a  tub  bath  on 
or  before  the  day  on  which  the  vaccination  is  to  be 
performed,  and  to  put  on  clean  undergarments. 
(Unfortunately,  it  is  difficult  to  have  these  measures 
carried  out  in  the  very  people  who  most  need  them.) 

The  vaccination  area,  usually  the  arm,  is  to  be 
thoroughly  washed  with  potash  soap  and  hot  water, 
some  friction  being  used  so  as  to  distend  the  cutaneous 
capillaries.  The  arm  is  then  to  be  dried  with  sterile 
absorbent  cotton,  or,  when  this  is  not  available,  a 
perfectly  clean  towel.  The  operator  may  employ  an 
ordinary  lancet  or  a  needle  to  produce  the  necessary 
abrasion.  If  the  former  is  used  it  should  be  pre- 
viously disinfected  by  boiling,  immersion  in  an  anti- 
septic solution,  or  through  cleansing  with  soap  and 
water  or  alcohol.  It  is  perhaps  better  to  employ  a 
needle  for  the  purpose,  inasmuch  as  a  new  and  clean 
one  can  be  used  for  each  vaccination. 

The  insertion  of  the  deltoid  muscle  is  the  site  u.su- 
ally  selected  for  the  introduction  of  the  virus.  The 
skin  is  made  tense  through  the  grasping  of  the  inner 
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side  of  the  arm  with  the  left  liand.  The  epidermis 
is  then  abraded  over  an  area  of  a  third  or  a  half  an 
inch;  this  is  done  cither  by  vertical  or  cross  scarifica- 
tion with  a  needle  or  simple  scraping  with  a  lancet  or 
scalpel. 

It  is  important  that  the  abrasion  be  not  too  deep. 
The  drawing  of  blood  is  to  be  avoided,  inasmuch  as 
it  may  float  away  the  lymph  and  prevent  absorption; 
it  is  further  claimed  that  the  deep  scarification  is  more 
likely  to  be  followed  by  an  excessive  degree  of  inflam- 
mation. It  is  not  desirable  to  abrade  deeper  than  is 
necessarj'  to  see  the  little  reddish  points  which  repre- 
sent the  loops  of  the  papillary  blood-vessels. 

It  is  a  matter  of  some  importance  to  rub  the 
virus  well  into  the  abraded  surface.  The  hasty 
smearing  of  the  lymph  upon  the  arm  with  no  further 
manipulation  is  probably  responsible  for  a  certain 
percentage  of  failures. 

Some  writers  have  advocated  vaccination  by  hypo- 
dermic or,  rather,  intradermic  puncture.  This  is 
accomplished  bj'  expelling  the  lymph  upon  the  pre- 
viously cleansed  vaccination  site,  and  then  passing 
a  thoroughly  sterile  hypodermic  needle  obliquely 
through  the  skin  over  this  area.  Several  punctures 
should  be  made  within  an  area  of  one  centimeter 
square,  but  they  should  not  be  deep  enough  to  draw 
blood.  The  puncture  carries  the  lymph  into  the 
skin.  The  alleged  advantage  that  little  or  no  scar 
results  from  this  method  appears  to  be  in  reality  a 
disadvantage — for  the  presence  of  a  sear  and  its  char- 
acter constitute,  as  a  rule,  visible  evidence  of  the 
amoimt  of  protection  against  smallpox  which  the 
individual  enjoys;  there  would  appear  to  be,  therefore, 
no  special  advantage  of  this  over  other  methods  of 
vaccination. 

It  is  best  to  allow  the  IjTiiph  to  dry  upon  the  arm  by 
exposure  to  the  air;  this  will  ordinarily  take  from  ten 
to  thirty  minutes.  Where  it  is  inconvenient  to  keep 
the  arm  bared  for  this  time,  there  is  no  objection  to 
protecting  the  abraded  surface  for  a  few  hours  with  a 
loosely  fitting  shield  made  of  pressed  linen.  It  is 
important  that  no  shield  should  be  applied  which 
congests  the  parts  by  peripheral  pressure  or  which  ex- 
erts any  suction. 

The  vaccine  vesicle  when  formed  should  be  sedu- 
lously guarded  against  mechanical  violence  or  injury. 
Nature  provides  an  excellent  protective  covering  for 
the  vaccine  wound — a  hard,  concrete,  firmly  attached 
crust.  This  crust  is  formed  by  desiccation  of  the 
vaccine  pock.  When  the  vesicle  is  ruptured  by 
traumatism,  some  of  the  contents  escape  and  form  an 
irregular,  friable  crust  which  is  easily  detached,  leaving 
an  open  wound  which  is  Uable  to  infection  with  patho- 
genic organisms. 

Shields. — Various  forms  of  shields  have  been  devised 
to  protect  the  vaccine  lesion  from  injury  and  infection. 
Many  of  these  have  failed  utterly  of  their  purpose, 
and  some  have  done  actual  injury  by  increasing  the 
inflammations,  and  by  rubbing  off  the  scabs  and  thus 
producing  open  sores.  Some  writers  condemn  all 
shields;  those  made  of  a  light  metal  like  aluminum 
which  protect  the  vaccine  lesions  from  the  adhesion  of 
the  sleeve  and  from  accidental  injury  without  exerting 
any  injurious  compression,  and  which  can  be  easily 
sterilized,  may  be  recommended.  The  application 
of  a  sterile  gauze  compress  over  the  vaccine  vesicle 
is  also  advocated;  there  is  no  objection  to  this  save 
where  the  vesicle  becomes  ruptured,  whenthe  crust  will 
adhere  to  the  gauze  and  be  torn  off  with  its  removal. 

Patients  should  be  advised  not  to  allow  the  sleeve 
of  the  shirt  or  undershirt  to  rub  against  the  vaccine 
vesicle.  It  is  often  a  good  plan  to  have  a  thoroughly 
clean  piece  of  linen  sewed  into  that  portion  of  the 
sleeve  which  comes  in  contact  with  the  vesicle.  Cau- 
tion should  be  given  patients  against  rubbing,  scratch- 
ing, or  otherwise  fingering  the  vaccination  scab; 
manipulation  of  this  character  is  a  fertile  source  of 
ulceration  and  late  wound  infection. 


Number  of  Insertions. — It  is  the  custom  abroad  to 
insert  the  lymph  at  several  sites.  W'hen  this  is  done 
the  scarifications  should  not  be  too  close,  for  fear  of 
interfering  with  the  vitality  of  the  intervening  skin, 
thus  leading  to  sloughing.  It  is  best  to  allow  three- 
quarters  of  an  inch  or  an  inch  of  healthy  skin  between 
the  lesions.  In  this  country  it  is  the  custom  to  make 
but  a  single  insertion. 

When  a  person  has  been  exposed  to  the  infection  of 
smallpox  it  is  well  to  insert  lymph  from  two  or  three 
different  tubes  in  different  places,  so  that  the  fullest 
opportunity  of  inducing  vaccinia  may  be  offered. 
It  is  better  that  the  patient  should  suffer  from  a  sore 
arm  than  from  smallpox. 

After-treatment. — The  author  has  found  that  the 
use  of  a  two  per  cent,  solution  of  picric  acid  in  seventy 
per  cent,  alcohol  constitutes  an  excellent  application 
to  the  vaccinal  site,  lessening  inflammation,  fortify- 
ing the  epithelial  roof  of  the  vesicle,  and  preventing 
premature  rupture  and  secondary  infections.  (Kolmer 
and  Schamberg;  Lancet,  Lf)ndon,  Ixxxi.,  Nov.  18, 
1911,  p.  1397.)  The  solution  should  be  painted  over 
and  around  the  vaccination  abrasion  forty-eight  hours 
after  vaccination  and  continued  daily  for  about  two 
weeks.  If  the  skin  exhibits  excessive  drying  and  irri- 
tation, carbolized  zinc  ointment  or  vaseline  may  be 
subsequently  applied. 

This  advocacy  of  picric  acid  treatment  is  emphasized 
further  by  the  studies  of  Fielder  and  Parnass  (pub- 
lished in  "Collected  Studies  from  the  Bureau  of 
Laboratories  of  the  City  of  New  York,  19H-1.5). 
These  investigators  in  speaking  of  the  picric  acid  so- 
lution say  "It  has  an  excellent  effect  in  lessening  the 
early  inflammatory  reaction  and  in  preventing  second- 
ary infection.  It  is  superior  to  tincture  of  iodine  in 
this  respect  and  is  .so  easy  to  apply  that  it  may  well  be 
intrusted  to  any  fairly  intelligent  mother." 

Complications  of  Vaccinia. — Inasmuch  as  vacci- 
nation necessitates  the  production  of  an  abrasion  upon 
the  skin,  it  is  liable  to  the  various  infections  to  which 
, wounds  from  other  causes  may  be  subject.  These 
are  nearly  all  preventable  by  the  application  of 
surgical  cleanliness  and  proper  care  of  the  vaccinated 
site.  Unfortunately  vaccination  is  regarded  as  so 
trivial  an  operation  that  physicians  commonly  fail 
to  prescribe  in  sufficient  detail  the  after-care  of  the 
inoculated  area,  and  patients  frequently  neglect  the 
postvaccinal  instructions  when  they  arc  given.  As 
a  result  unfortunate  wound  infections  occur  from  time 
to  time,  which  may  be  serious  and  even  fatal.  While 
such  results  are  extremely  rare  in  comparison  with  the 
enormous  number  of  vaccinations  performed,  in  the 
aggregate  they  constitute  a  sufficient  number  to 
excite  opposition  to  vaccination  and  to  reflect  upon 
its  reputation.  The  medical  profession  should,  there- 
fore, awaken  to  a  greater  realization  of  the  importance 
of  strict  supervision  over  vaccination  which  is  after 
all,  the  most  frequent  operation  performed  upon 
man. 

Cutaneous  Diseases  FoUotring  Vaccination. — A  va- 
riety of  evanescent  skin  eruptions  may  follow  vaccina- 
tion at  orshortly  after  the  height  of  the  vaccinal  disease 
has  been  reached.  These  are  vaccinal  roseola,  vacci- 
nal lichen,  vaccinal  miliaria,  erythema  multiforme,  and 
urticaria.  These  are  harmless  rashes  of  short  dura- 
tion and  due  to  a  reaction  induced  by  the  virus.  Im- 
petigo contagiosa  at  times  occurs  at  a  later  period 
and  is  attributable  to  external  infection. 

Vaccinal  erysipelas  was  formerly  much  more  com- 
mon than  nowadays.  Since  the  introduction  of 
bovine  glycerinated  virus,  its  occurrence  has  become 
relatively  rare. 

Bullous  Dermatitis. — In  rare  instances  vesicobullous 
eruptions,  variously  designated  as  pemphigus,  bullous 
dermatitis,  and  dermatitis  herpetiformis  (Duhring's 
disease)  have  followed  vaccination.  While  no  posi- 
tive proof  of  a  causative  relationship  between  vaccinia 
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and  these  eruptions  has  been  found,  they  have  now 
been  reported  by  careful  observers  in  a  sufficient 
number  of  instances  to  warrant  the  assumption  that 
the  antecedent  vaccination  has  been  of  some  etiologic 
moment.  The  eruption  usually  appears  in  from  two 
to  three  weeks  after  vaccination  and  may  persist  for 
months  or  years  in  recurrent  attacks.  In  some  cases 
a  fatal  termination  takes  place.  The  eruption  in 
chronic  cases  is  markedly  influenced  by  arsenic,  and 
I  have  seen  some  cures  from  the  administration  of 
this  drug. 

In  rare  instances,  in  the  past  when  humanized  virus 
was  employed,  syphilis  is  known  to  have  been  trans- 
mitted. This  is  now  impossible  as  the  bovine  species, 
which  is  used  as  the  source  of  vaccine  virus,  is  insus- 
ceptible to  this  disease. 

The  danger  of  conveying  tuberculosis  in  bovine 
lymph  is  so  remote  as  to  constitute  an  entirely  negligi- 
ble factor.  The  various  tests  applied  both  to  the 
calves  employed  and  to  the  vaccine  virus,  render  the 
liability  of  such  an  accident  almost  impossible. 

Excessively  sore  arms,  localized  gangrene  at  the 
site  of  vaccination,  and  furunculosis  are  occasionally 
observed    as    complications    of    vaccination. 

One  of  the  most  serious  and  unfortunate  accidents 
associated  at  times  with  vaccination  is  tetanus.  I 
believe  that  the  tetanus  bacillus  is  rarely,  if  ever,  in- 
troduced with  the  vaccine  lymph.  In  nearly  all 
cases  it  results  from  secondary  infection  of  the  wound, 
and  this  is  in  the  vast  majority  of  instances  due  to 
woeful  neglect  of  the  vaccinal  wound.  The  extremely 
fatal  character  of  this  complication  should  lead  to 
the  exertion  of  every  effort  to  prevent  its  occurrence. 
Lockjaw  is  probably  not  materially  more  common 
after  vaccination  than  after  other  wounds  on  the  skin, 
but  its  development  under  such  circumstances  creates 
a  most  unfortunate  impression  and  tends  to  discredit 
this  most  important  prophylactic  measure. 

Vaccination  is  now  safer  than  at  any  time  since  its 
introduction  into  medicine,  owing  to  the  improved 
sanitary  conditions  under  which  the  virus  is  prepared, 
and  the  governmental  supervision  of  the  products. 
With  the  zealous  cooperation  of  the  medical  profession 
in  preventing  wound  infections,  opposition  to  vacci- 
nation based  on  ill  results  should  gradually  die  out. 
Jat  Frank  Schamberq. 


Vaccine  Therapy. — Synonyms:  Opsonic  therapy, 
Bacterial  therapy,  Therapeutic  immunization. 

Definition. — A  method  of  biological  therapy 
having  as  its  essential  practice  the  artificial  inocu- 
lation of  the  causative  microbe,  and  as  its  principle 
the  theory  of  opsonins. 

In  its  present  development  as  a  practical  thera- 
peutic procedure  the  use  of  vaccines  composed  of  dead 
pathogenic  bacteria  must  be  credited  to  Sir  Almroth 
E.  Wright,  of  London,  England.  Much  preliminary 
search  by  numerous  investigators  from  the  days  of 
Pasteur's  pioneer  experiments  laid  the  foundation 
for  Wright's  achievement.  Since  his  practice  of 
vaccine  therapy  is  based  on  the  theory  of  opsonins 
it  is  essential  to  gain  Wright's  views. 

The  Theory  of  Opsonins. — Brought  to  its  simplest 
terms,  Wright's  theory  of  opsonins  holds  that,  among 
other  protective  substances,  the  blood  serum  contains 
one,  opsonin  (from  0^07,  seasoning),  that  acts  upon 
pathogenic  bacteria  in  such  a  manner  as  to  prepare 
them  for  destruction  by  the  protective  body  cells 
or  phagocytes,  principal  among  which  are  the  mul- 
tinuclear  leucocytes. 

Some  comparatively  simple  experiments  suffice  to 
demonstrate  the  presence  of  opsonin  in  the  blood. 
First,  there  is  taken  a  portion  of  freshly  shed  human 
blood  and  an  equal  portion  of  a  suspension  in  physio- 
logical salt  solution  of  a  certain  pathogenic  bacterial 
organism,    say,    specifically,    Staphylococcus    aureus. 


These  portions  are  mixed  and  subjected  to  a  fifteen- 
miiuite  sojourn  at  incubator  temperature.  Stained 
smears  of  the  mixture  are  examined  microscopically 
after  incubation,  and  the  well-known  phenomenon 
of  phagocytosis  is  brought  to  light;  that  is  to  say, 
the  polynuclear  leucocytes  will  be  found  to  have 
ingested  the  microorganisms.  It  was  at  this  point 
in  the  experiment  that  those  who  advocated  the 
theory  of  phagocytosis  per  se  were  content  to  rest. 
But  a  modification  of  the  experiment  serves  to  demon- 
strate the  ineffectiveness  of  the  leucocytes  alone. 
Fresh  human  blood  is  caught  in  a  decalcifying  physio- 
logical salt  solution,  and  by  a  process  whose  detail 
is  described  below  the  blood  cells,  including  the  leu- 
cocytes, are  washed  free  from  plasma  which,  of  course, 
incorporates  the  serum.  Such  "washed"  leucocj4es, 
when  mixed  with  a  suspension  of  staphylococcus  and 
incubated,  exhibit  an  indifference  to  the  microbes 
ciuite  as  striking  as  the  greedy  deportment  of  their 
fellows  in  the  first  experiment.  If  phagocytosis  takes 
place  at  all,  it  is  extraordinarily  limited  in  deprce. 
Still,  a  third  experiment  serves  to  show  that  the  well- 
marked  phagocytosis  in  the  original  test  is  dependent 
on  one  factor  in  addition  to  the  vitality  of  the  leuco- 
cytes; that  is,  the  action  of  something  in  the  blood 
serum.  For  if  to  the  mixture  of  washed  leucocytes 
and  staphylococcus  suspension,  serum  of  recently 
coagulated  human  blood  be  added,  phagocytosis 
proceeds  as  in  the  first  test  with  whole  blood.  Hereby 
we  obtain  a  demonstration  of  the  opsonic  action  of 
the  blood  serum,  by  which  is  meant  its  effect  of  pre- 
paring the  microbe  for  phagocytosis,  and  hence  the 
derivation  of  the  word,  opsonin.  By  what  experi- 
ments it  was  shown  that  opsonins  are  special  and  dis- 
tinctive ingredients  of  blood  serum,  and  that  they 
are  concerned  wherever  active  phagocytosis  (whether 
of  bacteria,  certain  cells,  or  other  foreign  substances) 
goes  on,  cannot  here  be  discussed.  Suffice  it  to  repeat 
that  the  fact  of  opsonic  action  and  the  presence  of 
opsonins  is  generally  admitted. 

Normal  and  Immune  Opsonins. — With  the  dis- 
covery of  opsonins  came  the  efforts  to  establish  their 
relationship  to  various  pathogenic  bacterial  species. 
Were  opsonins  specific,  that  is  to  say,  did  they  possess 
predilection  for  certain  bacterial  species,  or  were  they 
universal  in  relation  to  all  disease-producing  microbes? 
It  was  discovered  that  opsonic  and  phagocytic  action 
were  particularly  active  with  those  bacterial  species 
belonging  to  the  pyogenic  group;  and  at  first  it  was 
believed  that  special  and  distinct  opsonins  for  the 
various  microbic  groups  resided  in  normal  serum. 
At  present,  under  the  impulse  of  extensive  investiga- 
tions, this  view  has  been  abandoned,  and  instead  it 
is  held  that  the  blood  serum  of  a  non-infected  indi- 
vidual contains  a  normal  or  common  opsonin  which  is 
effective  alike  against  various  bacteria,  and  which  is 
distinguished  by  being  Ihermolabile,  that  is,  losing  its 
effect  on  heating  of  the  serum  containing  it  for  ten 
minutes  at  60°  C.  When,  however,  infection  with  a 
certain  microbe  takes  place  spontaneously,  or  when 
the  phenomenon  of  infection  is  artificially  produced 
by  inoculation  of  this  microbe,  even  though  killed 
by  regulated  heating,  opsonin  with  a  special  affinity 
of  that  particular  microbe  makes  its  appearance  in 
the  blood  serum.  This  is  the  immune  or  specific 
opsonin,  and  is  further  differentiated  by  being 
thermostable  under  the  conditions  above  mentioned. 

Opsonins  and  Infection. — With  the  refinement  of 
method  perfected  by  Wright  and  Douglas  it  becomes 
possible  to  measure  with  considerable  accuracy  the 
opsonic  power  of  a  given  blood  serum;  the  method 
is  one  in  which  the  opsonic  value  of  two  or  more 
serums  is  compared,  giving  the  "opsonic  index," 
the  details  in  the  prosecution  of  which  test  are  pres- 
ently to  be  described.  As  studied  by  the  opsonic 
index  certain  important  facts  in  relation  to  bacterial 
infections  have  been  disclosed,  chief  among  which 
is  that,  in  a  localized  infection  with  one  of  the  several 
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bacterial  species  of  the  pj-ogenic  group,  the  opsonic 
index  is  below  normal.  Sometimes  in  generalized 
infection  the  opsonic  index  is  low,  again  high. 

Opsonins  and  Bacterial  Inoculations. — Besides  the 
.specific  reactions  aroused  in  the  opsonic  power  of  the 
blood  by  infection  with  specific  microbes,  there  is  a 
method  of  reproducing  a  similar  phenomenon  by 
artificial  inoculation  of  the  microorganisms.  To  the 
inocuhiting  substance,  consisting  essentially  of  the 
devitalized  bacteria  in  a  fluid  suspension,  the  name 
"vaccine"  has  been  given  by  Wright,  though,  as 
has  been  pointed  out,  the  term  is  unfortunate  because 
of  its  generally  accepted  usage  in  connection  with  the 
protective  virus  of  smallpox,  and  it  is  much  to  be 
desired  that  a  substitute  less  clumsy  than  "opsono- 
gen,"  and  more  euphonic  than  "bacterin,"  be  settled 
upon.  At  any  rate,  the  subcutaneous  injection  of 
such  vaccines  is  accompanied  by  a  series  of  events 
which  can  be  followed  with  the  aid  of  the  opsonic 
index.  It  can  be  shown,  for  instance,  that  these 
artificial  inoculations  arouse  specific  or  immune 
opsonins  corresponding  to  the  bacterial  species,  and 
further,  if  not  used  in  too  small  a  dose,  or  one 
abnormally  excessive,  are  accompanied  with  a  well- 
defined  wave  of  immunizing  response.  Thus  the 
immediate  effect  is  the  lowering  of  the  opsonic  index 
as  compared  with  normal  serum,  and  this  period  of 
low  opsonic  content,  accompanied  as  it  usually  is  by 
some  adverse  constitutional  reactions  like  languor, 
headache,  chilliness,  and  slight  fever,  has  been  appro- 
priately styled  a  "negative  phase."  After  an  inter- 
val of  hours  or  days,  the  wave  of  immunity  mounts  to 
and  above  the  normal,  constituting  the  "positive 
phase,"  reaching  the  highest  point  or  "high  tide" 
of  immunity.  After  a  further  inten-al,  varying  with 
different  bacteria  and  according  to  dosage  and  other 
circumstances,  the  index  falls  once  more  and  reaches 
the  normal. 

Opsonins  and  Therapeutic  Immunization. — Such 
facts  as  have  already  been  discussed  have  an  interest 
to  the  worker  in  pure  science,  but  there  is  another 
aspect  of  the  theory  of  opsonins  that  comes  home  to 
the  practicing  physician  with  an  immediate  appeal. 
This  concerns  the  vitally  important  discovery  that 
the  machinery  of  immunization  in  man  can  be  set  in 
motion  by  bacterial  vaccines,  not  only  experimentally 
as  just  described,  but  in  the  midst  of  an  existing  in- 
fection, and  by  this  agency  there  can  be  aroused  new 
impulses  of  a  therapeutic  tendency.  Or,  in  other 
words,  curative  immunity  may  be  artificially  stimu- 
lated through  therapeutic  bacterial  inoculations. 
Compared  with  the  other  and  more  controversial 
features  of  Wright's  contributions,  this  one,  of  reviv- 
ing and  placing  on  a  satisfactory  basis  the  practice 
of  therapeutic  bacterial  immunization,  is  his  really 
great  achievement. 

Gauged  by  the  opsonic  index,  therapeutic  bacterial 
inoculations,  in  the  event  of  a  satisfactory  response, 
show  the  same  wave  as  has  been  mentioned  in  con- 
nection with  experimental  artificial  injection  of 
bacterial  vaccine.  There  comes  at  the  outset  the 
fall  of  opsonic  power,  or  negative  phase,  and  with  it 
more  or  less  constitutional  disturbance,  and  at  times 
temporary  aggravation  of  the  localized  infection  if 
such  is  under  treatment.  Now  follows  the  rising 
wave  of  the  positive  phase,  with  constitutional  better- 
ment and  improvement  in  local  lesions.  Before  the 
immunizing  wave  has  again  receded  too  far,  a  second 
inoculation  is  performed  with  another  characteristic 
rebound;  and  so  on  until  a  sustained  "high  tide"  is 
produced,  or  until  recovery  has  been  effected. 

Correct  dosage  and  proper  spacing  of  bacterial 
inoculations  are  vitally  essential  to  successful  thera- 
peutic immunization,  and  as  a  guide  to  this  desired 
end  the  opsonic  index  is  recommended  by  Wright 
and  his  immediate  followers  as  indispensable.  It 
was  believed  by  them  that  the  opsonic  index  furnished 
trustworthy  evidence  of    the  immunizing    response 


botli  in  spontaneous  infections  and  during  tlicrapiulic 
bacterial  inoculations.  This  conception  has  been 
much  modified  with  increasing  experience  in  vaccine 
therapy.  Errors  in  the  delicate  technique  of  the 
opsonic  index  and  errors  in  interpreting  the  results 
impair  its  usefulness  so  that,  in  routine  vaccine 
therapy,  it  is  now  exceptional  to  resort  to  it. 

Tech-nique  of  the  Opsonic  Ixdex. — In  the  evalua- 
tion of  the  opsonic  power  of  the  blood  comparison  is 
made  between  the  serum  of  the  affected  individual 
and  that  of  one  or  several  ("pool")  presumably  normal 
individuals.  The  value  of  a  single  serum,  or,"  in  other 
words,  its  capacity  to  stimulate  phagoc\-1osis,  is 
termed  its  "phagocj-tic  index."  The  comparison  of 
the  phagocytic  index  of  a  serum  of  unknown  potency 
with  the  phagoej-tic  index  of  one  of  several  presum- 
ably normal  serums,  the  value  of  the  latter  being  taken 
as  unity,  gives  the  "opsonic  index."  Several  steps 
are  incidental  to  the  procedure  of  measuring  the 
opsonic  index,  as: 

(a)  Collecting  the  Serum. — One  may  select  the  lobe 
of  the  ear  which  is  punctured,  as  in  obtaining  blood 
for  hematological  study,  or  the  finger  tips  as  the 
source  of  the  blood  whose  serum  is  to  be  secured  and 
tested.  Children  or  nervous  adults  who  dislike  to 
witness  the  trivial  operation  of  drawing  blood  may 
be  accommodated  by  having  their  ear  lobes  punctured. 
But  ordinarily  the  index-finger  is  chosen,  previously 
cleansed,  and  rendered  hyperemic  by  winding  from 
its  base  to  the  last  joint  a  narrow  muslin  bandage, 
or  better  still,  a  thin  rubber  bandage  such  as  is  used 
in  Bier's  method  of  producing  passive  hypyeremia. 
The  congested  finger  tip  is  punctured  at  the  side  of 
the  nail-bed  with  a  lancet,  or,  as  is  done  by  Wright, 
with  the  sharp  tip  of  the  blood  capsule. 

The  receptacle  for  tlie  flowing  blood  Ls  the  ingenious 
blood  tube  or  blood  "capsule"  of  Wright,  which  is 
illustrated  at  actual  size  in  several  of  his  articles. 
It  is  a  glass  tube  about  five  millmeters  in  caliber,  si.x 
centimeters  in  length  as  ready  for  use,  and  with  a  ca- 
pacity of  some  ten  or  fifteen  drops  of  blood.  It  termi- 
nates by  one  extremity  in  a  straight  constricted  point 
(the  stabbing  end),  and  at  the  other  is  drawn  into  a 
capillary,  U-shaped  tube.  At  the  moment  of  collecting 
the  blood  both  tips  of  the  capsule  are  broken  off,  and 
the  orifice  of  the  U-shaped  extremity  is  applied  in  con- 
tact with  the  escaping  blood,  whicli,  in  virtue  of  the 
capillarity  of  the  U-shaped  limb,  is  sucked  through  it 
and  into  the  body  of  the  capsule.  As  soon  as  sufficient 
blood  to  fill  the  capsule  one-half  or  two-thirds  has  been 
automatically  aspirated  into  it,  the  orifice  of  the 
straight  end  is  sealed  in  a  flame,  the  tube  being  grasped 
between  thumb  and  finger  in  such  a  manner  as  to 
insure  no  excessive  heat  reaching  the  column  of 
blood.  The  vacuum  occasioned  by  the  cooling  of  the 
sealed  end  should  suffice  to  draw  the  mass  of  blood 
into  the  capsule  sufficiently  far  to  empty  the  u-shaped 
extremity,  by  which  the  capsule  is  now  grasped  and 
sharply  swung  in  such  a  manner  as  to  drive  the  blood 
in  mass  to  the  closed  straight  end.  .\t  this  stage  of 
the  procedure  the  tube  is  to  be  laid  aside  for  the 
spontaneous  contraction  of  the  clot  and  separation 
of  the  serum,  which  can  be  h.ostened  by  incubator 
temperature;  or  it  can  be  transported  from  the  bedside 
to  the  laboratory.  Finally  the  sorum  is  separated 
by  centrifuging,  at  a  sufficient  speed:  the  U-shaped 
end  of  the  blood  capsule  serving  as  a  handle  by  which 
it  is  hooked  over  the  edge  of  the  metal  tube-shield 
of  the  centrifuge. 

Both  for  separating  the  serum  and  for  washing 
blood  to  obtain  corpuscles  one  may  employ  a  hand 
centrifuge,  though  more  satisfaction  will  be  ex- 
perienced with  a  power  centrifuge  (electric  or  water, 
the  latter  operating  well  with  compressed  air  when 
this  is  available). 

(6)  Washing  the  Corpuscle.^. — It  is  essential  that 
human  blood  corpuscles,  washed  free  from  serimi,  be 
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secured,  for  here  we  obtain  the  leucocytes  whose 
phagocytosis  is  to  be  studied  in  the  presence  of  various 
serums  afterward  added,  along  with  the  emulsion  of 
the  bacterium  in  question.  For  purposes  of  clinical 
usage  the  blood  of  any  healthy  person  who  is  not 
fatigued  may  be  used  for  washing.  Preference  is 
given  to  the  fingertip,  artificially  congested  by  bandag- 
ing the  member  distally,  as  its  source.  One  should 
stab  beside  the  finger-nail  so  that,  with  adequate 
hyperemia,  large  drops  of  the  blood  to  the  number  of 
ten  or  fifteen  exude  and  fall  spontaneously  from  the 
finger-tip,  rather  than  by  coaxing  with  additional 
pressure  or  by  applying  the  tube  to  the  finger.  These 
are  the  "honest  drops"  of  the  opsonist;  and  such 
honest  drops  to  the  number  just  indicated  are  allowed 
to  fall  directly  into  a  narrow  test  tube  containing 
5  to  15  c.c.  of  a  decalcifying  (coagulation-preventing) 
normal  salt  solution,  made  by  adding  to  0.85  per  cent, 
solution  of  sodium  chloride  in  distilled  water  sodium 
citrate  in  the  proportion  of  1  per  cent.  As  the  blood 
drops  into  the  tube  of  decalcifying  solution  it  is  gently 
agitated  to  effect  an  even  distribution,  until  the  re- 
quisite amount  has  been  obtained.  This  mixture  of 
blood  and  decalcifying  fiuid  is  now  centrifuged  at 
such  a  speed  as  to  sediment  the  mass  of  blood  cor- 
puscles, but  not  with  so  excessive  a  rotation  as  com- 
pactly to  jam  the  corpuscles  to  the  bottom  of  the  tube, 
resulting  in  the  distortion  or  disruption  of  leucocytes. 
Properly  performed  this  maneuver  takes  about  five 
minutes,  and  drives  the  blood  corpuscles  out  of  the 
mixture  in  such  a  manner  as  to  leave  in  the  uppermost 
layer  the  majority  of  the  white  blood  corpuscles, 
making  the  so-called  leucocj-te  "cream."  With  a 
pipette  of  proper  caliber  the  supernatant  solution  is 
now  aspirated  from  the  sediment  of  blood  corpuscles, 
leaving  them  and  their  cream  undisturbed.  One 
washing,  such  as  has  just  been  described,  suffices 
to  free  the  corpuscles  from  their  own  serum,  though 
for  double  assurance  one  may,  after  the  first  washing, 
perform  a  second  with  plain  normal  salt  solution. 
For  convenience  the  uppermost  layer  of  corpuscles, 
or  cream,  is  carefully  aspirated  and  set  apart  for 
early  use,  before  which  it  is  gently  agitated  to  insure 
an  even  mixture  of  its  elements,  consisting  of  the 
bulk  of  leucocytes  from  the  sedimented  blood  mixed, 
of  course,  with  red  cells. 

(c)  Making  the  Bacterial  Suspension. — This  prepara- 
tion consists  of  the  bacteria  against  which  the  opsonic 
test  is  to  be  made,  suspended  in  a  normal  salt  solution, 
free  from  clumps  of  cohering  microbes,  and  of  such  a 
density  as  to  permit  a  sufficient,  but  to  preclude  an 
excessive,  phagocytosis.  That  is  to  say,  the  suspen- 
sion is  to  consist  of  isolated  evenly  distributed  bacteria 
in  proper  numerical  proportion.  In  working  with 
dangerous  bacterial  species,  e.g.  the  tubercle  bacillus, 
the  organisms  may  be  devitalized  by  heat,  though 
ordinarily  this  precaution  is  not  taken.  The  technique 
of  these  suspensions  varies  somewhat  according  to  the 
nature  of  the  particular  microbe  as  to  the  coherence 
of  the  mass  in  culture,  and  the  permanence  of  stain- 
able  forms.  Thus  with  the  pyogenic  staphylococci 
the  making  of  a  smooth  suspension  by  simple  agita- 
tion and  centrifuging  is  ordinarily  an  easy  task,  and 
these  suspended  cocci  retain  their  staining  capacity 
for  at  least  two  days.  Tubercle  bacilli,  on  the  other 
hand,  cohere  most  tenaciously,  so  that  extreme  efforts 
are  required  to  obtain  smooth  suspensions,  but  they 
have  the  property  of  indefinitely  responding  to  the 
appropriate  stain.  Gonococci  and  meningococci, 
because  of  their  tendency  toward  self-digestion 
(autolysis),  quickly  cease  to  stain  in  a  satisfactory 
manner,  hence  their  suspensions  must  be  made  from 
young  cultures  on  ascites-agar,  and  used  without 
delay.  With  the  exception  of  tubercle  bacilli, 
gonococci,  and  meningococci,  cultures  on  agar  or 
coagulated  blood  serum  (preferable  for  streptococcus 
and  pneumococcus),  of  twelve  to  twentj'-four  hours' 
incubation,  are  used  to  prepare  suspensions. 
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From  the  slanting  surface  of  the  culture  medium 
the  bacteria  are  washed  by  application  of  a  few  cubic 
centimeters  of  normal  salt  solution,  the  rough  sus- 
pension being  then  withdrawn  from  the  tube. 
Further  mixture  may  be  obtained  by  churning  the 
suspension  back  and  forth  in  a  pipette,  or  it  may  be 
advisable  to  aid  the  process  by  rubbing  the  mixture 
between  smooth  glass  surfaces  or  in  a  small  agate 
or  glass  mortar.  Additional  dilution  is  now  per- 
formed with  5  c.c.  or  10  c.c.  of  normal  salt  solution  and 
agitating.  To  throw  out  the  coarse  particles  the 
suspensioii  is  now  centrifuged,  and  if  the  supernatant 
suspension  is  still  too  dense,  a  further  dilution  and 
centrifuging  may  be  performed.  A  proper  density  of 
the  suspension  is  important,  for  if  too  large  a  number 
of  the  bacteria  remain,  the  phagocyting  leucocytes 
become  overloaded,  making  enumeration  difficult  or 
impossible.  To  obviate  this  drawback  one  may 
count  the  bacteria  in  the  suspension  (see  below, 
Standardizing  Bacterial  Vaccines)  or,  better  still, 
preliminary  opsonic  tests  with  normal  serum  and 
washed  corpuscles  can  be  performed,  in  order  to 
obtain  a  phagocytosis  averaging  five  to  ten  pyogenic 
bacteria  (the  pyogenic  cocci,  colon  and  typhoid 
bacilli)  per  leucocyte,  and  one  or  two  tubercle  bacilli 
per  leucocyte. 

(rf)  Preparing  S^tspensions  of  Tubercle  Bacilli. — 
Wright  uses  the  bacillary  mass  from  surface  glycerin- 
broth  cultures  of  tubercle  bacillus,  or  the  residue  after 
making  old  tuberculin.  In  my  own  work  I  have 
found  the  surface  growth  on  glycerin-agar  to  answer 
well.  The  mass  of  bacilli  is  freed  from  fluid  by  paper 
filtration,  washed  on  the  filter  paper,  first  with  water 
and  then  with  1.5  per  cent,  salt  solution,  and  divided 
into  smaller  portions  which  are  subjected  to  stream- 
ing steam  or  autoclave  sterilization  in  suitable  small 
flasks  for  three  successive  days.  A  globule  of  the 
bacillary  mass  not  larger  than  a  split  pea  is  now 
rubbed  with  1.5  per  cent,  salt  solution  until  smooth. 
One  or  two  drops  of  the  salt  solution  moistens  the 
mass,  followed  by  grinding  for  ten  minutes,  then  drop 
by  drop,  with  intervening  rubbing,  the  salt  solution 
is  added  until  1  c.c.  has  been  reached.  This  coarse 
suspension  is  transferred  to  a  small  narrow  tube  and 
centrifuged  at  high  speed  for  five  minutes  or  longer. 
The  supernatant  suspension  is  now  subjected  to  an 
opsonic  test  with  normal  serum  and  washed  corpuscles. 
If  the  bacilli  are  evenly  distributed  and  free  from 
clumps,  and  the  phagocytosis  is  more  than  one  or 
two  per  leucocyte,  the  supernatant  suspension  is 
separated  and  kept  as  a  stock  which  is  diluted  at 
the  moment  of  using  so  as  to  bring  the  phagocytosis 
to  the  required  point  as  determined  by  a  test.  Such  a 
stock  suspension  may  be  kept  in  the  cold,  and  is 
available  for  at  least  a  week.  The  original  masses 
of  sterilized  culture  should  be  kept  moist  in  the  small 
flasks,  and  are  useful  so  long  as  in  this  condition. 

(e)  Mixing  Serum,  Washed  Corpuscles,  and  Bac- 
terial Suspension. — A  mixing  pipette  or  opsonic  pipette 
is  required  for  this  operation.  As  used  by  Wright 
and  his  followers  this  implement  resembles  an  ordinary 
glass  medicine  dropper  with  a  much  elongated  narrow 
extremity.  The  body  of  the  pipette  is  a  tube  5  cm. 
long  and  about  6  mm.  in  diameter.  Its  elongated 
extremity  measures  10  cm.  to  15  cm.  and  has  a  caliber 
of  about  0.6  mm.  to  0.8  mm.  For  aspirating  the 
components  of  the  mixture  one  may  employ  the 
ordinary  rubber  bulb  or  teat  used  with  medicine 
droppers.  A  more  satisfactory  device  for  prevent- 
ing excessive  suction  is  a  rubber  bulb  operated  with  a 
small  Hoffman's  tubing  clamp,  or  a  rather  elaborate 
apparatus  in  which  a  graduated  screw  makes  pressure 
on  the  rubber  diaphragm  of  an  air-chamber. 

About  1  or  2  cm.  from  the  attenuated  extremity  of 
the  pipette  a  "fiducial"  line  is  made  with  a  wax 
pencil,  or  pen  and  ink.  The  serum  reposes  in  the 
capsule  after  having  been  centrifuged,  and  is  most 
readily  exposed  by  crushing  the  capsule  at  the  desired 
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point  with  a  pair  of  old  bone-cuttinf?  pliers.  A 
convenient  receptacle  for  the  capsules,  tube  of  washed 
corpuscles,  and  tube  of  bacterial  suspension  is  a  dish 
of  wet  sand.  Having  all  these  in  readiness  the  pro- 
cedure is  to  draw  to  the  mark  on  the  pipette  a  por- 
tion of  the  washed  leucocyte  cream,  then  aspirate  a 
short  column  of  air;  then  draw  to  the  mark  a  portion 
of  the  bacterial  suspension;  now  follow  with  a  divid- 
ing column  of  air;  finally  aspirate  to  the  mark  a 
quantum  of  the  serum  to  be  tested.  These  equal 
portions  are  now  to  be  mixed  by  forcing  them  out 
of  the  pipette  on  a  clean  slide,  drawing  in  and  forcing 
out  again.  The  mixture,  without  air  bubbles,  is 
finally  drawn  into  the  pipette,  the  free  extremity  of 
which  is  sealed  in  a  flame,  and  the  whole  is  ready  for 
the  incubator. 

(/)  Incubating  the  Mixture. — To  facilitate  the 
opsonic  process  and  phagocj'tosis  the  mixture  in  the 
pipette  is  kept  at  a  temperature  of  37.5°  C.  for  fifteen 
or  twenty  minutes.  The  pipettes  may  be  placed  in 
an  ordinary  incubator  held  in  a  pasteboard  or  metal 
rack,  or  the  special  opsonic  incubator  of  Freeman, 
consisting  of  a  copper  water-bath  with  automatic 
temperature  regulator  and  tubes  for  the  pipettes,  may 
be  used.  Since  the  serum,  suspension,  and  corpuscles 
tend  to  separate,  it  is  well  to  agitate  the  pipette 
gently  once  or  twice  during  incubation,  or  recourse 
may  be  had  to  a  mechanical  device  by  which  the  tubes 
are  rotated  with  a  small  pulley  operated  by  a  miniature 
water  or  electric  motor. 

(g)  Preparing,  Fixing,  and  Staining  the  Film. — After 
incubation  the  end  of  the  opsonic  pipette  is  broken  and 
its  contents  are  mixed  by  forcing  onto  a  clean  slide 
and  drawing  back  into  the  pipette.  A  drop  of  the 
mixture  suitable  in  size  is  now  placed  near  one 
end  of  a  clean  microscopic  slide  and  spread  as  in 
making  a  blood  film,  except  that  the  spread  is  thicker 
and  is  purposely  made  somewhat  uneven.  A  special 
"spreader,"  consisting  of  a  slide  from  one  end  of 
which  the  corners  have  been  cut  across  or  ground  off, 
is  used  for  making  a  film  narrower  than  the  slide, 
thicker  at  the  starting-point,  and  tapering,  tongue- 
like and  thinner,  as  the  spread  proceeds. 

In  the  case  of  tuberculo-opsonic  preparations,  and 
to  insure  a  smooth  film  free  from  alternate  heaps  and 
deserted  areas,  some  workers  prefer  a  slide  the  con- 
cave surface  (found  by  testing  the  slide  on  a  perfectly 
smooth  surface)  of  which  is  roughened  by  rubbing  with 
fine  emery  paper. 

The  dried  films  in  the  case  of  ordinary  bacteria 
are  to  be -fixed  by  flaming;  or,  as  is  the  writer's  prac- 
tice, fixed  and  given  the  plasmatic  stain  by  treating 
with  alcoholic  eosin  solution. 

Films  for  tubercle  bacillus  preparations  are  to  be 
fixed  in  saturated  watery  solution  of  corrosive  sub- 
limate for  about  one  minute,  or  by  immersion  in  wood 
alcohol  for  several  minutes;  or  one  may  flood  with 
ordinary  alcohol  and  ignite  it,  thus  combining  alcoholic 
hardening  with  heat  fixation. 

Staining  of  the  films,  except  in  the  case  of  tuberculo- 
opsonic  preparations,  is  performed  by  the  aid  of  eosin 
and  methylene  blue.  Various  formulas  in  which  these 
anilins  are  combined  in  a  single  solution  like  Lcish- 
man's  or  J.  H.  Wright's  stains,  can  be  employed,  and 
the  operations  performed  according  to  the  usual  direc- 
tions for  staining  blood  preparations.  Or  the  eosin 
and  blue  can  be  used  separately,  as  is  the  writer's 
practice;  alcoholic  eosin  (eosin,  alcohol-soluble, 
Griibler,  one  per  cent,  in  ninety-five  per  cent,  alcohol) 
is  first  applied  to  fix  and  stain  the  film,  which  is  next 
washed  in  water  and  then  stained  with  a  one-pcr-cent. 
solution  of  methylene  blue  (preferably  the  methylene 
blue  after  Ehrlich,  of  Griibler).  After  stainimr,  the 
films  are  dried  and  mounted  in  balsam,  or  examined 
in  oil  with  the  oil  immersion  lens,  without  covering. 

Tuberculo-opsonic  films  are  first  stained  in  hot 
carbol-fuchsin  several  minutes,  washed  in  water, 
decolorized    in    two-and-one-half-per-cent.    sulphuric 


acid  aqueous  mixture  a  few  seconds,  washed  in  water, 
further  treated  with  five-per-cent.  acetic  acid  for  a 
few  seconds,  washed  thoroughly,  and  counterstained 
a  few  seconds  with  methylene  blue  (1  gm.  rubbed  in 
1  c.c.  absolute  alcohol,  to  which  "mud'  is  added  200 
c.c.  of  a  0.1-per-cent.  solution  of  sodium  hvdrate,  and 
the  whole  filtered).  This  is  the  method  "advised  bv 
A.  E.  Wright. 

(/f)  Counting  and  Determining  the  Index. — With  the 
low  power  of  the  microscope  the  finished  opsonic 
preparation  is  scanned,  and  the  area  in  which  the  white 
cells  are  numerous,  generally  the  ends  of  the  film,  is 
located,  whereupon  the  immersion  lens  is  focussed. 
The  next  task  is  to  count  the  bacteria  englobed  by 
the  polynuclear  leucocytes,  so  as  to  strike  the  average. 
With  the  pyogenic  bacteria  it  is  generally  sufficient 
to  count  the  bacteria  in  twenty-five  white  cells,  but 
with  tubercle  bacilli  fifty  to  one  hundred  cells  are 
included  in  the  count.  The  average  per  leucocvte 
obtained  by  these  counts  gives  the  phagocj-tic  index 
for  the  serum  under  observation.  To  obtain  the 
opsonic  index  a  control  preparation,  with  individual 
normal  serum  or  pooled  normal  serums,  is  simul- 
taneously carried  through  all  the  stages  just  described. 

The  phagocyiic  index  of  the  normal  serum  Ls  ob- 
tained by  the  same  count  and  average  as  for  the  serum 
in  question.  The  opsonic  index  represents  the  ratio 
which  the  phagocytic  indices  of  the  two  serums  bear 
to  each  other,  the  phagocytic  index  of  the  normal 
serum  being  taken  as  unity.  It  is  obtained  by  the 
following  proportion — the  phagoc>-tic  index  of  the 
normal  serum:  the  phagocytic  index  of  the  serum  in 
question  ::  1  :  x.  For  example,  a.ssume  that  the 
staphylo-opsonic  index  is  to  be  obtained,  and  that  the 
average  staphylococci  per  leucocj'te,  or  the  phagocytic 
index  of  the  normal  serum,  is  found  to  be  16;  and  the 
phagocytic  index  of  the  serum  in  question  to  be  12. 
The  proportion  would  be  16: 12::1: i;  and  the  opsonic 
index,  }|  or  0.75. 

Technical  Modifications  of  the  Opsonic  Index. — It 
must  not  be  assumed  that  the  method  of  Wright 
and  Dougla.s  for  obtaining  the  opsonic  index  has  been 
accepted  unchallenged  by  laboratory  workers.  There 
are,  mdeed,  those  who  claim  that  the  results  are  far 
from  reliable,  due  to  various  faults  in  the  method; 
and  others  who  vigorously  insist  that  the  opsonic 
index  is  not  a  reliable  guide  upon  which  to  base 
therapeutic  bacterial  inoculations.  But  aside  from 
these  controversial  aspects,  certain  modifications  in 
the  technique  have  been  proposed. 

By  some  workers  Lei.shman's  original  method  is  still 
adhered  to.  This  consists  in  using  the  whole  blood, 
equal  portions  of  which  and  of  the  bacterial  suspension 
are  mixed,  a  drop  of  the  mixture  placed  on  a  slide, 
covered  with  a  cover-gUiss,  and  incubated  for  ten 
or  fifteen  minutes.  The  slide  and  cover  are  then 
drawn  apart,  the  film  is  stained,  and  the  phagocytic 
index  is  computed  as  described  above. 

Other  workers  have  aimed  to  reduce  the  experi- 
mental error  by  employing  highly  dilute  suspensions 
of  bacteria;  or,  better  still,  by  diluting  the  serums 
under  scrutiny.  Combined  with  the  modifications  of 
diluting  the  suspension  and  the  serum  is  the  suggestion 
to  use  as  a  basis  of  comparison  the  phagocvting  leuco- 
cj'tcs,  giving  a  so-called  "percentage'^  index  as 
opposed  to  Wright's  "bacterial"  index.  These 
various  modifications  have  not  supplanted  the  tech- 
nique of  the  opsonic  index  as  perfected  bj-  Wright 
and  Douglas. 

Preparation  of  B.^cterial  V.\ccines. — "Vaccines," 
or  the  special  bacterial  substances  used  in  opsonic 
therapy,  are  of  two  classes:  corresponding,  that  is, 
identical  in  species  with  the  pathogenic  microbe 
against  whose  inroads  effort  is  directed;  and  auto- 
genous, as  the  writer  has  called  them,  that  is,  of 
bacteria  obtained  directly  from  the  infected  individual 
and    reintroduced    for   therapeutic    purposes.     Both 
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autogenovis  and  corresponding  vaccines  may  be 
"mixed,"  that  is,  composed  of  several  different 
bacterial  species.  Corresponding  vaccines  are  also 
designated  "stock"  vaccines.  As  to  the  particular 
merits  of  these  two  classes  of  vaccines,  evidence  is 
.still  insufficient  to  permit  final  judgment;  though 
enlarging  experience  in  opsonic  therapy  seems  to 
indicate  that  with  few  exceptions  better  results,  and 
in  many  cases  satisfactory  results  alone,  are  to  be 
obtained  by  the  vaccine  made  from  the  microbe  of 
autogenous  origin,  subjected  to  as  little  artificial 
manipulation  as  is  possible;  that  is  to  say,  the  microbe 
reintroduced  in  as  near  its  original  biologic  condition 
as  laboratory  manipulation  will  permit.  Subcultiva- 
tion,  by  which  many  pathogenic  bacteria  speedily 
lose  the  properties  incidental  to  their  habitat  in  the 
morbidly  affected  animal  organism,  is  to  be  mini- 
raized.  It  appears  that,  in  the  case  of  certain  staphy- 
lococci, the  changed  environment  of  repeated  transfer 
on  artificial  culture  media  does  not  deprive  them  of 
usefulness  in  the  production  of  stock  vaccines  directed 
against  some  forms  of  staphylococcic  infection; 
though  no  one  hiis  learned  whether  the  full  remedial 
property  of  a  staphylococcus  artificially  grown  is 
retained,  or,  if  lost,  when.  Obviously,  autogenous 
vaccines  are  imperatively  required  when  one  en- 
counters, in  an  infection  of  unknown  origin,  one  or 
more  of  the  less  common  bacterial  species  like  Bacillus 
mucosits  capsulaius  and  the  pseudodiphtheria  bacUlus; 
or  in  the  case  of  such  groups  as  the  streptococci,  colon- 
paracolon,  and  proteus  in  which  variation  is  an  out- 
standing characteristic.  Likewise  in  mi.\ed  infections 
where  several  bacterial  species  are  simultaneously 
encountered,  and  against  all  of  which  combat  is 
required,  it  would  be  practically  impossible  to  have 
in  stock  the  appropriate  corresponding  vaccines,  even 
if  there  was  reason  to  believe  these  ready-prepared 
products  might  be  effective;  and  this  objection  would 
liold  good  in  those  not  rare  instances  in  which,  during 
the  treatment  of  a  chronic  infection,  the  bacterial 
flora  changes. 

There  seem  to  be,  indeed,  most  weighty  arguments 
in  favor  of  employing  autogenous  vaccines  made  from 
freshly  isolated  bacteria  for  treating  existing  infec- 
tions, and  for  stock  vaccines  of  the  trade  no  argument 
whatever  save  commercial  expediency.  For  clearly 
one  who  is  sufficiently  skilled  to  practice  vaccine 
therapy  safely  and  intelligently  is  assuredly  competent 
to  prepare  his  own  vaccines;  and  he  whose  knowledge 
and  skill  preclude  his  isolating,  identifying,  and 
making  into  a  vaccine  the  autogenous  microbe 
should  be  considered  incompetent  to  practice  thera- 
peutic inoculation  even  with  stock  vaccines. 

(a)  Suspension  or  Emulsion  of  Bacteria. — In  a 
general  way  the  process  of  preparing  a  bacterial 
vaccine  is  identical  with  that  described  under  bac- 
terial suspensions  for  use  in  determining  the  opsonic 
index.  At  least  this  holds  good  for  the  preliminary 
stages  in  which  the  bacteria  are  cultivated  in  tubes 
of  solid  media,  washed  off  in  sterile  salt  solution,  and 
shaken  or  churned  to  effect  separation  of  the  com- 
ponent organisms.  Ordinarily  it  is  sufficient  to  use 
5  c.c.  of  salt  solution  in  preparing  this  first  suspension, 
and,  unless  there  is  marked  persistent  cohesion  of 
the  bacteria  in  masses,  centrifuging  of  the  suspension 
is  superfluous.  This  first  suspension  or  unstandard- 
ized  vaccine  is  transferred  to  a  suitable  sterile  re- 
ceptacle— a  test  tube,  for  example,  which  may  or 
may  not  be  hermeticaUy  scaled.  A  drop  of  it  is 
withdrawn  and  set  aside  for  standardizing.  The 
rest  is  now  to  be  heated  to  devitalize  the  bacteria, 
which  is  accomplished  by  immersing  the  container 
with  crude  vaccine  in  a  water  bath,  the  temperature 
of  which  is  kept  at  55°  to  60°  C.  The  duration  of  this 
devitalizing  process  varies  somewhat  according  to  the 
varying  thermal  death-point  of  the  bacterial  species 
in  hand.  One  hour  at  60°  C.  is  an  outside  limit. 
Most  pyogenic  microbes  in  the  vegetative  form,  as 
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called  for  in  prcjiaring  those  vaccines,  succumb  in 
one-half  hour's  heating  at  60°  C.  Gonococci  and 
meningococci  yield  at  a  temperature  of  55°  to  58° 
C,  and  usually  in  ten  miimtes.  As  a  further  pre- 
caution, particularly  wlien  one  is  obtaining  early 
familiarity  with  this  step  in  vaccine  therapy,  it  Ls 
wise  to  plant  a  small  portion  of  the  heated  vaccine  as 
a  control  culture  to  test  its  sterility. 

Returning  now  to  the  culture  whose  bacteria  furnish 
the  material  for  the  vaccine,  some  further  points  may 
with  value  be  elucidated.  For  the  more  usual  and 
easily  grown  species  plain  agar  or  glycerin-agar  is  the 
medium  of  election,  but  here  as  elsewhere  in  which 
solid  culture  media  are  called  for  in  vaccine  therapy, 
it  is  highly  desirable  to  have  the  medium  moist  and 
supplied  with  a  moderate  amount  of  water  of  con- 
densation. A  growth  of  twelve  or  twenty-four  hours' 
incubation  is  suflScient.  Gonococci  and  meningococci 
are  grown  on  ascites-agar  or  ascites-glucose-agar  for 
eighteen  to  thirty-sLx  hours.  Most  streptococci  and 
pneumococci  grow  very  luxuriantly  on  Loeffler's 
blood-serum  mixture,  and  require  twenty-four  to 
forty-eight  hours'  incubation.  This  same  medium 
answers  well  for  the  meningococcus  and  for  some 
strains,  at  least,  of  the  gonococcus,  after  starting 
them  on  ascites-agar.  Blood-agar  is  required  for  the 
isolation  and  sub-cultivation  ol^  the  influenza  bacillus, 
Bordet's  bacillus  of  pertussis,  and  for  other  hemophylic 
species.  Occasionally  one  will  resort  to  more  special- 
ized culture  media  as  illustrated  by  the  lactic  acid- 
agar  combination  for  the  acne  bacillus,  and  again 
the  oxygen-minus  requirements  of  anaerobic  species 
must  be  met  by  the  technique  devised  for  this 
purpose. 

The  pus  or  other  exudate  containing  the  infecting 
organism  is  smeared  upon  the  surface  of  the  solid 
culture  medium.  Should  there  be  reason  to  believe 
that  but  a  single  bacterial  species  is  present  in  the 
material,  e.g.  staphylococcus  in  the  pus  of  an  acne 
pustule,  or  in  that  from  a  boil  or  carbuncle,  no  neces- 
sity will  arise  for  making  dilutions  and  plate  cultures; 
instead,  the  primary  culture  as  it  appears  on  the  sur- 
face of  one  or  more  tubes  may  be  used  to  prepare  the 
vaccine.  Or,  should  the  single  colonies  of  a  single 
species  be  widely  isolated  on  the  first  tube  or  tubes 
after  twenty-four  hours'  incubation,  they  may  be 
spread  to  produce  a  growth  sufficiently  extensive  to 
cover  the  surface  of  the  culture  medium  and  allowed 
an  additional  incubation  of  twenty-four  hours. 

In  anticipation  of  infection  with  mixed  bacteria  the 
handling  of  the  original  material  is  such  as  to  allow 
of  the  separation  and  identification  of  the  various 
species.  Most  workers  resort  to  plate  cultures  with 
the  aim  of  meeting  this  contingency,  and  occasionally 
this  too  complicated  process  is  the  only  one  that  will 
answer.  From  a  considerable  experience,  however, 
the  writer  has  found  that  the  much  simplified  method 
of  Banti-Grosglick  will  generally  suffice  for  separat- 
ing so  as  to  secure  in  pure  culture  the  various  bacteria 
constituting  the  flora  of  a  mixed  infection.  This 
method,  it  may  be  well  to  remind  the  reader,  is  one 
in  which  ordinary  solid  slanted  medium  in  a  test  tube 
is  required,  and  dilution  is  effected  by  bringing  the 
loopful  of  exudate  into  the  condensation  water  of  the 
first  tube,  where  it  is  mixed  thoroughly.  After  flam- 
ing the  loop  it  is  used  to  carry  one  or  two  loopfuls  of 
infected  condensation  water  to  the  water  in  tube  two, 
and  tlie  maneuver  is  again  repeated  by  carrying  from 
tube  two  to  tube  three.  The  infected  condensation 
water  in  the  three  tubes  is  now  allowed  to  flow  over 
the  surface  of  the  medium,  the  tubes  containing  which 
are  then  returned  to  an  upright  position,  and  placed 
in  the  incubator,  where,  usually  in  the  second,  and 
almost  invariably  in  the  third  dilution,  well-isolated 
pure  colonies  will  arise  after  tlie  proper  interval. 
Should  media  without  condensation  water  alone  be 
available,  separate  colonies  often  can  be  secured  by 
rubbing  the  loopful  of  exudate  over  the  first  tube,  and 
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then,  without  flaming,  over  the  surface  of  the  media 
in  the  second  and  third  tubes;  or  a  series  of  parallel 
"scratches"  may  be  made  with  the  loop  containing 
the  exudate,  beginning  with  the  first  tube,  and,  after 
its  surface  has  been  covered  with  longitudinal  stria- 
tions,  proceeding  in  the  same  manner  with  the  second 
and  third  tubes.  In  isolating  streptococci,  pneu- 
niococci,  and  meningococci,  Loeftler's  medium  in 
slants  is  most  satisfactory  and  may  be  used  in  a  single 
implantation,  or  by  the  Banti-Grosglick  method  in 
case  mixed  infection  is  suspected.  In  the  ease  of  the 
meningococcus  it  is  well  to  know  that  this  organ- 
ism sometimes  appears  tardily,  and  one  should  not 
pronounce  negatively  upon  the  culture  until  at  least 
a  week  has  elapsed.  Gonococci  are  most  expedi- 
tiously isolated  from  the  pus  of  a  fresh  untreated 
urethritis,  and  here  one  may  profitably  resort  to 
ascites-glucose-agar  in  Petri  plates,  smearing  the 
pus  over  the  surface  by  the  "scratch-culture"  method 
as  just  described. 

Having  isolated  and  identified  the  species  in  a  mixed 
infection,  the  ciuestion  occurs  as  to  which  species  is 
to  be  employed,  or  whether  all  are  to  be  converted 
into  vaccine  and  used  for  inoculation.  This  is  largely 
a  matter  of  bacteriological  judgment  and  of  experience 
in  vaccine  therapy.  Thus,  if  more  than  one  variety 
of  a  given  species,  as,  for  instance,  Slaphylocnccmt 
alhus  and  citreus  from  acne  pus,  is  encountered,  it 
would  be  entirely  proper  to  use  a  vaccine  composed 
of  a  mixture  of  both  varieties.  Again,  in  the  event 
of  a  mixed  flora  with  one  well-known  pathogenic 
species  predominating,  this  would  natural!}'  be  chosen; 
or  if  two  well-known  but  distant  pathogenic  species 
were  prominent,  like  Streptococcus  and  Bacillus  pijo- 
ci/aneus,  vaccines  from  each  would  be  employed. 
However,  it  may  befall  one,  particularly  in  treating 
old  suppurative  lesions  like  sinuses,  fistulas,  empyema, 
etc.,  to  ignore  an  organism  like  one  of  the  proteus 
group,  or  a  member  of  the  colon  group,  that  at  first 
blush  would  be  regarded  as  a  saprophyte,  and  by  thus 
failing  to  employ  its  vaccine  along  with  staphy- 
lococcus, streptococcus,  or  other  near  acquaintances 
among  the  pyogenic  bacteria,  to  meet  with  poor 
results. 

Furthermore,  there  is  always  to  be  kept  in  mind, 
especially  in  treating  chronic  suppurations,  the  pos- 
sibility of  a  changing  haclerial  flora  in  the  course  of 
the  treatment.  In  the  writer's  experience,  to  cite 
one  of  .several  examples,  what  origmally  responded 
as  an  unhealed  empyema  due  to  unmixed  pseudo- 
diphtheria  bacillus  infection,  in  later  culture  showed 
an  admixture  of  Staphylncncctis  aureus,  later  the 
unmixed  aureus,  and  finally  the  pneumococcus, 
inoculations  with  the  changing  autogenous  bacteria, 
were  imperatively  required  to  effect  the  desired 
improvement. 

(h)  Standardizing  the  Vaccine. — The  drop  of  the 
original  suspension  removed  before  devitalizing  the 
bacteria  in  a  vaccine  serves  for  standardizing,  which 
is  effected  by  counting  the  bacteria  in  this  original 
suspension,  which  is  then  diluted  so  as  to  secure  the 
proper  dosage  when  subdivided.  Counting  the  bac- 
teria in  a  given  suspension  is  performed  after  (he 
method  proposed  by  Wright  and  best  described  in 
his  own  language,  in  which  he  is  concerned  with  the 
standardizing  of  a  typhoid  vaccine,  but  which  applies 
equally  well  to  suspensions  of  the  usual  pathogenic 
bacteria.  He  says:  "This  enumeration  can  in  the 
case  of  a  twenty-four-  to  forty-eight-hour  culture  of 
the  bacillus  typhosus  be  made  in  an  accurate  and 
expeditious  manner  under  the  microscope.  It  will  be 
manifest  that  in  the  case  where  we  are  dealing  with 
a  mixture  of  an  alic|Uot  volume  of  normal  bloorl  (con- 
taining .'),000,000,000  red  blood  corpuscles  per  cubic 
centimeter)  with  an  equal  volume  of  bacterial  culture, 
the  number  of  microorganisms  and  red  blood  cor- 
puscles in  a  film  prejiarcd  with  such  a  mixture  will 
stand  one  to  the  other  in  a  ratio  which  corresponds  to 


the  respective  numbers  of  red  corpuscles  and  bacilli 
in  the  unit  of  volume. 

"The  mixture  of  the  blood  and  culture  in  definite 
proportions  is  made  as  follows:  We  take  in  hand  an 
opsonic  pipette.  Having  placed  a  mark  upon  the 
capillary  stem  at  a  convenient  distance  from  its  orifice 
and  having  by  means  of  the  teat  established  a  negative 
pressure  in  the  interior  of  the  tube,  we  draw  up  in 
succession  into  the  capillary  stem  (a)  one  volume  of 
blood  (obtained  from  a  prick  in  the  finger)  such  us  will 
fill  the  capillary  stem  up  to  the  fiducial  mark;  (6) 
an  air  bubble  to  serve  as  an  index;  (c)  a  volume  of  the 
vaccine;  and  further  (d)  three  volumes  of  a  physio- 
logical .salt  .solution;  or,  in  lieu  of  these  last,  as  may 
be  required,  one,  two,  or  three  further  volumes  of  the 
vaccine;  taking  care  to  complete  in  each  caso  to  five 
volumes.  Having  expelled  the  contents  of  the  tube 
on  to  a  slide,  and  having  effecterl  thorough  mixture 
by  drawing  up  the  fluid  into  the  capillary  pipette 
and  blowing  it  out  several  times  in  succession,  we 
transfer  a  drop  of  the  mixture  to  a  microscopic  slide 
and  spread  it  out  by  bringing  down  upon  it  the  edge 
of  another  slide  and  drawing  this  along.  The  thick- 
ness of  the  film  is  regulated  by  adjusting  the  angle 
between  the  slides,  widening  this  angle  when  a  thicker 
film  is  to  be  left  behind,  and  narrowing  it  when  a 
thinner  film  is  required.  The  film  is  then'fixed  and 
stained,  most  conveniently,  perhaps,  by  the  stain 
described  by  Leishman.  The  bacteria  and  red  blood 
corpuscles  are  now  separately  enumerated  on  a  series 
of  fields  chosen  at  random  from  different  parts  of  the 
preparation.  Owing  to  the  spacing  out  which  is 
secured  by  the  five-fold  dilution  of  the  blood,  this 
enumeration  can,  if  necessary,  be  carried  out  without 
restricting  or  subdividing  the  field  of  the  microscope. 
It,  however,  facilitates  matters  if  we  restrict  the  field 
by  the  employment  of  a  high-power  eye-piece  and 
subdivide  it  by  inscribing  a  cross  by  means  of  a  glass 
writing  pencil  upon  a  cover-glass,  and  dropping  this 
into  the  eye-piece.  The  necessary  calculation  can 
be  most  easily  carried  out  by  the  help  of  a  slide 
rule. 

"Suppose  we  have  a  typical  field  of  such  a  film 
preparation  as  has  been  described  above.  It  will  be 
found  that  there  are  here  contained  in  this  field  of 
view  thirty-six  blood  corpuscles  and  twenty  typhoid 
bacilli.  Making  the  assumption  that  we  are  here 
dealing  with  a  normal  blood  and,  as  already  postulated 
with  an  average  field,  the  calculation  we  make  is  as 
follows : 

"Number  of  red  blood  corpuscles  in  average  field: 
number  of  bacilli  in  average  field  ::  number  of  red 
blood  corpuscles  in  the  unit  of  volume:  number  of 
bacilli  in  the  unit  of  volume. 

"36:20  :  :, 5, 000,000.000:  (number  of  bacilli  in  the 
cubic  centimeter  of  culture!.  Answer:  The  culture 
contains  circ.  2,800,000,000  typhoid  bacilli  in  the 
cubic  centimeter. 

"In  the  case  where,  in  lieu  of  1  volume,  2,  3,  or 
4  volumes  of  culture  have  been  mixed  with  one  volume 
of  blood,  the  number  of  bacilli  in  the  cubic  centimeter 
of  culture  will  of  course  correspond  to  the  quotient 
obtained  by  dividing  the  result  arrived  at  in  the  above 
calculation  by,  as  the  case  may  be,  2,  3,  or  4." 

(c)  Tubercle  ]'acrine. — .\lthough  some  attempts 
have  been  made  in  that  direction,  the  production  of  an 
autogenous  vaccine  from  a  given  case  of  tuberculous 
infection  has  thus  far  been  attended  with  indifferent 
success.  That  this  should  be  so  is  readily  appreciated 
by  those  familiar  with  the  biological  peculiarities  of 
the  tubercle  ba<illus.  and  who  recognize  the  great 
technical  difficulties  involved  in  the  attempt  to  secure 
this  organism  in  i)urc  culture,  especially  when,  as  is 
so  often  the  case,  it  is  present  in  lesions  associated  with 
other  bacterial  species.  Furthermore,  the  compara- 
tively slow  growth  of  this  microbe  is  a  drawback  to 
its  use  for  an  autogenous  vaccine,  .and  when  recounse 
must  be  had  to  the  indirect  method  of  guinea-pig 
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inoculation  and  subsequent  recovery  in  culture,  one 
naturally  hesitates  about  using  the  bacillus  so  re- 
covered because  of  the  possibility  that  its  sojourn 
in  the  guinea-pig  might  have  sufficiently  changed  it 
so  as  to  be  unfit  for  therapeutic  use  in  man.  In  any 
event,  the  custom  is  to  resort  to  one  of  the  several 
tubercle-bacillus  preparations  already  in  use;  though 
here,  too,  it  must  be  confessed,  we  are  still  ignorant 
as  to  the  source  of  the  organism  employed,  or  as  to 
what  has  befallen  that  particular  organism  in  the  way 
of  artificial  cultivation  after  its  isolation. 

Wright  usually  advises  the  use  of  Koch's  new  tuber- 
culin (T.  R.)  which  is  practically  a  suspension  of 
tubercle  bacilli  in  which  the  residue,  after  washing  in 
water  by  the  centrifuge,  forms  the  basis.  This  prepa- 
ration is  dispensed  in  bottles,  the  menstruum  being  a 
forty-per-cent.  glycerin  mixture  with  a  bulk  of  1  c.c, 
and  holding  in  suspension  after  shaking,  ten  milligrams 
of  the  tubercle  bacillus  powder.  Another  preparation 
which  has  preference  with  some  workers  is  that  form 
of  Koch's  T.  R.,  called  the  bacillus  emulsion  (B.  E.), 
which  has  as  a  basis  tubercle  bacilli  previously  sub- 
jected to  grinding,  without  washing,  suspended 
in  a  glycerin  menstruum,  and  dispensed  in  glass- 
stoppered  amber  bottles  in  which  five  milligrams  of  the 
bacillary  powder  is  present  in  1  c.c.  of  the  fluid.  As 
employed  in  opsonic  therapy  special  precautions  are 
taken  in  the  dilution  and  preparation  of  these  tuber- 
culins, and  the  following  description  modified  after 
Wright,  and  specifically  concerning  T.  R.,  is  also 
applicable  to  B.  E.,  except  that  the  computation  is 
made  for  the  latter  on  the  basis  of  five  milligrams  of 
solid  substance  instead  of  ten  milligrams  as  for  T.  R. 
Since  the  dose  of  these  tuberculins  commonly  em- 
ployed isfrom^iij  milligram  to  ^-ij'ctr  milligram  it  is  clear 
that  the  original  product  must  be  largely  diluted. 

An  original  sealed  bottle  of  T.  R.  is  procured,  well 
shaken,  and  opened  with  care  to  prevent  contamina- 
tion, either  by  cautiously  flaming  the  neck  and  stopper 
or  by  immersing  the  whole  container  in  pure  lysol  for 
a  short  time,  afterward  wiping  with  sterile  gauze  or 
towel.  Aspirate  the  original  T.R.  into  a  sterile 
pipette  of  adequate  size;  seal  this  in  the  flame;  wash 
out  the  container  with  1  c.c.  of  sterile  salt  solution 
which  is  aspirated  into  a  second  pipette,  sealed,  and, 
with  the  one  already  filled,  placed  in  a  water-bath 
and  heated  one  hour  at  60°  C.  This  precautionary 
additional  sterilization  of  the  tuberculin  recom- 
mended by  Wright  may  be  performed  by  immersing 
the  original  unstoppered  bottle  in  water  sustained  at 
60°  C.  for  one  hour,  after  which  it  is  to  be  handled 
with  precaution  to  avoid  contamination,  such  as 
would  be  used  in  an  aseptic  operation.  The  most 
convenient  container  for  the  tubercle  vaccine  is  the 
vaccine  bottle  of  Wright,  wide-mouthed,  of  amber 
glass,  fitted  with  a  thick  rubber  cap,  and  of  a  capacity 
of  50  c.c;  but  of  course  any  suitable  sterilized  flask  or 
bottle  may  be  employed.  Into  the  sterile  vaccine 
bottle,  filled  with  48  c.c.  of  sterile  normal  salt  solution 
to  which  trikresol  in  the  proportion  of  0.25  per  cent, 
has  been  added,  the  contents  of  the  two  pipettes  is 
forced.  This  step  is  conveniently  performed  by  draw- 
ing to  a  fine  point  the  sealed  ends  of  the  pipettes, 
which  are  then  broken,  and  plunged  through  the 
rubber  cap  of  the  vaccine  bottle,  to  which  cap  lysol 
has  previously  been  applied;  after  which  the  tuberculin 
is  expelled.  This  first  dilution,  or  "concentrated 
vaccine, "  contains  |  milligram  of  tubercle  bacillus 
powder  to  each  cubic  centimeter.  The  second  dilu- 
tion for  daily  use  is  made  by  adding  J  c.c.  of  concen- 
trated stock  to  50  c.c.  of  normal  salt-trikresol  solution 
in  a  second  vaccine  bottle;  and  this,  the  finished 
tubercle  vaccine,  contains  ^V  milligram  of  tubercle 
powder,  so  that  each  cubic  centimeter  of  it  equals  eJu 
milligram  of  T.  R. 

In  event  that  Koch's  old  tuberculin  (O.  T.)  is  to 
be  used  the  dilutions  may  be  made  by  following  the 
directions  on  the  folder  inclosed  in  each  package. 
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(d)  Preservation  of  Vaccine. — To  avoid  subsequent 
contamination  it  is  customary  to  add  some  chemical 
preservative  to  the  finished  vaccine.  Forthis  purpose 
the  lysol  originally  advised  by  Wright  has  given  way 
to  trikresol  (0.2  to  0.4  per  cent.)  or  carbolic  acid  Cone 
to  two  per  cent.)  in  sterile  decinormal  salt  solution. 

Infected  Tissues  and  Exudates  as  Vaccines. — ■ 
Precedents  for  the  use  of  infected-tissue  substances  or 
of  the  exudates  arising  from  infection  as  vaccines  for 
protective  inoculation  were  established  long  before 
the  practice  of  therapeutic  bacterial  immunization 
based  on  the  theory  of  opsonins  came  in  vogue. 
Thus  the  virus  of  vaccination  against  smallpox  is  the 
exudate  of  the  lesions  of  vaccinia.  In  hydrophobia 
the  principally  affected  tissue  (spinal  cord)  of  the 
rabbit  infected  with  rabies  supplies  the  material  for 
the  vaccines.  And  in  symptomatic  anthrax  vaccines 
are  prepared  from  the  dried  powder  of  the  muscles  of 
cattle  recently  dead  of  "black  leg."  In  each  of  these 
cases  it  is  assumed  that  the  tissue  or  exudate  also 
contains  the  infectious  agents,  which  in  the  case  of 
variola  and  hydrophobia  still  remain  unidentified. 

From  the  use  of  such  morbid  material  for  protec- 
tive inoculation,  variously  modified  to  attenuate  its 
original  virulence,  to  the  use  of  similar  products  with 
the  object  of  inducing  a  curative  immunity  was  a 
reasonable  step;  and  it  accordingly  is  not  surprising 
to  find  that  experiments  in  this  direction  have  been 
recently  revived.  But  the  obstacles  in  the  way  of  a 
standard  for  dosage  are,  among  others  that  readily 
suggest  themselves,  at  present  so  great  that  this  work 
can  only  be  viewed  from  an  attitude  of  hopeful 
expectancy;  though  it  must  not  be  forgotten  that  the 
discovery  of  vaccination  for  smallpox  came  through 
an  accident,  and  that  even  to  this  day  there  is  no  exact 
standard  of  dosage  of  the  antivariolous  virus. 

Technique  op  B.\cterial  Inoculation. — Dosage  of 
Bacterial  Vaccines. — No  hard-and-fast  rules  can  be 
formulated  to  govern  the  dose  of  bacteria  in  a  given 
vaccine  as  directed  to  the  treatment  of  a  certain 
infection.  Individual  difference  in  immunizing  re- 
sponse, and  variation  in  the  properties  of  various 
bacterial  species,  or  "strains"  of  a  given  species,  are 
two  of  the  several  factors  which  are  to  be  considered 
in  deciding  the  question  of  dosage.  Only  the  rough 
general  figures  indicated  by  Wright  and  others  with 
large  experience  in  bacterial  inoculation  can  be  offered 
for  preliminary  guidance,  from  which  departure  will 
be  indicated  either  through  failure  to  secure  a  satis- 
factory effect  as  demonstrated  by  the  fluctuation  of 
the  opsonic  index  in  the  event  that  this  test  is  relied 
upon  for  guidance,  or  through  unsatisfactory  symp- 
tomatic reaction  as  shown  by  too  severe  a  local  irrita- 
tion at  the  injection  point,  and  too  pronounced 
a  constitutional  negative  phase  (languor,  chilli- 
ness, fever,  headache,  and  depression) ;  together  with 
an  unsatisfactory  amelioration  of  the  particular 
morbid  condition  against  which  the  treatment  is 
directed. 

With  the  qualifications  just  indicated,  it  may  be 
stated  that  the  dose  of  pyogenic  staphylococci  varies 
from  100  million  to  1  billion;  of  streptococci  and  pneu- 
mococci  from  5  million  to  100  million;  of  gonococci 
10  million  to  500  million;  of  meningococci  10  million 
to  500  million ;  of  colon  bacilli  25  million  to  200  million ; 
beginning  with  a  small  dose  as  severe  local  and  general 
reactions  sometimes  attend  the  inoculation  of  this 
organism;  of  Bacillus  pyocyaneus,B.  pseudodiphtherice, 
B.  typhi,  B.  proteus,  and  B.  mucosus  capsulatus  50 
million  to  200  million;  and  of  Micrococcus  neoformans 
50  million  to  200  million.  Tuberculin  is  administered 
in  doses  of  Hoiooo  to  J^oo  milligram  T.  R.  or  B.  E., 
while  the  dosage  of  O.  T.  follows  the  prescribed 
schedule. 

Method  of  Inoculation. — Bacterial  vaccines  are  ad- 
ministered solely  by  subcutaneous  injection.  The 
most  convenient  instrument  for  this  operation  is  aa 
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all-glass  syringe,  or  failing  this,  one  with  asbestos- 
packed  plunger  and  a  capacity  of  not  more  than  two 
cubic  ceiitiiiieters.  Vaccines  sliould  be  preferably 
so  standardized  as  to  contain  a  maximum  dose  in 
1  CO.  of  fluid,  or  to  be  even  more  concentrated  so  that 
a  fraction  of  a  cubic  centimeter  maj'  be  taken,  and 
raised  to  a  bulk  of  1  c.c.  by  addition  of  carbolized  or 
trikresolized  (1  per  cent,  of  the  former  and  0.4  per 
cent,  of  the  latter)  sterile  normal  salt  solution  at  the 
moment  of  using.  The  needles  should  be  somewhat 
larger  than-  those  of  the  ordinary  hj-podermic  syringe. 

To  sterilize  a  syringe  recourse  may  be  had  to  a 
five-  or  ten-per-cent.  aqueous  lysol  mixture.  Better 
still,  the  .syringe,  plunger,  and  needle  may  be  boiled 
in  slightly  alkaline  water,  though  this  is  destructive 
of  needles.  If  the  hub  of  the  needle  be  provided  with 
an  asbestos  washer,  or  if  union  of  syringe  barrel  and 
needle  is  made  by  a  ground  joint,  sterilization  is  most 
expeditiously  performed  by  following  Wriglit's  direc- 
tion to  draw  into  the  syringe  several  charges  of  oil 
(olive  oil  or,  better  still,  liquid  vaseline)  which  is 
heated  to  130°  C;  but  with  ordinary  rubber  washers 
to  complete  the  joint  of  the  s.vringe  barrel  and  needle 
hub  this  procedure  is  impracticable,  because  of  the 
injurious  action  of  the  hot  oil  on  the  rubber. 

Injection  is  to  be  strictly  subcutaneous,  which 
means  that  it  must  not  be  made  so  superficially  as 
to  separate  the  skin  itself  and  raise  a  wheal,  nor  deep 
enough  to  enter  the  muscles.  The  subcutaneous 
fascia,  or  the  subcutaneous  fat,  is  the  layer  into  which 
the  vaccine  is  to  be  directed,  both  because  the  effects 
are  more  comfortable  for  the  patient,  and  principally 
because  it  appears  that  the  connective  tissue  is  the 
tissue  in  which  the  production  of  protective  anti- 
bodies goes  forward  most  satisfactorily.  The  skin 
at  the  point  of  inoculation  may  be  cleaned  with 
alcohol,  or  puncture  may  be  performed  through  a  spot 
wet  with  pure  lysol  which  is  to  be  wiped  off  with 
alcohol.  But  in  cleanly  persons  these  precautions 
are  superfluous. 

Injedinn  Site. — The  choice  of  the  location  in  which 
inoculation  is  to  be  performed  may  or  may  not  be 
a  matter  of  importance.  As  a  rule,  the  site  of  elec- 
tion is  the  anterior  chest  below  either  of  the  collar 
bones,  and  in  women  high  enough  to  avoid  the 
mammary  glands.  One  may  also  use  the  flanks,  the 
anterior  abdominal  wall,  or  the  interscapular  region, 
particularly  if  a  generalized  infection  is  to  be  treated, 
or  if,  as  in  facial  acne,  inoculations  in  the  neighborhood 
of  the  lesions  are  undesirable.  But  with  sharply 
localized  infections  so  situated  as  to  allow  inocula- 
tion into  a  site  whose  lymphatic  drainage  passes 
through  the  diseased  areas,  it  is  good  practice  to  pro- 
ceed with  this  object  in  view.  Thus  in  infections 
in  the  extremities,  in  either  soft  parts,  or  bones,  or 
joints,  it  is  well  to  inoculate  in  a  point  beyond,  or 
situated  distally  to,  the  lesion;  and  by  observing  the 
trend  of  lymphatic  drainage  in  the  trunk,  injection 
may  often  be  performed  so  as  to  flood  a  localized 
lesion  directly  from  the  inoculation  site. 

Not  less  important  than  the  question  of  site  is  the 
precaution  that  should  be  taken  against  repeated 
inoculations  in  a  sharply  localized  area,  for  since  the 
immunizing  reacticm  is  supposed  to  spring  from  the 
connective  tissue  of  the  inoculated  region,  it  is  reason- 
able to  presume  that  the  capacity  of  a  given  tissue 
area  to  react  may  be  worn  out  by  too  frequent  an 
injection.  It  is  on  this  account  and  because  of  the 
pain  involved  by  the  necessary  muscular  movements 
that  the  common  practice  of  inoculating  bacterial 
vaccines  into  the  arm  should  be  avoided. 

No  dressing  is  applied  to  the  inoculated  site,  and  it 
is  not  desirable  to  seal  the  minute  puncture  made  by 
the  needle.  The  redness  and  swelling  that  sometimes 
follow  a  large  dose  of  bacterial  vaccine  require  no 
treatment.  Occasionally,  especially  after  repeated 
inoculations,  indurations  remain  in  the  subcutaneous 
tissue.     Should  these  appear,  it  is  well  to  suspend 
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mjections  until,  by  gentle  and  repeated  massage,  the 
nodules  have  disappeared.  With  properly  prepared 
vaccines,  administered  in  correct  dose,"  and  with 
sterilized  injection  apparatus,  abscesses  at  the  inocu- 
lation site  should  never  appear,  even  though  a  sharp 
local  inflammatory  reaction  at  times  is  provoked. 

Julcrral  between  Inoculations. — Next  to  the  question 
of  dosage  of  bacterial  inoculations  comes  the  important 
consideration  of  their  periodicity.  Where  the  opsonic 
index  is  employed  as  a  guide,  Wright's  original  rule 
of  a  new  inoculation  when  the  positive  phase  of  the 
preceding  one  has  reached  its  height,  or  is  just  begin- 
ning to  fall,  should  be  followed;  as  should  al.so  his 
injunction  not  to  repeat  the  inoculation  during  the 
original  negative  phase.  .-Vgain,  where  the  effects 
are  outspoken,  as  at  times  they  arc  both  in  the  local 
lesion  and  in  the  constitutional  symptoms,  it  is 
quite  easy,  with  the  aid  of  an  intelligent  subject,  to 
space  the  inoculations  so  as  to  repeat  the  injection 
before,  or  immediately  after,  the  positive  phase 
subsides.  But  there  are  times  when  the  opsonic  index 
does  not  pursue  a  characteristic  course,  and  more 
often  still  comes  the  difficulty  of  taking  an  accurate 
index  sulficiently  often  to  be  of  service;  and  local  and 
symptomatic  responses  may  be  slight  or  absent  after 
some  inoculations,  so  that  the  opsonist  is  confronted 
with  the  problem  of  spacing  his  injections  according 
to  some  cut-and-dried  rule.  Such  rough  rules  have 
been  formulated  and  will  serve  the  beginner  until 
his  experience  has  enlarged  to  a  point  at  which  it 
becomes  his  best  guide.  For  example,  inoculations 
for  generalized  infections  like  septicemias  are  per- 
formed at  intervals  of  one  to  three  days,  especially 
on  the  occasion  of  the  earlier  ones.  In  rapidly 
spreading  acute  infections  like  endometritis,  cellu- 
litis, and  lymphangitis,  inoculations  should  also  be 
spaced  at  intervals  of  one  to  three  days  until  the 
urgent  period  has  pa.s.sed.  Subacute  and  chronic 
localized  staphylococcic  diseases  likeacne,  furunculosis, 
and  eczema  are  to  be  treated  every  five  to  seven 
days.  The  same  interval  seems  well  suited,  espe- 
cially during  the  earlier  inoculations,  to  the  handhng 
of  chronic  sujjpurative  lesions  of  varying  bacterial 
origin  like  old  empyemas,  sinuses  and  fistulas,  middle- 
ear  disease,  antrum  disease,  and  bronchitis.  In 
tuberculosis  it  is  customary  to  employ  the  tuberculin 
every  ten  to  fourteen  days,  and  where  a  mixed 
pyogenic  and  tuberculous  infection  exists  it  is  good 
practice  to  inoculate  with  the  pyogenic  bacteria  every 
five  or  seven  days,  adding  the  tuberculin  on  the 
occasion  of  each  second  injection. 

Mixed  Infeclions. — What  should  be  the  course  in 
case  of  a  mixed  infection?  As  elsewhere  in  the  prac- 
tice of  bacterial  therapy,  judgment  as  to  the  relative 
importance  to  attach  to  the  various  factors  must 
decide  the  question.  Given  two  or  even  three 
bacterial  species,  well  known  as  pathogenic  agents, 
and  their  simultaneous  appearance  in  the  secretion 
of  a  certain  lesion,  it  is  entirely  proper,  as  has  already 
been  intimated,  to  inoculate  a  vaccine  mixed  at  the 
time  of  using  and  containing  suitable  doses  of  the 
offending  bacteria.  Or  when  the  urgency  is  not  too 
great,  inoculation  with  the  predominating  and  most 
likely  pathogenic  agent  is  to  be  first  performed,  and, 
in  case  of  an  unsatisfactory  issue,  a  vaccine  fron\  the 
other  bacterial  species  can  be  added  in  subsequent 
injections.  Say,  for  inst-ancc,  that  Staplnjlorncriis 
aureus  or  a  streptococcus  is  found  associated  with 
Bacillus  coli  in  the  discharge  from  fistulas  of  ab- 
dominal origin,  a  mixed  vaccine  would  lie  in  order. 
Again,  especially  in  old  suppurative  lesions,  a  putre- 
factive organism  (of  the  proteus  group  generally)  is 
found  largely  exceeding  tlie  underlying  and  presum- 
ably original  pyogenic  agent  like  staphylococcus  or 
streptococcus.  Here  the  pyogenic  microbe  might 
first  be  tried,  but  to  it  should  be  added  a  vaccine 
from  the  secondary  organism  in  event  of  its  failure 
to  bring  a  good  result.     It  is  well  to  repeat  how  sur- 
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prising  it  is  at  times  to  find  that  success  depends  on 
the  use,  in  conjunction  with  the  vaccine  of  a  well- 
known  pathogenic  species,  of  that  prepared  from  the 
secondary  invader  belonging  to  the  proteus-like,  or 
colon-like,  or  pseudodiphtheria-bacillus  group. 

The  Reaction  of  Anaphylaxis  or  Allergy. — With 
the  accumulated  information  concerning  the  peculiar 
reaction  to  proteid  injections,  first  clearly  brought  out 
in  connection  with  the  use  of  horse's  serum  by  v. 
Pirquet  and  Schick  in  their  studies  of  the  "serum 
diseases,"  it  is  quite  natural  to  look  for  some  mani- 
festations of  a  similar  nature  following  the  periodic 
injection  of  bacterial  vaccines  required  in  opsonic 
practice.  In  my  own  experience  I  have  observed  on 
several  occasions,  in  certain  patients,  immediate 
symptoms  like  flushed  face,  dizziness,  and  nausea 
when  inoculations  were  repeated,  which  could  be 
explained  only  on  the  basis  of  their  being  a  mild 
manifestation  of  the  phenomenon  of  proteid  hj-per- 
susceptibility.  No  unpleasant  consequences  followed 
these  temporary  symptoms,  which,  in  a  very  con- 
siderable number  of  cases,  were  so  rare  as  to  be  quite 
exceptional.  Very  rarely,  also,  temporary  skin  erup- 
tions like  the  "serum  rashes,"  or  attacks  of  itching, 
will  appear  after  repeated  inoculations. 

Blood  Coagulability  as  Related  to  Therapeutic  Im- 
vnmization. — Infection  modifies  the  blood-clotting 
power,  and  it  often  becomes  important  to  scrutinize 
this  property  of  the  blood  during  the  course  of 
therapeutic  bacterial  inoculations,  which  in  themselves 
modify  the  coagulability  of  the  blood.  Generally 
Wright's  simple  time  test,  with  the  blood  drawn  into 
a  fine  tube  and  blown  out  at  intervals  of  one-half 
minute,  suffices  to  give  a  working  idea  of  the  coagula- 
tion time.  In  certain  chronic  pyogenic  infections 
the  blood-clotting  power  will  be  found  persistently 
low,  and  should  a  wound  and  discharge  be  present, 
the  wound  will  usually  be  excessively  moist,  and  the 
discharge  thin  and  abundant.  Other  manifestations 
of  low  blood-clotting  power  may  also  be  in  evidence, 
like  localized  edemas  or  watery  diarrhea.  Should 
inoculations  fail  to  correct  these  symptoms  the  use  of 
calcium,  preferably  in  the  form  of  calcium  lactate  in 
ten-grain  or  fifteen-grain  powders,  dissolved  in  hot 
water  and  added  to  milk,  at  first  three  times  daily  and 
later  once  a  day,  will  be  found  of  apparent  value. 

In  contrast  to  the  state  of  lowered  blood  coagu- 
lability is  that  of  excessive  clotting  power,  also  met  in 
connection  with  some  infections.  There  may  be,  for 
example,  a  localized  infection  with  much  induration, 
diffuse  inflammation,  and  a  dry  non-secreting  state 
of  the  tissues,  the  so-called  "brawny  swelling"  of 
English  surgeons.  Here  a  coagulation  test  u.sually 
shows  increased  activity.  Again,  the  infection  may 
be  accompanied  by  intravascular  coagulation  and 
the  formation  of  thrombi.  Both  of  these  blood  con- 
ditions are  irresponsive  to  bacterial  inoculation  and 
call  for  appropriate  chemical  medication,  in  this  case 
the  administration  of  citric  acid  in  30-grain  doses, 
repeated  at  intervals  of  three  hours  or  longer. 

Contraindications  to  Inoculation. — One  of  these,  as 
already  stated,  is  the  condition  of  local  and  persistent 
induration  marking  the  site  of  a  previous  inoculation. 
Again,  it  is  desirable  to  postpone  inoculations, 
especially  for  chronic  affections,  during  the  course  of 
an  intercurrent  infection,  and  to  avoid  them  as  far 
as  possible  when  the  patient  is  fatigued  or  exhausted, 
or,  in  women,  during  menstruation.  Alcoholic  excess 
and  probably  the  depressing  effects  of  other  drugs; 
like  morphine,  defeat  the  best  effects  of  therapeutic 
inoculations,  and  bacterial  injections  should  be 
avoided  during  or  immediately  after  such  intoxica- 
tions. 

Clinical  Applications  of  Vaccine  Therapy. — As 
has  previously  been  mentioned,  the  infections, 
especially  the  localized  ones,  due  to  the  pyogenic 
bacteria,  comprise    the  principal    group   of    diseases 

402 


suitable  for  vaccine  therapy.  At  this  juncture  it 
seems  to  be  logical  to  describe  the  various  diseases 
somewhat  in  the  order  of  the  development  of  the 
practice,  and,  as  a  supplement  to  the  general  direc- 
tions just  given,  to  bring  out  the  special  points  that 
experience  has  illuminated. 

Acne. — This  often  stubborn  and  troublesome  cu- 
taneous affection  belongs  to  Wright's  first  group  of 
microbic  diseases,  viz.,  those  "in  which  the  bacterial 
process  is  strictly  localized  or  shut  off  from  lymph  or 
blood  circulation.  In  this  class  the  opsonic  index  is 
persistently  low,  owing  to  the  absence  of  immunizing 
stimuli."  A  fact  of  greater  importance  is  that  arti- 
ficial inoculations  with  the  predominating  and  prob- 
ably causative  microbe  of  acne,  a  staphylococcus, 
usually  the  albus,  occasionally  the  citreus,  or  albus 
and  citreus  mixed,  are  frequently  beneficial  from  the 
therapeutic  standpoint,  even  in  cases  where  other 
measures  have  failed  after  long  trial. 

Not  all  cases  of  chronic  acne,  however,  give  a  cura- 
tive response  under  attempted  therapeutic  immuniza- 
tion with  the  causative  microbe.  The  particularly 
suitable  ones  belong  to  the  type  of  acne  vulgaris,  in 
which  pustules  and  sluggish  indurations  abound. 
Mixed  forms  with  a  tendency  to  the  rosacea  type  are 
obstinate  at  times,  or  may  even  refuse  to  be  influenced. 
.\gain,  some  of  the  most  persistent  cases  seem  to  be  in 
that  passive  state  which  may  be  met  in  other  severe 
or  long-standing  infections,  where  satisfactory  im- 
munizing responses  cannot  be  evoked;  and  where, 
presumably,  the  capacity  for  a  curative  impetus  on 
the  part  of  the  mechanism  of  immunization  has  been 
worn  out  by  the  repeated  efforts  at  spontaneous  or 
artificial  autoinoculation.  In  general  terms  it  may 
be  stated  tliat  a  satisfactory  issue  is  possible  in  pro- 
portion as  the  disease  is  recent,  and  this  proposition 
applies  to  other  morbid  conditions  amenable  to 
therapeutic  bacterial  inoculations;  though  many 
times  the  opsonist  will  be  gratified  to  observe  an  old 
and  stubborn  acne,  resistant  to  patient  trial  of  all 
the  measures  adopted  by  skilled  dermatologists, 
mend  with  pleasing  rapidity  under  the  influence  of 
bacterial  inoculations. 

With  the  uniformity  of  a  staphylococcic  infection 
as  an  etiological  factor  of  acne  in  mind,  it  has  been 
proposed  that  this  disease  is  of  a  class  particularly 
suited  to  the  use  of  extraneous  or  "stock"  vaccines, 
of  which  a  mixture  of  the  albus  and  citreus  is  advised. 
But  to  one  who  has  worked  extensively  on  the  bac- 
teriology of  acne,  and  has  familiarized  himself  with 
the  variations  presented  by  different  "strains"  of 
even  so  common  an  organism  as  Staphylococcus  albtis, 
and  particularly  if,  as  is  commonly  the  result  in  pro- 
longed experience  with  this  disease,  he  finds  that  at 
best  only  temporary  beneficial  effects  are  secured  by 
such  stock  vaccines,  the  advisability  of  employing 
vaccines  from  staphylococci  of  autogenous  origin  will 
impress  itself.  To  the  writer's  mind,  even  in  so  com- 
paratively simple  a  pyogenic  disease  as  acne  vulgaris, 
there  seems  to  be  a  peculiar  and  special  merit  in  the 
autogenous  microbe,  speedily  isolated  and  reintro- 
duced with  as  little  artificial  manipulation  as  possible; 
and  the  preference  expressed  by  an  intelligent  patient 
for  a  vaccine  of  his  own  organism  becomes  more  than 
a  fanciful  whim  in  the  face  of  the  possibility  of  ob- 
taining a  microbe  from  individuals  with  latent  and 
subsequently  developing  syphilis,  as  has  happened  at 
least  twice  in  my  experience. 

Inoculations  against  acne  are  performed  with  doses 
of  100  million  to  500  million  staphylococci,  and  at 
intervals  of  about  five  to  ten  days,  depending  on  the 
course  of  the  immunity  wave  as  shown  by  the  staph- 
ylo-opsonic  index,  or  by  the  clinical  manifestations. 
These  inoculations  usually  produce  a  symptomatic 
negative  phase,  some  soreness  in  the  injection  site,  or 
even  slight  inflammatory  reaction,  chilliness,  depres- 
sion, slight  anorexia,  together  with  temporary  in- 
crease of  the  pimples.     A  sense  of  well-being  and  an 
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improvement  in  the  cutaneous  lesions  follow  in  the 
positive  phase,  while  the  second  negative  phase  is 
usually  accompanied  by  a  fresh  outbreak  of  pustules, 
generally  much  smaller  and  more  superficial  than  in 
the  untreated  state,  and  giving  a  plain  indication  for 
another  inoculation.  The  duration  of  treatment 
varies  considerably.  Some  aggravated  and  long- 
standing cases  of  acne  have  been  brought  to  perfect 
recovery  after  three  to  five  inoculations;  others 
require  much  more  prolonged  treatment,  and  even 
where  failure  to  arouse  an  immunizing  response  does 
not  occur  there  are  cases  in  which  a  long  course 
of  inoculations  effects  no  more  than  a  marked 
improvement. 

Since  Wright's  first  report  upon  the  treatment  of 
acne  of  which  the  foregoing  is  an  outline,  attention 
has  been  called  to  a  bacillus  constantly  present  in 
the  comedones  or  "black-heads,"  and  to  be  isolated 
from  the  extruded  sebaceous  plugs  on  a  special  lactic 
acid-agar  medium,  and  under  anaerobic  conditions, 
the  so-called  Bacterium  acne  or  Bacillus  acne.  A 
vaccine  of  this  organism  in  doses  of  5  to  100  millions 
is  at  times  effective  in  the  indurated,  seborrheic 
type  of  acne,  and  with  it  the  autogenous  staphylo- 
coccus in  appropriate  doses  may  be  combined  at  the 
moment  of  inoculation. 

Staphylococcic  Sycosis. — As  an  aid  when  established 
methods  of  treating  non-parasitic  sycosis  barbae  fail, 
inoculations  with  the  autogenous  staphylococcus 
(usually  aureus)  promise  to  be  signally  beneficial 
as  attested  by  a  number  of  chronic  and  obstinate 
cases  of  this  disease  which  have  been  brought  to  full 
recovery;  the  inoculations,  spaced  and  in  dosage  like 
those  for  other  localized  cutaneous  infections,  gener- 
ally making  superfluous  the  more  heroic  measures 
like  epilation;  though  at  times  it  will  be  found 
desirable  to  fortify  the  inoculation  with  i-ray 
epilation. 

Furunculosis. — Subacute  and  chronic  boils  are  suc- 
cessfully combated  by  inoculations  of  Staphylococcus 
aureus,  a  fact  which  Wright  demonstrated  in  his 
earliest  attempts  at  bacterial  therapy.  Here  one 
may  use  a  stock  vaccine,  though  for  reasons  already 
alluded  to,  and  again  because  some  cases  of  chronic 
boils  react  more  favorably  to  autogenous  vaccines, 
the  latter  are  preferable.  Opsonic  measurements 
show  a  characteristic  wave,  and  where  the  opsonic 
index  is  u.sed  for  guidance  inoculations  are  performed 
at  intervals  of  five  to  seven  days,  and  in  doses  of 
100  to  500  mQlion  staphylococci.  Very  often  a  single 
inoculation  is  sufficient  to  bring  an  end  to  the  recur- 
rent furunculosis;  again,  one  must  repeat  the  injec- 
tion according  to  symptomatic  indications,  chief 
among  which  is  a  tendency  to  relapse. 

Both  in  acne  and  in  furunculosis  the  usual  surgical 
measures,  like  deep  incision  and  forcible  expression  of 
comedones  or  pus,  are  superfluous  when  inoculations 
succeed  in  modifying  the  disease. 

Staphylococcic  Carbuncle. — As  in  acute  and  chronic 
boils,  so  in  this  closely  allied  but  more  formidable 
infection  with  its  necrotic  tendency,  inoculations 
with  autogenous  staphylococci,  if  performed  early, 
sometimes  appear  to  abort  the  carbuncle;  and  at 
later  stages  may  hasten  the  reparative  process,  even 
in  the  more  chronic  and  sluggish  types. 

Eczema. — That  some  forms  of  eczema  will  be  bene- 
fited by,  or  even  yield  completely  to,  bacterial  inocu- 
lation has  been  shown  by  the  author's  experience. 
In  several  cases  of  chronic  localized  eczema  Staphylo- 
coccus citreus  or  aureus,  sometimes  alone,  again  mixed 
with  albus,  have  been  readily  recovered  from  the 
eczematous  lesions,  and  under  the  influence  of  these 
staphylococcic  inoculations  in  average  doses  of  200 
million,  spaced  five  to  seven  days  apart,  improvement 
and  recovery  have  been  effected  in  individuals  whose 
malady  had  been  treated  by  various  other  methods 
without  avaQ.  Of  course  this  is  not  to  say  that 
ordinary  acute  eczema  should  be  subjected  to  bacterial 


therapy,  or  at  least  not  until  the  generally  successful 
local  applications  have  failed  to  promote  recovery. 
But  in  the  more  chronic  and  intractable  eczemas,  and 
probably  also  in  the  generalized  eczema  of  infancy 
where  the  usual  lines  of  treatment  are  ineffective, 
inoculations  with  autogenous  staphylococci  are 
worthy  of  trial,  alone  or  in  combination  with  other 
well-established  measures. 

Impetigo. — This  cutaneous  disease  usually  subsides 
under  the  local  and  general  measures  in  vogue  with 
dermatologists,  but  occasionally  a  case  is  encountered 
in  which  the  pu.stular  lesions  of  impetigo  fail  to  mend, 
or  continue  to  appear  in  spite  of  these  efforts.  It  is 
now  wise  to  test  the  efficacy  of  inoculations  with 
staphylococci  which  may  alone  be  isolated  from  the 
impetiginous  pus,  or  of  the  staphylococcus  and 
streptococcus  when  these  are  associated,  and,  if  the 
writer's  personal  experience  is  a  criterion,  very 
satisfactory  results  are  thus  obtainable. 

Seborrheic  Eczema. — In  several  cases  of  this  gener- 
ally chronic  affection,  which  is  often  confused  with 
psoriasis,  but  differs  in  both  its  morbid  anatomy  and 
its  bacteriology,  I  have  achieved  a  successful  out- 
come by  inoculations  of  the  Staphylococcus  aureus 
secured  from  the  diseased  skin,  in  do.ses  of  200  to 
500  million,  at  intervals  of  five  to  fourteen  days;  and 
this  after  thorough  but  unavailing  trial  of  the  measures 
practised  by  skilled  dermatologists. 

Traumatic  Wound  Infection. — .\  verj-  wide  field  for 
the  useful  application  of  vaccine  therapy  is  embraced 
in  the  infections  that  follow  accidents  or  surgical 
operations.  Here,  of  course,  we  usually  have  to  do 
with  the  common  pus  microbes,  and  in  such  affections 
as  phlegmon,  cellulitis,  lymphangitis,  and  lymph- 
adenitis produced  by  the  staphylococci  and  strepto- 
cocci, therapeutic  inoculations  of  the  autogenous  bac- 
teria, in  conjunction  with  the  less  severe  surgical 
measures  like  hot  fomentations,  induced  hyperemia, 
and  incision  limited  in  extent  and  only  for  the  purpose 
of  evacuating  and  allowing  gravity  drainage  for  pus, 
will  be  of  signal  service.  In  the  more  acute  and  more 
rapidly  spreading  infections  inoculations  are  best 
performed  at  intervals  of  one  to  three  days  until  the 
process  is  in  check,  after  which  the  interval  is  to  be 
e.xtended  according  to  symptomatic  indications. 

Sinuses  and  Fistulas. —  Unhealed,  discharging  tracts 
following  operation  or  the  spontaneous  discharge  of 
purulent  accumulations,  which  have  stubbornly  re- 
sisted all  the  artifices  of  the  surgeon,  can,  in  prac- 
tically all  instances,  be  benefited  by  inoculations  of 
one  or  more  bacterial  species  secured  from  the  dis- 
charge, or  from  the  disea.sed  tissue  of  the  tract;  and 
in  the  majority  of  cases  tlic  reparative  impulse  can 
be  maintained  by  further  bacterial  therapy  until  full 
healing  has  occurred;  provided,  of  course,  that  there 
is  no  mechanical  obstacle  to  final  success,  like  necrotic 
bone,  or  foreign  material  accidentally  lo.st  during 
surgical  manipulations.  In  the  more  recent  unheal- 
ing openings,  where  the  bacteriology  is  usually  that 
of  a  single  well-known  species  like  one  of  the  staphylo- 
cocci, streptococci,  or  colon  bacillus,  one  or  two  inocu- 
lations may  suffice  to  turn  the  tide  in  favor  of  rapid 
and  perfect  healing.  In  more  chronic  sinuses,  espe- 
cially if  multiple,  and  harboring  several  bacterial 
species  in  the  pus,  inoculations  must  naturally  be 
longer  contiiuied,  and  modified  to  meet  such  changes 
as  the  flora  of  the  discharge  may  show.  But  even  in 
very  ancient  examples  of  single  and  multiple  fistulas 
or  sinuses,  perhaps  even  of  a  mixed  tuberculous  and 
pyogenic  origin,  or  fecal  in  character  if  in  the  abdomen, 
successful  closure  can  at  times  be  achieved  by  appro- 
priate bacterial  inoculations,  together  with  progres- 
sive betterment  of  the  patient  through  the  control  of 
vicious  autoinoculation. 

Septicemia,  Puerperal  Sepsis,  and  Infective  Endo- 
carditis.— Contrary  to  the  opinion  expressed  by 
Wright  in  his  earlier  communications,  it  now  appears 
that,  occasionally  at  least,  a  favorable  issue  is  to  be 

403 


Vaccine  Tberapy 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


anticipated  -nhere  bacterial  inoculations  are  directed 
to  the  conquest  of  a  generalized  infection.  The  most 
striking  case  in  this  category  is  the  one  reported  by 
Barr,  Bell,  and  Douglas,  and  ranking  as  a  pioneer  in 
its  class,  in  which  a  patient  with  streptococcus  septi- 
cemia, iliac  venous  thrombosis,  a  dilated  heart  ■with 
its  usual  conseciuences,  and  what  was  clinically  diag- 
nosed as  an  infective  endocarditis,  was  brought  to  a 
final  recovery  with  inoculations  of  the  streptococcus 
secured  from  the  blood.  Several  additional  cases 
have  been  reported  in  which  a  streptococcus  or  staphy- 
lococcus septicemia  was  treated  by  bacterial  therapy. 
In  some  of  these  eases  the  presence  of  infective  endo- 
carditis was  established  clinically  or  by  autopsy, 
and  whUe  the  issue  was  not  favorable  in  all  these 
attempts,  enough  has  been  learned  to  justify  the  trial 
of  autogenous  therapeutic  immunization  in  these 
desperate  conditions. 

Puerperal  Sepsis. — My  first  attempt  to  treat  a  puer- 
peral sepsis  by  inoculations  was  most  satisfactory  in 
its  outcome,  since  two  injections  of  the  streptococcus 
obtained  unmixed  from  the  exudate  of  the  infected 
endometrium  served,  in  three  days,  to  change  the 
exceedingly  grave  aspects  of  what  appeared  to  be  a 
violent  infection  to  a  state  of  rapid  and  perfect  con- 
valescence. This  favorable  experience  has  been  re- 
peated from  time  to  time,  and  it  seems  to  indicate 
the  wisdom  of  early  treatment  with  vaccines  of 
autogenous  origin  in  all  cases  of  chUd-birth  infection. 

Thoracic  Empyema. — How  much  aid  therapeutic 
immunization  may  be  expected  to  give  in  recent 
empyemas,  freshly  drained  by  adequate  opening,  is 
problematical,  for  of  course  there  is  to  be  considered 
the  spontaneous  tendency  toward  healing  in  such  cases , 
particularly  in  young  individuals.  A  wise  precaution 
under  these  circumstances  would  be  to  prepare  and 
have  in  readiness  a  vaccine  of  the  autogenous  pneu- 
mococcus  or  streptococcus,  most  common  inciters  of 
recent  empyemas,  and  to  institute  inoculations  in 
case  of  tardy  or  unsatisfactory  progress. 

With  old,  neglected  empyemas,  and  especially  those 
w-ith  bronchial  perforation,  the  outlook  even  with 
proper  drainage  and  all  manner  of  surgical  manipula- 
tions is  generally  recognized  as  unpromising.  Here 
the  indication  for  therapeutic  inoculations  of  the 
microbes,  isolated  from  the  pus  obtained  through  the 
thoracic  incision  or  by  aspiration,  may  be  said  to  be 
always  in  order,  and,  if  carried  out  with  proper  pre- 
cautions and  in  conjunction  with  adequate  drainage, 
will  materially  improve  the  prospects  for  full  recovery. 

Finally  in  that  group  of  much-dreaded  examples  of 
old,  unhealed,  suppurating  empyemas,  with  or  without 
bronchial  perforation,  where  surgical  Interventions 
like  incision,  thoracoplastic  operations,  and  all  kinds 
of  devices  for  obtaining  continuous  drainage  fail, 
many  apparently  hopeless  cases  can  be  brought  to 
final  perfect  restoration  by  correctly  applied  im- 
munization with  one  or  more  microbic  species  of 
autogenous  origin.  It  is,  of  course,  essential  to 
.success  for  vaccine  therapy  to  be  instituted  before 
extensive  amyloid  metamorphosis  has  hopelessly 
damaged  the  viscera,  and  that  the  individual  should 
not  have  had  his  power  of  response  destroyed  by 
habitual  abuse  of  alcohol  or  opiumj  and  failure  even 
in  the  absence  of  these  contraindications  should  not 
be  too  heavily  charged  against  the  inoculation  method. 
But  with  the  capacity  for  immunizing  impulse  still  in 
existence,  some  truly  surprising  results  are  in  store 
for  those  who  will  patiently  subject  to  treatment  these 
old  thoracic  suppurations,  with  inoculations  of  the 
microbes  constituting  the  flora  of  a  chronic  empj-ema 
(changing  the  vaccines  as  the  bacteria  of  the  flora  may 
change).  Such  seemingly  impossible  effects  as  heal- 
ing of  a  very  old  bronchial  perforation,  diminution 
and  cessation  of  suppuration,  and,  by  some  means,  the 
closure  of  immense  pleural  pus  sacs  from  which  for 
many  months  copious  and  not  rarely  most  fetid 
pus  has  issued,  are  to  be  accomplished  bj'  the  inocula- 
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tions,  aided  only  by  general  hygienic  measures,  and 
possibly  by  medication  to  increase  the  coagulabilitj^ 
of  the  blood,  which  is  usually  low  in  these  conditions. 

Urinary  Infection. — In  one  particular  form  of  non- 
tuberculous  ascending  urinary  infection  the  prospects 
for  successful  vaccine  therapy  seem  good,  judged 
by  the  cases  already  reported,  of  which  the  author  has 
furnished  one  most  striking  record,  viz.,  in  that 
due  to  infection  with  the  colon  bacillus.  Here,  even 
in  a  condition  that  seemed  desperate  and  hopeless 
judged  by  all  ordinary  standards,  and  where  a  heavy 
pyuria  accompanied  a  cystitis  and  unilateral  pyone- 
phrosis, rapid  recovery  followed  on  five  inoculations 
of  the  autogenous  colon  bacillus  (which,  because  it 
happened  to  be  much  less  virulent  than  the  type  ob- 
tained in  other  abdominal  suppurations,  was  used  in 
doses  of  200  million  to  1  billion)  spaced  five  to  ten 
days — a  recovery  that  has  been  perfectly  sustained 
for  over  a  year  since  the  treatment  began. 

But  in  other  cases  of  cystitis,  as  those  with  stone  or 
enlarged  prostate,  especially  where  a  mixed  bacterial 
flora  abounds,  the  outlook  is  not  so  good,  though  one 
may  at  least  relieve  the  patient  by  the  agency  of 
autogenous  bacterial  inoculations  from  such  evidences 
of  vicious  autoinoculation  as  the  symptoms  of  chronic 
sepsis,  and  of  rheumatoid  aff'ections,  which  here,  as 
elsewhere  with  chronic  suppurative  foci,  may  cause 
much  distress. 

Other  Localized  Pyogenic  Affections. — In  contem- 
plating the  field  of  useful  application  for  bacterial 
therapy  as  directed  to  localized  non-tuberculous  and 
non-gonorrheal  suppurations,  it  is  clear  that  a  wide 
range  of  regional  diseases  is  embraced.  Among  those 
that  have  already  been  attempted,  and  many  with 
satisfactory  outcome,  there  are  to  be  mentioned 
acute  and  chronic  otitis  media  and  mastoid  suppuration, 
suppuration  of  the  cranial  sinuses  with  thrombophlebitis 
and  of  the  antrum  of  Highmore,  pyorrhea  alueolaris, 
and  abscesses  of  the  salivary  glands.  Chronic  bron- 
chitis, in  some  of  its  forms  at  least,  is  also  amenable  to 
therapeutic  immunization,  as  I  have  learned  in  one 
long-standing  case  of  recurrent  fetid  bronchitis  with 
Bacillus  mucosus  capsulatus  as  the  predominating 
organism,  and  in  which  most  satisfactory  curative 
impulses  have  followed  the  inoculations  with  the 
autogenous  bacterium.  Colon  bacillus  infections  of 
the  gall-bladder  and  of  the  intestinal  mucosa  have  been 
reported  as  successfully  treated  by  inoculations; 
but  one  must  take  a  most  conservative  attitude 
toward  these  statements,  and  toward  the  claim  that 
colon  bacillus  vaccines  are  proper  agents  for  use  in 
aciite  appendicitis.  In  no  case  of  gall-bladder  or 
appendical  infection  should  vaccine  treatment  be 
instituted  until  in  the  opinion  of  a  competent  surgeon, 
the  inadvisability  of  operation  has  been  established. 

Pneumonia  and  Acute  Cerebrospinal  Meningitis. — 
Some  experiments  with  pneumococcus  inoculations  in 
pneumonia  have  been  reported;  their  outcome  was 
inconclusive,  as  might  readily  be  imagined.  Like- 
wise, inoculations  with  the  meningococcus  in  cere- 
brospinal meningitis  have  been  tested  in  isolated 
cases,  and  here  again  no  opinion  is  justifiable  as  to  the 
results,  for  several  cases  were  in  the  advanced  hydro- 
cephalic stage  in  which  final  recovery  without  treat- 
ment is  not  uncommon,  and  the  proportion  of  satis- 
factory issues  in  the  earlier  cases  was  not  such  as  to 
rule  out  the  possibility  of  spontaneous  recovery. 

Typhoid  Fever,  Pertussis. — During  the  ordinary 
course  of  enteric  fever  it  is  still  debatable  as  to  the 
therapeutic  value  of  bacterial  vaccines  whether  of 
stock  or  of  autogenous  origin;  but  in  the  complica- 
tions and  sequel  of  typhoid,  autogenous  vaccine 
therapy  has  yielded  results  so  satisfactory  as  to 
warrant  a  trial  in  all  obstinate  or  long-standing  cases. 

Therapeutic  inoculations  of  Bordct's  bacillus  in 
whooping-cough  has  reached  a  .stage  of  quite  extensive 
trial,  though  it  can  scarcely  be  said  that  the  evidence 
is   as   j-et   sufficient   to   establish   their   effectiveness 
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in  shortening  the  course  or  modifying  the  severity  of 
the  established  disease. 

Regional  T  iilxrcidosis. — Inoculation  of  tubercle  vaccine 
(T.  R.  or  B.  E.)  has  been  employed  with  benefit  in 
many  forms  of  localized  infections  with  the  tubercle 
bacillus.  In  lupus  of  the  skin  a  considerable  number 
of  cases  have  already  been  recorded,  most  of  them 
failures  under  other  modes  of  therapy,  and  of  great 
chronicity;  and  in  the  majority  full  recovery  has 
been  achieved  by  inoculations  of  tubercle  vaccine, 
varying  in  duration  from  one  month  to  a  year  or  even 
longer.  In  treating  especially  the  dry,  scaly,  ery- 
thematous form  of  lupus,  and  also  in  connection  with 
tuberculin  inoculations  for  tuberculous  adenitis, 
even  when  a  mi.xed  infection  is  not  demonstrable, 
ccasional  injections  of  staphylococcus  vaccine  ap- 
pear to  improve  the  progress;  this  is  also  true  of  some 
other  tuberculous  diseases,  as  of  the  bones,  joints,  and 
synovial  sheaths.  In  lupus  of  the  mucous  membranes 
especially  in  the  chronic  ulcerative  types,  beneficial 
results  usually  follow  the  inoculations  of  T.  R. 
alone,  or  in  combination  with  pyogenic  cocci. 

Chronic  tuberculous  lijmphadeniiis  marks  another 
affection  in  which  the  application  of  Wright's  method 
proves  most  advantageous.  Improvement  and  ulti- 
mate recovery  under  the  impulse  of  therapeutic  im- 
munization, with  small  doses  of  tuberculin  (aided  by 
vaccines  of  common  pyogenic  bacteria  if  these  com- 
plicate the  adenitis)  is  the  rule  in  these  cases,  and 
much  is  to  be  accomplished  in  the  way  of  avoiding 
the  extensive  operations  of  complete  eradication,  until 
recently  the  only  rational  therapeutic  procedure. 
Of  course  the  therapeutist  will  encounter  cases  in 
which  liquefaction  of  tuberculous  gland  substance 
cannot  be  avoided,  but  with  the  immunity  aroused  by 
proper  inoculations,  one  may  evacuate  these  ac- 
cumulations through  aspiration  with  a  syringe,  or  by 
drainage  through  the  track  of  incision  with  a  long, 
narrow  tenotome,  thus  avoiding  even  the  scars  of 
ordinary  incisions.  And  where  calcareous  or  dry 
caseous  masses  fail  to  resolve,  they  can  be  removed 
through  small  incisions.  Where  sinuses  are  present 
from  previous  operations  or  spontaneous  evacuation, 
the  search  for  secondary  microbes  should  not  be 
neglected.  The  duration  of  inoculation  treatment 
directed  against  tuberculosis  of  the  lymph  glands 
varies.  I  have  seen  an  old  sinus  close  and  the  mass 
of  enlarged  cervical  glands  melt  into  impalpable 
tissue  under  the  influence  of  three  inoculations  of  T. 
R.  and  staphylococcus  vaccine,  spaced  ten  days 
apart.  Another  case  with  two  sinuses  and  extensive 
unilateral  cervical  adenitis,  with  mixed  tubercle 
bacillus,  staphj-lococcus,  and  streptococcus  infection, 
has  made  such  progress  that  the  upper  sinus  is  healed, 
the  lower  one  almost  closed,  and  the  mass  of  glands 
reduced  to  three  with  probable  calcareous  metamor- 
phosis: this  the  result  of  three  months  of  inoculation 
treatment,  as  contrasted  with  one  year's  unavailing 
effort  with  ordinary  medical  and  operative  measures. 
Again,  this  time,  where  the  affected  glands  while  large 
were  originally  very  hard  and  probably  caseous  and 
calcareous,  no  appreciable  diminution  has  been  noted 
after  three  months  of  T.  R.  inoculations. 

In  urinary  infection  with  the  tubercle  bacillus  where 
operative  treatment  is  contraindicated  or  has  failed 
to  relieve,  the  outlook  for  therapeutic  inoculation  is 
also  promising,  especially  if  combined  with  helio- 
therapy and  allied  measures. 

Among  the  other  regional  tuberculous  infections  of 
hematogenous  origin,  those  of  bones,  joints,  tendon 
sheaths,  iris,  and  of  the  ejndidymis  have  been  re- 
ported upon  as  subjected  to  vaccine  therapy.  As  a 
rule  the  results  have  been  satisfying;  improvement 
was  observed  in  nearly  all  the  patients  remaining 
under  treatment  a  sufficient  period,  and  a  goodly 
number  of  recoveries,  some  of  them  very  remarkable, 
are  specified.  The  duration  of  treatment  varied  from 
two  or  three  months  to  a  year  or  longer. 


Of  late  a  tendency  to  return  to  Koch's  old  tuberculin 
(O.T.)  has  been  ob.served,  especially  in  cases  of  tuber- 
culous adenitis,  lupus,  and  infection  of  bones  and 
joints.  The  practice  is  to  use  old  tuberculin  in 
serial  dilutions  of  increasing  strength  guarded  by 
the  temperature  of  reaction,  which  should  not  exceed 
99.6°  F. 

Pulmonary  Tuberculosis. — It  is  still  impossible  to 
speak  with  assurance  as  to  the  range  of  u.sefulness  for 
vaccine  therapy  in  tuberculosis  of  the  lungs,  or  as 
to  the  results  to  be  obtained  by  Wright's  method  of 
very  minute  doses  at  comparatively  long  iiiten-als 
compared  with  the  method  of  graduated  intensive 
immunization  with  tuberculin  as  carried  out  by 
others.  From  several  quarters  favorable  results  have 
been  reported,  even  in  cases  of  well-advanced  phthisis, 
especially  in  tho.se  in  which  vaccines  of  autogenous 
streptococcus  or  staphylococcus  were  used  along  with 
the  tubercle  vaccine.  But  as  in  any  other  promising 
line  of  biological  therapy  directed  to  this  formidable 
malady,  so  many  obstacles  of  a  mechanical  kincl 
(caseous,  calcareous,  necrotic  material,  especially  in 
cavities)  are  present  in  the  affected  lungs  of  advanced 
phthisis  that  neither  success  nor  failure  should  be  too 
greatly  magnified.  With  early  and  sharply  localized 
pulmonary  tuberculosis,  or  even  in  more  extensive 
di.sease  in  which  the  clinical  picture  of  the  non-febrile 
tj-pe  is  presented,  bacterial  inoculations  appear  at 
times  to  augment  the  reparative  proc&ss,  especially 
when  used  in  conjunction  with  the  hygienic  treatment 
now  so  popular. 

Under  no  circumstances,  however,  should  reliance 
be  placed  on  any  form  of  biological  therapy  of  pul- 
monary tuberculosis  to  the  exclusion  of  the  standard 
therapeutic  measures  like  sunlight,  open  air,  rest, 
diet,  and  clinical  change  if  indicated. 

Gonorrheal  Affections. — Here,  as  with  tuberculosis, 
inoculations  are  usually  performed  with  a  "stock" 
vaccine,  because  of  the  difficulty  frequently  encoun- 
tered in  isolating  and  cultivating  the  gonococcus  from 
a  single  case.  Testimony  as  to  the  value  of  gono- 
coccic  inoculations  is  conflicting,  and,  in  part  at 
least,  this  may  be  due  to  the  difference  in  thera- 
peutic effectiveness  of  vaccines  of  varying  origin. 
However,  with  a  good  gonococcus  vaccine  there  is 
no  question  about  its  therapeutic  potency  when 
directed  against  the  inflammatory  complications  of 
acute  and  subacute  gonorrhea,  as  the  writer  has  seen 
most  strikingly  evidenced  in  cases  of  epididymitis, 
balanoposthitis,  proctitis,  and  conjurictinlis.  In  acute 
gonorrheal  arthritis,  also,  the  outcome  following  inocu- 
lations of  a  potent  gonococcus  vaccine  in  doses  of  10 
to  50  millions  is  gratifying.  Many  cases  of  chronic 
gonorrheal  arthritis,  some,  indeed,  in  which  serious 
joint  changes  seem  to  prohibit  improvement,  do 
remarkably  well  under  a  course  of  gonococcus  inocu- 
lations, especially  when,  in  the  common  event  of  a 
secondary  infection  of  the  structures  about  the  base 
of  the  male  bladder,  inoculations  with  the  second- 
ary organisms  are  used  along  with  the  gonococcus 
vaccine. 

Therapeutic  success  with  gonococcus  vaccine  varies 
and  serum  related  to  the  age  and  condition  of 
the  vaccine.  It  appears  that  the  autolysis  to  which 
the  gonococcus  is  subject  in  culture  and  in  emulsion 
in  water  is  the  factor  determining  the  therapeutic 
potency.  Any  measure  which  will  minimize  the 
autolysis  will  improve  this  potency. 

In  the  treatment  of  acute  gonorrheal  urelhrUis  the 
function  of  inoculations  of  the  gonococcus  is  not  yet 
clearly  defined.  In  using  this  organism  alone  if  is 
questionable  whether  the  average  case  of  blennor- 
rhagia  is  beneficially  affected  by  inoculation.  How- 
ever, it  is  here  that  we  frequently  have  to  deal  with  a 
mixed  infection,  and.  as  1  have  satisfied  myself  on 
a  number  of  occasions,  one  not  uncommon  associate 
of  the  gonococcus  is  the  pseudodiphtheria  baciUus. 
with  whose  pathogenic  activities  we  are  only  recently 
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becoming  familiar.  In  my  own  work  it  has  appeared 
that  the  results  in  acute  urethritis  were  much  better 
when  the  mixed  gonococcus  and  pseudodiphtheria 
vaccines  were  used  in  cases  with  the  corresponding 
infections,  but  I  have  yet  to  satisfy  mj-self  that  this 
affectiim  or  chionic  urelhritis,  vesiculilis,  or  proxlalitis 
can  be  conquered  with  inoculations  unfortified  by  the 
other  common  remedial  agents,  though  they  promise 
to  become  most  useful  adjuncts.  In  something  of 
the  same  bearing  it  is  probable  that  therapeutic 
inoculations,  as  now  practised,  will  stand  in  relation 
to  the  gonorrheal  disiascs  of  women  and  of  children. 

Focal  Bacterial  Infection. — Principally  through  the 
work  of  E.  C.  Rosenow  it  has  been  demonstrated  alike 
by  animal  experiments,  operative  extirpation  of  the 
accessible  force,  and  by  therapeutic  inoculations  of 
the  specific  bacteria  that  such  localized  areas  of 
smoldering  bacterial  infection  as  exist  in  the  mouth 
(teeth),  throat  (tonsils),  head  (nose,  ear,  mastoid, 
cranial  sinuses)  may  be  the  etiological  sources  of  re- 
mote systemic  diseases  like  rheumatism,  endocarditis, 
myocarditis,  nephritis,  pleuritis,  myositis,  neuritis, 
gastric  and  duodenal  ulcer,  and  some  cases  of  appen- 
dicitis, cholecystitis,  thyroiditis,  and  pancreatitis. 

Protective  Inoculation  of  Bacterial  ]'accines. — -In 
typhoid  fever  the  value  of  the  corresponding  vaccine 
for  establishing  protective  immunity  seems  to  be 
well  established  and  to  sustain  the  claims  of  Wright, 
who  introduced  it  and  through  it  the  practice  of 
vaccine  therapy.  In  cholera  and  bubonic  plague  the 
same  procedure  is  in  vogue  though  not  so  well  sup- 
ported, while  in  such  infections  as  pertussis,  cerebro- 
spinal meningitis,  etc.,  preventive  inoculations  are 
of  even  more  questionable  value. 

Albert  P.  Ohlmacher. 


Vagabondage. — By  this  term  (German,  Vagn- 
bundwahnsinn)  is  meant  a  traveling  about  the  country 
with  no  definite  means  of  support.  The  true  vaga- 
bond does  not  work,  or  if  he  does,  only  in  a  desultory 
manner  and  as  the  result  of  some  circumstances  be- 
yond his  control.  He  drifts  about  from  one  place  to 
another,  begging,  purloining,  loafing,  living  with  no 
thought  of  the  morrow.  He  meets  chance  comrades 
of  the  road,  fraternizes  with  them,  and  leaves  them, 
all  in  the  space  of  a  few  days.  In  the  ranks  of  vaga- 
bondage are  found  the  ne'er-do-well,  the  black  sheep, 
the  criminal,  the  defective,  the  anarchist,  the  social- 
ist, the  minor  poet,  and  many  others  at  odds  with 
conventions. 

Of  late  years  the  appellation  of  vagabond  has  been 
invested  with  something  of  a  romantic  glamour,  due 
to  its  having  been  praised  by  certain  writers.  Richard 
Hovey  and  Bliss  Carman  in  their  "Songs  of  Vaga- 
bondia,"  Jack  London,  in  "The  Road,"  William  H. 
Davies,  in  "The  Autobiography  of  a  Super-Tramp," 
and  Wm.  J.  Locke,  in  "The  Beloved  Vagabond;" 
these  and  others  have  conspired  to  obscure  the  issue. 
Persuade  themselves  of  the  contrary  as  they  may, 
these  are  not  real  vagabonds;  these  are  souls  impa- 
tient of  conventions  and  enamoured  of  the  winds  that 
blow  down  the  open  road;  their  hobby  is  adventure 
and  their  journeyings  begin  and  end  in  respectability. 
In  such  vagabondage  we  have  only  a  passing  inter- 
est. Our  real  business  lies  with  those  who  are  not 
vagabonds  by  choice  or  interest,  but  because  thej'  can 
get  along  in  no  other  life.  To  such  as  these  the  appeal 
of  this  life  is  the  freedom  from  responsibility:  no 
house  to  keep,  no  tasks  to  do,  no  dependents  to  sup- 
port. Their  clothes  are  such  trifles  as  will  hold  to- 
gether and  conform  with  the  civic  ideas  of  decency, 
their  food  is  handed  out  from  the  back-doors  of 
benevolent  farmhouses,  and  their  shelter  is  the  hay- 
stack, the  barn,  the  railroad  bridge,  the  abandoned 
hut,  or  any  other  place  that  offers  freedom  from 
annoyance  for  a  night's  rest. 

The  normally  constituted  person  looks  upon  such 


a  life  with  mingled  feelings  of  aversion  and  wonder. 
He  cannot  understand  the  attraction  afforded  by  an 
existence  full  of  hardships,  uncertainty,  and  oppro- 
brium which  at  the  best  only  offers  a  little  animal 
comfort  and  at  the  worst  leads  to  starvation,  persecu- 
tion, arrest,  and  imprisonment.  To  him  a  busy 
life,  with  duties  daily  met  and  performed,  work  and 
responsibility  on  one  hand  and  health  and  energy  on 
the  other,  seems  the  ideal  existence.  To  the  student 
of  psychology,  looking  a  little  below  the  surface,  the 
attraction  of  vagabondage  is  not  so  mysterious.  It 
lies,  in  a  word,  in  the  freedom  from  responsibility. 
The  vagabond  shifts  the  burden  from  his  own  shoul- 
ders to  those  of  the  community. 

We  have  then,  this  keynote  to  the  character  of  the 
vagabond.  He  is  unable  to  bear  responsibility. 
Wherever  we  find  an  individual  who  shirks  the  duties 
of  life,  there  we  have  a  vagalxmd,  actual  or  potential. 
Of  course  there  is  a  class,  rarer  in  this  country  than 
overseas,  who  toil  not,  neither  do  they  spin,  but  who, 
by  reason  of  inherited  wealth,  are  sheltered  from  the 
storms  of  existence.  It  is  not  meant  by  this  that  all 
members  of  the  leisure  class  are  vagabonds,  or  even  a 
large  proportion  of  them.  Many  of  them  are  en- 
gaged in  philanthropic  pursuits  or  endeavors  of  one 
kind  or  another  which  add  definitely  to  the  sum  total 
of  the  world's  wealth.  But  undoubtedly  among  the 
leisure  class  many  be  found  certain  persons  who,  were 
it  not  that  they  were  shielded  from  want  by  provident 
forbears,  would  drift  inevitably  into  the  vagabond  class. 

As  it  is,  however,  the  vagabonds  are  recruited  from 
the  following  classes:  the  mental  defective,  the 
psychopath,  the  constitutional  inferior,  the  criminal 
type,  and  a  possible  other  type  which  we  may  call 
the  wanderlust  type. 

The  mental  defectives  who  become  vagabonds  are 
apt  to  be  those  having  the  higher  grades  of  defect, 
the  high-grade  imbeciles  and  the  morons,  for  obvious 
reasons.  The  idiot  and  the  low-grade  imbecile  show 
their  defectiveness  so  unmistakably  and  so  early  in 
life  that  it  serves  to  protect  them  from  coming  into 
contact  with  the  outside  world  at  all.  They  are 
either  cared  for  by  their  families  or  are  taken  to 
institutions.  In  the  former  case  the  relatives  feel  an 
added  degree  of  responsibility,  even  of  reproach,  and 
are  likely  to  take  such  care  of  these  unfortunates  that 
there  is  practically  no  chance  of  their  wandering  away ; 
in  the  latter  case  they  become  attached  to  institution 
life,  which  is  really  the  proper  environment,  and 
remain  rooted  there. 

The  higher-grade  imbeciles,  on  the  other  hand,  are 
apt  to  progress  in  school  up  to  a  certain  point  and 
then  become  involved  in  difficulties.  Perhaps  they 
have  done  so  well  in  their  early  educational  experi- 
ences that  their  relatives  hesitate  to  suspect  any 
mental  reason  for  the  sudden  halt  in  their  progress. 
After  an  ineffectual  struggle  with  studies,  it  may  be 
that  the  relatives  decide  to  try  an  industrial  career 
and  put  the  youth  into  a  factory  or  a  store  or  perhaps 
apprentice  him  to  a  trade,  misled  by  some  mechanical 
dexterity  into  fancying  that  the  difficulty  may  lie  in 
the  boy's  being  destined  for  manual  labor  rather  than 
intellectual.  In  this  case  there  follows  a  short,  losing 
struggle  with  the  intricacies  of  the  trade  and,  despair- 
ing of  ever  making  his  mark  in  his  home  town,  the 
young  man,  who  has  never  been  recognized  as  being 
mentally  defective,  seeks  some  other  sphere  of  activ- 
ity; no  matter  what  he  tries  his  inherent  defect  is 
too  great  an  obstacle,  and  he  fails.  The  path  of  least 
resistance  leads  out  of  the  scene  of  his  failure  and  he 
follows  it;  thus  he  becomes  a  wanderer,  a  vagabond. 

The  large  group  of  vagabonds  who  are  definitely 
psychotic  are  recruited  mainly  from  the  precoxes. 
Looking  over  the  life  hi.story  of  such  an  individual 
we  find  a  period  of  relative  efficiency  separated  from  a 
period  of  relative  inefficiency  by  an  episode  of  dis- 
tinctly psychotic  coloring.  Such  a  person  may  have 
gotten  along  well  in  early  life;  indeed,  some  such  cases 


406 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES 


Vaela»,  Mairorniatluu  aud 
Dlbea-seN  of 


seem  to  show  remarkable  brilliancy  in  early  youth, 
as  if  they  exhausted  all  their  vital  powers  in  one  short 
display.  Some  time  during  the  period  of  adoleseence 
there  appear  symptoms  of  mental  disorder;  the  youth 
becomes  moody,  indolent,  irritable,  he  keeps  to"  him- 
self, develops  strange  mannerisms,  and  says  strange 
things.  This  mental  condition  may  clear  up,  the 
symptoms  subside,  and  the  individual  be,  according 
to  the  ideas  of  his  relatives,  cured.  These  are  the 
cases  of  arrested  or  abortive  precox.  The  mental 
picture  for  the  rest  of  their  lives  shows  looseness  of 
judgment,  poor  reasoning  powers,  inabilitj-  to  concen- 
trate the  mind  and  to  retain  ideas;  in  short,  their 
mental  make-up  precludes  success  in  any  calling 
where  industry,  perseverance,  and  a  certain  amount 
of  intellectual  powers  are  required.  Such  an  indi- 
vidual readily  drifts  into  vagabondage;  he  is,  in  fact, 
the  "hobo  type,"  -par  excellence.  Wherever  careful 
mental  examinations  of  large  groups  of  vagabonds 
have  been  made,  a  large  percentage  of  the  precox 
type  have  been  found,  rated  by  various  observers 
from  forty  to  sixty  per  cent. 

Not  only  the  abortive  types  of  precox  take  to  vaga- 
bondage, but  even  many  of  the  other  varieties  of 
precox,  especially  the  simple  type  and  the  hebe- 
phrenic. These  cases,  which  might  be  called  the 
"silly"  types  of  the  disease,  may  escape  the  asylums 
for  the  mentally  ill  and  drift  about  the  country, 
vaguely  recognized  by  their  associates  as  being  un- 
balanced, but  managing  to  exist  with  the  simple  de- 
mands of  such  a  life  where  they  would  inevitably  be 
crushed  in  an  economic  struggle.  Even  an  occasional 
case  of  paranoid  precox  is  seen  in  the  ranks  of  vaga- 
bondage, usually  where  the  deteriorating  process 
tends  to  outweigh  the  paranoid  element  or  where 
the  latter  is  comparatively  mild.  In  some  instances 
we  see  this  paranoid  feature  take  the  form  of  belief 
in  divine  or  exalted  origin,  in  some  special  mission 
to  be  revealed  in  later  years,  or  perhaps  the  reaction 
In  mild  delusions  of  persecution  is  simply  escaping 
from  them  by  moving  about  from  place  to  place. 

Likewise  there  may  be  paranoid  states  or  even  cases 
of  true  paranoia  wliich  behave  in  a  manner  similar 
to  the  cases  of  paranoid  precox  just  mentioned. 
These  cases,  instead  of  following  out  the  classical 
program  of  flight,  defense,  attack,  may  never  get 
any  further  than  flight  and  this  takes  the  shape  of 
wandering  about  the  country  so  that  they  become 
almost  indistinguishable  from  the  true  vagabond. 

Other  psychotic  states  may  be  found  among  the 
vagabinids,  but  they  are  infrequent  compared  with 
the  precoxes.  It  is  barely  possible,  for  example, 
that  the  subjects  of  hypomania,  early  paresis,  or 
other  psychoses  may  for  a  time  take  to  vagabondage, 
but  they  can  hardly  be  classed  as  true  vagabonds. 

The  constitutional  inferior  and  constitutional 
psychopathic  types  represent  inability  to  get  along 
in  the  world  on  account  of  some  inherent  defects,  the 
nature  of  which  is  not  well  known.  These  are  the 
cases  sometimes  alluded  to  as  of  "moral  insanity" 
or  "amorality."  While  they  show  no  great  impair- 
ment of  memory  or  intelligence,  exhibit  none  of  the 
symptoms  usually  associ.ated  in  the  minds  of  the 
laity  with  mental  disorder,  such  as  hallucinations  and 
delusions,  and  are  clear  about  the  facts  of  their  en- 
vironment, they  show  a  perpetual  capacity  for  getting 
into  trouble.  They  lie,  steal,  become  addicted  to 
drugs;  in  short,  become  involved  in  all  maimer  of 
offenses,  except  such  ones  as  grand  larceny,  murder, 
etc.,  po.ssibly  because  they  lack  the  courage,  both 
physical  and  moral,  which  these  imply.  There  is 
no  well-marked  line  of  demarcation  between  these 
two  conditions,  but  constitutional  inferiority  is 
usually  applied  to  the  ca.scs  where  there  is  some 
tangible  physical  deticicncy  in  the  individual. 

Besides  the  above-mentioned  tyi)es,  who  become 
vagabonds  because  of  some  mental  quirk  which 
renders  them  unfit  to  stand  up  under  stress,  there  is 


a  sniall  class  of  vagabonds  which  we  may  call  the 
criminal  type.  Of  course,  a  great  many  vagatxindj? 
who  commit  offenses  against  the  law  \vill  l>e  found 
on  investigation  to  belong  to  one  of  the  tvpes  just 
described,  but  when  these  are  all  sifted  out  there  will 
remain  a  small  class  of  persons  of  criminal  tendencies 
who  take  to  the  road  for  various  reasons.  These 
individuals  do  not  belong  to  the  aristocracy  of  crime. 
They  are  seldom  pickpockets  or  safetilowers,  but  are 
more  likely  to  be  second-story  men,  strong-arm  men, 
etc.,  in  for  anything  that  will  promise  some  financial 
return  without  too  great  risks. 

When  from  the  vast  body  of  vagabonds  we  have 
weeded  out  the  mentally  defective  and  the  criminal, 
there  still  remains  a  small  body  who  seem  to  take  to 
the  life  to  satisfy  some  spiritual  urge.  There  arc 
some  natures  to  whom  monotony  of  scene  is  deadly: 
they  feel  the  craving  to  see  fresh  scenes  and  they  are 
up  and  away.  It  is  vain  to  attempt  to  settle  "such 
persons  in  any  definite  locality;  they  put  forth  no 
roots  and  attach  themselves  nowhere.  .\  short 
period  of  rest  in  one  place  and  the  wanderlust  has 
them  by  the  heels  and  they  are  out  upon  the  road. 
Whole  races,  as  the  Gypsies.may  share  this  peculiarity 
of  psychology. 

To  sum  up  the  subject  then,  vagabondage,  in  a 
medical  sense,  is  a  disinclination  to  accept  any  of  the 
ordinary  duties  or  responsibilities  of  life,  but  a  prefer- 
ence instead  for  a  roving  existence,  drifting  about 
from  one  scene  to  another,  consorting  with  low  com- 
panions and  living  by  mendicancy  or  theft.  Pit  se, 
it  should  arouse  a  suspicion  of  abnormal  mentality 
and  the  individual  should  be  examined  carefully  for 
psychotic  symptoms.  The  mental  examination  should 
include  one  or  more  of  such  intelligence  tests  as  the 
Binet-Simon,  the  Verke.s-Bridges,  the  Healy,  and  the 
Fernald.  The  life  history  of  the  individual  should 
be  scrutinized  to  determine  whether  the  tendency  to 
vagabondage  is  congenital  or  the  result  of  some  ac- 
quired disorder.  The  condition  itself  may  be  said 
to  be  usually  the  manifestation  of  some  mental  ab- 
normality and,  that  having  been  found,  the  proper 
care  of  such  cases  is  afforded  by  an  institution.  Those 
cases  which  seem  to  show  no  mental  defect,  but  a 
criminal  tendency,  are  a  legal  and  sociological  prob- 
lem and  not,  strictly  speaking,  a  medical  one  and  so 
cannot  be  discussed  here.  It  might  be  said,  however, 
that  the  more  complete  our  methods  of  examination, 
the  smaller  this  class  will  grow.       John  E.  Lim). 


Vagina,  Malformation  and  Diseases  of  the. — 

Developmental  Defects. — Imperforate  hymen  is  a 
condition  due  to  the  persistent  septum  between  the 
embryological  vagina  and  the  sinus  urogenitalis,  and 
as  a  rule  causes  no  disturbance  until  puberty,  .\fter 
puberty  there  is  a  colleciion  of  blood  behind  the 
imperforate  hymen,  which  gradually  incroiises  in 
amount  and  distends  the  vagina.  If  the  obstruction 
is  not  relieved,  there  is  gradual  di.-;tention  of  the  uterus 
as  well,  and  occasionally  the  Fallopian  tubes  become 
dilated,  to  form  a  part  of  the  cystic  mass,  which  is 
filled  with  men.strual  secretions.  The  cyst  has  for  its 
walls  the  distended  vagina,  uterus,  and  Fallopian 
tubes.  The  symptoms  are  very  characteri-stic.  .\t 
the  age  of  puberty,  no  menstruation  appears,  but  at 
regular  intervals  of  about  four  weeks  the  girl  h.is 
the  usual  symptoms  of  backache,  pain  in  the  abtlomen, 
and  often  has  headache,  as  in  ordinary  menstruation. 
The  symptoms  grow  worse  with  each  succeeding 
month"  and  finally  the  general  health  begins  to  fail. 
A  physician  is  consulted  and  upon  examination  finds 
a  tender  cystic  m.oss  in  the  lower  abdomen  and 
absence  of  a  vaginal  opening.  The  vulval  area  may 
be  bulging.  Fluctuation  may  be  felt  over  the  ab- 
dominal mass,  when  pressure  is  applied  to  the  vulva. 
Treatment  consists  in  a  crucial  incision  of  the 
hymen  and  drainage  under  strict  antiseptic  precau- 
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tions.  The  cavity  should  be  washed  out  with  normal 
saline  or  a  weak  boric  acid  solution  and  packed  gently 
with  sterile  gauze,  every  precaution  being  taken  to 
prevent  infection  which  has  sometimes  caused  a  fatal 
termination.  After  the  cavity  has  been  thoroughly 
drained  the  thickened  remains  of  the  hymen  should 
be  removed.  This  is  done  by  a  crescent-shaped  inci- 
sion made  to  include  as  much  as  possible  of  the  remain- 
ing fragments,  the  line  of  incision  closed  with  a  row  of 
interrupted  sutures.  The  vaginal  packing  should  be 
removed  every  day  and  a  douche  of  some  sterile  solu- 
tion repeated,  using  less  packing  at  each  subsequent 
dressing  so  that  the  cavity  may  be  allowed  to  contract 
down  to  the  normal  size  of  the  vagina. 

Do^Me  Vagina. — The  two  Miillerian  ducts  which 
ordinarily  become  fused  into  a  single  canal  which 
forms  the  vagina  may  fail  to  complete  their  develop- 
ment and  persist  as  separate  tubes,  thus  giving  the 
double  vagina.  This  septum  may  extend  the  whole 
length  of  the  vagina  giving  two  openings  at  the  hymen, 
and  ending  in  a  separate  cervical  opening  into  a  nor- 
mal or  a  double  uterus,  or  it  may  consist  only  of  an 
imperfect  wall  extending  part  way,  found  in  the  upper, 
middle,  or  lower  third  of  the  canal.  One  canal  may 
be  smaller  than  its  fellow,  which  may  in  no  way  inter- 
fere with  the  function  of  the  vagina  and  may  not  be 
found  except  on  careful  examination.  A  variety  of 
vaginal  cyst  may  be  caused  by  the  distention  of  a  rudi- 
mentary vagina  in  the  wall  of  a  well-developed  one. 

Treatment  consists  in  excision  of  the  entire  septum 
and  suture  of  the  cut  edges  to  prevent  adhesions,  thus 
converting  the  double  canal  into  a  single  one.  This 
operation  is  indicated  only  where  there  is  some  inter- 
ference with  the  function  of  the  organ. 

Absence  of  the  vagina  is  due  to  a  complete  failure  in 
the  development  of  the  Miillerian  ducts,  and  is  prac- 
tically always  associated  with  a  generally  defective 
sexual  organization,  such  as  absence  or  rudimentary 
uterus,  and  absence  of  the  adnexa.  Individuals  are 
often  seen,  however,  who  have  no  vagina  and  only 
rudimentary  internal  sexual  organs,  but  show  fully 
developed  external  genitals  with  all  the  secondary 
sexual  characteristics,  and  are  attractive  enough  to  be 
married.  The  writer  has  seen  two  such  women  mar- 
ried before  the  age  of  seventeen  years,  in  whom  the 
absence  of  the  vagina  was  not  discovered  until  after 
marriage,  when,  repeated  attempts  at  coitus  having 
failed,  the  doctor  was  sought  and  the  cause  revealed. 
In  one  case,  a  small  pouch  one  and  one-half  inches  in 
length  had  been  formed  between  the  labia,  which 
served  as  a  vagina.  In  such  cases  as  these  it  some- 
times becomes  necessary  to  create  an  artificial  vagina 
for  purposes  of  cohabitation.  Various  methods  have 
been  devised  to  supply  this  need. 

Treatment. — In  all  methods  of  procedure,  the  rec- 
tum and  bladder  must  be  separated  by  dissection, 
either  with  the  finger  or  blunt  scissors,  and  an  artificial 
pouch  formed  by  lining  this  cavity  with  skin  flaps 
turned  in  from  the  surrounding  parts,  or  by  using  a 
loop  of  bowel  either  from  the  small  intestine  or  from 
the  rectum.  Graves'  method  is  to  line  the  slit 
between  the  bladder  and  rectum  with  flaps  of  skin 
obtained  from  the  two  labia  minora,  and  with  two 
strips  obtained  from  the  inner  side  of  each  thigh, 
turned  in  in  such  a  way  that  their  inner  extremities 
are  contiguous  to  the  lateral  half  of  the  anovaginal  slit. 
The  flaps  are  sutured  over  a  glass  form  which  is 
removed  before  the  completion  of  the  last  row  of 
sutures.  The  pouch  is  inserted  into  the  slit,  and  the 
apex  is  sutured  to  the  vault  of  this  artificial  cavity,  so 
that  it  completely  lines  it. 

Shubert  uses  a  resected  portion  of  the  rectum,  clos- 
ing the  upper  end  of  the  port-ion  used  and  attaching 
it  to  the  sacrospinal  ligament  as  high  up  .as  possible. 
The  lower  end  is  attached  to  the  epithelial  border  of 
the  vulval  incision. 

Baldwin's  Operation. — The  incision  and  dissection 
are  the  same  as  in  t  he  foregoing  operations.    The  cavity 
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made  is  packed  with  gauze.  An  abdominal  incision  is 
next  made,  a  loop  of  the  most  dependent  portion  of 
the  small  intestine,  usually  about  the  juncture  of  the 
ileum  and  cecum  is  sought,  and  about  ten  inches  of  the 
ileum  is  resected,  leaving  the  resected  portion  attached 
to_  its  mesentery.  The  two  ends  of  the  ileum  are 
joined  by  a  lateral  anastomosis,  bringing  them  in 
front  of  the  resected  portion.  The  resected  portion 
is  then  closed  at  either  end  with  a  purse-.string  suture, 
then  caught  in  its  middle  with  a  ligature,  and  drawn 
down  through  the  pouch  made  between  the  bladder 
and  rectum.  An  opening  is  then  made  in  the  lateral 
wall  of  the  loop,  which  opening  is  attached  by  suture 
to  the  skin  edges  of  the  vulval  incision.  Care  should 
be  taken  to  have  the  left  end  of  the  loop  Ue  to  the 
front,  and  the  right  end  to  the  back,  so  that  the  circu- 
lation in  the  mesentery  will  not  be  interfered  with. 
The  two  legs  of  the  loop  soon  become  adherent  to  each 
other,  and  form  a  septum  in  the  newly  made  vagina. 
This  septum  may  be  incised  later  on  so  as  to  form  a 
single  tube.  The  mucous  membrane  of  this  surface 
continues  to  secrete,  and  absorption  also  takes  place 
through  it,  so  that  care  should  be  used  in  prescribing 
douches  with  bichloride  or  other  like  drugs  as  poison- 
ing may  result  from  them. 

Hypospadias. — Among  other  less  common  anoma- 
lies may  be  mentioned  hypospadias,  where  the  septum 
which  normally  separates  the  urethra  from  the  vagina 
may  be  defective  or  the  urethra  may  be  entirely  want- 
ing, giving  the  appearance  of  a  vesicovaginal  com- 
munication, whicii  in  reality  is  opened  into  the  ves- 
tibule, for  it  is  remembered  that  in  embryonic  life, 
the  urinary  system  never  communicates  with  the 
Miillerian  ducts  which  form  the  vagina.  If  the 
sphincter  of  the  bladder  is  not  developed  there  is 
incontinence  of  urine,  either  partial  or  complete. 

The  treatment  is  surgical,  and  is  directed  toward 
controlling  the  urine,  through  repair  or  creation  of  an 
adequate  sphincter.  If  the  sphincter  is  totally 
absent,  the  result  of  the  operation  is  always  doubtful. 
Success  is  largely  dependent  upon  the  kind  of  tissue, 
and  the  skill  of  the  operator. 

Atresia  of  the  Vagina,  Gynatresia. — Atresia  vaginse 
is  a  complete  closure  of  the  vaginal  canal,  which  may 
occur  at  any  place  from  the  cervix  to  the  hymen, 
or  the  entire  canal  may  be  obliterated.  While  it  is 
commonly  believed  that  most  atresias  of  the  vagina 
are  due  to  developmental  defects,  a  study  of  the 
embryology  of  the  genital  system  disproves  this 
theory.  When  there  is  a  normally  developed  uterus, 
there  can  be  no  defect  of  the  vagina,  except  in  cases  of 
double  formation  and  anomalies  of  the  hymen.  If 
there  is  absence  of  the  vagina,  the  upper  end  of  the 
genital  tract  is  either  absent  or  rudimentary,  and  ab- 
sence of  the  vagina  is  accompanied  by  no  symptoms, 
and  may  not  be  discovered  until  after  marriage. 
Other  forms  of  atresia  of  the  vagina  are,  according  to 
Veit,  Graves,  and  others,  acquired  conditions 
occurring  in  early  life,  and  are  due  to  an  inflammatory 
process  which  causes  the  approximated  vaginal  walls 
to  become  adherent,  either  at  one  point  in  the  canal 
or  throughout  its  entire  length.  Thus,  atre.sia  of  the 
vagina,  accompanied  by  obstructed  secretions,  implies 
a  fully  developed  genital  system,  and  closure  of  Ihe 
vagina  mu.st  therefore  be  considered  to  be  acquired. 

The  treatment  depends  upon  the  circumstances  of 
the  case.  If  a  thin  partition  or  septum  presents  itself 
it  should  be  opened  to  allow  free  drainage  and  later  a 
complete  excision  of  the  ring,  with  all  the  scar  tissue 
should  be  made.  The  vaginal  surfaces  should  then 
be  united  by  sutures.  If  the  entire  canal  be  obliter- 
ated, the  operations  directed  toward  making  a  new 
vagina,  as  described  in  the  paragraph  on  congenital 
absences  of  the  vagina,  should  be  resorted  to.  These 
operations  will  be  found  more  difficult  in  this  condi- 
tion owing  to  the  presence  of  much  scar  tissue. 

Stenosis  of  the  vagina  is  due  to  the  same  causes  as 
atresia,  and  is  a  condition  in  which  the  canal  is  not 
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entirely  closed.  When  due  to  vaginitis  in  carl_v  life  it 
may  be  felt  as  a  constriction  through  which  the  iinger 
can  usually  be  passed.  This  occurs  as  a  rule  in  the' 
lower  third  of  the  vagina,  where  the  mucous  membrane 
is  normally  in  close  apposition.  .Severe  injuries 
inflicted  by  instruments  during  parturition,  or  long 
pressure  of  the  presenting  part  upon  the  vaginal  wall 
may  give  rise  to  sloughing  and  secondary  obstructive 
scarring  of  the  vagina.  Partial  obstruction  from 
senile  vaginitis  is  also  quite  commonly  seen. 

The  treatment  of  stenosis  of  the  vagina  is  practically 
the  same  as  that  described  for  atresia  of  the  vagina, 
and  the  indications  are  the  same  in  both  instances. 

Vaginitls  or  Colpitis. — Simple  Vaginiliss. — When 
it  is  remembered  that  the  vagina  is  subject  to  trauma 
from  coitus,  childbirth,  instruments,  vaginal  exami- 
nations, and  foreign  bodies,  and  that  owing  to  its 
close  proximity  to  the  rectum  and  urethra  which  are 
infested  with  bacteria  of  various  sorts,  it  is  astonishing 
to  note  how  rarely  one  meets  with  a  primary  infection 
of  this  cavity  in  the  adult.  Investigations  show  that 
the  normal  secretions  of  the  vagina  are  bactericidal,  and 
must  be  changed  into  an  abnormal  state  before  they 
will  act  as  a  culture  medium.  The  epithelial  lining  is 
of  the  squamous  variety,  and  very  resistant  to  infec- 
tion due  to  an  overlying  horny  la3'er  which  is  devel- 
oped after  puberty  and  usually  disappears  soon 
after  the  menopause.  Vaginitis  is  usually  a.ssociated 
with  vulvitis  as  a  vulvovaginitis  which  may  have 
many  contributing  causes  such  as  filth,  obesity, 
defective  nutrition,  foreign  bodies  in  the  vagina  in  the 
form  of  pessaries,  etc.,  masturbation,  excessive  coitus, 
vaginal  fistula,  diabetic  and  other  irritating  urine. 

The  actu.al  inflammations  are  of  bacterial  origin, 
and  may  be  any  one  of  the  following  forms  of  infection : 

(1)  Gonorrheal,    from    the    gonococcus    of    Neisser; 

(2)  erysipelatous,  due  to  the  streptococcus;  (3)  tubercu- 
lous, due  to  the  tubercle  bacillus;  (4)  syphilitic,  due 
to  the  Spirochceta  pallida;  (5)  mycotic,  due  to  the 
Oidium  albicans;  ((3)  chancroidal,  due  to  the  bacil- 
lus of  Ducrey;  (7)  diphtheritic,  due  to  the  Klebs- 
Loffler  bacillus. 

The  anatomical  forms  of  inflammation  may  be 
the  same  even  if  the  bacterial  infections  are  widely 
dilTerent.  They  are  classed  as  superficial  when  only 
the  mucous  membrane  is  affected.  A  glandular  form 
is  seen  where  the  vaginal  crypts  become  infected  and 
the  papilla;  are  hypertrophied  and  swollen,  giving  a 
granular  appearance.  Some  authorities  claim  that 
this  form  is  confined  chiefly  to  pregnant  women,  but 
while  it  is  commonly  found  in  this  class  of  cases,  it  is 
also  seen  in  gonorrheal  inflammation  in  the  non- 
pregnant state.  The  inflammatory  process  may  be  so 
severe  as  to  cause  ulceration  of  the  vulva  and  vagina, 
with  sufficient  plastic  material  thrown  out  to  cause 
adhesions  to  form  between  the  apposed  surfaces. 

The  diagnosis  is  important  in  that  it  gives  a  basis 
for  rational  treatment,  and  should  be  made  to  include 
the  source,  variety,  and  complications  of  the  disease. 
When  there  is  any  question,  the  microscopic  e.xamina- 
tion  of  smears  and  sections  should  be  made. 

The  symptoms  of  the  acute  form  comprise,  irritation, 
pain,  redness,  swelling,  and  heat  with  increased 
secretion. 

In  the  chronic  form,  the  cardinal  symptoms  of  in- 
flammations are  less  marked,  while  the  discharge  and 
intense  itching  and  burning  are  severe. 

Treatment. — Rest  in  bed  is  essential  in  the  treat- 
ment of  acute  vaginitis.  A  free  daily  evacuation  of 
the  bowels  should  be  obtained  with  salines.  A  low 
diet  confined  to  bland  liquids  the  first  week  should  be 
ordered,  and  later  soft  easily  digested  foods  with  a  grad- 
ual return  to  ordinary  articles  as  the  cure  progresses. 
Tlie  cleansing  douche  of  saline  or  boric  acid  solu- 
tion should  be  given  three  or  four  times  a  day.  The 
Tnonthol,  phenol,  alum,  and  borax  douche,  according 
to  the  formula  given  under  the  treatment  of  vulvitis 


may  be  used  with  good  results.  Douches  should  be 
given  in  the  recumbent  position  at  regular  intervals 
tliree  or  four  times  a  day.  Following  each  douche  the 
vagina  should  be  swabbed  thoroughly  with  a  twenty- 
five  per  cent,  solution  of  argyrol  until  sigits  of  inflam- 
mation have  disappeared.  The  douches  should  then 
be  given  twice  a  day,  night  and  morning  for  several 
weeks. 

In  the  chronic  form  of  vaginitis,  rest  in  bed  is  not 
necessary,  but  moderate  exercise  in  the  open  air  should 
be  encouraged.     The  diet  should  be  low  and  bland. 

Vaginal  douchings  of  any  of  the  above  solutions 
should  be  given  night  and  morning.  Local  apj)lica- 
tinns  of  twenty-five  per  cent,  argyrol,  five  per  cent, 
prot-argol,  or  ten  per  cent,  silver  nitrate  should  be 
made  two  or  three  times  a  week.  Placing  the  patient 
in  the  knee-chest  position,  and  inserting  a  Sims 
speculum,  the  vagina  should  be  thoroughly  inspected, 
and  all  discharges  wiped  away  with  a  pledget  of  cotton. 
The  surface  should  be  wiped  dry  and  the  silver  solution 
applied  thoroughly  to  all  portioiLs  of  the  mucous  mem- 
brane with  a  cotton-wrapped  applicator.  A  tampon 
of  cotton  saturated  in  ichthyol  ten  per  cent,  in 
glycerin  should  be  inserted  and  allowed  to  remain  over 
night.  This  should  be  removed  the  following  morning 
and  the  usual  douche  given. 

Senile  Variiniiis. — This  form  of  vaginitis  is  ne.xt  to 
gonorrheal  infection  the  most  common  variety  met 
with.  This  is  probably  due  to  the  loss  of  the  horny 
protective  layer  of  the  epithelial  lining  of  the  vagina 
after  the  menopause.  This  exposes  the  mucous 
membrane  to  infections  of  various  kinds  which  are 
usually  of  a  chronic  and  stubborn  type.  Treat- 
ment is  the  same  as  given  under  chronic  vaginitis. 
Graves  recommends  that  the  vagina  be  painted  with 
tincture  of  iodine,  and  that  no  tampon  be  used. 

Diphlherilic  vaginitis  is  characterized  by  the  devel- 
opment of  a  false  membrane  over  an  abraded  area 
and  is  marked  by  the  systemic  effect  of  diphtheria,  in 
addition  to  the  usual  signs  of  local  inflammation. 
Treatment  should  include  the  local  measures  given 
under  treatment  for  simple  vaginitis,  and  antitoxin 
in  suitable  doses  should  be  given  as  soon  as  the  con- 
dition is  diagnosed. 

Micotic  yagitiitia. — The  pathology  and  symptoms 
are  the  same  as  thrush  of  the  mouth  or  vulva,  and  the 
treatment  cited  under  Thrush  of  the  Vulva  is  indicated. 

Tuberculous  vaginilis  is  usually  secondary  to  tuber- 
culosis of  the  uterus  and  tubes,  the  vagina  becoming 
infected  from  the  tuberculous  discharge  from  above, 
or  from  an  extension  inward  of  tuberculosis  of  the 
vulva.  Primary  infection  may,  however,  take  place 
through  intercourse  with  a  husband  having  a  tuber- 
culous lesion  of  the  genital  tract.  The  most  common 
site  for  tuberculous  ulcer  is  the  posterior  vaginal  wall 
which  comes  most  into  contact  with  the  cervical  dis- 
charges. The  ulcer  has  a  punched-out  appearance 
with  a  yellowish-gray  base,  and  may  be  surrounded 
by  many  small  miliary  tubercles.  The  diagnosis  is 
made  by  microscopic  examination  of  the  discharge,  or 
by  a  section  of  tissue  taken  from  the  suspected  ulcer. 
The  treatment  is  the  same  as  described  under  tuber- 
culosis of  the  vulva. 

Gonorrheal  vaginitis  in  the  adult  is  by  far  the  rnost 
frequent  and  important  form  of  vaginal  inflammation. 
The  onset  is  often  attended  with  severe  burning  during 
micturition,  with  intense  sweUing  of  the  external  gen- 
itals, and  a  profuse  thin  greenish-yellow  discharge 
which  on  microscopic  examination  is  found  to  contain 
the  gonococcus  in  great  numbers.  The  treatment  is 
tlie  same  as  that  of  simple  vaginitis  and  should  be 
carried  out  with  the  patient  in  bed.  The  linen  and 
utensils  should  bo  isolated  so  that  they  may  not  be 
the  means  of  infecting  others. 

Gonorrheal  Vaginitis  in  Children  and  Young  Girls. — 
This  affection  is  so  important  as  to  demand  a  separate 
consideration.  It  is  a  disease  which  is  very  prevalent 
among  children  of  the  poorer  classes,  the  majority  of 
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infections  occurring  after  the  age  of  six  years  or  after 
entering  public  schools.  The  mode  of  transmission  is 
sometimes  very  obscure,  but  when  it  is  remembered 
that  after  gonorrheal  discharges  are  dried  they  are  no 
longer  infectious,  we  must  look  to  the  toilet  seat  of  the 
school  as  the  most  important  factor.  An  investiga- 
tion of  the  average  school,  playground,  or  tenement 
toilet  will  show  a  high  seat  with  a  rough  wooden  rim, 
too  liigh  to  allow  the  child  to  sit  directly  upon  it  with- 
out dragging  the  clothing  and  genitals  across  it;  also, 
during  recess  hours,  one  child  after  another  uses  the 
seat  with  practically  no  interval.  It  is  thus  easily 
seen  how  one  case  of  vaginitis  could  readily  infect 
many  other  chOdren.  The  fact  that  the  vaginal  and 
vulval  mucous  membrane  is  delicate  and  unprotected 
by  the  horny  layer  which  develops  near  the  age  of 
puberty,  and  that  the  external  genitals  of  the  child 
tend  to  flare  and  gape  before  the  enlargement  of  the 
uymphK  takes  place  at  puberty,  and  also  that  the 
whole  vulva  is  unprotected  by  the  hairy  growth  of 
later  life,  makes  the  vulva  and  vagina  particularly  sus- 
ceptible to  infection. 

The  frequency  of  vaginitis  in  children  is  rather 
appalling,  when  reports  from  different  cities  in  the 
United  States  are  obtained. 

Taussig  in  an  article  on  this  subject  sets  forth  a 
number  of  measures  which  should  be  used  to  prevent 
and  control  this  affection:  (1)  All  female  children 
should  have  a  vaginal  instillation  of  one-half  per  cent. 
silver  nitrate,  soon  after  birth,  especially  if  there  is  any 
suspicion  of  infection  in  the  mother.  (2)  All  cases 
of  vaginitis  in  children  should  be  reported  to  the 
local  Board  of  Health.  (3)  A  visiting  nurse  should 
instruct  parents  in  the  care  and  isolation  of  these  cases. 
(4)  The  origin  of  infection  in  each  case  should  be  de- 
termined if  possible.  (5)  The  low  bowl  with  the  U- 
shaped  rim  should  be  used  in  the  toilets  of  all  schools 
and  public  lavatories,  with  an  attendant  present  in 
school  toilets  during  the  recess  hour. 

The  necessity  of  care  in  regard  to  bath  tubs,  linen, 
and  toilets  in  hospital  and  homes  should  be  borne  in 
mind. 

Diagnosis. — Repeated  examinations  of  vaginal 
smears  often  fail  to  show  any  gonococci,  and  this  fact 
has  led  many  writers  to  question  the  prevalence  of 
gonorrhea  in  the  vaginitis  of  children,  especially  of  the 
chronic  form.  The  gonococci  have  some  tendency  to 
self-limitation  and  may  disappear  from  the  discharge 
after  eight  or  ten  weeks,  leaving  only  the  secondary 
infection,  which  is  so  often  engrafted  upon  it,  to  tell 
the  tale.  The  smear  tests  would,  therefore,  appear  to 
be  valuable  only  in  the  early  stages,  and  should  be  no 
guide  to  the  time  or  condition  of  the  cure. 

The  complement-fixation  test  will  usually  clear  up 
the  diagnosis,  but  if  there  still  is  doubt,  the  cutaneous 
tests  can  be  used  as  well.  Sharp  and  others  use  the 
cutaneous  in  preference  to  the  fixation  test,  claiming, 
that  while  it  is  more  easily  applied,  it  is  also  more 
delicate,  and  that  reactions  are  obtained  by  it  in  cases 
where  immunity  is  too  weak  for  a  positive  complement- 
fixation. 

Treatment. — Butler,  Long,  Wolff,  and  others  claim 
excellent  results  in  the  use  of  vaccines,  especially  in  the 
acute  infection.  Their  scries  was  done  under  the 
control  of  the  opsonic  index  and  single  strain  vaccine 
showed  the  best  results.  The  doses  in  the  beginning 
were  one  or  two  millions  increased,  according  to  the 
opsonic  index,  up  to  fifty  millions.  The  doses  were 
repeated  when  the  index  began  to  fall  and  the  time  of 
treatment  averaged  about  forty-three  days  in  acute 
cases,  and  about  thirty-seven  days  in  the  chronic 
forms  which  yielded  to  vaccines.  While  the  opsonic 
index  is  the  ideal  guide  in  the  treatment  of  these  cases, 
it  must  be  carried  out  in  a  hospital  with  a  corps  of 
trained  workers,  and  this  is  not  always  a  practical 
method. 

In  the  treatment  of  these  cases  in  the  office  or  out- 
door departments  the  one  strain  stock  vaccine  may  be 
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used.  Doses  beginning  with  one  or  two  millions  may 
be  repeated  every  five  or  six  days,  gradually  increasing 
the  doses  to  fifty  millions.  More  or  less  may  be  used 
according  to  the  general  reaction  of  fever,  local  redness, 
and  pain  about  the  seat  of  injection. 

Local  treatment  may  or  may  not  be  given.  Some 
authorities  use  douches  of  weak  boric  acid,  or  1  in 
8,000  permanganate  of  potassium,  once  a  day,  followed 
by  an  application  of  ten  to  twenty-five  per  cent,  solu- 
tion of  argyrol  or  a  two  per  cent,  solution  of  protargol 
or  silver  nitrate.  Others  feel  that  the  local  treatment 
is  attended  with  no  results,  or  may  actually  do  harm 
because  of  the  irritating  nature  of  the  solutions 
employed. 

Fresh  air,  good  food,  and  tonics  are  indicated  in  all 
cases.  In  the  acute  forms  the  patient  should  rest  in 
bed,  preferably  in  a  hospital,  for  the  first  two  weeks. 
General  hygiene  of  the  vulva  should  be  observed  in 
the  form  of  mildly  antiseptic  washes.  Urethritis  and 
cystitis  should  be  guarded  against  by  the  use  of 
urinary  antiseptics,  such  as  urotropin,  cystogen,  or 
sodium  benzoate,  well  diluted.  Danger  of  trans- 
mitting infection  through  the  hand,  from  the  genitals 
to  the  eyes  should  be  borne  in  mind.  In  the  stubborn 
cases  which  do  not  yield  to  vaccine  treatment,  the 
secondary  infection  undoubtedly  plays  an  important 
role,  and  should  be  treated  with  douches  and  local 
applications  of  argyrol.  The  extension  of  infection 
to  the  uterus  and  tubes  is  a  rare  complication  before 
the  age  of  puberty,  but  occurs  sufficiently  often  to 
demand  attention.  Adhesive  vaginitis  is  probably  one 
of  the  most  common  sequelas  of  this  affection,  and  local 
applications  to  the  vagina  may  help  in  a  measure  to 
prevent  it. 

Erysipelalous  vaginitis  is  usually  an  extension  up- 
ward of  erysipelis  of  the  vulva.  The  symptoms  and 
treatment  are  the  same  as  those  of  the  latter. 

Chancroid  is  an  infectious  ulcer  due  to  inoculation 
with  secretion  from  some  other  chancroid,  and  usually 
takes  place  through  sexual  intercourse.  The  entrance 
of  the  virus  always  takes  place  through  an  abrasion  of 
the  mucous  membrane;  the  bacillus  of  Ducrey  is  the 
causative  factor,  and  is  found  in  the  discharge.  The 
infection  is  taken  up  rapidly  by  the  lymphatics,  and 
carried  to  the  inguinal  glands,  often  giving  rise  to  in- 
flammation and  suppuration,  known  as  chancroidal 
bubo.  The  diagnosis  is  made  by  removing  a  portion 
of  tissue  from  the  ulcer  for  microscopic  examination. 

Treatment  consists  in  the  local  application  to  each 
ulcer  of  some  caustic  solution,  like  crude  carbolic  or 
chromic  acid,  followed  by  alcohol.  The  buboes  should 
be  treated  with  hot  applications  of  boric  acid  solution. 
If  they  suppurate,  an  incision  should  be  made  and 
drainage  maintained  under  surgical  precautions,  until 
healing  takes  place. 

Syphilitic  Vulvovaginitis. — The  primary  syphilitic 
lesion  of  the  vulva,  vagina  or  cervix  usually  takes  on 
the  characteristics  of  the  original  sore  in  the  male. 
A  typical  chancre  occurs  about  three  weeks  after  ex- 
posure to  infection,  and  begins  with  itching  followed 
by  the  appearance  of  an  erythematous  spot.  This 
gradually  develops  into  a  dark  red  papule,  which  later 
desquamates  and  leaves  a  round  superficial  sharply 
circumscribed  erosion  with  scanty  secretion.  This 
erosion  spreads,  becomes  more  indurated,  penetrates 
the  deeper  structures  and  forms  a  well-defined  ulcer. 
The  skin  around  the  area  looks  blue  and  congested. 
The  inguinal  lymphatics  are  enlarged  and  painless  and 
do  not  suppurate  as  in  bubo.  When  they  are  typical 
in  form,  the  lesions  may  be  confused  with  herpes, 
lupus,  rodent  ulcer,  and  carcinoma  but  with  the 
diagnostic  aids  now  at  hand,  a  mistake  should  be 
exceptional.  Early  diagnosis  is  to  be  sought  in  all 
cases  before  the  infection  passes  from  a  local  to  a 
general  one.  Examination  of  the  secretion  from  the 
suspected  lesion  should  be  made,  and  if  it  be  syphil- 
itic, the  spirochete  will  be  found.  The  mode  of  prepa- 
ration  is    comparatively    easy.     Take  a   clean   new 
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slide,  place  on  it  a  drop  of  normal  salt  solution  and 
add  to  this,  a  loop  full  of  the  suspected  secretion,  mix 
well  and  place  over  it  a  new  clean  cover-slip.  The 
margins  of  the  cover-glass  sliould  then  be  coated  with 
vaseline  to  prevent  evaporation.  Examination  should 
be  made  under  dark  ground  illumination,  witli  the 
oil  immersion  lens.  The  india  ink  stain  and  Gi(;msa's 
stain  are  used  in  dried  specimens,  but  great  skill  is 
required.  The  Wassermann  test  should  be  made  in 
later  cases  and  if  positive,  except  when  leprosy  or 
yaws  is  present,  the  case  should  be  treated  as  syphilis. 
If  the  test  is  reported  doubtful,  a  second  one  should  be 
made,  preferably  by  another  biologist.  If  mercury  or 
alcohol  has  been  recently  taken,  the  test  may  be  nega- 
tive even  if  syphilis  is  present.  Provocative  salvar- 
san  may  be  given  in  cases  with  a  negative  Wassermann 
and  positive  clinical  history.  The  Wassermann  may 
be  positive  when  the  history  and  clinical  findings  arc 
negative.  The  spinal  fluid  reactions  are  not  impor- 
tant because  they  are  not  constant.  The  skin  test  is 
made  with  a  preparation  of  dead  Spirochela  pallida 
applied  to  the  scarified  skin.  It  is  positive  in  tertiary 
but  rarely  so  in  the  secondary  forms  and  is  not  an 
important  test. 

Treatment. — As  between  salvarsan  and  neosalvar- 
san,  the  latter  is  to  be  preferred  because  of  the  simplic- 
ity in  preparation  and  the  use  of  a  smaller  volume  of 
fluid  as  a  diluent.  There  is  also  less  reaction,  and  less 
danger  of  producing  a  toxic  state  with  its  use.  The 
intravenous  method  is  the  best.  Freshly  distilled 
water  should  be  used  at  all  times;  it  should  be  dis- 
tilled the  same  day,  and  should  be  boiled  for  twenty 
minutes  just  previous  to  its  use.  The  treatment 
should  begin  as  soon  as  the  diagnosis  is  reached,  and 
has  a  direct  bearing  upon  the  prognosis  of  the  case. 
Time  should  not  be  wasted  in  waiting  for  a  positive 
Wassermann  if  the  spirochetes  are  found  in  the  secre- 
tion. The  ordinary  patient  may  receive  the  injections 
at  the  office  or  in  the  out-patient  clinic  or  she  may  go 
into  the  hospit.al  for  twenty-four  hours.  The  writer 
gives  the  injections  in  the  office  or  clinic,  keeping  the 
patient  in  the  recumbent  position  for  an  hourfnlli)wing, 
and  then  sending  her  home  to  bed  with  only  liquid 
diet  until  the  following  day.  A  routine  uranalysis  is 
made  before  and  after  each  injection.  Cases  of 
myocarditis,  arteriosclerosis,  and  alcoholism  are  sent 
into  the  hospital  for  injection  and  kept  in  bed  for 
twenty-four  or  forty-eight  hours  following.  The 
average  woman  should  receive  0.4  to  O.O  gram  at  once 
and  then  once  a  week  until  five  or  six  doses  have  been 
given.  Ten  days  after  the  last  dose,  a  blood  test 
should  be  made  and  if  found  positive,  the  course 
should  be  repeated.  At  the  same  time  a  vigorous 
course  of  mercury  should  be  given,  and  continued  for 
from  six  to  eighteen  months.  Its  administration  is 
best  controlled  by  intermuscular  injections  of  the 
soluble  bichloride,  one-fourth  grain  in  saline  solution, 
or  the  insoluble  mercury  salicylate  in  oil  from  one  to  one 
and  a  quarter  grain  doses  once  a  week.  The  buttocks 
is  a  favorite  site  for  these  injections  which  should  be 
given  according  to  some  definite  plan.  Pcderscu  maps 
the  buttocks  into  sixteen  areas  with  a  number  for  each 
and  makes  the  injections  according  to  number — 
1,  2,  3,  4,  etc.,  on  alternate  .sides.  The  patient  leans 
over  a  table  with  the  foot  of  the  side  to  be  injected 
placed  on  a  low  stool  so  as  to  relax  these  gluteal  mus- 
cles. A  Leuer  syringe  w^ith  large  bore  needle  three 
inches  in  length  is  used.  The  injection  is  made  deeply 
into  the  muscular  tissue,  after  tlie  skin  has  first  been 
painted  with  seven  per  cent,  tincture  of  iodine.  After 
the  injection  is  made,  the  part  should  be  massaged 
gently  for  five  minutes  to  assist  in  absorption. 
Suitable  doses  of  ])otassium  iodide  may  also  be  ad- 
ministered for  this  purpose. 

Local  cleanliness  and  the  use  of  a  dusting  pow- 
der of  calomel  or  bismuth  should  be  advised  to 
guard  against  secondary  infection,  blue  ointment 
or  ammoniated  mercury  ointment  two  per  cent,  may 


be  applied  directly  on  gauze,  if  the  ulcerated  area  is 
large. 

Vaginismus. — This  is  an  abnormal  spasmodic  action 
of  the  muscles  surrounding  the  vaginal  introitus,  which 
is  usually  accompanied  by  spa.sms  of  the  adductor  mus- 
cles of  the  thigh  and  a  drawing  back  of  the  pelvis. 
This  spasm  may  be  due  to  .some  sensitive  area  or  lesion 
on  the  vulva,  or  to  a  psychic  reflex  brought  into  action 
by  attempts  at  coitus  or  digital  examination.  It  is 
seen  more  often  in  nervous  young  women  newly 
married  or  in  women  near  the  menopau.se. 

Walthard  divides  this  affection  into  two  forms. 
True  vaginismus  where  the  action  is  purely  psycliic,  and 
pseudovaginismus  where  .some  condition  of  the  vulva 
or  vagina  exists  w-hich  makes  coitus  painful  such  as 
hyperesthesia  of  the  vaginal  entrance  (vaghiodynia  or 
colpodynia),urethralcarunck',  inflammation  of  Skene's 
glands,  fissure  of  the  vaginal  orifice  or  rectum,  a  rigid 
hymen,  ulcerationorsoft  chancre  of  the  vulva,  or  .senile 
atrophy  of  the  vagina.  In  all  such  cases  attempts  at 
coitus  or  digital  examination  are  accompanied  by 
great  pain. 

In  the  true  form  the  spasm  often  occurs  before  any 
contact  takes  place  and  is  purely  mental  in  its  origin, 
due  perhaps  to  fear  of  being  hurt  or  of  becoming 
pregnant,  dislike  of  the  man,  or  such  like  conditions. 
The  patient  is  usually  in  a  debilitated  or  neurasthenic 
condition.  Examination  will  often  have  to  be  made 
under  an  anesthetic  to  determine  the  cause  and  treat 
the  condition  when  found. 

Treatment  consists  in  removal  of  the  cause  if 
possible,  and  the  giving  of  general  tonics,  la.xatives, 
and  sitz  baths.  In  stubborn  cases,  the  vaginal  en- 
trance may  be  stretched  under  an  anesthetic,  either 
bimanually  or  with  a  large  bivalve  speculum,  but  this 
is  rarely  of  any  use.  Applications  which  reduce  the 
sensitiveness  of  the  superficial  nerve  endings  may  over- 
come the  difficulty.  The  cooperation  of  the  psycho- 
therapeutist  may  bo  of  service.  Operations  for  the 
removal  of  urethral  caruncle,  incision  of  a  rigid 
hymen,  or  excision  of  a  sensitive  fi-ssure  with  suture 
of  the  edges  should  be  performerl  when  indicated. 


Glass  Vaginal  Dilator  or  Plus. 


Sims  suggests  lateral  incisions  of  the  vulva  and  the 
wearing  of  a  vaginal  plug  for  two  hours  night  and 
morning. 

P.^R.WAGiNiTis  is  a  term  given  by  some  writers  to  a 
deep-seated  inflammation  of  the  vagina  which  also 
involves  the  paravaginal  tissues  and  usually  follows 
severe  trauma  of  this  region.  The  inflammation 
results  in  a  phlegmon  which  may  burrow  upward  into 
the  peritoneal  cavity  and  cause  septic  peritonitis. 

Treatment  calls  for  the  application  of  heat  or  cold 
by  means  of  prolonged  vaginal  douches.  Opemng 
and  drainage  under  surgical  precautions  of  any  ab- 
scess which  may  form.  .\  vaginal  l)lug  of  glass  or 
rubber  should  be  used  during  healing  to  prevent  atre- 
sia of  the  vagina. 

Cysts  of  the  VAGtMA  are  comparatively  common. 
They  are  usually  located  in  the  lower  third,  and  occur 
more  frequently  upon  the  po.sterior  than  the  anterior 
wall.  They  are  usually  small,  rarely  developing 
beyond  the'  size  of  a  walnut.  These  cysts  may  be  of 
glandular  origin,  or  may  have  their  beginning  in  the  re- 
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mains  of  the  Wolffian  bodies  or  either  one  of  Gartner's 
or  of  an  undeveloped  duct  of  Mtiller.  The  contents 
of  the  cysts  are  usually  a  clear  yellowish  serous  fluid. 
They  rarely  give  rise  to  any  symptoms,  but  in  married 
women  they  may  become  so  large  as  to  interfere  with 
coitus  or  childbirth.  They  are  covered  with  a  single 
layer  of  epithehum,  and  are  easily  diagnosed. 

The  treatment  is  surgical.  The  smaller  cysts  can 
usually  be  shelled  out  with  very  little  trouble.  How- 
ever, care  should  be  used  not  to  injure  the  bladder  or 
rectum. 

Tumors. — Fihromyomala  of  the  vagina  are  very  rare. 
They  develop  from  the  muscle  tissue  of  the  vaginal 
wall.  They  are  usually  polypoid  and  of  small  size  and 
found  more  frequently  upon  the  posterior  wall.  As 
a  rule,  they  are  well  circumscribed  and  can  be  shelled 
out  like  fibromata  in  other  parts  of  the  body.  Their 
treatment  consists  in  surgical  removal. 

Carcinoma  has  been  known  to  develop  in  the  vagina, 
but  as  a  rule  it  is  secondary  to  cancer  of  the  uterus. 
Diagnosis  is  usually  not  difficult,  and  the  treatment  is 
early  surgical  removal. 

Sarcomata  of  the  vagina  are  very  rare  tumors  and  oc- 
cur in  two  forms.  Those  which  appear  in  adult  life 
and  the  other  occurring  in  children.  They  follow  the 
usual  form  of  sarcoma  found  in  other  portions  of  the 
body. 

Treatment  is  surgical  if  early  diagnosis  can  be 
made.  The  disease  is  nearly  always  fatal,  due  to 
early  metastasis  to  the  pelvic  lymphatic  glands. 

Vesicovaginal,  Ctstocelb. — This  is  a  descent  or 
prolapse  of  the  base  of  the  bladder  toward  the  intro- 
itus,  caused  by  relaxation  of  the  anterior' vaginal  wall. 
It  is  frequently  accompanied  by  prolapse  of  the  uterus 


FlQ.  4873.— Hernia  of  the  Bladder  with  Rectocele. 

and  rectum,  and  is  usually  a  result  of  an  injury  in 
childbirth.  It  may,  however,  occur  in  women  who 
have  never  borne  children,  or  even  in  virgins.  When 
seen  in  nulliparae  it  is  due  to  general  weakness  of  the 
tissues.  In  such  cases,  it  may  occur  with  little  or  no 
prolapse  of  the  uterus,  and  is  then  regarded  as  a  true 
hernia  of  the  bladder. 

The  bladder  may  prolapse  and  the  uterus  foDow, 
or  the  uterus  may  drag  the  bladder  after  it  in  its 
descent.  Owing  to  the  close  attachment  of  the 
bladder  to  the  anterior  wall  of  the  cervix,  neither 
organ  can  sag  without  influencing  the  other.  Perineal 
laceration  is  a  frequent  cause  of  this  affection,  by 
destruction  of  the  floor  upon  which  the  vesicovaginal 
septum  normally  rests.     This  allows  the  pelvic  con- 
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tents  to  prolapse  and  bulge  forward  into  the  vaginal 
outlet  in  the  form  of  a  pouch.  Cystitis  is  a  frequent 
complication,  due  to  the  accumulation  of  residual 
urine  in  the  prolapsed  part  of  the  bladder,  where  it 
decomposes  and  causes  irritation. 

The  subjective  symptoms  are  backache,  a  bearing- 
down  sensation  in  the  pelvis,  headache,  nervous  dis- 
turbances, constipation,  fatigue,  and  difficulty  in 
walking,  especially  when  the  cyst  protrudes  from  the 
vaginal  opening. 

The  treatment  is  operative.  The  replacing  of  the 
prolapsed  uterus,  when  necessary,  and  the  repair  of  a 
lacerated  perineum  are  always  essential  to  a  per- 
manent cure.  Some  writers  lay  particular  stress 
upon  the  necessity  of  elevating  the  cervix,  claiming 
that  this  often  takes  up  the  slack  in  the  anterior  vag- 
inal  wall,    without   operation    upon    the    cystocele. 


Fig.  4876. — Anterior  Colporrhaphy  for  Cystocele;  dissecting  off  a 
lozenge-shaped  portion  of  the  vaginal  mucous  membrane. 

This  is  accomplished  by  any  of  the  several  methods  of 
uterine  suspension.  In  cases  where  this  procedure 
does  not  correct  the  protrusion,  some  operation  which 
will  narrow  the  anterior  vaginal  wall  should  be  done. 
In  Hegar's  operation  for  cystocele,  the  redundancy  in 
the  anterior  vaginal  wall  is  removed  in  the  form  of  an 
clUpse  by  making  a  central  incision  and  pushing  off  the 
mucous  membrane  with  a  piece  of  dry  gauze  on  the 
finger,  or  by  removing  strips  of  mucous  membrane  with 
scissor  and  forceps.  When  the  flaps  are  dissected  loose, 
they  are  cut  off  as  shown  in  Fig.  4877,  the  operator  being 
careful  not  to  remove  too  much  tissue,  but  still  enough 
to  cause  a  very  slight  lateral  tension  when  the  edges  of 
the  denuded  area  are  brought  together.  A  continuous 
catgut  suture  is  then  placed  in  the  anterior  vaginal 
wall  in  such  a  way  as  to  cause  an  infolding  of  the  blad- 
der wall.     Care  should  be  used   to  include  in   this 
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the  dense  fascia  lying  just  under  the  mucosa,  as  this 
structure,  when  united,  gives  a  firm  bridge  upon  which 
the  bladder  may  rest.  The  mucous  membrane  is  then 
closed  by  a  second  continuous  suture  in  the  same 
manner. 

When  the  jaatient  is  past  the  child-bearing  age,  and 
the  cj'stocele  is  accompanied  by  uterine  prolapse,  some 
form  of  interposition  operation  may  be  done. 

Watkin's  operation  is  especially  suited  to  this  con- 
dition. It  is  based  on  the  principle  of  separating  the 
bladder  from  the  anterior  wall  of  tlie  uterus  and  push- 
ing the  bladder  up,  at  the  same  time  drawing  the 
fundus  forward  until  the  bladder  rests  on  the  posterior 
surface  of  the  fundus.  The  uterus  is  then  fastened  to 
the  anterior  vaginal  wall  with  sutures.. 


Vesicovaginal  Fistol.\. — Fistula;  between  the  blad- 
der and  genital  tract  are  due  to:  (1)  Injuries  in  labor, 
where  the  bladder  is  caught  and  held  for  several  hours 
between  the  presenting  part  and  the  pubic  bone,  with 
resulting  bruising  and  later  necrosis  of  the  septum  be- 
tween the  vagina  and  the  bladder,  or  to  lacerations  by 
instruments  during  deUvery.  These  injuries  are  less 
common  in  recent  years,  due  to  improved  obstetric 
practice,  where  if  the  presenting  part  does  not  advance 
satisfactorily,  after  rupture  of  the  membranes,  forceps 
is  used;  or  if  the  pelvic  measurements  are  small, 
cesarean  section  is  frequently  resorted  to.  (2)  Cancer 
of  the  cervix  and  vagina  is  also  a  rare  cause  of  fistula, 
especially  in  the  later  stages  of  inoperable  cases,  due 
either  to  sloughing  after  the  use  of  the  cautery  or  to 
the  use  of  the  curette  in  palliative  operations.  (3) 
Chronic  ulceration  of  tuberculosis,  sj^philis,  or  chan- 
croidal origin.  (4)  Radium  or  x-ray  treatment  for 
cervical  cancer  may  result  in  extensive  sloughing  and 
&tula  of  the  vagina.  (5)  Malignant  disease  of  the 
bladder  or  tuberculosis  of  the  bladder  may  cause  a 


fistula  into  the  vagina.  (6)  Extetusive  pelvic  opera- 
tions, especially  thcjse  performed  for  matignatit  dis- 
ease of  the  uterus,  are  a  frequent  cause  of  vesicovag- 
inal fistula.  Fistulous  openings  due  to  pus  tubes  or 
infected  ovarian  tumors  arc  also  rarely  seen. 

These  fistula;  are  cla.ssified  according  to  their  lo- 
cation, and  are  indicated  by  their  names:  (1)  Vesico- 
vaginal, between  the  vagina  and  bladder;  this  is  the 
most  common  form.  (2)  Vesicouterine  where  the 
opening  from  the  bladder  into  the  cervical  canal  allows 
the  urine  to  escape  through  the  internal  os.  (3) 
L' ret ero vaginal  between  a  ureter  and  the  vagina.  (4> 
Urethrovaginal  between  the  urethra  and  vagina.  (5) 
Vesicocervicovaginal  between  the  bladder  and  vagina 
at  the  junction  of  the  cervix.  This  is  at  times  c^led 
ju.xtacervical  fi.stula. 

These  openings  vary  in  .size  from  that  of  a  small 
bristle  to  one  where  a  large  portion  of  the  vesicovaginal 
section  is  wanting.  They  are  usually  surrounded  with 
large  areas  of  scar  tissue,  especially  when  they  are  of 
long  standing.  This  scar  tissue  causes  dense  ad- 
hesions to  form  about  the  opening  and  makes  repair 
extremely  difficult. 

The  symptoms  are  those  of  the  involuntary  escape 
of  urine  from  the  vagina  with  considerable  irritation 
of  the  vagina  and  vulva.  If  the  opening  is  a  large  one, 
the  escape  of  the  urine  may  be  continuous.  The  vul- 
vovaginal irritation  together  with  the  odor  of  decom- 
posing urine,  which  saturates  the  person's  clothing, 
may  make  Ufe  almost  unbearable.  If  the  opening  is  a 
small  one  or  if  it  opens  between  the  folds  of  the  vag- 
inal wall  which  may  serve  as  a  sort  of  valve,  the  urine 
may  escape  only  when  the  bladder  is  distended,  or 
when  the  person  coughs,  sneezes,  or  makes  some  un- 
usual effort.  Some  forms  by  their  position  are  relieved 
by  lying  down,  and  leakage  takes  place  only  when 
the  person  is  walking  about.  In  such  cases,  care  must 
be  taken  to  differentiate  them  from  incontinence,  due 
to  relaxation  of  the  bladder  sphincter. 

The  diagnosis  is  not  at  all  times  easy.  Vaginal 
examination  may  reveal  the  opening  in  the  anterior 
wall  which  may  be  distinctly  felt  with  the  finger  and 
seen  through  the  speculum.  If  the  opening  is  a  small 
<iiii',  only  a  slight  elevation  or  depression  or  a  small 
rnuL'hcned  area  may  be  felt,  which  on  inspection, 
appiLirs  as  a  small  red  papule  with  a  small  opening  in 
its  apex.  A  sound  in  the  bladder  or  the  introduction 
of  a  probe  in  the  bladder  from  the  vaginal  side  may 
reveal  the  opening.  If  watched  for  a  short  time, 
urine  will  be  seen  escaping  from  it.  If  the  fistula  is 
a  small  one,  it  may  be  difficult  to  discover  it,  until  the 
bladder  is  injected  with  some  colored  substance,  as 
methylene  blue,  or  sterilized  inilk.  The  bladder 
should  be  distended  with  the  colored  fluid,  and  the 
suspected  area  watched.  If  there  is  a  fistula,  the 
fluid  will  be  seen  running  in  a  fine  stream  into  the 
vagina.  If  leakage  occurs  only  in  the  standing  posi- 
tion, small  pieces  of  dry  cotton  may  be  inserted  into 
the  vagina,  and  the  patient  directed  to  walk  .-ibout  for 
a  short  time.  The  pledgets  are  then  removed,  and  the 
stain  will  be  found  on  the  cotton  which  "has  been  in 
contact  with  the  fistula.  If  the  fistula  is  from  the 
ureter  the  vaginal  discharge  will  still  be  uncolored 
during  this  experiment.  In  all  cases  a  cy.stoscopic 
examination  should  be  made  to  determine  the  rela- 
tion of  the  ureters  to  the  fistulous  opening,  so  that  it 
may  be  used  as  a  guide  during  repair. 

Cystitis  may  be  a  complication  of  this  condition, 
but  is  rare.  Palliative  treatment  is  used  in  inoperable 
cases  of  m.alignant  disease.  Cleanliness  and  the 
collection  of  the  urine  so  that  it  does  not  saturate  the 
clothing  are  its  object.  The  use  of  the  vaginal  douche 
of  borax  or  potassium  permanganate  two  or  three 
times  a  day,  with  frequent  bathing  of  the  vulva  will 
usually  serve  to  keep  the  pjvrts  clean  while  the  use  of 
some  form  of  urinal  may  be  resorted  to.  If  these  are 
inadequate  a  rubber  apron  may  be  worn,  or  a  vulva 
protecter  of  rubber  sheeting  liiay  be  fashioned  and 

413 


REFERENCE   HANDBOOK    OF   THE    MEDICAL   SCIENCES 


held  in  place  Vjy  means  of  tapes.  Under  this  may  be 
worn  pads  of  gauze  and  absorbent  cotton,  which 
should  be  changed  as  soon  as  they  become  wet.  The 
skin  surfaces  may  be  protected  from  the  irritating 
effect  of  the  urine  by  applying  zinc  ointment,  vaseline, 
or  an  ointment  of  compound  tincture  of  benzoin,  one 
dram,  to  an  ounce  of  vaseline,  two  or  three  times  a  day. 

The  treatment  of  simple  forms  is  surgical  and  should 
be  directed  toward  the  control  of  the  escaping  urine. 
The  operation  is  a  delicate  one,  often  complicated 
and  difficult,  owing  to  the  position  and  extent  of  the 
opening. 

Preparatory  measures  are  important. 

It  is  thought  unwise  to  attempt  an  immediate  re- 
pair, when  the  fistula  is  due  to  traumatism  during 
labor.  It  is  best  to  defer  the  operation  for  about  ten 
weeks,  to  give  the  tissues  an  opportunity  to  recover 
from  the  strain  of  parturition,  and  to  become  strong 
enough  to  hold  the  sutures.  The  success  of  the  opera- 
tion is  dependent  upon  certain  principles,  such  as  a 
healthy  condition  of  the  tissues  surrounding  the 
wound,  a  good  denudation  with  removal  of  scar  tissue, 
and  broad  surfaces  apposed  in  such  a  way  as  to  favor 
union.  There  should  be  as  little  tension  as  possible 
upon  the  sutures,  and  the  suture  material  should  be 
of  some  strong,  non-irritating  substance,  such  as  silk- 
worm gut  or  silver  wire.  Fistulas  of  small  size  have 
occasionally  been  healed  by  the  use  of  the  cautery. 

Marion  Sims'  operation  is  the  classical  one.  The 
steps  are  as  follows:  The  patient  should  be  either  in 
the  lithotomy  or  in  the  Sims  position.  The  latter  is 
sometimes  preferable  where  the  fistula  is  high  up 
toward  the  vault  of  the  vagina.  An  oval  denudation 
is  made  with  fine  scissors  about  the  opening  down  to 
the  vesical  mucous  membrane,  special  care  being  taken 
to  trim  off  the  cicatricial  edge  of  the  bladder  opening. 
The  denuded  margin  about  the  orifice  should  be  as 
wide  as  possible  without  causing  too  much  tension 
when  the  edges  are  approximated,  usually  from  one- 
fourth  to  one-half  inch.  The  ends  of  the  oval  are 
carried  out  still  further  from  the  opening.  The  direc- 
tion of  the  denuded  oval  is  determined  by  the  indi- 
vidual case,  and  is  made  longitudinal,  transverse,  or 
even  oblique.in  relation  to  the  vaginal  axis,  according 
to  which  way  the  tissues  can  be  brought  together  with 
least  tension.  As  a  rule,  the  transverse  denudation 
is  the  most  favorable.  When  the  denudation  has  been 
cleanly  and  symmetrically  made,  interrupted  sutures 
are  introduced  from  side  to  side,  being  carried  well 
into  the  vaginal  tissues  and  down  to  the  edge  of  the 
bladder  mucosa,  but  not  including  it.  The  suture 
material  is  fine  silver  wire,  carried  by  silk  guides, 
which  are  threaded  on  fine  full-curved  needles.  It  is 
advisable  to  begin  at  the  center  of  the  wound,  and 
work  each  way,  so  that  there  will  be  no  error  in  ap- 
proximating the  vaginal  mucous  membrane  that 
covers  the  fistula.  The  stitches  should  be  fairly 
close  together  and  carried  for  a  considerable  distance 
to  each  side  of  the  opening,  so  that  even  when  the 
fistula  is  small,  eight  or  ten  sutures  are  usually  re- 
quired. The  silver  wire  sutures  are  twisted,  bent  to 
one  side  and  cut  off  about  one-half  inch  long.  They 
are  removed  in  from  fifteen  to  seventeen  days.  Dur- 
ing convalescence  for  the  first  week  or  ten  days,  the 
patient  should  not  be  allowed  to  accumulate  niore  than 
four  ounces  in  her  bladder.  Two  or  three  catheteri- 
zations may  at  first  be  necessary,  after  which  the 
patient  is  usually  able  to  urinate  voluntarily.  Strict 
watch  of  the  urinations  should  be  kept,  and  the  patient 
should  be  wakened  at  regular  intervals  during  the 
night.  If  catheterization  is  necessary,  it  should  be 
done  by  experienced  hands.  If  the  patient  is  con- 
scientiously tended  in  this  manner,  the  results  are  far 
better  than  those  attained  by  the  use  of  self-retaining 
catheters,  which  should  be  avoided  is  possible  (Graves). 

When  the  fistula  is  so  large  that  it  is  impossible  to 
bring  the  vaginal  walls  together,  the  following  opera- 
tion may  be  performed.     After  making  the  denuda- 
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tion  as  directed  in  the  foregoing  operation,  the  margins 
of  the  opening  may  be  split  apart  on  all  sides  so  as  to 
detach  the  bladder  from  the  rigid  vaginal  wall.  The 
bladder  is  then  closed  separately  by  two  tiers  of 
catgut  sutures  turning  the  edges  into  the  bladder. 
The  vaginal  surface  may  then  be  left  to  granulate 
over,  under  the  protection  of  a  sterile  gauze  dressing. 
In  juxtacervical  fistula  the  denudation  cannot  be 
satisfactorily  done  after  the  plan  of  the  operation  for 
vesicovaginal  fistula  because  the  fistulous  opening  is 
imbedded  in  a  large  mass  of  cervical  scar  tissue.  In 
these  cases,  a  transverse  incision  is  made,  and  the 
bladder  dissected  away  from  the  vaginal  vault  and 
cervix.  The  bladder  opening  is  exposed  in  this  way, 
and  may  be  closed  by  a  continuous  suture.  The 
vaginal  mucous  membrane  is  next  closed  by  interrupted 
sutures  united  in  such  manner  as  to  make  this  suture 
line  cross  that  of  the  bladder  at  right   angles. 

WiLHELMINA    A.    RaGLAND. 


Valerian. — (Valeriana,  U.  S.  P.;  Valeriana;  Radix, 
B.  P.;  Radix  Valeriana,  P.  G.)  The  dried  rhizome 
and  roots  of  Valeriana  officinalis  L.  (fam.  Valerianacem) . 
The  ash-yield  must  not  exceed  20  per  cent. 

This  perennial  herb,  native  of  the  temperate  parts 
of  Europe  and  Asia,  is  a  familiar  object  in  our  gardens, 
where  it  is  grown  partly  as  an  ornament,  partly  for 
medicinal  purposes.  It  is  largely  grown  as  a  drug  in 
England,  Holland,  and  other  parts  of  Europe,  though 
the  product  of  wild  plants  is  said  to  be  superior. 
It  should  be  collected  and  dried  in  the  autumn.  The 
rhizome  is  from  two  to  four  centimeters  (about  1  to 
1.5  inches)  long,  and  one  to  two  centimeters  (about  0..5 
to  nearly  1  inch)  thick,  upright,  subglobular  or  obcon- 
ical,  truncate  at  both  ends,  light  brown  or  yellowish 
brown,  internally  whitish  or  pale  brownish,  with  a 
narrow  circle  of  white  wood  under  the  thin  bark; 
roots  numerous,  rather  coarse,  brittle,  brown,  with  a 
thick  bark  and  slender,  ligneous  cord;  odor  peculiar, 
becoming  stronger  and  unpleasant  on  keeping;  taste 
camphoraceous  and  somewhat  bitter. 

Small,  stunted  rhizomes,  grown  upon  dry,  stony  soil, 
are  commonly  superior  to  those  of  finer  appearance. 

The  important  constituents  of  valerian  are:  from 
one-half  to  two  per  cent,  of  volatile  oil,  and  variable 
amounts  of  valerianic  acid,  of  a  camphor-like  body 
very  similar  to  borneol,  and  of  resin.  Both  the  vola- 
tile oil  and  the  resin  are  mixtures,  containing  the 
camphor  and  valerianic  acid.  The  oil  consists  chiefly 
of  the  terpene  valerin.  The  proportion  of  these 
different  substances  varies  greatly,  according  to  the 
age  of  the  drug  after  collection,  the  percentage  of  the 
oil  thus  usually  decreasing,  that  of  valerianic  acid 
increasing. 

Oil  of  valerian  was  formerly  oflBcial,  but  is  now 
seldom  employed. 

The  intoxicating  action  of  valerian  on  cats,  which 
seem  to  have  an  irresistible  craving  for  it,  is  well 
known.  In  very  large  doses,  several  drachms  several 
times  a  day,  it  may  produce,  in  man,  dizziness,  dis- 
turbance of  vision,  hallucinations,  or  active  delirium. 
Nausea  and  vomiting  are  also  likely  to  occur  from 
such  doses.  It  appears  to  be  eliminated  by  the 
kidneys,  which  it  stimulates  slightly. 

Its  medicinal  action  is  that  of  an  ant'spasmodic, 
like  musk,  asafetida,  chamomile,  lavender,  etc.,  as 
well  as  ether  and  the  bromides.  Like  most  essential 
oils,  it  is  also  a  general  and  digestive  stimulant  in 
moderate  doses. 

Valerian  is  frequently  given  to  patients  suffering 
from  emotional  unbalance,  hysterical  and  "nervous" 
(in  the  popular  sense)  disturbances,  headaches,  and 
other  pains  due  to  the  same  causes,  as  well  as  wakeful- 
ness, with  considerable  benefit.  It  is  also  given  in 
some  more  serious  and  obstinate  diseases,  as  chorea 
or  epilepsy,  especially  petit  mal,  with  occasional 
benefit. 
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The  most  advantageous  way  of  employing  valerian 
is  to  give  either  one  of  the  galenical  preparations  of 
the  drug,  or  the  oil. 

The  dose  of  tlie  root  is  gr.  xv-xxx  (1.0-2.0),  of  the 
official  fluid  extract  an  equal  number  of  cubic  centi- 
meters or  of  minims.  There  is  al.so  an  official  tincture, 
strength  one-fifth,  and  an  ammoniatod  tincture,  of  the 
same  strength  in  aromatic  spirit  of  ammonia. 

Henry  H.  Rdsbt 


Valerianic  or  Valeric  Acid  (HC6H9O2). — Vale- 
rianic acid  is  the  active  constituent  of  valerian,  whence 
it  was  first  obtained  for  study.  It  is  also  the  chief 
active  constituent  of  cypripedium,  and  is  found  in 
various  other  aromatic  drugs,  sucli  as  angelica. 
Besides  these  natural  sources,  it  is  re.adily  obtained 
by  the  chemical  change  of  many  organic  substances, 
and  is  very  largely  nianufactured  by  the  oxidation 
of  amylic  alcohol  with  bichromate  of  potassium. 
Thus  we  have  in  the  marlcet  a  natural  and  an  artificial 
acid.  The  natural  acid  is  obtained  Viy  the  distilla- 
tion of  valerian  with  water.  The  distillate  is  a 
mixture  of  volatile  oil  of  valerian  and  valerianic  acirl 
and  a  portion  of  tlie  oil  can  be  converted  into  thoacid. 
This  acid  is  divisible  into  the  normal  valeric  and  the 
isovaleric  acids.  The  artificial  acid  produced  from 
amylic  alcohol  is  combined  with  sodium,  from  which  it 
is  then  freed  by  sulphuric  acid.  This  form  is  therefore 
more  prone  to  impurity.  If  strictly  pure,  it  is  tlie 
practical  equivalent  of  the  natural  acid.  Valerianic 
acid  occurs  as  a  colorless,  transparent,  thin,  oily,  vol- 
atile, combustible  liquid,  with  a  strong  odor,  much 
like  that  of  valerian,  and  an  acrid,  burning  taste.  It 
is  soluble  in  both  alcohol  and  water,  the  artificial  pure 
iso-acid  being  much  less  soluble  in  water.  The 
specific  gravity  of  the  pure  natural  acid  is  0.940. 
Acetic  acid  has  been  used  as  an  adulterant. 

Valerianic  acid  shares  the  antispasmodic  properties 
of  oil  of  valerian,  but  is  usually  distinctly  inferior  to 
it.  Its  stimulating  effect  is  spurious,  it  being  distinctly 
weakening.  It  is  capable  of  poisoning  by  cardiac 
and  respiratory  paralysis,  the  latter  indicated  by 
convulsions.  It  is  used  in  hysteria  and  mania,  in 
doses  of  three  to  ten  minims.  It  is  largely  used  for 
the  administration  of  certain  bases  in  the  form 
of  valerianates,  and  the  valerianates  of  ammonium, 
quinine,  iron,  and  zinc  are  official. 

Henry  H.  Rusby. 


Validol,  menthol  valerianate,  a  menthol  ester  of 
valerianic  acid,  is  a  clear  oily  liquid  of  mild  aromatic 
odor  and  a  not  unpleasant  cooling  taste.  It  contains 
about  thirty  per  cent,  of  menthol.  It  has  been  recom- 
mended in  the  treatment  of  nervous  headache, 
migraine,  neuralgia,  and  neurasthenia,  and  as  a 
stimulating  stomachic.  Applied  externally  in  hemi- 
crania  and  such  conditions,  it  exerts  a  .sedative  and 
analgesic  action.  Dose  ten  to  thirty  drops  on  sugar 
or  in  capsule.  W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Valine,  or  a-amino-isovalerianic  acid 

(^^^NCH  •  CH  ■  NHj  •  COOH 

Valine,  one  of  the  amino  acids  yielded  by  protein 
upon  hydrolysis  resembles  leucine  in  many  of  its 
properties.     It  is  present  in  nearly  all  proteins. 

F.  P.  U. 


Valsalva,  Antonio  Maria. — Born  at  Imola.inthe 
Roniugna,  Italy,  in  IGGti.  He  studied  medicine  at 
the  University  of  Bologna,  and  was  the  favorite 
pupil  of  Malpighi.     He  received  the  degree  of  Doctor 


of  Medicine  in  1087.  After  graduation  he  continued 
studying  anatomy,  and  in  1007  he  accepted  the  chair 
of  that  branch  of  medical  science.  About  the  same 
time  he  was  appointcfl  surgeon  of  the  hospital  for  in- 
curables.    He  died  at  Bologna  (m  Feb.  2,  1723. 

In  addition  to  his  treatise  on  the  anatomy  of  the  ear 
(printed  in  Bologna  in  170.0,  and  in  Utrecht  in  1707) 
and  a  few  dissertations  which  he  presented  to  the 
Institute  of  Bologna,  Valsalva  made  records  of  numer- 
ous observations  in  the  domain  of  pathological  anat- 
omy; but  all  of  these  valuable  data  would  have  been 
lost  if  Morgagni  had  not  been  "careful  to  introduce 
many  of  them  into  the  text  of  his  immortal  work 
"Desedibuset  causis  inorborum."  .\  collection  of  Val- 
salva's writings  was  al.so  published  under  the  title: 
"Antonii  Maria;  Valvalsa;  opera,  hoc  est,  de  aure 
humana  tractatus,  etc.,  curd  G.  B.  Morgagni,  cui 
adjunxit  dissertationes  tres,  quarum  prima  ad  colon, 
secunda  ad  arteriam  magnam,  ad  accessorios  nervos 
et  ad  suffusiones,  tertia  ad  excretorios  ductus  renum 
succincturiatorum,"  Venice,  1740,  2  vols. 

A.  H.  B. 


Van  Helmont,  Joannes  Baptista. — Born  at 
Brussels,  Belgium,  in  1577.  He  was  educated  at 
Louvain,  and  received  the  degree  of  Doctorof  Medicine 
in  1.599.  In  1009  he  settled  at  Vilvorde,  near  Brussels, 
and  spent  the  remainder  of  his  life,  partly  in  carrying 
on  chemical  experiments  and  partly  in  the  practice 
of  medicine.  It  is  not  feasible  to  give  here  even  the 
most  superficial  account  of  the  life,  teachings,  and 
doings  of  Van  Helmont,  who  appears  to  have  been  in 
some  measure  a  disciple  of  Paracelsus  an  alchemist, 
and  also  a  careful  observer  of  nature  and  an  exact 
experimenter.  The  Encyclopedia  Britannicu  describes 
him  as  "a  chemist  W'ho  deserves  to  be  regarded  as  the 
founder  of  pneumatic  chemistry,  even  though  it  made 
no  substantial  progress  for  a  century  after  his  time,  and 
who  was  the  first  to  understand  that  there  are  gases 
distinct  in  kind  from  atmospheric  air.  The  very 
word  'gas'  he  claims  as  his  own  invention,  and  he  per- 
ceived that  his  'gas  sylvestre'  (our  carbon  dioxide) 
given  off  by  burning  charcoal  is  the  same  as  that  pro- 
duced by  fermenting  must  and  that  which  sometimes 
renders  the  air  of  caves  irrespirable.*  *  *  For  him 
digestion,  nutrition  and  even  movement  are  due  to 
ferments  which  convert  dead  food  into  living  flesh  in 
six  stages.*  *  *  .\t  the  same  time  chemical  principles 
guided  him  in  the  choice  of  medicines — undue  acidity 
of  the  digestive  juices,  for  example,  was  to  be  corrected 
by  alkalies  and  nice  versa;  ho  was  thus  a  forerunner  of 
the  iatrochemical  school,  and  did  good  service  to  the 
art  of  medicine  by  applying  chemical  methods  to  the 
preparation  of  drugs."  Ho  died  at  Vilvorde  on  Dec. 
30,  1644. 

Van  Helmont's  son  collected  and  published  his  works 
at  Am.sterdam  in  1068  under  the  title:  "Ortus  medi- 
cinic,  vel  opera  et  opuscula  omnia."  His  name  is 
associated  with  the  central  tendon  of  the  diaphragm, 
which  he  described  and  which  wa.s  formerly  calle<l 
Van  Helmont's  mirror  or  speculum  Ilelmontii. 

A.  H.  B 


Vanilla.— X.  F.  {Fnicluf:  yanillte,  P.  G.).  The  fully 
grown  but  unripe  fruit  of  Vnnitta  planijolia  Andrews 
{ia.n\.Orihidacc(T)  peculiarly  cured  and  dried. 

The  vanilla  plant  is  an  epiphytic  climber,  with 
fleshy  stems  and  foliage,  native  of  the  forest  regions 
of  eastern  Mexico.  It  is  very  extensively  cultivated 
there,  as  well  as  in  many  parts  of  the  Old-World 
tropics.  As  grown  in  these  different  regions  it  exhibits 
distinct  varieties,  and  the  i)riKlucts  differ  considerably 
in  quality  and  in  commercial  value.  The  Mexican 
variety  is  still  generally  preferred  in  the  United  States, 
but  tlie  Bourbon  article,  as  improved  during  recent 
years,  is  fast  overtaking  it  in  popular  estimation. 

415 


Tanllla 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Natural  pollination  of  the  flowers  is  so  scanty  that 
artificial  pollination  by  hand  labor  is  an  important 
industry.  Green  vanilla  fruits  are  very  similar  in 
appearance  to  green  bananas,  but  relatively  only 
about  one-third  as  stout.  They  are  gathered  just  when 
they  begin  to  turn  yellow.  If  left  longer,  they  are 
apt  to  split  at  the  ends  in  drying,  which  renders  them 
less  salable;  though  some  good  judges  believe  that 
these  "splits,''  as  they  are  commercially  termed,  are 
not  inferior.  The  details  of  the  curing  process  vary 
greatly  in  different  countries,  and  even  among  differ- 
ent operators,  but  its  essential  features  depend  upon 
the  fact  that  the  odorous  principle,  vanillin,  does  not 
exist  in  the  natural  fruit  and  must  be  developed  in 
the  curing  process.  This  usually  consists  of  a  sweat- 
ing or  steaming  operation  in  a  closed  space,  followed 
by  alternating  exposures  in  closed  containers,  or 
between  woolen  blankets.  The  "beans"  thus  treated 
gradually  shrink  in  thickness  and  become  darker  until 
they  assume  the  characteristic  appearance  described 
below.  They  are  assorted  into  lengths,  the  more 
long  and  slender  ones  being  preferred  and  selling 
liigher.  They  are  tied  tightly  into  bundles,  wrapped 
in  paraffin  paper,  and  packed  in  tight  tin  cans. 
Because  of  the  loss  in  weight  from  over-drying,  there 
is  a  temptation  to  underdry  them,  and  many  bundles, 
owing  to  this  mistake,  are  found  mouldy  within,  on 
being  opened.  The  finest  product  is  thus  described: 
Bean-shaped  fruits  from  20  to  25  centimeters  (8  to  10 
inches  long  and  5  to  8  millimeters  (I  to  \  inch)  thick, 
straight,  except  for  the  short-hooked  base,  flexible, 
longitudinally  wrinkled,  dark  chocolate  brown,  shin- 
ing, often  covered  with  white  crystals  of  vanillin,  giv- 
ing them  a  frosted  appearance;  one-celled,  with  three 
fleshy  placentie  and  innumerable  minute  seeds;  having 
a  strong,  pleasant,  and  characteristic  fragrance,  and  a 
sweetish,  aromatic,  and  slightly  fruity  taste. 

Constituents. — The  important  constituent  of 
vanilla,  and  that  which  represents  its  odor  and  taste, 
is  from  1.5  to  2.5  per  cent,  of  vanillin,  vanillic  aldehyde, 
or  methyl-protocatechuic  aldehyde,  (CgHsOj),  which 
occurs  in  colorless  prisms  having  the  characteristic 
odor  and  taste  of  vanilla  in  intense  degree;  they  melt 
at  80°  to  81°  C,  and  are  soluble  in  alcohol,  ether, 
and  chloroform,  and  less  so  in  water.  With  the 
vanillin,  occur  a  little  volatile  and  about  ten  per  cent, 
of  fixed  oil,  sugar,  and  other  unimportant  constituents. 

Substitutes  and  Adulterants. — On  account  of  the 
high  price  of  vanilla  and  vanillin,  both  have  been 
enormousl}^  substituted  and  adulterated.  The  use  of 
inferior  fruits  of  other  species  of  vanilla,  short,  broad, 
flat,  and  of  a  strong  fruity  odor,  must  be  classed  as 
substitution.  These  usually  cost  only  from  one-tenth 
to  one-twelfth  as  much  as  the  best.  The  use  of  tonka 
beans  and  other  substances  containing  cumarin  is 
even  more  extensive.  Finally,  various  compounds 
of  prunes,  raisins,  and  other  substances  are  sold  as 
vanilla  substitutes.  Cumarin  (N.  F.)  is  itself  substi- 
tuted for  vanillin.  Artificial  vanillin  is  largely  pre- 
pared from  coniferin  and  eugenol,  and,  although  ap- 
parently identical  chemically  with  the  natural,  it  has 
not  been  found  equal  to  it  in  useful  properties. 

Uses. — Vanilla  has  no  active  properties  as  a  medi- 
cine, though  the  ten-per-cent.  tincture  is  sometimes 
used  as  an  antispasmodic  in  fluidrachm  doses.  As  an 
adjuvant  for  perfuming  and  flavoring,  it  has  many 
uses  in  the  pharmacy,  as  well  as  in  confectionery  and 
pastry.  Heney  H.  Husby. 

Van  Swieten,  Gerard. — Born  at  Leyden,  Holland, 
IVlay  7,  1700.  He  studied  medicine  at  first  in  his 
native  city  and  afterward  in  Louvain.  Then  he  re- 
turned to  Leyden,  and  received  his  doctor's  degree 
in  1725.  After  graduating,  he  continued  his  studies 
for  a  long  time  before  he  began  actual  practice,  and 
in  these  studies  he  showed  a  decided  preference  for 
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the  teaching  of  Boerhaave.  Maria- Theresa,  Queen 
of  Hungary  and  Bohemia,  offered  him  brilliant  induce- 
ments to  settle  at  her  court  in  the  position  of  P'irst 
Physician;  but  he  declined  the  invitation  at  that  time. 
Later,  after  she  had  become  Empress  of  Austria,  he 
yielded  to  her  urgent  request  and  went  to  Vienna  in 
1745.  To  his  title  of  First  Physician  of  the  Empress 
were  added  those  of  Perpetual  President  of  the  Faculty 
of  Medicine  of  the  University  of  Vienna,  Inspector 
in  Chief  of  the  Imperial  Library,  Director  of  the  Med- 
ical Service  of  the  Army,  and  Director  of  Medical 
Affairs  of  the  entire  Austrian  Empire.  Thus  cqui|ipcd 
will  all  these  honors  and  with  such  great  iiillueiue 
van  Swieten  utilized  the  advantages  of  his  high  posi- 
tion for  the  benefit  of  the  Medical  Profession  and  for 
the  advancement  of  medical  science.  He  died  June 
18,  1772. 

Of  the  few  works  which  he  published  there  is  only 
one  which  calls  for  special  mention,  viz.,  his  "Com- 
mentaria  in  Hermanni  Boerhaave  aphorismos  de 
cognoscendis  et  curandis  morbis,"  5  vols.,  Leyden, 
1741-72.  (An  edition  in  11  volumes  was  printed 
in  Tubingen  in  1791.)  No  single  work,  says  Dezei- 
meris,  is  better  adapted  to  give  one  a  correct  idea  of 
the  general  state  of  knowledge  with  regard  to  medical 
pathology  during  the  first  half  of  the  eighteenth 
centurv  than  these  commentaries  of  van  Swieten. 

A.  H.  B. 


Variation. — In  its  modern  biological  sense,  variation 
is  used  to  signify  a  difference  or  the  presence  of 
differences  from  some  type  taken  as  the  standard  of 
comparison.  With  a  somewhat  more  limited  meaning, 
the  word  deviation  also  is  used  as  the  name  for  a  differ- 
ence from  the  type  of  any  organ  or  character.  By 
variability  is  meant  the  extent  of  the  deviations,  to- 
gether with  the  relative  number  of  individuals  posses.s- 
ing  each  degrees  of  variation. 

What  Variation  is  Not. —  Much  confusion  in  regard 
to  variation  has  arisen  from  the  word  having  been 
employed  loosely  with  meanings  not  in  accord  with  the 
present  usage.  Therefore  it  may  be  well  at  the  outset 
to  call  attention  to  the  more  important  variations  in 
the  use  of  the  word. 

In  the  first  place,  it  is  necessary  to  distinguish  be- 
tween \ariation  and  modification.  Following  the 
suggestion  of  C.  L.  Morgan  (1897),  which  has  been 
adopted  largely  by  biologists,  we  may  employ  the  word 
modification  as  a  technical  term,  to  signify  a  change  in. 
any  characteristic  of  an  individual  organism  in  re- 
sponse to  some  condition  of  its  environment  or  the 
process  by  which  such  a  change  is  brought  about. 
Modifications  were  spoken  of  formerly  as  acquired 
characters,  but  the  term  acquired  has  frequently  led 
to  confusion  in  the  minds  of  persons  not  perfectly 
familiar  with  the  facts.  It  seems  best,  therefore,  to 
abandon  that  term.  A  modification  is  a  change  pro- 
duced in  an  individual.  A  variation  is  any  difference 
in  the  individual  from  a  certain  ideal  condition  taken 
as  the  type.  Thus  a  modification  may  produce  or 
modify  a  variation,  but  modification  and  variation  are 
two  entirely  distinct  and  independent  concepts.  An 
electric  discharge  may  produce  sound,  but  sound  and 
electricity  are  not  the  same  thing,  and  sound  may  be 
produced  by  other  causes.  Likcwse,  a  modification 
may  produce  variation,  but  they  are  not  the  same 
thing  and  variation  may  be  due  to  other  causes. 

Moreover,  our  idea  of  variation  does  not  include  any 
change  in  the  individual  taking  place  during  the  course 
of  its  life.  Thus  the  changes  which  an  individual  in- 
sect undergoes  in  the  course  of  its  metamorphosis 
would  not  come  within  our  definition  of  variation. 
But  a  group  of  insects,  say  the  potato  beetles  in  a 
certain  field,  would  exhibit  in  each  stage  of  their 
development  variations  from  the  type  of  that  stage, 
and  the  degree  of  variability  might  differ  in  the  suc- 
cessive stages. 
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Finally,  the  idea  of  variation  does  not  necessarily 
include  the  parental  relation.  It  is  true  that  wo  may 
select  one  or  the  other  parent,  or  both  parents  com- 
bined in  an  imaginary  mid  parent  (see  Heredity)  as  the 
type,  when  dealing  with  the  characters  of  offspring  of 
identical  or  like  parents.  This  is  done  in  the  study  of 
heredity.  But  in  the  ordinary  study  of  variation  the 
investigator  is  usually  jgnorant  of  the  parentage  of  his 
material.  So  a  variation  is  not  a  difference  from  the 
parental  type  necessarily,  but  is  a  difference  from  any 
type  that  may  be  selected. 

In  fact,  variation  is  a  phenomenon  by  no  means  con- 
fined to  organisms.  It  is  shown  as  well  by  lifeless  ob- 
jects and  events.  Thus  we  may,  if  we  choose,  study 
the  variability  of  the  stones  on  the  beach,  of  snow 
crystals,  of  the  forms  of  clouds,  of  rainfall,  of  the 
height  of  the  barometer,  or  of  the  price  of  wheat. 

Aim  and  Method  of  Study. — Having  now  clearly  in 
mind  what  is  meant  by  variation,  let  us  consider  what 
it  is  that  we  may  expect  to  gain  by  the  study  of  this 
subject  and  the  method  to  be  pursued  in  such  an 
investigation. 

Every  one  who  is  at  all  familiar  with  modern 
theories  of  organic  evolution  knows  that  variation  is 
of  very  great  and  very  fundamental  importance  from 
the  theoretical  points  of  view.  Variation  is  at  the 
basis  of  every  theory  of  evolution.  Therefore,  in  order 
to  understand  evolution,  we  must  know  the  facts  of 
variation.      (See  Evolution.) 

Variation  is  an  imporant  factor  in  the  classification 
of  animals  and  plants.  Formerly  the  systematist 
simply  took  as  the  type  of  a  species  the  individual 
that  was  first  described.  The  modern  methods  enable 
him.  when  provided  with  sufficient  material,  to  define 
the  limits  of  a  species  with  much  greater  accuracy 
and  to  select  as  the  type  a  form  that  is  truly 
representative. 

To  the  physician  the  study  of  variation  is  of  great 
importance.  Every  practitioner  knows  that  the 
same  disease  may  be  manifested  in  diverse  forms,  and 
that  patients  vary  in  their  reactions  to  treatment.  A 
study  of  the  types  and  variability  of  diseases  and  of  the 
effects  of  treatment  may  be  expected  to  add  much 
toward  a  true  appreciation  of  these  subjects. 

For  the  surgeon,  variation  is  still  more  important. 
He  must  know  what  anomalies  are  likely  to  be  met 
with  and  their  relative  frequency. 

Variation  has  been  studied  extensively  by  teachers 
of  gymnastics  and  the  results  have  had  practical 
application  in  the  determination  of  the  relative  rank 
of  the  pupils  and  their  degrees  of  improvement. 

The  method  employed  in  the  modern  study  of 
variation  is  statistical.  This,  as  Pearson  (1902c, 
p.  320)  has  well  said,  is  "because  the  whole  problem 
of  evolution  is  a  problem  in  vital  statistics — a  problem 
of  longevity,  of  fertility,  of  health,  and  of  disease,  and 
it  is  as  impossible  for  the  evolutionist  to  proceed  with- 
out statistics  as  it  would  be  for  the  registrar-general  to 
discuss  the  national  mortality  ^\'thout  enumeration  of 
the  population,  a  classification  of  deaths,  and  a  knowl- 
edge of  statistical  theory."  This  is  true,  not  only  for 
the  problem  of  evolution,  but  also  for  all  problems  for 
which  a  solution  may  be  sought  in  the  phenomena  of 
organic  variation. 

In  order  that  this  method  may  be  employed,  the  data 
must  be  expressed  in  quantitative  terms.  We  may  no 
longer  speak  of  things  as  being  longer  or  shorter, 
heavier  or  lighter,  but  we  must  give  the  results  of 
observations  m  exact  units  of  length,  weight,  and  the 
like.  Or,  if  this  be  impo.ssible,  the  observations  must 
be  divided  into  groups,  so  that  each  group  shall  be  as 
nearly  as  may  be  equally  divergent  from  the  one  on 
either  side  of  it,  in  order  that  to  each  one  may  be 
assigned  a  serial  number  that  can  be  used  as  a  quan- 
titative expression. 

The  statistical  method  for  the  study  of  variation 
was  founded  by  Quetelet  (1846),  who  showed  that 
■certain  human  "characteristics  follow  in  their  relative 
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frequency  the  mathematical  law  of  the  probability 
of  error,  which  had  been  applied  previously  to  astro- 
nomical and  other  physical  ob.servations.  Darwin 
(1868)  gathered  a  great  many  cases  of  variation,  espe- 
cially among  domestic  animals  and  plants,  but  he  .seems 
to  have  overlooked  Quetelet,  or,  at  any  rate,  he  did  not 
employ  his  method.  The  first  attempt  to  study  the 
variations  of  wild  animals  by  exact  quantitative  meas- 
urements appears  to  have  been  made  by  J.  \.  .■\llen. 
But  wie  are  especially  indebted  to  Galton  (1889)  for 
calling  the  attention  of  both  socialogi.sts  and  natu- 
ralists to  the  importance  of  the  statistical  method 
for  the  study  of  variation  and  heredity.  He  made 
considerable  advances  beyond  Quetelet's  use  of  the 
theory  of  probability,  and  his  methods  were  quickly 
appreciated  and  used  by  persons  interested  in  anthro- 
pometry. Weldon  (1890)  was  the  first  to  apply  these 
methods  in  the  study  of  vari.atlons  of  animals,  and  de 
Vric-s  (1894)  applied  them  in  botany.  He  was  quickly 
followed  by  Ludwig  (189.3),  who  had  made  previously 
extensive  statistical  investigations  on  plants  (188.3 
cl  seq.). 

While  others  had  paved  the  w-ay,  naturalists  are 
especially  indebted  to  Pearson  for  his  mathematical 
investigations  beginning  in  1893,  which,  it  Ls  safe  to 
say,  will  be  the  foundation  for  all  future  work  in  sta- 
tistical biology.  Unfortunately,  much  of  hLs  writing 
is  unavailable  to  any  but  those  versed  in  the  languaue 
of  the  liigher  mathematics.  But  others  have  taken  up 
the  task  of  presenting  this  subject  for  persons  with  a 
limited  knowledge  of  mathematics.  Yule  (1911)  has 
given  an  excellent  presentation  of  the  subject.  Dav- 
enport (1904)  has  finished  a  useful  manual  of  formul.T 
and  tables,  and  from  various  articles  in  "  Biometrika" 
and  other  sources  Pearson  (1914)  has  made  a  collec- 
tion of  tables  that  are  indispensable  to  any  serious 
worker  in  biological  statistics.  In  this  country  .1.  A. 
Harris  and  Pearl  have  made  important  contributions 
to  statistical  theory  and  its  applications  to  biological 
research. 

Chissificalion  of  Varinlions. — Before  proceeding 
with  the  details  of  the  statistical  method  it  may  be  well 
to  pause  to  consider  the  nature  of  the  material  to  be 
studied. 

In  the  first  place  it  should  be  noted  that  every  indi- 
vidual has  many  characteristics,  and  one  of  the  limi- 
tations of  the  method  is  that  it  deals  primarily,  not 
with  individuals  as  entire  objects,  but  with  single  char- 
acters only.  Part  of  this  difficulty  may  be  overcome 
in  some  cases  by  combining  two  or  more  characters  in 
a  ratio,  usually  called  an  index,  as  the  cephalic  index. 
the  ratio  of  breadth  to  length  of  head,  or  the  slrength- 
ireight  index,  which  is  the  ratio  of  the  sum  of  the 
strength  tests  to  the  weight.  Such  a  ratio  may  then 
be  treated  like  a  single  character. 

.Another  difficulty  that  would  be  met  with  in  an 
attempt  to  appreciate  the  variability  of  entire  organ- 
isms arises  from  the  fact  that  single  characters  in  one 
individual  differ  greatly  among  themselves  in  the 
amount  of  their  deviations  from  the  values  typical  for 
the  population  as  a  whole.  For  example,  it  is  very 
seldom  that  we  meet  with  a  man  who  has  more  or  less 
than  one  nose,  two  eyes,  a  mouth,  and  the  like;  while, 
on  the  other  hand,  we  find  within  certain  limits  all 
degrees  of  variability  in  stature,  proportions  of  the 
face,  color  of  the  hair  and  eyes,  and  in  various  mental 
traits.  So  at  the  outset  we  may  divide  the  character- 
istics of  organisms  into  (1)  those  that  are  normaUy 
stable  and  (2)  those  that  are  normally  variable.  When 
a  variation  is  ob.servcd  in  a  character  that  is  normally 
stable,  it  is  so  unusual  an  occurrence  .is  to  .ittract  at 
once  the  attention  of  an  observer  familiar  with  the  nor- 
mal form.  Gardeners  call  such  variations  "sports." 
Nectarines,  our  seedless  fruits,  double  flowers,  and 
many  new  varieties  of  flowers  and  fruits  have  arisen 
in  the  first  place  .as  sports.  In  animals  polydactylism. 
albinism,  and  other  mon.strositics  come  within  this 
class  of  unusual  variations.     Variations  of  this  kind, 
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if  hereditable,  are  generally  called  mutations,  and  form 
a  large  part  of  the  material  that  has  been  used  in  the 
study  of  Mendelian  heredity.  They  are  distinguished 
from  the  normal  \'ariations,  which  may  exhibit  con- 
trasting characters,  alternative  variation;  or  may  show 
differences  in  degree  of  one  character,  fluctuating 
variation. 

Bateson  (1894)  has  divided  variations  into  substan- 
tive, meristic,  and  homeotic.  Substantive  variations 
are  differences  in  the  substance  of  the  organism,  such 
as  variations  in  size,  weight,  color,  chemical  compo- 
sition, and  the  like.  Meristic  variations  are  differences 
in  tne  number,  division,  and  geometrical  position  of 
parts.  Homeosis,  or  the  occurrence  of  a  homeotic 
variation,  may  be  seen  in  a  meristic  series  when  a 
member  of  one  series  appears  in  the  form  character- 
istic of  another  series,  as  when  in  a  flower  one  in  the 
series  of  stamens  appears  in  the  form  of  a  petal,  or  as 
when  in  a  spinal  column  a  vertebra  of  the  lumbar 
series  develops  with  the  structure  of  a  thoracic  verte- 
bra. In  a  case  like  the  spinal  column,  however,  where 
several  series  of  structures  are  closely  connected,  it  is 
not  always  possible  to  distinguish  between  homeosis 
and  ordinary  meristic  variation. 

It  will  be  seen  from  this  classification  that  variation 
opens  a  wide  field  for  study.  It  would  be  useless  to 
attempt  to  give  illustrations  of  these  classes  in  the  pres- 
ent article,  for  every  one  will  call  to  mind  cases  within 
his  own  experience,  and  to  summarize  the  literature  on 
the  subject  would  require  volumes.  One  wishing  in- 
formation in  detail  should  consult  Darwin's  "  Variation 
of  Animals  and  Plants  under  Domestication"  (1868), 
Bateson's  "Materials  for  the  Study  of  Variation" 
(1894),  and  especially  Vernon's  "Variation of  Animals 
and  Plants"  (1903),  also  De  Vries's  "Mutation 
Theory"  (1909-10). 

From  another  point  of  view  variations  may  be  clas- 
sified according  to  their  mode  of  occurrence  into  (1) 
variations  between  parts  of  an  individual,  (2)  va- 
riations between  individuals,  and  (3)  variations  be- 
tween races  or  other  groups  of  individuals. 

In  both  animals  and  plants  there  may  be  produced 
in  one  individual  a  number  of  similar  parts  which  show 
among  themselves  no  differentiation  connected  in  any 
marked  degree  with  either  their  time  of  development, 
their  relative  position,  or  their  relation  to  the  environ- 
ment (Pearson,  1902,  p.  33.5).  Such  "undifferentiated- 
like  organs"  Pearson  calls  homotypes,  and  we  may 
speak  of  the  variation  of  such  parts  within  a  single  in- 
dividual as  homoti/pic  variation.  Examples  are  va- 
riations in  the  number  of  veins  in  the  leaves  of  a  beech 
tree,  the  number  of  seeds  in  the  pods  of  a  pea  vine,  and 
the  like. 

If,  instead  of  comparing  similar  characters  of  the 
same  indivdual,  we  take  like  characters  of  different  in- 
dividuals, we  may  find  what  is  called  individual  varia- 
tion.* For  example,  we  might  count  the  number  of 
ray  flowers  on  the  highest  head  of  each  one  of  a  thou- 
sand plants  in  a  field  of  daisies,  or  we  might  measure 
the  stature  of  each  man  in  a  regiment  of  soldiers. 
Such  observations  would  give  us  the  data  for  the  study 
of  individual  variations  in  these  groups. 

Finally,  if  a  study  of  the  data  of  individual  variation 
shows  that  the  observations  tend  to  group  themselves, 
not  about  a  single  type,  but  around  two  or  more  types 
(as  determined  by  appropriate  methods  to  be  men- 
tioned later),  then  each  type  may  be  taken  as  repre- 
sentations of  a  race  or  of  a  species,  and  we  are  con- 
fronted by  the  phenomena  of  racial  variation.  Under 
this  heading  would  be  included  differences  of  type 
in  the  same  locality  as  well  as  differences  in  different 
localities.  In  the  fir.st  case  the  material  would  be  said 
to  be  heterogeneous;  in  the  second  case,  while  it  might 

•  Pearson  uses  the  term  "individual  variation"  for  what  we  have 
called  horaotypic  variation  and  his  racial  variation  is  our  individual 
variation.  But  our  use  of  the  latter  term  is  more  in  accord  with 
current  American  usage. 
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be  homogeneous,  that  is,  variable  about  a  single  type, 
in  each  separate  locality,  it  would  likewise  be  hetero- 
geneous as  a  whole.  The  heterogeneity  of  mixed 
material  in  the  same  locality  is  difficult  to  determine, 
but  the  presence  of  racial  variability  associated  with 
difference  of  dwelling-place  is  a  familiar  phenomenon, 
especially  to  American  ornithologists.  Witness  the 
races  of  Bob  Whites,  song  sparrows,  flichers,  Western 
blue  jaj-s,  etc.  It  is  important  to  note  the  distinctioti 
between  what  we  have  called  individual  and  racial 
variation,  because  a  failure  to  do  this  leads  to  confused 
ideas  as  to  the  method  of  evolution. 

Physiology  of  Variation. — Weismann  was  the  first 
to  make  the  distinction  between  blastogenic  and 
somatogenic  variation:  blastogenic  variations  being 
those  due  to  differences  in  the  germ-cells  from  which 
the  individuals  under  consideration  have  developed, 
while  somatogenic  variations  are  differences  that  have 
arisen  in  the  bodies  (somata)  of  the  individuals  as  a 
result  of  modifications  in  response  to  environmental 
conditions. 

Recent  studies  on  Mendelian  inheritance  have  con- 
firmed Weismann  (see  Heredity),  and  have  thrown 
much  light  on  the  causes  of  variation.  Mutations 
are  believed  to  be  due  to  changes  in  the  germ-plasm, 
while  alternative  variations  are  produced  by  new  com- 
binations of  factors  resulting  from  the  union  of  germ- 
plasms  in  the  fertilized  egg.  Fluctuating  variations 
are  regarded  bj-  De  Vries  as  purely  somatogenic  and 
Johannsen's  experiments  in  breeding  "pure  lines" 
seem  to  confirm  this  view.  But  Jennings  (1916)  and 
Castle  (1917)  have  produced  evidence  that  some 
fluctuating  variations  may  be  inherited  and  hence  are 
blastogenic. 

Variation  and  Chance. — All  human  knowledge  is  an 
estimate  of  probabilities.  But  in  the  statistical  study 
of  variation  the  mathematical  theory  of  probability, 
or  doctrine  of  chance,  is  of  especial  importance,  for  it 
forms  the  foundation  upon  which  the  method  is 
erected. 

Most  persons  think  of  chance  as  something  quite 
independent  of  law.  They  imagine  an  event  occuring 
by  chance  as  one  quite  impossible  of  prediction,  and 
the  Darwinian  theory  has  been  criticised  because  it 
supposes  race  progress  to  depend  upon  the  survival  of 
"mere  chance  variation."  On  the  contrary,  while  it  is 
perfectly  true  that  we  are  frequently  unable  to  predict 
single  events,  it  may  be  shown,  nevertheless,  that 
chance  follows  very  definite  laws,  which  may  be  ex- 
pressed by  exact  mathematical  formulae. 

In  order,  that  the  discussion  of  statistical  methods 
may  be  clear,  it  is  necessary  to  call  to  mind  at  this 
point  those  principles  of  probability  that  especially 
concern  our  subject. 

In  the  first  place,  "the  theory  of  chance  consists  in 
reducing  all  the  events  of  the  same  kind  to  a  certain 
number  of  cases  equally  possible,  that  is  to  say,  to  such 
as  we  may  be  equally  undecided  about  in  regard  to 
their  existence,  and  in  determining  the  number  of 
cases  favorable  to  the  event  whose  probability  is  sought. 
The  ratio  of  this  number  to  that  of  all  the  cases  pos- 
sible is  the  measure  of  this  probability,  which  is  thus 
simply  a  fraction  whose  numerator  is  the  number  of 
favorable  cases,  and  whose  denominator  is  the  number 
of  all  the  cases  possible"   (Laplace,  1902,  p.  6). 

This  definition  of  probability,  which  is  the  first  prin- 
ciple of  Laplace  {loc.  cit.,  p.  11),  may  be  illustrated  by 
the  tossing  of  a  coin.  Suppose  I  drop  a  silver  quarter 
upon  the  table:  it  may  come  to  rest  either  with  the 
goddess  of  liberty  or  with  the  eagle  on  the  upper  side, 
"heads  or  tails."  We  have,  then,  two  equally  possible 
events  resulting  from  the  tossing  of  the  coin.  Suppose 
A  bets  that  the  throw  will  be  heads,  and  B  takes  him 
up.  There  are  two  possible  events,  of  which  one  is 
favorable  to  A,  so  the  probability  of  his  winning  is 
expressed  by  the  ratio  one-half,  but  the  other  one  of 
the  two  possible  events  is  favorable  to  B,  and  the 
probability  of  his  winning  is  also  expressed  by  the 
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ratio  one-half.  The  probabilities  for  and  against  heads 
being  the  same,  the  bets  on  the  game  should  be  even. 
All  the  equally  possible  events  that  may  produce  or 
prevent  a  result  arc  called  the  chances  of  that  result 
(Quetclet,  p.  10).  The  chances  may  be  favorable  or 
unfavorable;  if  all  favorable,  the  result  is  a  certainty. 
It  will  be  noticed  that  the  probabilities  for  and  against 
the  event  added  together  equal  unity,  which  is  the 
mathematical  expression  for  certainty.  Thus  in 
mathematics  the  various  degrees  of  prolDability  are 
expressed  by  fractions  which  may  have  any  "value 
between  0  and  1.  It  should  be  noted  also  that  the 
probability  of  a  given  result  remains  the  same  no 
matter  how  many  possible  events  may  alTect  it,  pro- 
vided that  the  ratio  of  favorable  events  to  total  events 
remains  the  same.  Suppose,  for  example,  that  A  and 
B  play  with  dice  instead  of  a  coin.  A  cube  has  six  faces, 
any  one  of  which  may  rest  uppermost.  Let  A  bet 
that  the  upper  face  will  show  more  than  three  spots, 
he  wins  if  it  shows  four,  five,  or  six;  that  is,  there  are 
three  favorable  out  of  six  posible  chances,  and  the 
probability  of  his  winning  is  f  =  |,  as  before.  But 
suppose  that  he  wagers  on  the  throw  being  an  ace, 
then  he  will  lose  if  anj-  one  of  the  other  five  sides  turns 
up.  His  probability  of  success  is  then  I,  and  the 
probability  of  the  stakes  going  to  B  is  |.  In  making 
the  bets,  therefore,  B  should  give  odds  to  A  of  five  to 
one.  What  this  means  is,  that,  while  we  cannot  pre- 
dict the  result  of  a  single  throw  of  coin  or  dice  (for  if 
we  could  the  probability  would  be  certainty),  this 
calculation  enables  us  to  foresee  that  in  the  game  of 
heads  and  tails  or  in  throwing  dice  for  more  than  three 
spots,  the  number  of  successes  will  in  the  long  run 
equal  the  failures,  or  in  the  throwing  of  aces  will  be 
in  the  proportion  of  one  to  five,  provided  always  that 
the  coil  or  dice  are  perfectly  symmetrical  in  form  and 
weight. 

The  closeness  of  observation  to  theory  is  illustrated 
by  an  experiment  made  by  Quetelet  {loc.  cil..  p.  9.3). 
He  placed  in  an  urn  forty  white  and  forty  black  balls, 
and  then  drew  one  ball  at  a  time,  which  was  replaced 
after  its  color  had  been  recorded.  He  made  in  all  4.090 
drawings,  and  according  to  the  theory  of  probability 
the  result  should  have  been  2,048  white  balls  and  the 
same  number  of  black.  The  actual  results  were 
2,066  white  and  2,0.30  black  balls,  an  error  of  only 

The  theory  of  probability  teaches  us  how  to  judge 
of  future  events  bj'  past  experience;  it  is  thus  common 
sense  reduced  to  mathematical  expression.  Suppose, 
as  does  Quetelet  (I.e.,  p.  14),  that  we  wish  to  determine 
the  probability  of  drawing  a  white  ball  from  an  urn. 
We  upset  the  urn  and  count  the  balls.  If  we  find  two 
white  balls,  three  red,  and  four  black,  we  answer  that 
the  probability  of  drawing  a  white  ball  at  the  first 
draw,  the  balls  having  been  replaced,  will  be  |. 

But  let  it  be  impossible  to  upset  or  to  see  into  the 
urn,  and  let  only  one  ball  be  drawn  at  a  time,  which 
must  be  replaced  before  drawing  another.  Having  no 
previous  knowledge  of  the  contents  of  the  urn,  we  may 
suppose  it  to  contain  any  number  of  balls  of  any  color 
mixed  in  any  proportion.  The  probability  of  drawing 
a  white  ball  at  the  first  draw  may  have  any  value  from 
1  to  0.  We  may  suppose  this  value  to  be  J.  We 
draw  a  ball  which  is  white,  and  it  is  then  replaced. 
Now  we  know  that  the  urn  contains  one  white  ball,  and 
we  may  guess  as  before  that  the  rest  of  the  balls  are 
in  equal  proportions  of  white  and  colored.  There 
would  then  be  on  this  hypothesis  two  chances  of  draw- 
ing a  white  ball  to  a  total  of  three  chances,  and  the 

1  -t-  1       2 
probability  would  be  ,   ,^,  =  ;r.     A  second    drawn  is 

•'  1-1-2      3 

made  with  the  same  result.  Now  we  know  that  the 
urn  contains  two  white  balls,  and  the  probability  that 

2  -fl       3 
the     third    ball    will    be    white    becomes  .,      ^  =   , 

Similarlv   after   ten   white  balls  have  been  drawn  in 


succession,  the  probabilitv  that  the  next  ball  will  be 

...    .    10-t-l       11 
white  IS  loqp-g  =  12'  ninety-eight  repetitions 

of  this  result  it  is  increased  to  =  —  (Quetc- 

98  -h  2  100 
let,  I.  c,  p.  307).  This  is  but  a  rough  illustration  of 
a  principle  that  mathematicians  arrive  at  by  a  some- 
what different  line  of  reasoning  involving  the  proc- 
esses of  the  integral  calculus.  The  rule  is:  "That 
an  event  having  occurred  successively  anv  number  of 
times,  the  probability  that  it  will  happen  again  the 
next  time  is  equal  to  this  number  increased  by  unity 
and  divided  by  the  same  number  increased  by  two 
units"  (Laplace,  p.  19). 

Thus  from  the  analogy  of  the  urn  we  see  how  we 
may  judge  of  the  probability  of  future  events  in 
nature.  If,  for  example,  I  examine  100  specimens 
of  a  certain  kind  of  animal  and  find  that  each  one 
has  six  legs,  the  probability  that  the  next  one  exam- 
ined will  have  six  legs  is  igj,  a  value  so  near  unity 
that  I  may  safely  infer  that  the  number  of  legs 
in  this  species  is  a  normally  stable  character.  Putting 
the  extent  of  historical  time  at  5.000  years,  or 
1,826,213  days,  during  which  time  the  sun  is  known  to 
have  risen  regularly  during  every  twenty-four  hours, 
the  probability,  aside  from  all  other  considerations,  that 

1   09(?  *?1  4 

it  will  rise  to-morrow  is  .'on^'-Ti  -■  o""  the  chances  that 

l,oJo,Jlo 
it  will  not  rise  are  about  1  in  2.000.000.  Thus  we 
see  how  the  factor  of  doubt  in  regard  to  any  deduction 
decreases  with  the  increase  in  the  number"  of  obser\-a- 
tions  upon  which  the  deduction  is  based.  Whatever 
may  be  the  true  value  of  this  unknown  factor  we  may 
reduce  its  relative  value  to  any  extent  we  please  by 
continuing  the  observations  to  any  desired  limit. 
.A.n  explorer  who  upon  entering  an  unknown  island 
should  meet  two  men,  both  black,  would  still  have 
considerable  doubt  as  to  the  color  of  the  rest  of  the 
inhabitants.  But  after  he  had  seen  a  thousand  of  the 
natives  and  found  them  all  black,  he  would  be  justified 
in  thinking  that  to  be  the  color  of  the  whole  population. 
.■\nother  principle  similar  to  the  preceding  may  be 
illustrated  by  returning  again  to  the  urn.  Suppose 
that  the  result  of  the  first  nine  consecutive  drawings 
was  five  white  and  four  black  balls,  the  probability  of 
drawing  a  white  ball  next  time  would  be  expressed 

by    -      ■         =  y-j ;  and  if  the  result  of  ninety-nine 

drawings  was  fifty-five  white  and  forty-four  black  balls 
the  probability  that  the  hundredth  ball  will  be  white  is 

-  -  ,  . .  ,  ,-.  =  TTTT.  Thus  in  such  cases  in  which  obser- 
.5o  +  44-|-/        101 

vations  show  two  possible  results,  the  probability  that 
one  of  these  results  will  occur  again  is  expressed  by  a 
fraction  whose  numerator  is  the  number  of  times  that 
result  has  been  observed  plus  one,  and  whose  denomi- 
nator is  the  total  number  of  observations  plus  two 
(Quetelet,  p.  27).  Here,  again,  we  see  the  factor  of 
doubt  decreasing  in  relative  value  with  the  increjisc  of 
the  number  of  observations,  so  that,  if  after  a  large 
number  of  drawings  we  still  get  the  same  relative 
numbers,  we  may  conclude  that  the  urn  contains  only 
black  and  white  balls,  and  that  the  proportion  of  white 
to  black  is  five  to  four.  Hence  with  a  sufficient  num- 
ber of  observations  the  factor  of  doubt  practically 
vanishes  and  we  may  consider  the  chances  favorable  to 
each  of  the  results  to  be  in  the  same  proportion  to 
the  total  number  of  chances  that  the  number  of  times 
each  result  has  been  observe<l  is  to  the  total  number 
of  observations  (Quetelet,  p.  29).  Wlicn  there  are 
several  possible  results  the  calculation  is  rather 
complicated,  but  this  rule  practically  holds  good. 

This  principle  is  applied  in  calculating  the  propor- 
tion of  the  sexes.  Thus  Quetelet,  taking  the  data 
from  all  the  rural  districts  of  Belgium  during  the  year 
1841,  found  that  there  had  been  born  53,437  male 
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children  and  49,788  females,  giving  a  proportion  of 
1,072  males  to  1,000  females.  But  taking  the  data 
for  nine  years,  1834  to  1842,  he  found  the  proportion 
to  be  1,063  to  1,000  which  is  the  same  as  the  result 
obtained  later  by  Oesterlen  from  the  records  of 
59,350,000  births  gathered  from  several  countries  of 
Europe.     (See  article  Sex.) 

One  of  the  most  important  of  the  principles  of 
probability  is  that,  "If  the  events  are  independent 
of  one  another,  the  probability  of  their  combined  exis- 
tence is  the  product  of  their  respective  probabilities." 
(Third  principle  of  Laplace,  I.e.,  p.  12.)  For  example, 
if  A  toss  a  coin,  the  probaljility  of  heads  is  one-half; 
likewise  the  probability  of  B's  coin  giving  heads  is  one- 
half.  If  A  and  B  toss  their  coins  at  the  same  time, 
there  are  four  possible  combinations,  but  in  only  one 
of  these  do  both  get  heads,  thus: 

(1)  (2)  (3)  (4) 

A — heads         heads  tails  tails 

B — heads         tails  heads         tails 

So  the  probability  that  both  A  and  B  will  throw 
heads  (1)  at  the  same  time  is  J,  which  is  equal  to  the 
product  of  the  probabilities  that  A  and  B  will  throw 
heads,  respectively,  multiplied  together,  5X3  =  I. 
For  the  same  reason  the  probability  that  both  will 
throw  tails  (4)  at  one  time  is  J,  and  j  is  likewise  the 
probability  that  A  will  throw  heads  at  the  same  time 
that  B  throws  tails  (2),  and  that  B  throws  tails  when 
A  throws  heads  (3).  But  combinations  (2)  and  (3) 
give  like  results,  namelj-,  heads  and  tails.  So  there  are 
two  chances  of  heads  and  tails  against  two  that  the 
throws  will  be  either  both  heads  or  both  tails,  and  the 
probability  is  |.  Thus  heads  and  tails  thrown  with 
two  coins  is  a  complex  combination,  and  its  probability 
is  the  sum  of  the  probabilities  of  the  two  simple  com- 
binations of  which  it  is  composed,  i-i-i=5.  It 
may  be  noticed  that  these  values,  \,  5,  J,  are  the 
terms  of  the  expanded  binomial  (i+i)^. 

If  C  comes  into  the  game  the  number  of  possible 
combinations  is  increased  as  follows: 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

A— h 

h 

h 

t 
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h 

t 
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B— h 

h 

t 

h 

t 

t 

h 
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C— h 

t 

h 

h 

h 

t 

t 

t 

The  number  of  possible  combinations  is  now  8  = 
(2)',  and  of  these  only  one  favors  the  throwing  of 
heads  by  all  three  players,  the  probability  of  that 
result  being,  therefore,  |  =  (J)'.  But  there  are 
three  combinations,  giving  two  heads  to  one  tail. 
The  probability  of  each  of  these  is  |  and  the  sum  of 
the  probabilities  is  |  =  3  X  i  X  (i)-.  The  probabil- 
ity of  two  tails  and  one  head  is  also  f ,  and  of  all  tails 
is  |.  Again  we  have  a  series,  \,  f,  f,  J,  which 
forms  the  terms   of  an  expanded  binomial,  (5-I-3)'. 

Now  putting  these  figures  into  more  general  terms 
■we  may  represent  the  probability  that  a  single  throw 
will  be  heads  by  p,  and  that  it  wiU  be  tails  by  q.  Let 
n  equal  the  number  of  coins  used  and  A^  the  number  of 
throws  of  the  n  coins  together.  Then  the  frequency  of 
each  combination  of  heads  and  tails  will  be  represented 
by  the  terms  of  the  binomial  Nip+q)"  when  expanded. 
But  in  order  that  all  the  terms  may  be  whole  numbers, 
N  must  be  at  least  be  equal  to  2"  (greater  when  p 
and  q  are  not  equal),  and  the  number  of  terms  will 
be  n  +  1. 

With  the  view  of  illustrating  the  truth  of  this  formula 
Weldon  (1898)  made  four  series  of  4,096  throws  of 
twelve  dice  (4,096=2''),  and  counted  the  number  in 
each  throw  of  dice  that  showed  more  than  three  spots. 
The  results  are  shown  in  the  following  table. 

The  closeness  of  observation  to  theory  is  more  clearly 
apparent  in  the  diagram  (Fig.  4878).  The  solid  line 
is  a  polygon  of  thirteen  points,  the  abscissa  and  ordi- 
nate of  each  point  being  proportional,  respectively, 
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Number  of  dice  with 

Terms  of 

4.090    (!+J)l=. 

1     Observed  frequencies. 

more  tlian  three  spots. 

'■ 

ii.        iii. 

iv. 

12 

1 
12 

r.6 
220 
49.5 

792 
924 
792 
495 
220 
66 

1 

I  0 
11 
71 
257 
5.36 
847 
948 

1  731 
4.30 
198 

1 
13 

86 

246 

540 

836 

913 

750 

446 

198 

55 

12 

0 

0 

8 

61 

241 

513 

856 

948 

802 

420 

182 

51 

13 

1 

U 

9           

8 

686 

7 

6 

866 

5 

4                

3 

2 

1            

12               i|        7 

to  a  number  from  the  first  column  and  the  corre- 
sponding number  on  the  same  line  in  the  second  column 
of  the  table.  The  other  polygons  are  formed  in  the 
same  way,  but  with  ordinates  taken  from  the  columns 
of  observed  frequencies.  The  first  polygon  is  a 
graphic  representation  of  the  result  expected  on  the 
theory  of  probability,  supposing  the  dice  to  be  per- 
fectly symmetrical. 

It  will  be  noticed  that  the  observed  polygons  lean 
slightly  toward  the  side  of  the  greater  number  of  spots. 
This  is  readily  explained  when  it  is  noticed  that  the 
dice  are  slightly  excavated  at  each  spot,  and  the  side 
with  six  spots  is  opposite  the  ace.  There  is  therefore 
a  slight  eccentricity  of  the  center  of  gravity,  which 
tends  to  cause  the  greater  number  of  spots  to  turn 
upward.  These  facts  ser\e  as  a  simple  illustration  of 
the  way  in  which  the  study  of  probabilities  may  lead 
to  the  discovery  of  previously  unknown  causes  of 
observed  facts.  Thus  we  see  that  in  this  case,  in  order 
to  make  our  formula  exactly  represent  the  facts,  p 
should  be  made  slightly  greater  than  q. 

This  is  illustrated  further  in  another  series  of  4,096 
throws  of  twelve  dice,  in  which  Weldon  counted  the 
number  of  sixes.  Each  die  having  six  faces,  the  proba- 
bility that  one  of  them  will  turn  up  is  J,  and  that  it 
will  not  is  |.  So  in  this  case  p  =  i  and  q  =  i- 
Thus  our  formula  becomes  4.096  (,1   -j-  |)'^ 

The  calculated  and  observed  results  are  as  follows : 


Number  of  sixes. 

Terms  of 
4,096  (J  +t)'  = 

Observed 
frequencies. 

8        

0.58 

4.66 

27.18 

116.43 

363.84 

808 .  53 

1,211.44 

1,102.56 

459.52 

1 

7 

24 

115 

380 

796 

1,181 

1,145 

447 

7   

6            

5 

3 

The  graphic  representation  of  these  results  in  Fig. 
4979  is  strikingly  different  from  the  curves  in  Fig. 
4978.  The  latter  were  symmetrical  or  nearly  so, 
while  in  the  former  both  curves  are  distinctly  asym- 
metrical, or  ske^v.  Thus  we  have  two  types  of  curves, 
or  polygons,  of  frequency.  When  the  chances  for 
and  against  the  event  to  be  observed  are  even, 
when  p  =  q,  the  curve  will  be  symmetrical  about 
the  middle  point,  which  is  the  highest.  When  the 
chances  are  uneven,  when  ;;  is  greater  or  less  than  q, 
the  curve  will  be  skew,  and  the  skewness  will  be  greater 
the  greater  the  difference  between  p  and  q. 

When  we  abandon  games  of  chance  and  seek  to 
apply  these  formulae  to  the  study  of  phj^sical  and  biolog- 
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ical  phenomena,  the  problem  is  reversed.  The  meas- 
urements made  and  their  "observed  frequencies," 
whose  sura  =  A',  are  our  facts,  and  p,  q  and  7t  become 
unknown  quantities.  For  example,  a  man's  stature 
depends  upon  n  factors,  such  as  food,  climate,  ances- 
try, etc.,  and  p  and  q  are  the  probabilities  for  or  against 
an  increase  or  diminution  of  stature  as  the  result  of 
each  of  them.  The  problem  of  finding  a  mathematical 
curve  that  will  fit  the  facts  now  becomes  too  complex 
to  be  solved  by  the  binomial  theorem  and  requires 
formulse  derived  by  means  of  the  calculus,  but  which 
may  be  used,  nevertheless,  with  the  aid  of  proper 
tables,  by  persons  not  famUiar  with  that  important 


Sometimes,  however,  the  forces  of  nature  them- 
selves may  tend  to  falsify  the  results  and  must  be 
guarded  against.  For  example,  if  we  wish  to  deter- 
mine the  variability  of  shells  due  to  the  factors  affect- 
ing growth,  we  must  be  sure  that  the  proportions  of 
the  shell  have  not  been  affected  by  the  erosive  action 
of  chemical  substances  or  of  parasitic  algse. 

Finally,  the  data  may  not  give  true  results  if  the 
observations  are  not  sufficiently  numerous.  We  must 
have  a  fair  sample  of  the  population.  It  has  been  seen 
in  the  case  of  the  dice,  that  with  twelve  independent 
factors  we  cannot  expect  to  get  all  the  possible  com- 
binations in  less  than  4,090  observations.     In  practice 


Number  of  dice  showing  more  than  three  [joints.     Frequency. 
Flo.  4878— Binomial  Curve  of  Probability,  terms  of  4,096  (J  +  J)>',  compared  with  the  frequencies    of  the  numbers  of  dice  sho»-inK 
more  than  three  points,  in  each  of  four  series  of  trials  »-ith  twelve  dice,  the  number  of  throws  in  each  scries  being  2" -4.096.    Binomial 
curve;  ,  observations  series.  I II  - — .  — . — ,  III  —  •  ■  —  ■  • — .  IV . . .  .  ■ 


branch  of  mathematics.  When  variations  are  dis- 
tributed symmetrically  on  both  sides  of  the  type,  the 
curve  may  be  found  l)y  the  "method  of  least  squares," 
which  was  employed  originally  to  determine  the  range 
of  error  in  astronomical  observations.  But  when  the 
distribution  is  skew,  Pearson  (1902)  has  shown  that  it 
is  better  to  use  the  "method  of  moments,"  borrowed 
from  the  science  of  mechanics. 

Collection  and  Tabulation  of  the  Data. — The  object 
of  the  statistical  method  for  the  study  of  variation  is  to 
represent  in  intelligible  form  the  facts  as  they  occur  in 
nature.  It  is  of  the  greatest  importance,  therefore, 
that  the  facts  should  not  be  obscured  by  any  personal 
bias  in  the  collection  of  the  data.  The  data  must  be 
collected  methodically  at  random. 


it  is  found  that  usually  1,000  observations  give  suffi- 
ciently close  results;  2,000  would  be  better,  but  some- 
times 500  will  do. 

For  statistical  purposes  we  may  divide  normal  va- 
riations into  two  classes:  (1)  dixcnte  variations,  in 
which  the  differences  between  individuals  are 
sharply  defined;  and  (2)  conjacml  (L.  coujaccre,  to 
lie  together)  variations,  in  which  the  smallness  of  the 
differences  that  may  be  observed  is  limited  only  by 
the  precision  of  our  instruments. 

Discrete  variations  are  usually  observed  by  count- 
ing, as  the  number  of  ribs  on  a  shell,  the  number  of 
ray  flowers  on  a  daisy,  or  of  veins  in  a  leaf.  Most  mer- 
istic  variations  would  be  in  this  class. 

Observations  of  conjacent  variations  arc  usually 
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observed  bv  measuriiif;;  or  wciRliing — as  stature  (Fig. 
48S0),  strength  of  pull,  and  tlie  like.  In  this  class 
would  come  the  indexes  obtained  by  taking  the  ratios 
of  two  or  more  measuroments.  It  would  include  also 
([ualities  not  quantitatively  measurable,  like  the 
color  of  the  eye  or  ability  in  mathematics.  The 
method  of  assigning  quantitative  values  to  such 
qualities  has  been  alluded  to  in  a  previous  paragraph 


A'ariation   in   the    Number   of   Grooves    on   the   Shells   of 

PeCTEJJ   IRRADIANS. 

Classes 12         3         4         5       6       7       8 

Values 14     15       16       17       18     19     20     21 

Frequencies 2     15     108     515     308     90       7        1 

That  is,  there  were  2  shells  with  14  grooves,  15  had 
15  grooves,  108  had  16,  and  so  on  up  to  21  grooves, 
which  were  found  in  only  1  shell.     Each  group  of  shells 
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(p.  417). 


liiiomial  Curve  of  I'l 

1  a  series  of  trials  with  twelv 


Number  of  dice  showing 

obability,  terms  of  4,096  (j   +  \Y 

J  (lice,  the  number  of  thro 

Thus  most  of   the   substantive    variations 
would  fall  within  this  class. 

The  measurements  having  been  made  and  recorded, 
the  next  step  is  to  arrange  the  data  in  a  table  so  as  to 
show  the  number  of  times  each  value  has  been  ob- 
served. -Ancxample  will  make  this  clear.  Davenport 
(1900)  counted  the  number  of  grooves  on  the  inside  of 
1,046  scallop  shells  {Peclen  irradians  Lamarck,  right- 
hand  valve) .     His  results  may  be  tabulated  as  follows : 
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points.     Frequency. 
^2,  compared  with  the  frequencies  of  the  numbers  of  sixes  thrown 
ws  being  2'=  =  4,096.     Binomial ,  dice . 

having  a  certain  number  of  grooves  forms  a  class,  the 
number  of  grooves  possessed  by  individuals  of  each 
class  is  its  value,  or  magnitude,  and  the  number  of  in- 
dividuals in  each  class  is  its  frequency.  The  classes 
may  be  numbered  consecutively,  and  in  some  of  the 
calculations  to  follow  the  arithmetic  may  be  simplified 
by  using  these  serial  numbers  in  place  of  the  values. 

When  dealing  with  conjacent  variations  the  best 
way  to  tabulate  the  data  is  to  lay  off  a  scale  of  values 
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upon  a  sheet  of  plotting  paper,  and  then  to  make  a 
mark  for  each  observation  opposite  the  point  on  the 
scale  corresponding  to  its  value,  as  in  Fig.  48S0.  Then 
the  marks  may  be  divided  into  any  convenient  num- 
ber of  chisses  by  a  series  of  vertical  lines  drawn  from 
points  equal  distances  apart  upon  the  scale.  The 
number  of  marks  between  each  pair  of  lines  will  be 
the  frequency  of  the  class.  For  example,  De  Vries 
gives  the  results  of  measuring  the  length  of  448  com- 
mon red  spotted  beans  (Phaseolus  vulgaris),  which  may 
be  tabulated  in  the  following  manner: 

Beans  of  Phaseolus  VnLOARis. 


Variations  in  Lengths  o 

Classes 1 

Mid-values,  mm 8 

Frequencies 1 


167     106     33 


Of 

feet 


In  this  case  all  specimens  shorter  than  8. .5  millimeters 
would  go  in  class  1,  those  between  8. .5  millimeters  and 
9.5  millimeters  go  in  class  2,  those  between  9.5  milli- 
meters and  10.5  millimeters  in  class  3,  etc.  These 
values,  8.5,  9.5,  10.5,  .  .  .  etc.,  millimeters  may  be 
called  the  class  limits. 

The  results  of  these  tabulations  may  be  repre- 
sented to  the  eye  by  polygons  of  frequency 
similar  to  those  used  to  illustrate  the  results 
of  throwing  dice.  Using  plotting  paper  ruled 
in  squares,  we  lay  off  a  horizontal  scale  of  values 
and  a  vertical  scale  of  frequencies.  Then  the 
method  of  procedure  differs  according  to 
whether  we  are  dealing  with  discrete  or  with 
conjacent  variations,  in  the  ease  of  discrete 
variations,  the  value  of  each  class  is  taken  as 
an  abscissa  from  an  imaginary  zero  point  on 
the  left  and  the  corresponding  ordinate  is  raised 
from  zero  at  the  base  line  to  a  point  on  the  ver- 
tical scale  corresponding  to  its  frequency.  Then 
connecting  the  tops 
of  the  ordinates  by 
straight  lines  gives 
the  polvgon  of  fre- 
quency (Fig.  4881). 

In  the  case  of  con- 
jacent variations 
where  there  are  many 
classes,  the  polygon 
may  be  constructed 
in  a  similar  manner 
by  taking  the  mid- 
values  as  abscissa?  for 
the  ordinates.  But  a 
more  exact  method, 
especially  when  there 
are  few  classes,  is  to 
construct  the  polygon 
of  a  series  of  rectan- 
gles, as  in  Fig.  4882, 
where  the  sides  of  the 
rectangles  have  for 
abscissa?  the  limiting 
values  of  the  classes,  and 
their  heights  are  propor- 
tional to  the  correspond- 
ing frequencies. 
A  comparison 
of  Figs.  4881  and 
4882  with  Figs. 
4878  and  4879 
shows  striking 
resemblances 
and  suggests  at 
once  that  these 
variations  in 
shells  and  beans  follow  the  same  general  laws  of  chance 
that  are  found  in  the  throwing  of  dice.  This  inference 
is  confirmed  by  the  results  of  a  large  number  of  studies 
of  organic  variation. 

In  a  case  of  discrete  variation  the  division  of  the 


data  into  classes  presents  no  difficulties,  but  with  con- 
jacent variations  the  division  is  purely  arbitrary,  and 
here  the  theory  of  probability  comes  in  as  an  aid  to 
one's  judgment.  The  following  table,  extracted  from 
one  given  by  Quetelet  (1846,  p.  90)  shows  how  many 
observations  are  required  in  order  that  the  data  may 


Number 
of  observations. 

Number 
of  classes. 

Number 
1   of  observations. 

ll 

Number 
of  classed. 

4.. 

3 
4 
5 

6 
7 
8 

' 

250 
512 

1  024 

16         

32 

'   2,048 

4,096 

1    8  19->. 

64     

128 

14 

be  expected  to  fall  symmetrically  into  certain  num- 
bers of  classes.  It  is  based  upon  the  i)roperties  of 
the  binomial  A'(p  -1-  q)"  when  p  =  q.  It  will  be  noticed 
that  for  each  additional  class  the  number  of  observa- 
tions needs  to  be  doubled. 
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Number  of  grooves.     Frequency. 

-Polygon  of  Frequency:  Grooves  on 
shells.  (Data  from  Davenport.) 


)ide  of  scallop 


Fio.  4SS0. — .\n  Example  of  Conjacent 
Variations.  A  supposed  record  of  the 
statures  of  a  large  number  of  men. 
(From  Gallon, > 


Discovery  oj  the  Type. — The  data  having  been  ar- 
ranged as  indicated  in  the  preceding  section,  we  are 
prepared  to  determine  the  type,  or  typical  value,  from 
which  the  variability  of  the  character  in  question  is 
to  be  measured.  Referring  to  Figs.  4SS1  and  4882, 
we  see  in  each  case  that  there  is  a  class  which  has  a 
greater  frequency  than  the  others,  and  from  its  niid- 
ordinate  the  polygon  slopes  away  at  first  rapidly  and 
then  more  gradually  to  zero  on  each  side.  The  most 
obvious  type  would  be  the  value  of  this  class  of  maxi- 
mum frequency.  But  experience  and  theory  show 
that  this  would  not  be  a  very  exact  standard,  unless 
our  sample  comprised  a  very  large  proportion  of  the 
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total  population.  This  is  especially  true  of  conjacent 
variations  on  account  of  the  artificial  character  of  the 
class  boundaries.  For  example,  in  our  case  of  the 
beans  the  class  of  maximum  frequency  has  a  medium 
length  of  12  millimeters.  But  suppose  the  classes  had 
been  arranged  so  that  the  midordinates  would  fall  at 
8.5,  9.5,  10.5,  etc.,  millimeters;  then  the  maximum  fre- 
quency might  have  been  found  at  either  11.5  or  12.5 
millimeters.  There  is,  however,  a  corresponding  type 
called  the  mode,  which  is  measured  by  the  position  of 
the  ordinate  of  maximum  frequency  of  the  theoretical 
curve  corresponding  to  the  observed  polygon  of  fre- 
quency (Pearson,  1S96,  p.  345).  But  the  exact  calcu- 
lation of  the  mode,  which  is  of  considerable  theoretical 
importance,  involves  a  rather  extended  mathematical 
operation.  A  less  exact,  but  very  easy  method  will  be 
described  later. 

The  type  usually  employed  is  the  average,  or  arith- 
metical mean,  commonly  called  the  mean.  This  may 
be  discovered  by  adding  all  the  observations  together 
and  dividing  the  sum  by  their  number.     But  in  order 


200 

5 

120 

4 

6 

1 

1 

40 

' 

3 

0 

; 

2 

8 

Length  i 

FiQ.  4882.— Polygon     of 

The  serial  numbers  of  the  i 

tangles.     (Data  from  de  Vrit 


1  millimeters.     Frequency. 
Frequency:    Lengths     of    red-spotted    beans, 
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to  avoid  this  long  addition,  the  usual  method  is  to 
multiply  the  value  of  each  class  by  its  frequency,  add 
the  products,  and  divide  the  sum  by  the  number  of 
observations.     This  operation  is  represented  by  the 

formula  M  =     \,    •  where  M  =  mean,  V  =  values, 

z  =  frequency,  A^  =  number  of  observations,  and  2 
is  the  sign  for  summation.  The  same  result  may  be 
obtained  by  taking  the  serial  numbers  of  the  classes 
for  the  values  of  V,  and,  having  obtained  the  value  of 
M  in  these  units,  it  is  easy  to  substitute  the  corre- 
sponding value  in  terms  of  the  units  of  measurements 
employed  in  making  the  observations. 

A  third  type,  of  considerable  importance  in  certain 
cases,  is  called  the  median.  This  is  the  middle  value, 
the  value  above  which  and  below  which  fifty  per  cent. 
of  the  cases  fall.  It  is  easily  found  by  simply  count- 
ing off  half  of  the  observations  arranged  in  order  of 
magnitude.  For  example,  if  we  have  measured  451 
beans  and  arranged  them  in  the  order  of  their  lengths, 
then  the  median  will  be  the  length  of  the  two  hundred 
and  twenty-sixth  bean,  counting  from  either  end  of 
the  series.  If  there  are  450  beans,  an  even  number, 
the  median  wiU  be  intermediate  between  the  length 
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of  the  two  hundred  and  twenty-fifth  and   the  two 
hundred  and  twenty-sixth  bean. 

The  same  result  may  be  obtained  by  a  simple  geo- 
metrical construction.  Having  for  convenience  re- 
duced the  frequencies  to  percentages  of  the  total  num- 
ber of  observations,  the  frequency  of  class  2  is  added 
to  that  of  class  1,  to  the  sum  of  these  class  3  is  added, 
to  this  sum  add  class  4,  and  so  on  for  all  the  classes, 
as  in  the  following  table.  Thus  we  get  a  series  of 
"sums  from  the  beginning,"  which  may  be  plotted  as 
in  Fig.  4883,  using  the  method  employed  in  the  con- 
struction of  Fig.  4882.  Comparing  the  two  figures, 
both  made  from  De  Vries's  measurements  of  beans, 
we  see  that  the  first  rectangle  in  the  two  is  the  same, 
the  second  in  Fig.  4883  is  composed  of  1  and  2  in  Fig. 
4882,  the  third,  of  1,  2,  and  3,  and  so  on  until  the 
ninth  column  in  Fig.  4883  has  the  same  area  as  the 
sum  of  all  the  nine  rectangles  in  Fig.  4882.  Now, 
drawing  a  diagonal  from  the  lower  left-hand  to  the 
upper  right-hand  corner  of  the  upper  rectangle  in  each 
one  of  the  columns  of  I'ig.  4SS3,  wo  obtain  what  is 
called  a  polygon  of  distribution.  It  shows  the 
distribution  of  the  variations  in  our  sample  of 
the  population.  Turning  the  diagram  around 
so  that  the  scale  of  frequencies  is  horizontal, 
we  see  that  the  outline  of  this  polygon  is  of  the 
same  general  form  as  a  line  that  might  be  drawn 
so  as  to  touch  the  tops  of  the  beans  if  they 
were  stood  up  side  by  side  in  the  order  of  their 
lengths.  First  there  would  be  two  or  three 
very  short  beans,  then  a  little  row  of  beans 
9.5-10.5  millimeters  high,  then  a  much  longer 
row,  10.5-11.5  millimeters  high,  etc.  Now,  with 
the  diagram  in  its  first  position,  draw  a  hori- 
zontal line  from  the  fifty-per-cent.  point  on  the 
scale  of  frequencies  to  the  middle  rectangle, 
cutting  the  side  ac  at  d  and  the  diagonal,  cb  at 
711.  Then  draw  a  vertical  line  from  m,  and  at 
its  point  of  intersection  with  the  scale  of  meas- 
urements read  off  the  value  of  the  median. 
To  insure  accuracy,  the  diagram  should  be 
made  on  a  large  scale  and  be  drawn  with  great 
care.  A  better  way  is  to  calculate  the  result 
numerically.  Turning  to  the  diagram,  it  is  evi- 
dent that  the  triangles  acb  and  dcm  are  similar. 
Hence  dm  :  ab  ::  cd  :  ca  and  therefore  din  =  ab 

cd 
X — .     Let  N  be  the  total  number  of  observa- 
ca 

tions.  Then  we  have  the  rule:  Multiply  the 
range  of  the  middle  class  (ab)  by  J-^A''  minus 
the  sum  of  the  frequencies  of  all  tlie  lower 
classes  (=  cd),  divide  by  the  frequency  of  the 
class  (ca),  and  add  the  magnitude  of  the  lower 
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Data  Used  in  Constrdction  of  Poltqon  of  Distribution 
(Fig.  4883). 

Class  numbers. 

Mid-values 

Frequency. 

Per  cent. 

Sums  from 
beginning 
per  cent. 

I 

8 
9 
10 

n 

12 
13 
14 
15 
16 

1 

2 

23 

108 

167 

lOB 

33 

7 

1 

0.2 

0.4 

5.2 

24.1 

37.2 

23.7 

7.4 

1.6 

2 

3     . 

4 

5 

6 

7 

8 

29.9 
67.1 
90.8 
98.2 

9 

448 

100.0 

limit  of  its  range.  The  result  will  be  the  median 
magnitude.  In  our  example  of  the  beans,  cd  =  50 
-  29.9  =  20.1  per  cent.;  ab  =  1  mm.;  and  ca  =  37.2 

20  1 
per  cent.     Hence  dm   =  1  X  5=^  =  0.54  millimeters. 
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The  lower  limit  of  class  5  is  at  11.5  millimeters.  There- 
fore the  median  is  11.5  +  0.54  =  12.04 millimeters. 
This  method  assumes,  of  course,  that  the  values  in  the 
middle  class  are  evenly  distributed. 

In  the  same  manner  may  be  determined  the  value 
of  the  measurement  corresponding  to  any  other  point 
on  the  scale  of  frequencies,  as  at  ten  per  cent.,  twenty 
per  cent.,  etc.  These  values  are  called  percentile 
grades  (Galton,  1889),  and  they  have  been  used  exten- 
sively for  the  study  of  variations  of  anthropometric 
measurements;  especially  by  teachers  of  gymnastics, 
who  use  these  grades  as  a  means  of  determining  the 
standing  of  their  pupils  before  and  after  training. 

We  may  derive,  tlien,  from  each  collection  of  data 
three  values,  the  mean,  the  mode,  and  the  median, 
each  one  of  which  may  serve  as  a  type  from  which  to 
measure  variability.     When  the  deviations  from  the 
mean  are  distributed  symmetrically  on  both  sides  of 
it,  all  three  of  these  values  are  the  same.     But 
they  differ  when  the  distribution  is  skew,  as  in 
throwing  sixes  with  dice  and  in  most  variations 
found  in  nature.     In  such  cases  the  median  always 
lies  between  the  mean  and  the  mode,  and  the  de- 
viation of  the  mode  from  the  mean  is  three  times 
the  deviation  of  the  median,  and  in  the  same  di-     | 
rection     This  rule  provides  an  easy  way  of  calcu-      g 
lating  the    mode,   which,   according  to   Pearson      a 
(1902,  p.  261),  is  quite  good  enough  for  practical     £ 
purposes  in  most  cases,  and  avoids  the  tedious     ^ 
mathematics  of  the  more  exact  method  s 

(Compare  a,  c,  and  b  in  curves  of  Tvpe  III,  Fig.  S 
4886.)  '  ■; 

The  Measure  of  Variabilily. — Taking  the  mean  E 
as  the  type  of  any  given  character  or  organ,  the  « 
problem  is  now  to  find  a  quantitative  expression  J 
for  tlie  variability  of  that  character  in  the  group  £ 
of  organisms  under  observation.  The  first  step  ^ 
is  to  calculate  the  deviation  (i)  of  each  class  from  °- 
the  mean  (.1/)  by  subtracting  the  values  (V)  of  i 
the  classes  from  the  mean.  In  the  case  of  the  | 
beans,  the  mean  is  12.05  millimeters.  Omit-  j 
ting  the  small  fraction  for  the  sake  of  simplicity,  £ 
the  deviations  of  the  several  classes  are  given 
in  the  fourth  column  of  the  following  table. 

Now  if  the  deviation  of  each  class  be  multi- 
plied by  its  frequency  (?),  the  results  added  with- 
out regard  to  signs,  and  the  sum  divided  by  the 
number  of  observations,  we  obtain  the  average 
deviation..  This  is  represented  by  the  formula  X 
(xz) 


\      N 


ployed  at  present  is  what  is  called  the  standard  devia- 
tion. This  is  the  square  root  of  the  average  of  the 
squares  of  the  deviations,  and  is  represented  by  the 

symbol  <r,  as  in  the  formula:  a 

The  definition  and  formula  indicate  the  process  by 
which  this  quantity  is  found.  Take  the  square  of  the 
deviation  of  each  class,  multiply  it  by  its  frequency, 
add  the  results,  divide  the  sum  by  A',  and  extract  the 
square  root;  all  of  which  is  performed  easily  by  the  aid 
of  a  table  of  logarithms.  An  example  is  given  in  the 
sixth  column  of  the  preceding  table. 

A  third  measure  of  variability,  formerly  much  used, 
is  the  probable  deviation.  It  might  be  called  the 
median  deviation,  because  the  deviations  that  are 
greater  and  those  that  are  less  than  it  are  equal  in 
number.     Galton  (1889)  has  pointed  out  a  method  by 
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•  and  is  one  measure    of  variability. 


But  it  is  rarely  used. 


Calculation  of     the  Variabilitt  in  Length  of  448  Beans, 

PHASEOLnS    VoLGARia    (DatA   FROM    DE    VriES). 


1 

8 

1 

-A 

2 

9 

2 

-: 

3 

10 

23 

-2 

4 

11 

108 

- 

5 

12 

167 

( 

6 

13 

106 

7 

14 

33 

8 

15 

7 

9 

16 

1 

4 

0 

0 

106 

106 

66 

132 

21 

63 

4 

10 

S(I2 

)-361 

sd'i 

)=551 

N    -  448 

2  IX   2) 

M  =  12  mm.  AD-  —  - —  -0.8023  mm. 
,     _    \/5i^  _  1.1065  mm. 

The  measure  of  variability   most  frequently   em- 


Length  in  niiUimeters, 

Fig.  4883. — Polygon  of  Distribution:  Length  of  red-spotted  beans. 

Serial  numbers  as  in  Fig.  48S2.     (Data  from  De  Vries.) 

which  it  may  be  obtained  graphically  from  a  polygon 
of  distribution,  as  in  Fig.  4SS3.  Using  the  method 
employed  in  finding  the  median,  find  the  values  of  the 
percentile  grades  at  twenty-five  and  seventy-five  per 
cent.,  and  take  half  their  ditTerence.  This  will  be  the 
probable  deviation.  It  is  found  as  easily  and  perhaps 
more  exactlv  bv  multiplying  the  standard  deviation  by 
0.6745.     PE  =  0.6745  a. 

The  probable,  or  median  deviation,  corresponds  to 
the  so-called  "probable  error"  of  the  mathematicians, 
and  the  standard  deviations  to  the  "error  of  mean 
squares."  If  we  imagine  a  polygon  of  frequency  to  bo 
a  horizontal  bar  loaded  with  weights  proportional  to 
the  ordiniites  and  swinging  about  the  mean,  which  w'H 
be  the  center  of  gravity,  then  the  standard  deviation 
corresponds  to  what  physicists  call  the  "radius  of  gy- 
ration," or  "swing  radius." 

It  is  found  by  the  theorv  of  probability  that  when 
ff  =  1,  AD  =  0.7979,  .and"  PE  =  0.6745.  Thus  we 
see  that  of  thethree  measures  of  variability. thestand- 
ard  deviixtion  is  the  largest.  It  has  also  the  advan- 
tage of  being  the  one  most  frequently  used  in  mathe- 
matical inve.'^tigations. 

It  has  in  common  with  the  other  two,  however,  the 
disadvantage  of  being  expressed  in  units  of  measure- 
ment— inches,  pounds,  etc. ;  so  we  cannot  compare,  for 
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instance,  the  variability  of  weight  with  that  of  stature 
while  using  this  measure.  A  similar  difficulty  arises 
with  organs  of  different  size.  In  1,000  nun  from 
New  York  City,  for  example,  we  should  find  the 
standard  deviation  of  their  stature  to  bo  several 
inches,  wliile  that  of  the  length  of  the  nose  would  be 
only  a  fraction  of  an  inch.  But  it  would  not  be  fair  on 
that  account  to  regard  the  noses  as  so  much  less 
variable  than  the  statures. 

So  it  has  been  proposed  to  use  an  abstract  quantity 
called  the  coefficioil  of  varwhUUy.  This  is  obtained  by 
dividing  the  standard  deviation  by  the  mean  and 

multiplying  by  100,  as  in  the  formula:  CV  =  100  — 

In  other  words,  it  is  the  standard  deviation  expressed 
as  a  percentage  of  the  mean.  It  is  frequently  useful  as 
a  means  of  comparing  variabilities;  but,  unfortu- 
nately, it  is  not  universally  applicable,  as  it  gives  falla- 
cious results  when  the  data  are  in  the  form  of  ratios  or 
in  degrees  of  an  angle,  and  probably  in  other  cases. 

Theoretical  Curves. — Having  obtained  the  mean  and 
the  standard  deviation,  we  know  the  type  and  amount 
of  variability  of  the  material  at  hand.  The  plotted 
polygon  of  frequency  gives  a  visual  idea  of  the  dis- 
tribution of  frequencies  on  either  side  of  the  mean, 
and  with  the  aid  of  the  median  we  are  able  to  deter- 
mine roughly  whether  the  distribution  is  symmetrical 


Fia.  4884. — The  Normal  Curve  of  Frequency.  YO,  ordinate  of 
the  mean:  OP,  "probable"  deviation;  OD,  average  deviation;  OM, 
standard  deviation.     (From  Bartlett.) 

or  sKew.  Taking  these  results  of  observation  as  prem- 
ises, the  next  step  is  to  construct  a  theory  as  to  the 
most  probable  distribution  of  the  variations  in  the 
whole  population,  of  which  our  material  is  a  sample. 

In  a  previous  section,  we  have  seen  how  close  the 
variations  in  number  of  spots  in  throws  of  dice  corre- 
pond  to  the  theoretical  probability  as  expressed  by  the 
formula  Nip  +  q)"  when  this  binomial  is  expanded, 
and  comparison  of  the  polygons  (Figs.  4878,  4879. 
4881,  a,nd  4882)  .seem  to  indicate  that  the  same  method 
is  applicable  with  organic  variations.  It  may  be  used 
with  discrete  variations  where  there  are  few  classes ; 
but  in  nature  /),  17,  and  n  are  all  unknown  quantities, 
and  with  conjacent  variations  the  division  into  classes 
is  purely  arbitrary.  So  it  is  better  to  employ  a  method 
that  will  give  a  continuous  theoretical  curve,  such  as 
would  be  obtained  if,  in  the  formula  (p  +  q)",  n  were 
infinitely  large. 

Now  it  was  shown  long  ago  by  Quetelet,  Galton,  and 
others  that  variations  in  human  stature  and  in  other 
characters  follow  closelythe  law  expressed  by  the  "nor- 
mal curve  of  error"  of  the  mathematicians,  or  what 
we  should  call  the  normal  curve  of  frequency  (although 
other  curves  more  often  fit  the  polygons  of  organic 
variation).  This  is  a  flowing  curve  (Fig.  4884),  sym- 
metrical about  the  mean,  and  theoretically  without 
liniit  at  the  ends.  The  standard  deviation  marks  the 
point  of  inflection  on  the  sides.    The  formula  for  the 
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curve  IS  y   =   j/o 


1 


ex2/... 


,  in  which  y  is  any   ordinate. 


X  is  the  corresponding  abscissa,  or  deviation,  measured 
from  the  ordinate  of  the  mean,  or  "centroid  verticle," 
7/0  is  the  height  of  this  ordinate,  a  is  the  standard  devia- 
tion, and  e  is  the  basis  of  the  Napierian  system  of  log- 
arithms, in  which  e  =  1+  j  +  l~x^  "*"  1  v  2  X  3  "^ 
-I-  .  .  .  etc.  =  2.7182818.  The  meaning  of  the 
formula  is,  of  course,  that  for  any  value  of  x  the  cor- 
re.sponding  value  of  y  will  satisfy  this  equation. 

If  in  our  material  we  find  the  distribution  of  varia- 
tions to  be  very  nearly  symmetrical,  as  in  the  beans, 
where  the  difference  between  mean  and  median  is  only 
0.01  millimeter,  we  may  assume  that  the  normal  curve 
will  give  the  correct  theoretical  values,  and  may  pro- 
ceed at  once  to  test  this  by  fitting  a  normal  curve  to 
the  observed  polygon  in  the  following  manner :  The 
mean  (A/)  and  the  standard  deviation  (a-)  have  been 
found,  and  in  doing  this  we  have  found  also  Xi,  Xi,  Xi, 
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Head  breadth  in  millimeters. 
Fia.  4885. — Frequency  of  the  Variations  in  Breadth  of  Head  of 
3,000  criminala.     Irregular  line,   polygon  of  frequency.     Normal 
curve  — ;  skew  curve  of  Type  IV .      (From  Macdonell.) 

etc.,  which  are  the  deviations  from  the  mean  of  classes 
1,  2,  3,  etc.  Next  find  the  height  of  the  maximum  or- 
dinate.    This  operation  is  indicated  by  the  formula 

2/0  = 7:^,  in  which  N  =  total  number  of  observa- 

<r  V2ir 

tions  and  ir  =  3.14159.     Now  turning  to  Davenport 

(1904,  p.  118),  we  find  a  table  of  the  ordinates  of  the 

normal  curve  in  which  the  "argument"  is  — and  the 
corresponding  tabular  entry  is  —  •     So  we  must  find  — , 


that  is,  divide  the  deviation  of  each  class  by  the  stand- 
ard deviation.     Then  in  the  table  find  the  tabular 

entry  corresponding  to  each  value  of  — ,  interpolating, 

if  necessary,  and  multiply  the  value  thus  found  by  i/o. 
The  result  will  be  the  height  of  the  ordinate  of  the  theo- 
retical curve  upon  the  scale  of  frequency  used  in  con- 
structing the  polygon.  When  these  ordinates  are 
plotted  and  their  tops  connected  by  a  flowing  curve, 
we  have  the  theoretical  curve  (as  in  Fig.  4885),  that  is, 
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a  graphic  representation  of  the  distribution  of  the 
freqiR'ncies  of  the  variations  in  nature,  based  upon  the 
sample  observed  and  the  assumption  that  the  va- 
riations follow  the  law  of  probability  with  p  =  q,  and 
n=  <xi. 

This  is  the  simplest  of  all  the  methods  for  fitting  a 
theoretical  curve  to  an  observed  polygon.  It  is  espe- 
cially applicable  for  discrete  variations  when  the  dis- 
tribution of  frequencies  is  symmetrical.  It  may  be 
used  also,  but  with  less  accuracy,  for  similar  polvgons 
of  conjacent  variations  by  taking  the  midvalue  of  each 
class  as  the  i)osition  of  its  ordinate. 

For  greater  accuracy  with  conjacent  variation  and 
in  all  cases  of  skew  variation  it  is  necessary  to  employ  a 
more  complicated  procedure,  the  foundations  of  which 
have  been  laid  by  Pearson  (1896,  1901,  1902).  This  is 
the  mdhod  of  moments.  We  return  to  the  analogy  be- 
tween the  polygon  of  frequency  and  a  light  rod  loaded 
with  balls  suspended  from  it  at  regular  intervals.  The 
tendency  of  a  ball  to  bend  the  rod  will  depend  upon  the 
weight  of  the  ball  and  its  distance  from  the  point  of 
support.  The  product  of  this  distance  multiplied  by 
the  weight  is  the  moment,  or  first  moment,  of  the  ball 
about  the  point  of  support.  The  square  of  tho  dis- 
tance multiplied  by  the  weight  gives  the  second  mo- 
ment, the  cube,  the  third  moment,  and  so  on.  Applying 
this  principle  to  the  polygon  of  frequency,  we  proceed 
at  once  to  calculate  the  first,  second,  third,  and  fourth 
"rough  moments"  of  the  polygon  as  a  whole  about  any 
convenient  ordinate.  From  these  rough  moments  it 
is  easy  to  calculate  the  mean  and  the  moments 
about  the  mean.  These  give  us  the  standard  devia- 
tion, and  by  their  combination  we  are  able  to  calcu- 
late the  skewness  and  determine  the  general  form  of 
the  curve.  The  actual  calculation  of  the  ordinates 
necessary  to  plot  the  curve  is  quite  a  different  matter. 

In  practice  it  is  best  to  use  the  serial  numbers  of  the 
classes  as  their  values,  then  taking  the  value  of  a  class 
near  the  middle  as  Vm  we  find  the  deviations  — Xi,  —x-., 
—Xi,  and  -f-Xi,  +X2,  -f  Xj,  etc.  Then  multiplying  by 
their  frequencies  {z)  and  adding,  being  careful  to 
regard  the  signs,  we  get  a  sum  which  divided  bv  the 

S(z  x) 
total  number  of  observations  gives  vi  =  — ij — >  which 

is  the  first  rough  moment  of  the  curve  about  Vm  with 
the  frequencies  of  the  classes  grouped  about  their 
midordinatcs.  In  the  same  way  we  find  the  second, 
third,  and  fourth  moments". 

Z(z  X-)                  S(2X')            ,                 2(2  X*) 
C2   =  ]r. — '  "3   =  Xf — '  *I^°  ''<  = 


A' 


A^ 


A' 


Now  in  the  theoretical  curve  the  classes  are  not  repre- 
sented by  rectangles  but  by  trapezia,  whose  centers  of 


gravity  are  not  on  the  midordinates  (Goodman,  1899, 
p.  60).  This  is  allowed  for  and  we  find  the  corrected 
moments  about  Vm  by  use  of  the  formulae  (Pearson, 
19026,  pp.  287-289): 

Ml'    =   ""l 

"=    ="=-12 

111      =   Vi    —   — Vi 

M4'   =  "«  -  i--^  +  240  ''*• 

In  these  formulae  h  is  the  distances  apart  of  the  ordi- 
nates and,  if  we  use  the  serial  numbers,  h  =  1. 

Now  we  can  find  the  mean  from  Vm  by  adding  or 
subtracting  m'i,  after  substituting  the  true  values  for 
those  derived  from  the  serial  numbers,  i.e.  M  =  Vm 

— m'i- 

Now  the  moments  of  the  curve  about  M  will  be 
found  as  follows  iloc.  cit.,  p.  283) : 


M:    =   M2     —  All  " 

M3    =  Ms'    —  S^iVs'    +  2^1''. 

m  =  M«'  —  4JU1V3'  +  G/ii'Vi'  —  3^1/*. 

The  square  root  of  the  second  moment  is  the  standard 
deviation,  a  =  >/)«■ 

Now  that  we  know  the  mean,  or  centroid,  the  stan- 
dard deviation,  or  swing  radius,  and  the  moments  of 
the  curve  about  the  centroid,  we  are  prepared  to  deter- 
mine the  form  of  the  curve. 

If  /13  =  0  and  in  =  Sai:-,  the  curve  is  normal.  If 
these  equations  are  not  true,  the  curve  is  skew  and  we 
may  proceed  to  discover  whether  it  will  have  a  range 
limited  at  both  ends,  limited  at  one  end  onl)-,  or  an 
unlimited  range  bj'  calculating  the  value  of  2«(3m2" 
—in)  -|-  3m3'.  If  this  quantity  is  greater  than  zero  the 
range  is  limited  at  both  ends;  if  equal  to  zero,  it  is 
limited  at  one  end  only;  and  if  less  than  zero,  it  is 
unlimited. 

Pearson  has  distinguished  seven  types  of  curves  of 
frequency,  the  descriptions  and  formula-  of  which  are 
given  in  the  following  table.  In  order  to  determine 
to  which  type  our  curve  belongs  we  must  find  the 
values  of  the  following  quantities: 


=    2(3-:    -3d, 


and  «.;  = 


M0^  +  3)' 
4k,(4A  -  3/3,) 


Types  of  Frequency  Cdh 


Criterion  «i. 

Criterion  ki. 

References. 
Pearson. 

01 

=  0 
=  0.01 

=  3 

.1=0 

01 

<   0 
>  0 

.1  <  0 

•96.  p.  367. 
'01  (b).  p.  444 

01 

<   0 
=  0.0= 

not  =  3 

.;   =   0 

■96.  p.  372 

01 

=  0 
>  0.  0j 

>  3 

.1   =     « 

•96.  p.  373. 

0 

>0 

>  0.01 

>3 

.1  >  0  4  <   1 
«t  =■  1 

«  >  1&  <    = 

•96,  p.  376. 
•01  (b).  p.  446. 

'01  (b),  p.  448. 

Symmetrical.     Range  unliniitcU.         _        _  1 

(Figs.  488*  and  4885.)  "  ~  "'c'/'it' 

.Skew.     Rangi'  liniite<l  both  lmkIs.  \  y  =  y<i{\  +  „,)"'(•  -  ^) 


Symmetrical.   Range  limited  both 
ends. 


Skew.    Range  limited  at  one  enc 
Transition  form.      (Fig.  4886.) 


Skew      Range  unlimited.      (Fig.  j  i/  = 
I    4885.) 

I  Skew.    Range  limited  at  one  end 
Transition  form. 

Skew.    Range  limited  at 


-(-D 


427 


REFERENCE  HANDBOOK  OF  THE   MEDICAL  SCIENCES 


I 


We  may  call  ki  and  kj  the  first  and  second  criteria. 
Looking  up  these  values  in  the  table  we  find  there  the 
formula  for  the  curve,  from  which  the  ordinates  may 
be  cahulatcd.  The  second  criterion  serves  to  difTor- 
entiate  all  of  the  curves  except  the  normal  and  Type 
II,  in  both  of  which  kj  =  0,  but  Type  II  differs  from 
the  normal  in  that  02  is  not  equal  to  3.  The  ordinates 
of  the  normal  curve  may  be  calculated  by  the  aid  of 
the  improved  tables  given  by  Sheppard  (1903),  but 
for  the  other  curves  there  are  no  such  tables.  It 
would  unduly  expand  this  article  if  we  should  attempt 
to  explain  fully  the  forniuhc  for  Types  I  to  VI  and 
give  directions  for  calculating  the  values  of  y,  and 
must,  therefore,  refer  the  reader  for  further  details  to 
Pearson's  original  articles  (18%,  1901,  and  1902). 
It,  should  be  noted,  however,  that  our  curve  may  be 
regarded  as  normal,  even  if  it  does  not  quite  satisfy 
the  conditions  given  in  the  table.  According  to 
Dunker  (1899,  p.  134),  if  the  product  of  ki  multiplied 
by  «'  is  within  the  limits  of  + 1,  and  the  value  of 
SKi'  -  2ui*{+  M  jg  between  0.8  and  1.25,  unity  be- 

ing  the  value  with  a  strictly  normal  curve,  we  may 
still  regard  our  curve  as  of  the  normal  type. 

Skeiimess  is  measured  by  the  deviation  (d)  of  the 
mean  from  the  mode  expressed  in  terms  of  the  stand- 


ard deviation.     Thus  Sk  = 


When  the  value  of 


the  mean  is  greater  than  the  mode,  the  skewness  is 
said  to  be  positive;  when  less,  negative.  The  skew- 
ness is  calculated  by  a  different  formula  for  each  type 
of  curve.  But  it  is  not  difficult  to  estimate  it  by  the 
rule  given  previously  for  estimating  the  mode,  if  we 
know  the  mean,  median,  and  standard  deviation. 

In  fact,  there  is  considerable  doubt  as  to  how  far 
mathematical  analysis  of  the  statistics  of  variation 
can  be  carried  with  profit.  The  types  of  curves  grade 
into  one  another  in  such  a  way  that  it  may  happen 
that  in  some  cases  either  one  of  two  or  more  curves 
will  fit  the  polygon  equally  well  for  practical  purposes. 
Thus  Miss  HelTeran  (1900)  found  a  case  in  which 
dropping  out  one  extreme  individual  in  a  series  of  400 
changed  the  curve  from  Type  IV  to  Type  I,  and  the 
two  curves  when  plotted  are  practically  identical. 
Pearson  (1901,  p.  453)  gives  a  case  in  which  two 
curves  of  Types  V  and  VI  plotted  from  the  same 
data  are  so  close  as  to  be  hardly  distinguishable  to 
the  eye. 


Correlation  of  Variations. — So  far  we  have  dealt 
with  variations  of  single  characters  only.  But  every 
organism  possesses  many  characters  and  organs,  and 
these  are  related  in  many  ways,  both  as  to  structure 
and  function.  Now  there  may  or  may  not  be  some 
definite  relation  on  the  average  between  the  variations 
of  any  given  pair  of  associated  characters. 

In  the  language  of  Galton  (1889):  "Two  variable 
organs  are  said  to  be  correlated  when  the  variation 
of  the  one  is  accompanied  on  the  average  by  more  or 
less  variation  of  the  other,  and  in  the  same  direction." 
Tliis  is  posilire  correlation.  When  the  variation  of  the 
second  organ  is  in  the  opposite  direction  from  that  of 
the  first,  we  have  negative  correlation.  Many  correla- 
tions are  matters  of  every-day  observation.  Thus  the 
right  leg  is  generally  of  very  nearly  the  same  length 
as  the  left  leg.  There  is  a  similar  but  less  close  corre- 
lation between  the  lengths  of  arms  and  legs,  a  man 
with  fight  hair  usuaUy  has  blue  eyes,  and  so  on. 

We  may  find  correlations  also  between  similar  char- 
acters in  associated  individuals,  as  fathers  and  sons 
(see  H  credit  a) ,  or  husbands  and  wives;  also  between 
characters  of  organisms  and  factors  in  their  environ- 
ment or  their  previous  treatment  or  condition,  as 
between  color  of  plumage  and  latitude  of  habitat, 
susceptibility  to  disease  and  age,  immunity  against 
smallpox  and  vaccination. 

Such  correlations  are  clearly  of  great  theoretical  im- 
portance for  the  study  of  evolution  and  heredity,  and 
they  have  very  practical  bearings  upon  medical  and 
social  questions. 

Therefore  it  is  important  that  we  should  have  some 
means  of  expressing  the  amount  of  correlation  in  quan- 
titative terms.  This  means  has  been  furnished  by 
Galton  (1889)  who  showed  how  to  find  the  coefficient 
of  correlation,  or  what  is  often  called  Galton's  function . 

Suppose  we  have  measurementsts  of  the  length  and 
breadth  of  the  heads  of  1,000  men.  The  data  may  be 
arranged  in  a  correlation  table,  like  the  one  given  be- 
low. This  is  constructed  in  the  following  manner: 
At  the  top  is  a  horizontal  scale  of  length,  and  we  will 
call  this  the  selected  character,  or  "subject."  Like- 
wise at  the  left  is  a  vertical  scale  of  breadth,  which  is 
the  associated  character,  or  "relative."  The  entries 
in  the  body  of  the  table  are  the  frequencies  of  indi- 
viduals in  which  this  pair  of  characters  have  the  values 
given  in  the  corresponding  positions  in  the  horizontal 
and  vertical  scales,  respeetively.     For  example,  there 
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Fio.  4886. — The  Various  Sub-types  of  Transitional  .Skew  Frequency  Curve  of  Type  III.     iw,  Maximum  ordinate;  66,  ordinate  of  tin 

CC,  ordinate  of  the  median.      (From  Pearson.) 
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were  twenty-one  men  whose  head  length  was  7. 1  inches. 
<  )f  these  one  had  a  width  of  5.7  inches,  four  were  5.8,  four 
were  5.9,  six  were  6  inches  broad,  and  so  on.  Tlie 
columns  and  rows  of  frequencies  are  added  up  at  the 
bottom  and  at  the  right.  Each  column  forms  an 
(irray,  which  shows  the  variations  of  breadth  associated 
with  the  value  of  the  length  given  at  the  head  of 
the  column.  In  the  same  way  breadth  may  be  taken 
as  the  subject,  and  then  the  rows  of  frequencies  are 
the  arrays,  giving  the  variations  of  the  associated 
length.  The  means  and  standard  deviations  of  the 
subject  and  relative  may  be  calculated  from  the  total 
frequencies  given  at  the  bottom  and  right  side  of  the 
table,  respectively,  by  the  methods  previously  de- 
scribed. In  the  same  way  the  mean  may  be  deter- 
mined for  each  array.     Now  transferring  our  horizon- 


lent  units,  the  ratio  -  will  give  a  measure  of  the  corre- 
lation of  the  two  characters  in  this  particular  array. 

y 

If  the  ratio  -  were  the  same  in  all  the  arrays,  the 

zigzag  line  in  Fig.  4887  would  become  a  straight  line. 
As  it  is,  we  see  that  it  has  a  general  trend  which  is 
represented  by  a  straight  line  that  may  be  drawn  so 
that  the  sum  of  the  distances  of  the  small  circles  from 
it  shall  be  as  small  as  possible.  This  line  will  meet 
the  axes  of  x  and  y  at  their  point  of  intersection.  Now 
the  slope  of  this  line  may  be  measured  in  the  same 
way  that  the  grade  of  a  railway  track  is  measured,  by 
the  rise  or  fall  in  a  certain  unit  of  horizontal  distance, 
as  ten  feet  in  a  mile,  or  in  our  case  by  the  Iieight  y^  of 
any  point  a  at  the  distance  Xa  from  vii  (Fig. 


Correlation  T.\ble.     He 


ON*   Head  Breadth,   1,000  Cambrid 


(From  Macdonell.) 
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tal  and  vertical  scales  to  plotting  paper,  the  positions 
of  the  means  of  the  arrays  may  be  plotted  as  in  Fig. 
4887,  which  is  made  from  a  correlation  table  of  head 
breadth  and  stature  in  3,000  criminals.  In  this 
diagram  the  po.sition  of  the  mean  of  an  array,  is  indi- 
cated by  a  small  circle,  and  the  circles  are  connected 
by  a  zigzag  line.  The  position  of  the  mean  of  all  the 
statures  is  represented  by  a  vertical  line  drawn 
through  the  middle  of  the  diagram :  call  this  the  axis  of 


Ec.                '     1 

B  '                    A 

1           ""^I\ 

1^ 

'i^                                     ^'^■^    - 

"o  /'                                                  r^^ 

^^                                                         ^4^^ 

1:                   ::        iti^^. 

Stature  in  inches. 
Fio.  48,S7.— Diagram  of   Correlation   Table.      Stature,   subject; 
head  breadth,  relative.     Three  thousand  criminals,  mean  height  = 
6S.S    inches,     mean    head    breadth  =   130.4     mm.      Coefficient    of 
regression  =  0.3612.     (From    Macdonell. 1 

X,  and  the  position  of  the  mean  of  all  the  head  breadths 
is  similarly  represented  by  the  intersecting  horizontal 
line,  the  axis  of  y.  Now  the  horizontal  distance  of  a 
circle  from  the  axis  of  x  will  give  the  deviation  (x)  of 
the  selected  character,  and  the  vertical  distance  of  the 
same  circle  from  the  axis  of  ;/  will  give  the  mean  devia- 
tion (y)  of  the  associated  array  from  the  mean  of  all 
the  arrays.     Now  if  x  and  y  are  expressed  in  equiva- 


The  slope  of  the  line  may  be  measured  also  by  the 
angle  0  which  it  makes  with  the  line  m-.,  and  the  ratio 

Subject  deviatiocs. 
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Fio.  4888. — Diagram  of  a  Correlation  Table  with  Deviationa 
Plotted  in  Terms  of  Standard  Deviation,  mi.  Position  of  mean  of 
subject;  mt,  mean  of  relative;  a  6,  regression  line. 


—  is  what  mathematicians  call   the   tangent   of  that 

Xa 
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angle,  —  =  tan  <l>.     It  may  be  shown  by  the  principle 

of  least  squares  that,  taking  all  the  observations  into 
considerat  ion,  the  most  probable  value  of  tan  </>  will  be 

tan  d>  =  — V-r^' where  x   and  y  are   the  deviations 

S  (x-  z) 
of  each  pair  of  observations  from  the  means  of  the 
subject  and  relative,  respectively,  z  is  the  number  of 
pairs,  or  frequency  of  each  class  in  the  arrays,  and  £  is 
the  sign  for  summation.     But  in  a  diagram  like  Fig. 

"^  {x  V  z) 
4887  the  ratio  " '    f  /  will    not     give    a    constant 

2(a;-2) 
measure  of  the  correlation  between  the  two  characters, 
because,  in  the  first  place,  x  is  expressed  in  inches  while 
y  is  in  millimeters.  If  we  changed  these  units,  we 
would  change  the  ratio.  Moreover,  stature  and  head 
breadth  have  different  standard  deviations,  so  that  the 
diagram  is  longer  in  one  direction  than  in  the  other,  and 
the  slope  of  the  diagonal  would  differ  according  as  to 
whether  head  breadth  or  height  were  taken  as  the 
Subject. 

Galton  overcame  this  difficulty  by  expressing  all  the 
deviations  of  each  character  in  terms  of  its  probable 
deviation.     Then  his  correlation  table  took  the  form 

represented  in  Fig.  4888,  when  --  gives  the  coefficient 

of  correlation  no  matter  which  character  is  taken  as 
subject.     If  there  is  perfect  correlation  the  line  ah  will 

coincide  with  cd  and  —  =  1 .  But  if  there  is  no  corre- 
lation ah  coincides  with  mi  and   -  =  0.     So  the  co- 

Xa 

efficient  of  correlation  is  a  fraction  which  may  have 
any  value  between  0  and  1,  in  Fig.  4888,  its  value  is 
i,  and,  if  A  be  the  selected  character  and  B  the  rela- 
tive, then  this  coefficient  expresses  the  probable  pro- 
portion of  the  mean  deviation  of  B  to  the  correspond- 
ing selected  deviation  of  A.  In  general  the  deviations 
of  B  will  be  found  to  be  less  than  the  corresponding 
deviations  of  A.  Galton  first  noticed  this  phenome- 
non in  his  early  studies  of  heredity  and  he  called  it 
regression. 

But  regression  is  not  peculiar  to  heredity.  It  is 
found  in  all  statistics  concerned  with  two  associated 
variable  quantities  which  are  not  perfectly  correlated. 
What  we  mean  by  regression,  then,  is  "that  in  asso- 
ciated or  correlated  pairs,  if  we  select  one  member  with 
a  given  value  for  its  character,  the  second  has  on  the 
average  a  less  value,  regressing  somewhat  to  the  mean 
of  the  general  population"  (Pearson,  1900,  p.  394). 
Regression  is  thus  the  reverse  of  correlation. 

In  a  diagram  like  Fig.  4887,  in  which  the  positions 
of  the  means  of  the  arrays  are  plotted  in  the  units 
of  actual  measurement,  the  zigzag  line  drawn  through 
the  means  is  called  the  polygon  of  regression,  and  the 
straight  line  that  best  fits  this  polygon  is  called  the  line 
of  regression.  For  want  of  a  better  name,  the  slope  of 
the  line  of  regression  has  been  called  the  coefficient 
of  regression,  although  it  does  not  measure  regression 
directly,  but  inversely.  It  is  a  peculiarly  unfortunate 
choice  of  name,  because  it  has  led  to  miich  confusion 
and  misunderstanding  through  the  natural  tendency 
of  recent  writers  to  speak  of  it  simply  as  "the 
regression." 

We  have  seen  that  the  slope  of  the  regression  line  is 

given  by  the  ratio -^^|-j.     But  X{x' z)  =Nai'ixad 

we  may  make  2(x7/z)  =  Nraiai,  where  N  is  the  total 
number  of  pairs,  iri,  the  standard  deviation  of  the  sub- 
ject, at  the  standard  deviaton  of  the  relative  and  r  is 

an    unknown   quantity.     Then    %44  =  ^^iP^  = 
'  •*  2(x2  z)  Nai^ 

r  — '.  Thus  the  formula  for  the  coefficient  of  regression 
becomes  r—,  and  then  it  may  be  show^n  that  r  =  the 


430 


coefficient  of  correlation.  Thej'  both  measure  the  same 
phenomenon.  The  former  gives  the  probable  ratio 
of  the  deviations  as  they  are  actually  observed.  The 
latter  gives  a  corrected  value  of  this  quantity  after  due 
allowance  has  been  made  for  differences  in  units  of 
measurement  and  in  standard  deviation.     In  cases  in 


which 


0-2,  then  tan  0  =  r- 


There  is  one  more  property  of  the  correlation  surface, 
as  it  is  called,  that  should  be  noted.  If  x  and  y  arc 
])lotted  in  terms  of  o-j  and  crj,  as  in  Fig.  4888,  and  the 
distribution  of  frequencies  is  normal,  then  when  r  =  0, 
a  series  of  contour  lines  drawn  through  the  classes  of 
equal  frequency  will  be  perfect  circles.  When  the 
regression  line,  ab,  moves  from  7H2  toward  cd,  the  con- 
tour lines  become  ellipses  with  cd  as  their  major  axis. 
As  ab  approaches  cd  the  ellipses  become  more  and  more 
narrow  until  when  ab  coincides  with  cd,  that  is,  with 
perfect  correlation,  the  frequency  of  each  array 
would  be  concentrated  along  the  line  cd.  Now  the 
range  of  each  array  is  measured  by  its  standard  devia- 
tion, which  with  perfectly  normal  distribution  would 
be  given  by  the  formula  ff 3  =  cr  \/l  —  r-.  It  is  evident 
that  as  r  approaches  the  value  of  1,  1  —  r^  will  become 
smaller  and  smaller  until  finally  0-3  =  0,  that  is,  until 
the  distribution  of  frequencies  of  the  arrays  is  concen- 
trated along  the  major  axis  of  the  ellipses.  This  shows 
that  the  accuracy  with  which  one  can  use  the  value  of 
a  character  to  predict  the  value  of  its  associated 
character  will  depend  to  a  great  extent  upon  the 
amount  of  correlation  existing  between  them. 

There  are  two  methods  at  present  in  use  for 
calculating  the  coefficient  of  correlation.     The  first 

method  depends  on  the  formula  r  =  —r^ — - — ^,  which 

^  Nai  0-2  ' 

has  been  shown  by  Pearson  to  give  the  best  value  for  r. 
The  formula  indicates  the  method  of  procedure,  which 
is  simple  but  laborious.  Having  constructed  a  cor- 
relation table  and  found  the  means  and  standard 
deviations  of  subject  and  relative,  the  deviations  x 
and  y  for  each  array  class  are  found,  and  then  multi- 
plied together  and  by  the  fretiuency  of  the  class.  All 
these  products  are  added  and  the  sum  is  divided  by  the 
product  of  the  whole  number  of  pairs  multiplied  by  the 
standard  deviations  of  subject  and  relative.  The 
result  is  the  coefficient  of  correlation. 

The  second  method  is  more  complex  in  theory,  but 
is  shorter  in  practice.  Theoretically  it  is  not  so  good 
as  the  first,  but  it  has  the  advantage  of  saving  a  great 
deal  of  time  and  labor,  and  it  is  the  onlj'  method  that 
can  be  used  with  characters  that  are  not  quantitatively 
measurable.  It  was  for  this  purpose  that  the  method 
was  invented  by  Pearson  (1901).  Macdoncll  (1902) 
has  made  a  careful  comparison  of  the  two  methods,  and 
concludes  that  the  new  method  gives  a  value  of  r  with 
an  accuracy  fairly  comparable  to  that  obtained  from 
an  ordinary  frequency  table  containing  about  one- 
third  the  number  of  frequencies.  The  results  ob- 
tained in  three  cases  by  the  two  methods  are  compared 
in  the  following  table: 


Comparison  of  the 

Two  Methods. 

Coefficient  of  Correlation. 

First  method.    j.Second  method. 

Head  length  and  head  breadth.  . 

Head  breadth  and  stature 

Left  middle  finger  and  stature. .  . 

0.4016±0.0103 
0.1831  +  0.0119 
0.6608  ±0.0069 

0.3977±0.0176 
0.1811-1-0.0210 
0.6633±0.0142 

The  theory  of  his  second  method  is  explained  in 
untechnical  language  by  Pearson  in  the  "  Grammar  of 
Science"   (1900,   pp.  432-436).     We   will  proceed  at 
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nice  with  a  description  of  the  manner  in  which  the 
iiiory  is  applied  in  the  calculation  of  r. 

Tlie  material  is  arranged  in  a  fourfold  correlation 
table  like  the  following: 

CoURELATXON      OF      STATURE      AND      BreADTH      OF      HeAD.       3,000 

Criminals.     (Macdonell.) 


Head  breadth 

Stature  i 

I  feet 

and 

inches. 

Totals. 

(centimeters). 

S'  4,",,"  and  under. 

Over5'4,V'. 

14  8  and  under 

4.55 
599 

1 

622 
1,324 

1.077 

1,054 

! 

1,946 

Correlation  of  Previous  Treatment  and  Results  of  Small- 
pox.      HOMERTON  and  FuLHAM  HOSPITALS   (DOCBTFDL 

Cases  Excluded).     (Macdonell.) 


Recoveries. 

Deaths. 

Totals. 

8,207 
:,424 

092 
1,103 

9,631 

1,795 

11,426 

Let  the  correlation  table  be   represented   by  the 
following  diagrams: 

Table  of  Frequencies. 


a                      b 

1 

a+b 

c           1           d 

c  +  d 

a  +  c 

b  +  d 

N 

Fio.  48.sn. — Diaaram  Showing  the  Theoretical  Relation  of  the 
Table  of  Frequencies  to  a  Normal  Correlation  Surface.  The 
shaded  rectangles  a,  b,  c,  d  represent  the  divisions  of  the  table  of 
frequencies,  h'  and  k'  the  deviations  of  the  lines  of  division  from 
the  means  of  subject  and  relative  represented  by  the  axes  of  y  and 
I.     (From  Pearson.) 

Calculate  the  values  of  oi  and  o;  by  the  formulae 

(g  +  c)  -  (&  +  rf) 
»'=  N 

(g  +  b)  -  (c  +  d) 
«»  =  -N 

Now  we  need  a  table  of  the  "probability  integral," 
which  gives  tlie  "sums  from  the  beginning"  of  the  nor- 
mal curve  of  frequency.  In  "  Biometrika,"  vol.  ii., 
pp.  1S2-190,  is  a  series  of  tables  of  tliis  kind  prepared 
especially  forourpurpo.se.  Turning  to  Tables  III  and 
IV,  pp.  189-190,  we  find  in  the  a  column  our  value  of  gi 
and  in  the  i  column  read  off  the  corresponding  tabular 


entry,  interpolating  if  necessary,  and  the  value  thus 
obtained  is  called  h.  Continuing  to  the  z  column  we 
find  the  tabular  entry  and  call  that  H.  In  the  same 
way  for  a^  we  find  the  corresponding  entries  under  x 
and  2  and  call  them  k  and  A'. 

Then  find  e  by  the  formula  t  =  —rTrrrr-  ,  and  r.  the 

coefficient  of  correlation,  may  be  found  from  the 
equation, 

.  =  r  +  ^'u--|-^' (/,=  -! )(fc2-l) 

+  ^hOr-  -S)k  (k^-3)+    .    .       etc 

(Pearson,  1901a,  p.  6.) 

Or,  if  we  wish  to  be  a  little  more  exact,  we  may  find 
r  by  the  following  equations: 

t  =  e   +  ^hke'^   -  {h^  +  k^  -  hV;')  ^ 

+  hk  i  /i2fc2  -  3(/<2  +  k^)  +5  >:^  +  etc. 
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r  =  sin  fl  (Fig.  4890).      (Pearson,  loc.  cit.,  p.  S.) 

The  equations  for  finding  r  and  d  may  be  solved  by 
Newton's  method  of  approximation,  or  better  by  Hor- 


Fio.  4890. — Illustrating  the  Meaning  of  r  =  sin  $.  It  the  angle 
POX  =  9  is  measured  by  the  arc  PX.  then  r  =  sin  9  =  P.M.  OP 
being  taken  as  unity.     (From  Pearson.) 

ners  method  (see  Wells,  "College  Algebra,"  p.  520; 
or  Burnside  and  Panton,  1892,  p.  212).  In  the  second 
equation  the  value  of  the  angle  6  is  given  in  radians, 
ratio  of  arc  to  radius.  As  ^ir  =  90°,  the  value  of 
e  in  seconds  is  given  by  the  equation  A  =  20t)2t)59 
(De  Morgan,  1902,  p.  276).  Reducing  A  to  degrees, 
minutes,  and  seconds,  r  =  sin  B  is  found  easily  in  any 
table  of  natural  sines  (e.^.  Jones,  "Logarithmic 
Tables,"  pp.  60  et  seg.).  A  still  easier  method  of 
finding  r  from  6  is  to  take  a  table  like  Jone.«'s 
Table  II  (loc.  cit.,  pp.  15-19)  where  the  angles  are 
given  both  in  degrees  and  in  radians,  and  log  r  =  log 
sin  0  can  be  read  ofT  directly,  and  r,  found  from  a 
table  of  logarithms. 

Pearson  has  given  (19026,  pp.  13-14)  a  graphical 
rnethod  for  fitting  a  straight  line  to  a  set  of  observa- 
tions that  seems  applicable  in  the  plotting  of  regres- 
sion lines  and  the  calculation  of  coeiiicionts  of  corre- 
lation. But  it  is  doubtful  if  this  method  would  have 
any  advantage  over  the  one  just  described. 

It  will  be  interesting  to  note  at  this  point  .some  of  the 
results  that  have  been  obtained  by  the  study  of  corre- 
lation. The  following  coefficients  of  correlation 
were  obtained  by  Macdonell  from  3,000  criminals: 

Correlations.  Coefficient. 

Stature  and  head  leneth 0.33993 

Stature  and  head  breadth 0. 18308 

Stature  and  face  breadth 0.34527 

Stature  and  finger ...  0.66084 

Stature  and  cubit ..  0.79986 

Stature  and  foot .  0.73636 

From  the  results  of  which  these  form  a  part  he  has 
arrived  at  important  conclusions  concerning  the  iden- 
tification of  criminals. 
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Some  correlations  of  especial  interest  to  physicians 
are: 

Diphtheria,  Pearson  (1901) — Correlation  of  antitoxin. 

treatment  and  recovery r    =  0.2451  ±  0.0205. 

.Smallpox.    Macdonell    (1902) — Effectiveness   of   vaccination   and 

strengtli  to  resist  tile  disease. 

Forsixtowna r  =  0 .6561   ±  0  0092  1        _,      .,, 

For  Siieffield 0.7694  ±  0.0124  ,     Ij 

c      I    ■       .  /\  ct  in    ,    n  nT.ia     cascs  includea 

For  Leicester 0.6112  +  0.0728  >         ■     th 

For  Gloucester 0.5897  ±  0.0198  m  tne 

For  Honierton  and  Fuliiam.         0.5760  ±  0.  0089  )     ^«<^<:'°a"=''- 
For  Homerton  and  Fulham.         0.6615  ±  0.0083  i        ^     ,    ,  , 

For  Glasgow 0.7783  +  0.0365  uouDtlul 

For  London,  1901 0.5779  +  0.0311  T^j'j 

For  London,  1892-93 0.5934  ±  0.0272  I      ^xciuaea. 

Precision  of  the  Constants. — The  constants  of  our 
curves  of  variation  and  correlation — mean,  median, 
standard  deviation,  coefficient  of  correlation,  and  the 
like — are  the  predictions  made  from  observations  as  to 
the  probable  condition  of  the  given  character  in  the 
whole  population.  Our  data  are  like  the  balls  drawn 
from  the  urn  which  we  cannot  see  into  nor  upset.  We 
can  only  guess  at  what  is  in  the  urn  b}'  what  has  been 
drawn  out  of  it.  We  have  seen  that  the  probability 
of  our  guess  being  right  depends  upon  the  number  of 
observations.  This  is  expressed  by  the,  so-called, 
probable  errors  of  the  constants,  which,  preceded  by 
the  +  sign,  are  written  after  the  constants,  as  in  the 
examples  given  in  previous  sections.  We  will  now 
give  the  formula;  for  calculating  the  probable  errors 
(P.E.)  of  some  of  the  most  important  constants. 
When  distribution  is  normal: 

P.E.  of  mean  =  0.6745-^- 

Vn 

P.E.  of  median  =  0.8454-^- 

Vn 

P.E.  of  0-  =  0.674.5— !=• 

V2N 

When  r  =  4^-         P.E.  or  r  =  0.0745^-^^- 

When  r  is  calculated  by  the  second  method,  its  P.  E. 
has  a  very  complex  formula  (Pearson,  1901,  p.  14). 
But,  according  to  Macdonell,  it  will  be  about  the  same 
as  if  r  were  calculated  by  the  first  method  with  one- 
third  the  number  of  pairs.  Yule  gives  a  table  (1897, 
p.  854)  of  the  P.E.  of  r  by  the  first  method  for  various 
values  of  A^. 

Biologists  are  indebted  to  Elderton  for  a  useful  table 
("Biometrika,"  vol.  i.,  part  ii.),  by  which  it  is  possible 
to  determine  whether  the  differences  between  a  poly- 
gon of  frequency  and  the  corresponding  theoretical 
curve  are  greater  or  less  than  the  probability  of  ran- 
dom sampling  should  lead  one  to  expect.  Ifthey  are 
not  greater,  the  curve  chosen  may  be  regarded  as  a 
satisfactory  representation  of  the  relative  frequencies 
of  the  variations  in  nature. 

Biological  investigations  frequently  involve  the 
determination  of  the  difference  between  two  quantities 
and  it  is  important  to  know  whether  such  a  difference 
is  significant  or  only  what  might  be  expected  from 
random  sampling.  To  determine  this  the  probable 
error  of  the  difference  must  be  calculated.  When 
there  is  no  correlation  between  the  quantities  "the 
probable  error  of  a  difference  is  equal  to  the  square 
root  of  the  sum  of  the  squares  of  the  quantities  en- 
tering into  the  difference"  (r/.  Pearl,  1909).  Inves- 
tigations of  Mendelian  inheritance  furnish  another 
series  of  problems  where  the  probable  error  is  im- 
portant. A  method  of  calculating  this  is  given  in 
tlie  article  Heredity.  The  defects  in  that  method 
are  pointed  out  by  Pearl  (1917)  and  a  more  accurate 
method  is  suggested.  Robert  Payne  Bigelow. 
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Varicocele. — The  term  varicocele  is  applied  to  the 
thickening  and  enlargement  of  the  veins  embraced  in 
the  spermatic  plexus  within  the  scrotum.  This  con- 
dition is  found  in  ])robably  ten  per  cent,  of  all  males 
in  slight  degree,  and  in  marked  degree  more  rarely. 
In  about  ninety-five  per  cent,  of  the  cases,  the  left 
side  is  involved,  the  right  side  being  affected  very 
rarely  (about  four  per  cent.);  bilateral  varicocele  is 
very  uncommon  (perhaps  two  per  cent,  of  all  cases). 

Etiology. — It  is  most  commonly  encountered  in 
early  manhood,  especially  between  fifteen  and  twenty- 
five  years  of  age.  Several  reasons  are  given  for  its 
more  frequent  occurrence  on  the  left  side,  as  follows: 
(1)  the  left  testis  hangs  lower  than  the  right;  (2)  the 
left  spermatic  vein  enters  the  corresponding  renal 
vein  at  a  right  angle  and  is  therefore  subject  to  the 
pressure  of  the  sigmoid  flexure  of  the  colon,  which 
crosses  it;  (3)  the  renal  vein  on  the  right  side  enters 
the  vena  cava  at  an  acute  angle;  (4)  there  is  usually 
a  valve  at  the  upper  end  of  the  spermatic  vein;  this 
may  be  absent  on  the  left  side,  thus  predisposing  to 
engorgement  and  congestion.  In  some  instances 
varicocele  has  been  found  in  early  infancy  thus  up- 
holding the  view  that  varicocele  is  congenital  in  origin. 

Pathology. — The  veins  are  stretched  and  elongated, 
the  valves  and  venous  walls  are  thickened;  this  is 
followed  by  fatty  degeneration  and  loss  of  elasticity; 
occasionally  phleboliths  or  venous  concretions  may  be 
detected  in  the  veins.     The  mass  of  veins  may  produce 
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more   or   less   pressure   on    the    testis  with  resulting 
damage  to  that  organ. 

SvMPTfjMS. — The  patient  usually  complains  of  the 
unoomfortable  mass  in  the  scrotum,  or  else  he  feels 
a  distinct  set  of  symptoms,  principaUy  a  heavy, 
dragging  sensation  in  the  scrotum  and  sometimes  actual 
jjain.  Even  though  the  varicocele  may  be  of  large 
size  there  may  be  no  symptoms  whatever.  Neuralgic 
pains  in  the  groin  and  testis  are  quite  common,  being 
often  met  with  in  cases  with  a  very  slight  varicocele. 

In  marked  cases  and  those  of  long  duration,  neuras- 
tlienic  manifestations  are  quite  common  and  extremely 
difficult  to  cope  with.  They  consist  of  vague  and  in- 
definite pains  in  remote  parts  of  the  body,  that  seem 
t<i  have  no  connection  whatever  with  the  varicocele. 
The  testis  may  be  tender,  and  on  examination  it 
may  be  found  more  or  less  atrophied.  This  is  prob- 
ably the  residt  of  direct  pressure  of  the  veins.  This 
feature  of  varicocele  is  the  principal  stock  in  trade 
(next  to  "loss  of  manhood")  of  the  advertising 
quack. 

Objectively,  the  diagnosis  is  easily  made.  The 
mass  of  veins  in  the  scrotum  is  found  thickened  and 
"wormy  "  to  the  touch.  It  feels  like  a  bunch  of  earth- 
worms. The  mass  is  best  felt  when  the  patient  is 
standing,  particularly  after  slight  exercise.  Occasion- 
ally, the  wormy  appearance  of  the  veins  can  be  seen 
through  the  skin  of  the  scrotum.  The  affected  side 
of  the  scrotum  hangs  much  lower  than  the  opposite 
side,  sometimes  as  much  as  an  inch  or  two.  Careful 
examination  shows  the  vas  deferens  unaffected,  though 
often  interwoven  among  the  mass  of  veins. 

When  hydrocele  is  coexistent  there  may  be  some 
difficulty  in  diagnosis;  the  only  other  possible  condi- 
tion that  must  be  borne  in  mind  is  hernia,  but  there 
is  little  chance  of  confusion  between  hernia  and 
varicocele. 

It  is  well  to  remember  that  a  sudden  appearance  of 
a  varicocele,  especially  on  the  right  side,  may  indi- 
cate the  existence  of  a  growth  in  the  kidney  of  the 
corresponding  side.  In  such  cases,  it  is  due  to  pressure 
either  of  enlarged  glands  or  of  the  growth  itself  or  it 
may  be  produced  by  the  engorgement  of  the  capsular 
veins  which  anastomose  with  the  spermatic  vein. 
After  nephrectomy  this  form  of  varicocele  disappears. 
It  is  believed  b.v  some,  however,  that  if  the  varicocele 
does  not  disappear  in  the  genu-pectoral  position, 
enlarged  glands  are  the  cause  and  the  kidney  tumor 
is  therefore  inoperable.' 

Prognosis  axb  Treatment. — Occasionally  varico- 
cele tends  to  disappear  spontaneously,  but  in  the  vast 
majority  of  cases,  particularly  in  the  presence  of 
neurasthenic  phenomena,  treatment  will  be  required. 
In  the  average  case,  the  support  obtained  by  wearing 
a  suspensory  bandage  or  jockstrap  will  suffice  for  all 
purposes.  Cold  douching,  tonics,  exercise,  etc.,  all 
exert  a  favorable  influence. 

Operative  measures  must  be  resorted  to  when 
palliative  means  are  not  successful,  and  also  when  the 
varicocele  is  progressive  in  character. 

Subcnlaneoxis  ligation  was  at  one  time  a  favorite 
surgical  measure,  though  its  greatest  advantage  was 
that  it  was  bloodless.  It  is  often  recommended  for 
small  varicoceles.  The  writer  does  not  approve  of  it 
on  any  grounds.  If  any  operation  is  to  be  done,  the 
open  operation  is  the  one  of  choice,  as  it  enables  the 
operator  to  see  what  he  is  doing.  The  subcutaneous 
ligation  is  done  in  the  dark,  and  this  cannot  be  con- 
sidered good  surgery. 

0-pen  Operation. — This  may  be  done  under  local  or 
general  anesthesia.  Briefly  the  operation  consists  of 
exposing  the  plexus  of  veins  through  an  incision  over 
the  external  abdominal  ring  about  one  and  one-half 
inches  long.  The  vas  deferens  is  isolated  together  with 
the  spermatic  artery  and  a  few  small  veins  lying  behind 
it.  The  varicocele  mass  is  then  raised  up  out  of  the 
incision  on  an  aneurysm   needle.     A  strong   catgut 
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ligature  is  now  passed  and  tied  around  the  veins  near 
the  external  abdominal  ring.  Another  ligature  is 
tied  around  the  mass  of  veins  two  inches  below  the 
first  ligature.  The  veins  between  the  ligatures  are 
cut  away  and  the  cut  ends  are  tied  together  so  as  to 
approximate  the  two  stumps,  by  one  or  two  catgut 
stitches.  In  this  way  the  mass  of  veins  is  removed, 
the  cord  is  shortened  two  inches  and  the  testis  is  raised 
the  same  distance.  The  wounfl  is  closed  without  a 
drain,  and  in  three  or  four  days,  the  patient  may  be 
up  and  about,  supporting  tlie  scrotum  by  a  suspensory 
bandage. 

Not  infrequently  orchitis  and  epididymitis  follow 
the  manipulation  incident  to  the  operation.  Second- 
ary hemorrhage  as  a  result  of  slipping  of  the  ligatures 
may  also  supervene.  Fibrosis  of  the  testis  and 
occasionally  atrophy  may  result  from  the  operation. 
On  the  whole,  however,  the  operation  produces  satis- 
factory results  in  the  vast  majority  of  cases. 

Abr.  L.  \Volb.\rst. 


Varolio,  Constanzio. — Born  at  Bologna,  Italy,  in 
1543.  He  studied  medicine  at  the  University  of  his 
native  city  and  eventually  became  Professor  of  Anat- 
omy in  the  same  institution.  Shortly  after  he  re- 
ceived this  appointment  he  was  called  to  Rome  by 
Pope  Gregory'  XIII,  to  be  his  First  Physician.  He 
was  then  only  twenty-nine  years  old.  Three  years 
later,  in  1575,  he  died. 

Up  to  the  time  of  Varolio's  death  only  one  of 
his  two  writings  had  appeared  in  print,  viz.,  that 
which  bears  the  following  title:  "De  nervis  opticis 
nonnulHsque  aliis  praeter  communem  opinionem  in 
humano  capita  observatis  epistola,"  Padua.  1572.  In 
this  "letter"  he  describes  a  new  method  of  dissecting 
the  brain,  viz.,  by  commencing  at  its  ba.se,  and  he  also 
furnishes  certain  particulars  with  regard  to  the  struc- 
ture of  the  organ.  It  is  among  these  details  that  the 
description  of  the  part  which  bears  his  name — pmis 
Varolii — is  to  be  found.  This  second  and  larger 
work  was  not  published  until  1591 — that  is,  sixteen 
years  after  his  death.  It  bears  the  following  title:  "De 
resolutione  corporis  humani  libriquatuor,"  Frankfort, 
1591.  A.  H.  B. 


Vasectomy. — In  the  popular  mind,  vasectomy  is 
done  for  the  single  purpose  of  sterilization  of  those 
declared  unfit  for  paternity  and  citizenship  by  legal 
process — that  is,  those  declared  insane  or  convicted  of 
serious  crime.  Nevertheless  the  operation  has  been 
recommended  for  many  years  for  the  relief  of  senile 
hypertrophy  of  the  prostate  and  for  chronic  recurrent 
epididymitis.  In  neither  condition,  however,  has  this 
operation  secured  a  lasting  position  because  of  the  un- 
certainty of  its  results. 

In  connection  with  the  operation  of  vasectomy, 
there  is  still  some  discu.ssion  as  to  whether  it  has  any 
effect  on  the  sexual  function,  but  all  experienced 
observers  are  agreed  that  the  only  appreciable  result 
is  the  production  of  azoospermia — that  is,  the  dis- 
appearance of  spermatozoa  from  the  seminal  fluid. 
Neither  sexual  desire  nor  sexual  power  is  interfered 
with  by  vasectomy.  The  testes  produce  an  internal 
secretion,  as  well  as  spermatozoa,  and  observation 
proves  conclusively  that  the  operation  of  vasectomy 
does  not  act  adversely  on  either  of  these  functions  of 
the  testes. 

Technique  of  the  Operation. — The  scrotum  is  washed 
with  soap,  water,  and  alcohol,  and  the  spermatic  cord 
is  grasped  between  the  thumb  and  index-finger  of 
the  left  hand.  The  vas  is  detected  and  isolated  and 
held  firmly  while  it  is  transfixed  with  a  pair  of  bullet 
forceps.  A  small  incision  is  now  nia<le  over  it,  and  it  is 
drawn  up  through  the  wound  with  a  tenaculum  hook; 
it  is  stripped  of  its  fine  membranes  and  its  accompanj-- 
ing  artery,  ligated   above,   and   cut   across,  the   tcs- 
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ticular  end  remaining  open  and  untied.  Both  ends 
are  now  permitted  to  drop  back  into  the  scrotum  and  a 
little  iodine  is  painted  over  the  incision  area.  The 
muscle  action  closes  the  wound  without  a  stitch, 
collodion,  or  adhesive.  The  patient  may  resume  his 
work  immediately. 

The  operation  is  painless,  but  in  sensitive  patients, 
a  little  local  anesthesia  may  be  employed.  It  is 
important  that  the  testicular  end  of  the  vas  shall  not 
be  closed,  so  that  the  testicular  secretion  may  be 
deposited  around  the  vessels  of  the  pampiniform 
plexus  and  there  absorbed.  In  this  way  the  body 
receives  the  beneficial  effect  of  the  secretions  of  the 
testes.  By  keeping  the  end  open,  the  formation  of 
cystic  obstruction  is  also  prevented. 

The  operation  of  vasectomy  should  not  be  confused 
with  the  operation  of  va.sotomy,  which  is  described 
in  the  article  on  Vesiculitis.  Abr.  L.  Wolbarst. 


Vasicine. — This  alkaloid  is  derived  from  the  leaves 
of  Adhatoda  vasica  Nees,  an  Indian  plant  in  the  Acan- 
thus family.  Neither  its  chemistry  nor  physiological 
properties  have  been  specifically  studied,  but  it 
appears  well  worthy  of  such  study.  The  leaves  have 
been  found  to  possess  the  pecuUar  property  of  de- 
stroying low  forms  of  vegetable  life  without  injury 
to  the  higher  ones.  They  are  used  in  India  for  throw- 
ing into  the  water  covering  rice  fields,  in  the  early 
stages  of  growth  of  the  rice  plant.  This  kills  the 
algie  and  other  vegetable  aquatic  growths  which  tend 
to  choke  the  young  rice.  They  are  also  used  medi- 
cinally in  India  as  an  aromatic  expectorant  and  antliel- 
mintic.  It  is  probable  that  these  properties  reside, 
at  least  chiefly,  in  the  vasicine.  H.  H.  Rdsut. 


Vater,  Abraham. — Born  at  Wittemberg,  Germany, 
on  Dec.  9,  1084.  He  studied  medicine  at  Merseburg 
and  Leipzig  and  also  at  the  university  of  his  native 
city,  and  received  his  doctor's  degree  from  the  latter 
institution.  In  1717  he  was  given  the  appointment 
of  Professor  Extraordinary  of  Medicine  at  Wittenberg. 
In  1719  he  exchanged  this  chair  for  that  of  anatomy 
and  botany;  pathology  was  added  in  17.37.  Finally, 
in  1746,  he  was  made  Professor  of  Therapeutics  and 
Dean  of  the  Faculty  of  Medicine.  He  died  Nov.  18, 
n.'Jl. 

Vater's  published  writings  are  very  numerous  and 
are  devoted  to  a  great  variety  of  subjects.  His  repu- 
tation, however,  is  based  mainly  on  his  contributions 
to  the  science  of  anatomy.  The  terms  "Vater's 
ampulla,"  "Vater's  corpuscle,"  "Vater's  fold,"  and 
"Vater's  papilla"  are  quite  sufficient  permanently 
to  perpetuate  the  name  of  this  anatomist.      A.  H.  B. 


Velpeau,  Alfred  Armand  Louis  Marie. — Born 
at  BrSche,  in  the  Department  of  Indre-et-Loire, 
France,  on  May  18,  1795.  His  father  was  an  ordinary 
mechanic,  and  poor.  When  Velpeau  reached  the  age 
of  twenty  he  began  to  study  medicine  at  Tours,  under 
Bretonneau,  and  at  the  end  of  two  years  he  succeeded 
in  getting  himself  appointed  an  officier  de  sante.  Two 
years  later  still,  he  had  made  such  progress  in  his 
studies  that  he  was  permitted  to  go  to  Paris  for  the 
purpose  of  obtaining  further  knowledge  at  the  univer- 
sity. He  found  it  a  hard  struggle  to  carry  out  this 
plan,  but  finally  he  managed  to  pull  through.  In  1822, 
he  secured  (after  a  severe  competitive  examination) 
the  position  of  a  regular  Assistant  in  Anatomy.  In 
1823,  he  obtained  the  degree  of  Doctor  of  Medicine, 
and  a  few  weeks  later  he  was  made  Chief  of  Clinic  in 
the  Hospital  of  the  Faculty  and  an  Agr6ge  in  the  Med- 
cal  Section.  .4t  the  suggestion  of  Jules  Cloquet  he 
prepared  and  published  (in  1825-26)  a  book  which 
proved  to  be  unusually  popular — "Traits  d'anatomie 
chirurgicale."     Three  years    later,  he    published  his 
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great  work  on  midwifery  ("trait(5  dlementaire  de  I'art 
des  accouchements,  etc.,  2  vols.,  1829).  In  1834  he 
was  made  Professor  of  the  Surgical  Clinic  in  the  Char- 
it6  Hospital,  as  successor  to  Boyer,  who  had  just  died; 
and  from  this  time  onward,  during  a  period  of  thirty- 
three  years,  he  devoted  all  his  energies  to  general 
surgery.     He  died  Aug.  18,  1867. 

Up  to  1834  Velpeau  appears  to  have  divided  his 
interest  between  several  departments  of  medical 
activity — surgery,  midwifery,  physiology,  and  exter- 
nal pathology;  but  after  he  had  received  his  appoint- 
ment at  the  Charite  he  gave  his  undivided  attention 
to  surgery.  In  1835  he  published  a  treatise  on  diseases 
of  the  lymphatics  ("  Memoire  sur  les  maladies  du 
systeme  lymphatique, "  in  the  Archives  generaks, 
1835  and  1836).  In  1843  and  1846  he  published  two 
treatises  on  the  subject  of  injections  of  iodine  into 


Fig.  48!f0.— a.  A.  L.  M.  Velpeau. 

closed  cavities — the  finst  one  entitled  "Recherches 
anatomiques,  physiologiques,  et  pathologiques  sur  les 
cavitfe  closes  naturelles  ou  accidentelles  de  I'dcono- 
mie  animale,"  and  the  second  "Les  injections  medi- 
camenteuses  dans  les  cavites  closes"  (in  Annates  de  la 
chirurgie,  etc.,  1846).  Then,  a  few  years  later,  he 
published  a  larger  treatise  entitled:  "Trait6  des 
maladies  du  sein  et  de  la  region  mammaire, "  1853 
(2d  edition  in  1858).  This  treatise,  which  is  based  on 
an  experience  of  2,000  cases,  may  justly  be  considered 
his  most  important  work.  A.H.B. 


Ventnor.- — -The  Isle  of  Wight  possesses  certain 
favorable  climatic  features,  both  on  account  of  its 
geographical  position  off  the  south  coast  of  England, 
and  also  on  account  of  its  peculiar  geological  forma- 
tion. It  is  at  Ventnor,  however,  on  the  south 
side  of  the  island,  that  the  conditions  are  the  most 
favorable  for  a  winter  resort,  and  Ventnor  rivals 
Bournemouth  in  its  reputation  for  the  climatic 
treatment  of  pulmonary  tuberculosis,  both  resorts 
having  a  royal  national  hospital  or  sanatorium  for 
cases  of  consumption. 

In  general,  the  climate  of  the  Isle  of  Weight  is  a 
marine,  moist,  mild  one,  cool  in  summer  and  mild  in 
winter,  with  the  prevailing  winds  from  the  south- 
west, i.e.  from  the  ocean.  At  every  season  of  the 
year  one  can  obtain  here  a  mild  tonic  sea  air. 

In  the  southern  portion  of  the  island  a  great  range 
of  chalk  downs  stretches  from  east  to  west,  and  in 
the  southeastern  portion  these  downs  form  high, 
precipitous  cliffs  constituting  the  coast  line,  broken 
here  and  there  by  "chines"  or  deep  indentations. 
Between  the  sea  and  these  high  cliffs  is  a  narrow  strip 
of  coast-land,  called  the  "Undercliff,"  consisting  of 
irregular  terraces  of  chalk  and  sandstone,  the  results 
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of  landslips  from  the  cliffs  above.  This  underclifT 
is  from  100  to  150  feet  above  sea-level,  and  extends 
for  a  distance  of  about  six  or  seven  miles.  The  aspect 
of  the  underclifT  is,  in  general,  due  south.  In  the 
rear,  to  the  north,  rise  the  cliffs,  the  precipitous  face 
of  the  downs,  which  are  from  400  to  800  feet  high, 
thus  affording  complete  protection  from  the  northerly 
winds. 

Upon  the  underclifT,  and  upon  a  series  of  rocky 
terraces  formed  by  the  landslides,  Ventnor  is  built,  a 
town  of  about  6,000  inhabitants,  stretching  from  the 
beach  up  the  cliff  to  a  height  of  nearly  .500  feet;  con- 
sequently the  streets  are  very  steep,  and  among  the 
picturescjue  features  of  the  place  are  this  precipitous 
steepness  and  the  arrangement  of  the  streets  one 
above  another.  Indeed,  there  are  but  few  level 
stretches,  and  those  are  down  by  the  sea. 

The  soil  consists  of  soft  sandstone  and  chalk,  and 
is  fairly  absorbent  and  dry,  but  it  forms  readily,  in 
dry  weather,  a  light  irritating  dust.  The  vegetation 
of  the  undercliff  is  exceedingly  luxuriant  and  varied, 
a  proof  of  the  mildness  of  the  climate  and  the  pro- 
tected situation.  Spring  opens  early,  and  many 
plants  and  shrubs  blossom  throughout  the  winter. 
"Next  to  its  picturescjue  situation,  the  most  striking 
feature  of  Ventnor  is  the  sea — a  great  brilliant  mirror, 
reflecting,  in  fine  weather,  the  light  and  heat  of  the. 
sun  against  the  cliff  and  town"  (J.  Mitchchell 
Bruce,  M.  D.,  "Climates  and  Baths  of  Great  Britain," 
189.5).  There  is  a  sandy  beach  affording  good  bathing, 
and  there  are  also  an  esplanade  and  a  pier.  Ventnor 
is  well  drained  by  an  efficient  sewerage  system,  and 
is  supplied  with  pure  water,  though  hard  from  the 
influence  of  the  chalk.  The  town  is  healthy,  the 
death  rate  being  17.6. 

The  accompanying  chart  indicates  the  various 
climatic  characteristics.  In  the  first  place,  one  ob- 
serves the  groat  equability  of  the  temperature,  not 
only  in  the  yearly  but  in  the  daily  range,  and  the 
absence  of  extremes  of  heat  or  cold. 
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The  relative  humidity  is  high,  as  would  be  expected 
on  the  seashore.  The  rainfall  indicates  a  fairly  wet 
climate,  the  autumn  and  winter  being  the  wettest 
seasons.  The  winds  are  strong,  and  southwesterly 
gales  are  prevalent.  .\s  the  prevailing  wind  comes 
from  the  southwest,  it  blows  mild  in  winter  and  cool 


in  summer.  Easterly  winds  are,  however,  not  infre- 
quent, particularly  in  the  late  winter  and  early  spring, 
and  are  "severe  and  trying."  For  England  the 
amount  of  sunshine  is  large. 

From  what  has  been  said  above  it  will  be  seen  that 
Ventnor  pos.se.sses  many  qualities  of  a  valuable  health 
resort.  Its  situation,  its  well-drained  soil,  the  mild- 
ness of  its  climate,  the  influence  of  the  ocean,  its 
excellent  sanitary  condition,  and  the  opportunities 
for  outdoor  e.xercise,  all  combine  to  make  it  such. 
The  existence  of  a  large  consumptive  ho.spital  here 
indicates  the  reputation  which  Ventnor  formerly 
possessed  as  a  favorable  resort  for  patients  suffering 
from  pulmonary  tuberculosis.  Home  Sanatoria  anrl 
the  accessibility  of  more  favorable  climatic  resorts 
in  Switzerland  and  el.sewhere,  however,  have  directed 
patients  suffering  from  this  disease,  so  that  few, 
outside  the  sanatorium  now  spend  winter  there. 
The  place  is  also  recommended  for  convalescents  from 
acute  diseases  and  operations,  for  weakly  scrofulous 
children,  and  those  suffering  from  tuberculous  hip 
or  knee-joint  disease,  for  persons  with  larj^ngeal  and 
bronchial  affections,  hepatic  and  renal  diseases,  for 
the  delicate  and  aged,  for  those  suffering  from  atonic 
and  nervous  dyspepsia,  neurasthenia  and  for  those 
debilitated  from  any  cause.  Those  suffering  from 
heart  disease  will  find  little  opportunity  for  exercise 
suited  to  them  on  account  of  the  steepness  of  the 
streets. 

Finally,  Ventnor,  which  has  been  called  "the 
English  Madeira,"  is  a  most  fascinating  seaside  resort 
in  summer  for  the  healthy,  as  the  writer  can  testify 
to  from  personal  experience.  Besides  the  charm  of 
Ventnor  itself,  with  its  wealth  of  vegetation  and  the 
beauty  of  its  ocean  view,  there  are  innumerable 
excursions  replete  w-ith  interest  all  over  the  island; 
the  roads  are  excellent,  and  the  means  of  conveyance 
good  and  cheap.  Ventnor  is  easily  and  quickly 
reached  from  London  by  way  of  Portsmouth,  thence 
by  a  short  steamer  journey  across  the  Solent,  and 
again  by  rail  from  Ryde.  The  accommodations  are 
of  great  variety  and  excellent.  The  reader  is  al.-o 
referred  to  "Health  Resorts  of  the  British  Islands 
by  Neville  Wood  N.  D.  London,  1912. 

Edward  O.  Otis. 


Veratrine. — {Veralrina,  V .  .S.,  B.  P.;  yeTatrinum 
P.  G.)  A  mixture  of  alkaloids  obtained  from  the 
seed  of  AsagT(za  officinalis  (Sch.  et  Ch.)  Lindley  (fam. 
Liliaceae). 

The  bulbous  perennial  named  above,  native  of 
Mexico  and  Central  America,  was  long  considere<l 
a  species  of  Veralrum,  whence  the  alkaloids  derived 
their  name.  The  seeds,  which  are  official  in  some 
pharmacopoeias,  and  were  formerly  so  in  ours,  arc 
called  sabaiiitla  or,  more  correctly,  cevadiUn  seeds, 
and  are  narrowly  fusiform,  with  a  flattened  mem- 
branous top  and  about  one  centimeter  or  less  (one- 
fourth  inch)  in  length;  dark,  shining,  brown,  wrinkled. 
When  powdered,  the  dust  excites  violent  sneezing. 
T.oste  bitter  and  acrid.  The  ten  per  cent,  tincture  is 
largely  used  as  a  parasiticide. 

The  seeds  contain  upward  of  four  per  cent,  of  alka- 
loid, isolated  and  named  veratrine  by  MeLssncr  in 
1818,  under  the  supposition  that  it  was  a  pure  alka- 
loid. It  is  now  known  to  consist  chiefly  of  two 
alkaloids,  for  one  of  which  the  name  veratrine  has 
been  retained,  the  other  being  called  veratroiditu. 
Several  others  are  supposed  to  be  present,  but  have 
not  been  studied. 

The  mLxed  alkaloid  is  thus  described  by  the  Pharma- 
copoeia: 

Veratrine  is  a  white,  or  grayish-white,  amorphous 
powder,  odorless,  but  causing  inten.se  irritation  and 
sneezing  when  even  a  minute  quantity  reaches  the 
nasal  mucous  membrane.  Great  caution  must  be 
used  in  tasting  it.     It  is  slightly  hygroscopic. 
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One  gram  of  veratrine  dissolves  in  1,760  mils  of 
water,  2.8  mils  of  alcohol,  0.7  mil  of  chloroform,  and 
in  4.2  mils  of  ether  at  25°  C;  also,  in  1,345  mils  of 
water  at  80°  C;  insoluble  in  purified  petroleum 
benzin. 

Its  alcoholic  solution  is  alkaline  to  moistened  litmus 
paper. 

Triturate  about  0.05  gram  of  veratrine  with  2  mils 
of  sulphuric  acid  in  a  glass  mortar;  the  yellow  or 
orange-red  solution  exhibits  by  reflected  light  a 
greenish  fluorescence,  which  becomes  more  intense 
upon  the  addition  of  an  equal  volume  of  sulphuric 
acid.  Upon  standing,  the  solution  gradually  assumes 
a  deep  red  color. 

Sulphuric  acid,  when  heated  with  veratrine,  gives  a 
cherry-red  color.  Sulphuric  acid  added  to  a  mixture 
of  one  part  of  veratrine  and  six  parts  of  sugar  produces 
a  green  color  which  changes  to  blue,  and  the  mixture 
then  becomes  colorless. 

No  weighable  ash  remains  on  incinerating  0.1  gram 
of  veratrine. 

An  alcoholic  solution  of  veratrine  (1  in  20)  remains 
clear  after  the  addition  of  platinio  chloride  T.S. 
(various  foreign  alkaloids). 

The  isolated  and  purified  veratrine  proper  (Cs^Hig- 
NO9  -I-  H2O)  occurs  in  white  crystals,  melting  at  205° 
C.  and  soluble  in  alcohol  and  ether.  Veratridine  is 
an  isomer  of  veratrine,  but  is  not  crystalline. 

Veratrine  is  a  most  poisonous  substance,  producing 
violent  vomiting  and  catharsis,  followed  by  intense 
cardiac  depression  and  acute  gastroenteritis.  In 
ointments,  unless  very  much  diluted,  it  is  also  irritat- 
ing, and  not  free  from  the  danger  of  being  absorbed. 
In  minute  doses  it  is  occasionally  given  (0.0015  to 
0.003  =  gr.  A  ad  gr.  ^5)  for  chronic  rheumatism, 
neuralgia,  etc.,  but  is  becoming  obsolete.  Exter- 
nallv,  as  liniment,  ointment,  or  oleate,  it  is  more  fre- 
quentlv,  yet  still  rarely,  in  this  country,  used  for  the 
same  purposes.  Most  of  all,  however,  it  is  employed 
in  the  above  forms  for  pediculosis,  both  in  man  and 
in  animals,  for  which  purpose  it  is  very  efficient;  yet 
it  is  not  so  safe,  and  no  more  certain,  than  washing  the 
affected  surface  with  kerosene,  or  a  weak  U^-r,) 
solution  of  corrosive  sublimate. 

Administration. — The  Pharmacopoeia  authorizes 
two  convenient  preparations;  the  oleate  {Oleatum 
Veratrinae),  which  is  a  two-per-cent.  solution  in  oleic 
acid  and  an  ointment  Unguenlum  Veratrince  consisting 
of  4  parts  of  veratrine,  90  of  benzoinated  lard,  and 
6  of  olive  oil.  Henry  H.  Rdsby. 


Veratrol,  dimethyl-pyrocatechin,  C6H4(OCH3)2,  is 
a  clear  mobile  liquid  soluble  in  alcohol,  ether,  and  the 
fatty  oils.  It  closely  resembles  guaiacol  (methyl- 
pyrocatechin),  but  is  more  irritating,  so  that  its  use  is 
chiefly  confined  to  external  application.  It  has  been 
applied  with  good  result  in  intercostal  neuralgia  and 
epididymitis.  Diluted  with  olive  oil  it  is  recom- 
mended as  an  abdominal  application  in  tuberculous 
peritonitis.  W.  A.  B.vstedo. 

R.  J.  E.  Scott. 


Veratrum  Viride. — American  Hellebore.  Ameri- 
can Green  Hdkhore.  Italian  Poke,  Ilch-weed.  ("Green 
hellebore,"  but  not  to  be  confused  with  lielleborus 
viridis.)  The  dried  rhizome  and  roots  of  Veratrum 
tyiride  Ait.  (fam.  Mclanlhacem  [" Liliacece,"  U.  S.  P.]). 
Not  more  than  five  per  cent,  of  stems  and  other 
foreign  matter  is  permissible.  The  plant  is  a  large, 
conspicuous  swamp  herb,  having  a  simple  upright, 
leafy  stem,  from  50  to  150  centimeters  high  (2  to 
5  feet),  and  terminating  in  a  large  spicate  panicle. 
Leaves,  3-ranked,  large,  ovate,  or  broadly  oval, 
pointed,  sessile,  clasping  at  the  base,  from  15  to  40 
centimeters  long.     Flowers  moneciously  polygamous, 


regular,  1  or  2  centimeters  across,  spreading.  Peri- 
anth of  six  narrow,  pointed  segments;  stamens  six;  an- 
thers extrorse,  opening  transversely  across  the  top; 
carpels  three;  fruit  of  three  many  seeded  follicles. 
The  whole  plant  is  slightly  pubescent,  and  of  a  bright, 
light  green  color,  flowers  and  all.  It  grows  abundantly 
in  marshes  and  along  brooksides  in  the  cooler  parts  of 
North  America — the  northern  United  States,  Canada, 
and  Alaska.  Its  common  neighbor,  and  a  plant  which 
might  be  mistaken  for  it,  is  the  skunk  cabbage,  but 
that  has  subrotund  leaves,  at  least  as  broad  as  long, 
and  they  lack  the  conspicuous  plaits  of  veratrum. 
The  leaves  have  occasionally  been  used  as  pot-herbs, 
through  ignorance,  and  fatal  poisoning  has  thus 
resulted.  The  hairs  of  veratrum  are  slightly  irri- 
tating to  the  skin  of  many  persons,  whence  the  name 
"itch-weed."  Varieties  apparently  identical  with  it 
are  found  in  Alpine  districts  in  Europe  and  in  eastern 
Asia.  The  type  of  the  species,  V.  album,  replaces  it 
in  Europe  and  Asia  generally. 

The  poisonous  properties  of  this  plant  are  said  to 
have  been  known  to  the  aborigines,  by  some  tribes 
of  whom  it  was  used  as  a  sort  of  ordeal  to  test  their 
strength  and  vigor.  "He  whose  stomach  made  the 
most  vigorous  resistance,  or  soonest  recovered  from 
its  effects,  was  considered  the  stoutest  of  the  party 
and  entitled  to  command  the  rest"  (Bigelow,  "Med. 
Bot.,"  quoting  Josselyn).  It  was  also  one  of  the 
numerous  things  used  by  the  early  settlers  to  poison 
seed  corn  for  protection  against  birds;  it  is  still  occa- 
sionally so  used.  In  the  early  part  of  this  century 
it  was  employed  as  a  substitute  for  V.  album  in  gout, 
rheumatism,  etc.,  in  the  treatment  of  which  th.at  sub- 
stance was  then  popular,  and  also  as  a  parasiticide, 
for  which  purpose  both  have  been  superseded  by 
veratrine  and  other  things.  Its  modern  use  as  a 
cardiac  depressant  is  of  the  last  half-century  only. 

The  rhizome,  which  is  the  part  used,  is  collected  in 
the  autumn  and  generally  split  longitudinally  to 
facilitate  drying,  but  it  may  be  variously  cut  or  left 
whole;  the  roots,  to  the  length  of  10  or  15  centimeters, 
are  left  attached,  and  dry  in  a  skein  around  its  lower 
end.     The  official  description  is  as  follows: 

Rhizome  upright,  ovoid  or  obconical,  2.5  to  7  centi- 
meters (1  to  3  inches)  long  and  two-thirds  as  broad, 
externally  light  to  dark  brown  or  blackish,  frequently 
bearing  at  the  summit  some  coarsely  fibrous  remains 
of  leaf-bases,  densely  clothed  at  the  sides  with  coarse 
roots;  internally  grayish  or  yellowish  white,  exhibit- 
ing numerous  short,  irregular  wood-bundles;  roots 
about  10  to  20  centimeters  (4  to  8  inches)  long  and 
about  1  or  2  millimeters  (^  to  ^"3  inch)  thick,  light 
yellowish  brown,  much  shrivelled,  the  surface  some- 
wliat  reticulate-wrinkled;  inodorous,  but  the  powder 
highly  sternutatory;  taste  bitterish,  and  very  acrid. 

It  is  very  difficult  to  distinguish  the  V.  album  from 
this,  and  impossible  when  they  are  powdered.  V. 
album,  if  fresh,  is  lighter  colored,  and  its  roots  are 
thicker,  fewer,  more  spongy,  and  more  reticulate- 
wrinkled.     The  properties  are  apparently  identical. 

Besides  containing  resin  and  starch,  veratrum  has 
a  complex  alkaloidal  composition,  regarding  which 
authors  are  not  agreed.  The  individual  alkaloids 
are  only  of  theoretical  interest,  as  they  are  not  used, 
only  one  of  them  (jervine)  being  listed,  and  tliat  for 
experimental  purposes. 

Jervine  (C20H37NO3  +  2H2O)  is  a  whitish  powder, 
soluble  in  alcohol. 

Pseudojervine  (C29H49NOi>)  is  very  similar  to  it  and 
slightly  soluble  in  absolute  alcohol,  while  Veratroi- 
dine  (CsiHtsNjOis)  is  alcohol-soluble.  There  is  a 
very  little  rubijervine,  which  strongly  resembles  the 
last. 

Action  and  Use. — Veratrum,  in  its  therapeutical 
action,  is  the  practical  equivalent  of  aconite.  Owing 
to  its  pronounced  emetic  action,  it  is  far  less  dangerous 
as  a  poison.     The  action  has  been  studied  with  care 
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by  several  Americans,  especially  by  Dr.  H.  C.  Wood, 
from  whose  "Therapeutics"  this  paragraph  is  largely 
condensed.  His  experiments  were  made  with  jervine 
and  Bullock's  "veratroidine." 

The  symptoms  of  poisoning  by  jervine  in  animals 
are  sluggishness,  muscular  weakness,  and  tremblings, 
followed  shortly  after  by  violent  convulsions  and 
great  prostration.  Sensation  is  affected  only  very 
late,  and  consciousness  almost  not  at  all.  There 
is  no  purging  or  vomiting,  but  always  profuse 
salivation.  Death  occurs  from  cessation  of  respira- 
tion. Jervine  is  an  intense  cardiac  sedative,  acting 
botli  directly  upon  the  muscle  of  the  heart  or  its 
local  ganglia,  and  indirectly  through  the  general 
vasomotor  system.  It  reduces  the  force  of  the  heart 
beats  and  the  arterial  pressure  to  a  very  great  degree. 
The  rapidity  of  the  heart  is  also  diminished  while 
the  animal  is  quiet,  but  even  slight  exertion  raises 
it  to  rapid  and  incoherent  action.  There  is  also  in 
jervine  poisoning  a  marked  reduction  of  spinal  reflex. 
It  is  not  locally  irritating.  The  other  alkaloid, 
."veratroidine,"  resembles  jervine  in  its  general  action, 
but  is  a  local  irritant  like  veratrine  and  produces 
generally  vomiting  and  diarrhea,  which  the  other 
does  not.  It  stimulates  the  pneumogastric,  and  for 
a  while  increases  the  arterial  pressure.  The  crude 
drug  has  naturally  the  combined  action  of  its  two 
alkaloids,  and  within  its  medical  limits  produces  in 
man  weakening  and  infrequency  of  the  pulse,  lassi- 
tude, and  increase  of  salivary  and  cutaneous  secre- 
tions, lowering  of  temperature,  and  sometimes  vomit- 
ing. None  of  these  effects  should  be  pressed  beyond 
a  moderate  degree.  Its  utility  is  limited  by  conditions 
requiring  these  modifications — that  is,  quick,  hard- 
bounding  pulse,  febrile  excitement,  high  temperature, 
and  dry  skin — conditions  found  only  in  the  early 
stages  of  acute  febrile  diseases  in  robust  or  plethoric 
patients — in  the  beginning  of  pneumonia,  pleurisy, 
rheumatism,  etc.;  in  the  hypertrophic  stage  of  cardiac 
disease  it  may  be  needed,  but  not  often;  in  typhoid, 
septic,  and  other  adynamic  febrile  conditions  it  should 
never  be  given,  nor  as  an  emetic. 

In  overdoses  the  vomiting,  purging,  and  prostra- 
tion are  best  combated  by  opium  and  stimulants, 
with  a  strictly  enforced  recumbent  position.  Death 
is  very  unusual,  even  in  the  most  alarming  cases. 
It  is,  however,  liable  to  occur  very  late  in  the  case, 
when  danger  is  supposed  to  be  past. 

Administration. — The  dose  of  the  substance  itself 
is  about  a  decigram  (gr.  iss),  repeated  rather  fre- 
quently and  in  increasing  doses  until  the  pulse  is 
affected.  During  the  administration  the  patient 
should  be  carefully  watched.  Once  an  hour  is  a  good 
interval  for  the  first  few  doses.  The  following  good 
preparations  are  official:  The  fluid  extract  {Exlradum 
Veratri  Viridis  Fluidum,  V.  S.  P.),  and  a  tincture 
{Tindura  Veralri  Viridis,  U.  S.  P.),  strength  ten  per 
cent.,  dose  TTlv  to  XV  (0.3-1.0).  W.  P.   Bolles. 


Vermiformia. — A  suborder  of  arachnids  including 
degenerate  parasitic  mites,  with  the  body  elongated, 
and  with  the  third,  fourth,  fifth,  and  sixth  pairs  of 
appendages  3-segmented.  There  is  only  one  family, 
Demodicidm,  which  contains  the  follicle  mites.  See 
Arachnida.  A.  S.  P. 


Verneuil,  Aristide  Auguste  Stanislas. — Born 
at  Paris,  France,  on  Sept.  29,  1823.  During  the 
course  of  his  medical  studies  he  had  for  teachers 
Lisfranc,  Bazin,  DenonvUliers,  and  Malgaigne.  He 
received  his  doctor's  degree  in  1852,  and  was  made 
an  Agr(5g(;  of  the  Faculty  in  1853.  In  1856  he  was 
appointed  a  Surgeon  of  the  Bureau  Central,  and  after- 
ward   (1862-07)    ho   was    assigned    to    duty  at   the 


following  hospitals  in  succession:  Lourainc.  Hopital 
du  Midi,  Lariboisiere,  Pitie,  and  Hotel-Dieu.  In 
1868  he  was  chosen  Professor  of  External  Pathology. 
In  1809  he  was  elected  President  of  the  S<«-ieto  de 
Chirurgie,  and  in  1872  Professor  of  the  Surgical  Clinic 
at  the  Hopital  de  la  Pitie.     He  died  June  11,  1895. 

While  ^'erneuil's  name  is  not  connected  with  any  im- 
portant discovery  in  surgery,  he  nevertheless  contrib- 
uted his  full  share  toward  improving  tlie  surgical  prac- 
tice of  his  time.  It  was  largely  owing  to  his  influence, 
for  example,  that  the  dry  method  of  dressing  wounds, 
which  had  been  practised  by  some  of  the  leading  sur- 
geons of  the  Middle  Ages,  had  then  fallen  into  disuse, 
and  was  again  revived  by  Guerin  (1878;,  was  universally 
adopted  in  France.  He  also  approved  of  forcipressure 
as  a  means  of  diminishing  the  loss  of  blood  in  opera- 
tions, and  was  a  believer  in  the  iodoform  treatment  of 
abscesses  and  in  the  strict  enforcement  of  hygienic 
measures  in  the  management  of  hospitals.  Fin:'.lly, 
it  was  he  who  suggested  to  Nicaise  the  desirability  of 
making  and  publishing  a  new  translation  of  the  writ- 
ings of  Pierre  Franco.  In  addition  to  all  this,  Verneuil 
was  a  clever  operator.  The  following  are  the  most 
important  of  his  published  writings:  "Recherches  sur 
la  locomotion  du  coeur,"  1852;  "Le  systeme  veineux, 
anatomic  et  physiologic,"  1853;  and  his  great  work 
entitled  "  M^moires  de  chirurgie, "  6  volumes,  1877-88. 

A.  H.  B. 


Veronal,  diethyl-malonyl-urea,malourea,C.(C2H4)j. 
C0.(C0NH)3,  is  a  white  crystalline  powder  of  faintly 
bitterish  taste,  and  soluble  in  145  parts  of  cold  water 
and  twelve  of  boiling  wat«r. 

The  hypnotic  action  of  various  compounds,  such  as 
amylene  hydrate  and  trional,  is  largely  due  to  the 
presence  of  ethyl,  so  Fischer  and  von  ^Iering,  by  the 
introduction  of  ethyl  groups  into  various  substances, 
have  sought  to  produce  a  series  of  new  hypnotics. 
Of  this  series  the  most  valuable  addition  to  our  sleep- 
producing  armamentarium  is  veronal.  As  a  pure 
hypnotic  this  drug  resembles  trional,  but  seems  to 
have  greater  power.  Berent  found  that  even  when 
given  in  the  day-time  to  walking  patients  it  induced 
drowsiness  and  sometimes  sleep.  Wurth  treated 
eighty-four  cases  of  insanity  with  2,100  doses  averag- 
ing 8  grains  (0.5  gram)  three  times  a  day,  and  found 
the  drug  distinctly  sedative  in  motor  and  maniacal 
excitement.  Rosenfeld  was  successful  in  inducing 
sleep  in  hysterical  and  other  nerx'ous  patients 
after  bromides,  chloral,  trional,  and  warm  baths  had 
failed.  Tolerance  is  not  readily  established,  and  after 
the  first  few  nights  the  dose  may  be  reduced  by  half. 
Most  clinicians  advise  not  to  e.xcced  15  grains  (1.0 
gram)  at  a  dose,  but  in  chronic  alcoholism,  delirium 
tremens,  dementia,  and  acute  febrile  diseases,  more 
has  been  found  necessary.  Berent  used  as  much  as 
50  grains  (3.5  grams)  without  unpleasant  after-effects 
other  than  heaviness  and  vertigo.  Vet  there  are 
numerous  reports  of  heaviness,  drowsiness,  headache, 
dizziness,  and  staggering  gait  after  doses  exceeding 
15  grains  (1  gram).  The  last-named  writer  considered 
15  grains  (1  gram)  of  veronal  the  equal  of  i  grain 
(0.10  gram)  of  morphine  as  a  pure  hypnotic,  ^^■he^e 
there  is  localized  pain  the  drug  has  no  effect.  No 
noteworthy  influence  is  exerted  on  digestion,  respira- 
tion, the  heart,  or  the  kidneys.  A  few  cases  of  skin 
eruption  after  prolonged  use  are  reported. 

Veronal,  then,  is  a  sedative  to  the  nervous  system, 
producing  after  one-half  to  two  hours  a  sleep  resem- 
bling the  natural.  Patients  are  easily  aroused,  but  soon 
fall  asleep  again;  when  aroused  they  are  in  full  posses- 
sion of  their  faculties.  The  dose  is  8  to  15  grains 
(0.5-1.0  gram)  in  hot  milk  or  in  capsule.  Roberts 
Bartholow  recommends  the  combination  of  gr.  x 
of  veronal  with  gr.  v  of  trional. 

W.    A.    B.\STEDO. 

R.  J.  E.  Scott. 
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Verruca. — Synonyyn:  Wart. 

Dcfiititinn. — Warts  are  variously  sized,  hard  or  soft. 
raised,  rounded,  or  flat,  acuminate  or  filiform,  papil- 
lary growths,  covered  with  thickened  hj'pertrophic 
epidermis.  As  a  convenience  in  classification,  and 
because  of  differences  in  clinical  appearance,  warts  are 
divided  into  several  varieties:  Verruca  digitata;  Ver- 
ruca vulgaris;  Verruca  filiformis;  Verruca  acuminata; 
Verruca  necrogenica;  Verruca  plana;  \'erruca  plana 
juvenalis;  Verruca  digitata.  The  latter  variety  of 
wart  is  most  frequently  observed  on  the  scalp,  and 
consists  of  several  digit-like  projections,  originating 
from  a  common  base.  The  projections  are  very  vas- 
cular and  bleed  easily,  particularly  when  the  filaments 
are  forcibly  spread  apart.  They  are  usually  dirty 
white  to  brownish-black  in  color. 

Verruca  vulgarix  is  the  variety  most  commonly  ob- 
served; it  occurs  most  frequently  on  the  fingers  and 
back  of  the  hands.  The  feet,  face,  and  scalp  are 
occasionally  attacked,  and  in  one  specific  instance  I 
have  seen  the  mucous  membrane  of  the  mouth  literally 
covered  with  the  growths.  They  usually  consist  of 
one  or  more  pin-head  to  pea-sized,  rounded,  circum- 
scribed, elevated  lesions,  of  a  brownish-gray  color  and 
covered  with  rough,  horny,  minute  elevations.  They 
occasionally  attack  the  nail-folds,  and  even  appear 
beneath  the  free  border  of  the  nails,  exceedingly  annoy- 
ing sites.  Occasionally  the  lesions  spread  from  a 
single  one,  the  so-called  "mother  wart."  At  times 
they  coalesce  forming  a  large  verrucous  mass.  They 
are  painless  and  not  pruritic. 

Verruca  filiformis  is  a  thread-like,  pointed  growth, 
covered  with  soft,  unchanged  epidermis.  Kaposi  be- 
lieves these  growths  to  be  minute  fibromas  and  not 
warts. 

Verruca  acuminata  is  described  in  volume  iii.  of 
this  Handbook. 

Verruca  necrogenica  is  described  under  the  heading 
of  Skin,  T-uherculosis  of  the. 

Verruca  plana,  Verruca  seborrheica,  Keratosis  pig- 
mentosa are  flat,  pea-  to  dime-sized,  or  larger  growths. 
most  frequently  found  on  the  backs  and  faces  of 
elderly  people.  They  are  of  a  yellowish-brown  to 
blackish  color,  and  are  at  times  covered  with  a  rough 
papillomatous  epidermis,  and  at  other  times  with 
greasy  scales,  hence  the  name  of  seborrhoic  wart.  It 
is  in  these  particular  lesions  that  the  application 
of  insufficiently  strong  caustics  in  attempts  at  re- 
moval, traumatism,  and  other  forms  of  irritation  fre- 
quently cause  epitheliomatous  degeneration. 

Verruca  plana  juvenalis  is  very  distinct  from  the 
other  types  of  warts;  they  are  flat  and  smooth,  and 
usually  of  the  same  color  as  the  normal  skin.  They 
are  usually  very  numerous,  and  are  noted  on  the  face, 
particularly  the  chin  and  lower  cheeks,  as  frequently 
as  on  the  hands  and  w-rists.  They  occasionally  evince 
a  tendency  toward  grouping;  this  and  their  polygonal 
outline  give  them  a  close  resemblance  to  lichen  planus 
papules. 

Etiology  and  Pathology. — While  many  different 
varieties  of  microorganisms  have  been  found,  the  pre- 
cise cause  of  warts  is  unknown.  Kuhnemann  has 
isolated  a  bacillus  and  succeeded  in  producing  sug- 
gestive lesions  in  rabbits,  but  his  observations  have 
not  been  confirmed.  Warts  are  undoubtedly  con- 
tagious; they  have  been  successfully  inoculated  by 
Merian,  Judassohn,  Vives,  Payne,  Variot,  Lanz,  and 
others.  Autoinoculation  also  seems  probable,  as  the 
lesions  seem  to  spread  from  a  primary  wart,  the  so- 
called  "mother  wart,"  to  which  attention  was  first 
called  by  Vidal.  Pathologically,  there  is  marked  con- 
nective-tissue growth,  and  in  the  interior  dilated  ves- 
sels, together  with  varying  degrees  of  epidermic  and 
papillary  hypertrophy. 

Diagnosis. — Warts  are  usually  easily  recognized. 
Lichen  planus  lesions  are  differentiated  by  their  shiny 
and  violaceous  appearance,  and  are  intensely  pruritic. 
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Molluscum  contagiosum  has  a  central  opening  from 
which  semi-liquid  contents  can  be  expressed.  Moles 
are  soft,  deeply  pigmented,  and  are  present  from 
infancy. 

Treatment. — The  seborrhoic  or  keratotic  warts  of 
the  aged,  if  in  a  location  free  from  irritation,  and  with 
no  signs  of  epitheliomatous  degeneration,  should  be 
left  severely  alone.  Epitheliomata  so  frequently  fol- 
low ineffectual  attempts  at  removal,  that  it  were 
best  to  err  on  the  safe  side,  and  do  nothing;  if,  how- 
ever, the  location  of  the  lesion  is  subject  to  friction  or 
other  irritation,  as  on  the  neck,  waist  line,  etc.,  it 
should  be  excised,  or  treated  with  the  x-ray.  Silver 
nitrate  and  similar  caustics  do  nothing  more  than  act 
as  simple  irritants.  All  other  varieties  of  warts  are 
easily  and  permanently  removed  by  electrolysis, 
x-rays,  fulguration,  galvanocauterization,  and  acids; 
the  most  efficient  of  the  latter  is  trichloracetic.  Nitric 
acid  is  frequently  used  by  the  laity.  Trimble  called 
attention  to  the  tendency  of  this  acid  to  form  keloid- 
like  scars,  and  my  own  observations  have  fully  demon- 
strated this  fact  for  I  have  frequently  seen  the  most 
disfiguring  scars  following  its  use.  Galvanocauteriza- 
tion is  a  very  efficient  method,  and  if  used  cautiously 
seldom  leaves  a  perceptible  scar.  In  my  experience 
it  has  been  most  applicable  in  verruca  digitata. 
Electrolysis  acts  exceedingly  well  in  verruca  vulgaris. 
The  x-rays  are  frequently  curative,  and  have  the 
added  advantage  of  painless  application.  The  sali- 
cylic acid  "wart  cures"  are  exceedingly  slow  in  action, 
but  if  persisted  in,  eventually  remove  the  growths. 
A  favorite  formula  is: 

Acidi  salicylici    3  i 

Ext.  cannabis  indicsB pr,  x 

Collodii  flex ad  Si 

M. 

In  verruca  plana  juvenalis  I  have  been  very  success- 
ful with  the  use  of  a  three  to  five  per  cent,  solution  of 
resorcin  in  equal  parts  of  alcohol  and  water,  freely 
applied  twice  daily;  if  irritation  is  caused,  it  should  be 
discontinued,  and  ordinary  cold  cream  applied  until 
the  subsidence  of  the  irritation,  when  the  use  of  the 
solution  is  resumed.  Of  the  internal  remedies  recom- 
mended, arsenic  is  the  most  valuable,  and  at  times  in 
verruca  plana  juvenalis  acts  almost  as  a  specific.  It 
must,  however,  be  given  in  very  full  doses,  and  in 
soluble  form.  Fowler's  solution  is  one  of  the  best  of 
the  arsenical  preparations  in  this  particular  derma- 
tosis. C.  J.  White  has  recently  brought  to  the  at- 
tention of  the  profession  the  use  of  mercury  in  verruca 
plana  juvenalis;  the  protoiodide  seems  to  have  a  more 
definite  specific  action  than  the  other  forms  of  mercury. 
Paul  E.  Bechet. 


Version. — Version  may  be  defined  as  an  obstetrical 
procedure  by  which  one  presenting  pole  of  a  fetus  at 
or  near  term  is  substituted  for  the  other.  It  is  one 
of  the  oldest  obstetrical  operations  and  is  referred  to 
by  Hippocrates,  Celsus,  and  various  writers  before 
the  Middle  Ages.  Pare  in  the  sixteenth  century  again 
described  the  operation,  which  has  been  very  exten- 
sively employed  ever  since. 

Version  may  be  divided  into  external  and  internal, 
cephalic  and  podalic.  If  external  and  internal  manipu- 
lations are  both  used,  it  is  known  as  bipolar  version. 
At  the  present  time  the  internal  podalic  version  is 
the  method  usually  employed,  commonly  as  a 
preparatory  procedure  for  rapid  delivery  when  the 
latter  is  demanded  by  either  the  condition  of  the 
mother  or  child. 

External  Version. — In  ordinary  cases  the  de- 
livery of  the  child  by  the  vertex  in  an  anterior  posi- 
tion "is  regarded  as  the  most  normal,  and  if  a  trans- 
verse or  breech  presentation  is  diagnosed  before  labor, 
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(  xforrial  iiiaiii|)ulations  may  be  attonipted  to  change 
llic'se  malpositions  into  a  vertex  presentation.  This 
can  be  done  after  the  effort  to  cliaiiRC  the  position 
by  having  the  mother  assume  a  position  that  favors 
rlescent  of  the  head;  thus  in  transverse  presentations 
I  lie  mother  is  directed  to  lie  on  that  side  toward 
\. liich  the  head  points,  as  this  will  permit  the  breech 
lo  fall  over  toward  the  opposite  side.  The  applica- 
1  ion  of  a  snug  abdominal  binder  with  towel  pads  on 
'ither  side  may  be  necessary  to  retain  the  fetus  in  the 
new  position,  but  ordinarQy  the  procedure  is  not  suc- 
cessful. External  manipulations  may  also  be  used 
to  convert  a  breech  presentation  into  a  vertex,  but 
here  likewise  the  result  is  not  always  satisfactory. 
In  ca.ses  where  an  external  cephalic  version  is  con- 
templated, the  patient  is  placed  in  a  slight  Trendelen- 
burg position  and  directed  to  relax  as  much  as  pos- 
sible, the  bladder  and  rectum  having  been  previously 
emptied.  It  is  essential  that  the  memfaranes  be 
intact.  With  one  hand  over  the  breech  and  the  other 
over  the  head,  the  fetus  is  gradually  pushed  around 
until  the  head  comes  over  the  inlet.  If  the  patient 
is  in  labor  the  head  must  be  held  in  its  new  position 
until  the  pains  have  forced  it  into  the  inlet  and  when 
dilatation  is  complete  or  nearly  so,  the  membranes 
may  be  ruptured. 

Internal  Version. — As  already  stated  internal 
podalic  version  is  the  procedure  usually  employed 
where  it  is  necessary  to  turn  the  child  for  purposes  of 
rapid  extraction  or  where  the  expulsive  forces  may 
be  insufficient.  The  details  of  the  procedure  to  be 
employed  depend  to  some  extent  on  the  dilatation  of 
the  cervix  and  the  necessity  for  immediate  delivery. 
In  cases  where  the  cervix  is  only  one  or  two  fingers 
dilated,  the  bimanual  method  may  be  employed, 
with  which  the  name  of  Braxton-Hicks  is  so  frequently 
as.sociated.  If  the  cervix  is  completely  dilated  or 
dilatable  and  the  fetus  mobile  in  the  uterus,  the  intro- 
duction of  the  hand  for  the  purpose  of  turning  the 
child  is  preferable. 

The  Braxlon-Hicks  version  may  be  taken  up  first. 
It  has  a  rather  limited  application  because  if  done 
through  an  undilated  cervix  the  necessity  for  subse- 
quent rapid  extraction  may  prove  dangerous.  Its 
main  application  is  in  cases  of  placenta  previa  and  it 
is  occasionally  used  in  shoulder  presentations.  The 
method  is  as  follows:  With  one  or  two  fingers  intro- 
duced into  the  cervix  the  presenting  part  is  gradually 
pushed  up  out  of  the  pelvic  inlet  while  the  external 
hand  aids  the  movement  by  manipulating  the  other 
])ole  of  the  fetus  in  an  opposite  direction.  When  the 
knee  of  the  child  comes  within  reach  it  is  hooked 
with  the  finger  and  pulled  clown  through  the  os.  The 
foot  is  then  brought  down  through  the  cervix  and 
delivered  into  the  vagina.  Further  manipulations 
then  ce.ase  and  the  natural  pains  employed  to  complete 
the  dilatation  of  the  cervix  with  the  advancing  breech, 
or  immediate  extraction  may  follow. 

Among  the  indications  for  complete  internal  podalic 
version  in  transverse  or  head  presentations  we  must 
consider  the  following:  abnormal  attitude  of  the  child, 
including  face,  brow,  back,  or  shoulder  presentations 
with  prolapsed  hand,  prolapse  of  the  cord,  placenta 
previa,  any  complication  demanding  immediate  de- 
livery where  the  forceps  cannot  be  employed,  and 
slight  degrees  of  pelvic  flattening.  In  all  cases  the 
cervix  must  be  fully  dilated  or  dilatable  and  the  head 
not  firmly  engaged.  The  degree  of  pelvic  contraction 
should  be  determined  and  no  excessive  rigidity  of  the 
soft  parts  present.  The  uterus,  moreover,  must  not 
be  in  a  condition  of  tonic  contraction  and  a  sufficient 
amount  of  liquor  aninii  present  to  avoid  the  danger 
of  rupture.  The  procedure  is  as  follows:  With 
the  patient  in  the  lithotomy  position  on  a  table,  the 
knees  well  flexed,  bladder  and  rectum  empty,  a  deep 
degree  of  anesthesia  sec\ired,  a  careful  examination 
is  made  to  determine  the  condition  of  the  soft  parts 


and  if  the  cervix  is  not  fully  dilated  this  is  completed 
manually.  Dilatation  of  the  vulvar  outlet  with  the 
hand  may  also  be  done  where  necessary.  If  the 
membranes  are  not  ruptured  this  is  done,  care  being 
taken  that  the  cord  does  not  prolapse  with  the  escape 
of  the  li(|Uor  amnii.  The  uterus  is  then  entered  by 
(hat  hand  the  palm  of  which  comes  opposite  to  the 
abdomen  of  the  child,  and  the  anterior  foot  is  seized. 
This  is  pulled  upon  until  it  enters  the  vagina,  counter- 
pressure  being  made  against  the  head  by  the  operator's 
other  hand  on  the  abdomen.  If  possible  the  anterior 
foot  should  be  seized,  but  where  this  carmot  be 
identified  too  much  time  should  not  be  expended 
in  finding  the  same.  A  slow  extraction  is  then  done 
until  the  breech  enters  the  cervix,  the  other  leg  re- 
maining extended.  If  the  anterior  foot  is  brought 
down  first  the  back  will  invariably  rotate  toward  the 
front,  and  this  is  the  position  in  which  the  extrac- 
tion of  the  head  is  most  readily  accomplished.  After 
the  leg  has  been  pulled  down  sufficiently  to  bring  the 
buttocks  well  into  view  into  the  ostium,  the  other 
extended  leg  may  be  delivered  by  careful  manipula- 
tions. As  the  extraction  of  the  child  is  usually  com- 
pleted in  most  cases  of  version,  we  can  proceed  with 
the  description  of  the  same.  As  soon  as  the  trunk  of 
the  child  begins  to  be  born  it  should  be  wrapped  in 
warm  towels  so  that  the  contact  with  the  colder  out- 
side air  will  not  produce  reflex  inspirations.  Care 
must  be  taken  in  bringing  down  the  foot  not  to  en- 
tangle the  cord  between  the  legs.  If  this  occurs  the 
cord  must  be  pushed  over  the  other  part  of  the 
breech.  In  cases  where  the  baby  is  small  it  is  ad- 
visable to  bring  down  both  feet  in  order  to  avoid  in- 
jury from  undue  traction  on  one  leg.  In  cases  of 
transverse  presentation  with  a  hand  prolapsed,  it 
is  advisable  after  cleansing  the  prolapsed  hand  to 
apply  a  sling  of  gauze  to  the  same  so  that  when  the 
feet  are  pulled  down  the  hand  can  be  kept  alongside 
the  trunk  and  delivered  before  its  extension  along- 
side the  head  or  back  of  the  neck  if  possible.  In 
other  cases  of  version  where  there  is  no  prolapse  of 
the  arm,  it  is  advisable  to  make  certain  of  the  posi- 
tion of  the  upper  extremities  before  pulling  the  licad 
down  into  the  midpelvis ;  therefore  as  soon  as  the  lower 
half  of  the  scapular  region  is  delivered,  the  fingers 
of  the  free  hand  should  be  inserted  over  the  perineum 
and  the  posterior  arm  delivered  by  sweeping  it  over 
the  face.  A  similar  procedure  should  then  be  carried 
out  with  the  anterior  arm  and  this  can  be  ren- 
dered easier  bj'  swinging  the  body  of  the  child  around 
so  that  the  anterior  arm  becomes  posterior.  It  is 
useless  to  rely  on  flexion  of  the  arms  by  keeping 
the  head  flexed  and  it  should  be  taken  for  granted 
that  they  will  invariably  extend  in  evcrj*  version, 
.i^s  soon  as  the  neck  is  born  decided  downward  trac- 
tion should  be  employed  to  engage  the  head  in  the 
pelvis  and  this  can  be  aided  by  suprapubic  pressure. 
When  the  head  has  been  felt  to  enter  the  pelvic  cavity, 
the  body  of  the  child  can  be  swung  upward  over  the 
abdomen  of  the  mother  and  the  face  brought  into 
sight.  The  insertion  of  the  finger  into  the  mouth  to 
facilitate  the  extraction  of  the  head  has  been  largely 
employed  {Smcllie-Vcit  melhod),  but  the  amount  of 
traction  effort  that  can  be  exerted  on  the  movable 
lower  jaw  seems  very  doubtful  and  considerable  in- 
jury by  laceration  of  the  structures  in  the  floor  of  the 
mouth  may  result.  It  seems  a  more  rational  pro- 
cedure to  use  suprapubic  pressure  to  facilitate  the 
extraction  of  the  head  and  as  the  body  of  the  child  is 
swept  upward,  the  extraction  of  the  face  can  usually 
be  aided  by  perineal  manipulations  as  in  a  vertex 
delivery.  Lacerations  of  the  perineum  are  very  apt 
to  occur  and  are  difficult  to  prevent,  although  much 
can  be  done  by  previously  dilating  the  vulvar  outlet, 
especially  in  primiparas  If  uterine  contractions 
should  occur  during  the  process  of  turning,  the  pro- 
cedure must  cease  at  once  until  the  pain  has  subsided, 
because  attempts  to  continue  the  same  during  the 
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contraction  may  result  in  rupture  of  the  uterus  and 
loosening  of  tlie  placenta.  In  come  cases  the  de- 
livery of  the  head  is  delayed  because  the  cervix  has 
contracted  around  the  neck  as  the  patient  is  com- 
ing out  of  the  anesthesia.  It  the  head  is  then  forcibly 
extracted  a  severe  laceration  of  the  lower  uterine 
segment  may  occur  with  perhaps  fatal  postpartum 
hemorrhage.  When  the  head  does  not  come  through 
readily  and  is  known  to  be  in  the  pelvic  cavity,  a  care- 
ful examination  should  be  made  and  if  the  cervix  has 
again  contracted  around  the  neck  and  cannot  be 
readily  dilated  with  the  fingers,  it  may  be  necessary 
to  incise  the  anterior  lip  in  order  to  save  the  child. 
If  complete  dilatation  of  the  cervix  has  previously 
been  provided  for  and  the  patient  is  kept  sufficiently 
under  the  anesthetic  this  complication  is  not  likely 
to  occur. 

In  the  procedure  described  the  operation  of  version 
is  combined  with  extraction  and  in  most  cases  is  the 
method  followed.  Where  no  particular  indication 
exists  for  the  immediate  delivery  of  the  child,  the 
extraction  of  the  same  may  be  avoided  and  delivery 
by  the  breech  allowed  to  talie  place  in  a  normal  manner 
after  the  turning  has  been  completed  and  the  ex- 
tracted leg  is  in  the  vagina.  The  fetal  heart  sounds 
must  be  carefully  watched,  however,  and  if  they 
become  slow  or  irregular  and  if  an  undue  amount  of 
meconium  is  passed,  it  is  advisable  to  complete  the 
delivery  at  once.  The  attendant  should  not  leave 
the  patient  after  an  incomplete  version  has  been  done. 
In  every  case  in  which  a  version  is  attempted  a 
guarded  prognosis  should  be  given.  The  danger 
for  the  mother  consists  in  a  possible  rupture  of  the 
uterus,  ablation  of  the  placenta,  laceration  of  the 
lower  uterine  segment  and  cervix,  and  a  possible 
sepsis.  The  dangers  for  the  child  consist  in  possible 
fractures  of  the  long  bones  or  clavicle  in  delivering  the 
extremities  during  the  process  of  extraction,  in  in- 
juries to  the  ligaments  of  the  lower  extremities  and 
pelvis,  in  rupture  of  the  abdominal  viscera,  in  asphyxia 
from  a  prolongation  in  the  delivery  of  the  head.  The 
skill  of  the  operator  is  an  important  factor  in  every 
case  and  likewise  the  condition  of  the  mother  when 
the  operation  is  undertaken.  In  every  case  of  ver- 
sion the  mother  must  be  watched  for  the  occurrence 
of  a  possible  postpartum  hemorrhage  during  the  first 
twenty-four  hours  and  for  the  evidences  of  puerperal 
infection  subsequently.  Geo.   W.   Kosmak. 


Vertigo. — Vertigo  has  been  defined  as  a  depressioti 
of  static  consciousness,  the  latter  being  an  acquired 
characteristic  of  man  which  is  capable  of  a  high  degree 
of  development.  Since  numerous  factors  aid  in  the 
development  and  maintenance  of  static  equilibrium, 
the  number  of  factors  which  can  contribute  to  the 
production  of  vertigo  is  very  large.  Vertigo  may  be 
produced  at  will  in  most  individuals  by  gyration,  by 
looking  downward  from  high  places  and  even  upward 
to  heights  and  by  galvanization  of  the  labyrinth. 
Nevertheless  it  is  not  strictly  physiological  for  many 
children  and  young  adults  seem  immune  to  ascension 
vertigo,  and  gyratory  vertigo  is  either  absent  or 
readily  overcome  in  certain  individuals^dancers  and 
especially  whirling  dervishes.  Vertigo  is  one  of  the 
commonest  symptoms  complained  of  by  man,  and 
because  it  is  often  combined  with  headache,  nausea, 
faintness,  etc.,  is  to  a  certain  extent  confounded  witii 
these  by  patients.  Among  the  factors  which  have  to 
do  with  maintenance  of  ecjuilibrium  are  peripheral 
impressions  from  the  skin,  muscles,  joints,  viscera,  the 
eye,  and  especially  the  ear.  The  mechanism  of  the 
maintenance  of  equilibrium  is  automatic  and  any 
imperfection  in  vision,  such  as  myopia,  can  contribute 
to  the  production  of  vertigo.  The  vast  role  played 
by  the  internal  ear  and  brain  centers  can  hardly  be  dis- 
cussed here. 

Two  very  different  sensations  make  up  vertigo,  to 
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wit,  reeling  and  vacillation,  which  seem  to  differ  to 
such  an  extent  that  they  may  occur  independently  and 
under  different  circumstances.  The  former  can  even 
occur  when  a  subject  is  recumbent,  as  in  acute  alco- 
liolism.  The  sense  of  swaying  or  lurching  is  apparent 
when  walking  in  the  dark  or  with  bandaged  eyes. 
Two  forms  of  induced  vertigo  have  already  been 
mentioned — ascension  and  gyratory.  These  may 
assume  either  of  the  two  subjective  types.  Seasick- 
ness with  its  marked  vertigo  component  must  receive 
a  separate  discussion.  Its  relative  absence  when  the 
labyrinth  has  been  destroyed  is  significant  of  its 
mechanism.  The  "kayak"  (or  canoe)  vertigo  of  the 
Esquimaux  is  a  special  form  of  this  disorder,  of 
obscure  nature.  It  has  been  styled  "fear  of  ocean 
depth."  Laache  even  places  it  among  those  topo- 
phobias  in  which  fear  of  falling  or  other  disaster  is 
present  rather  than  actual  vertigo.  A  person  subject 
to  the  latter  naturally  fears  to  cross  a  street,  but  in 
ordinary  agoraphobia  the  motivation  is  not  the  same. 
The  various  expressions  of  vertigo  are  endless.  Laache 
enumerates  the  following  special  etiological  types; 
familial  influence;  sleepless  nights;  overwork;  ple- 
thora; idiosyncrasy  (special  affects);  sex  component 
(menstruation,  pregnancy,  menopause  in  women; 
M6ni6re's  disease  and  kayak  vertigo  in  men);  intra- 
cranial lesions  of  every  possible  kind;  central  neuroses 
(epilepsy,  migraine) ;  psychoses  and  psychasthenia 
(various  phobias);  head  injuries;  peripheral  pains; 
cardiovascular  disturbances  of  all  kinds;  respiratory 
disorders  (notably  laryngeal  vertigo);  gastroenteric 
disorders  (diarrhea,  constipation,  hyperemesis,  intes- 
tinal parasites);  sexual  disorders  in  both  sexes.  Arte- 
riosclerosis, especially  of  the  cerebral  arteries,  is  made 
largely  responsible  for  the  great  frequency  of  vertigo  in 
the  elderly,  for  the  general  tendency  of  the  symptoms 
is  to  increase  witli  years.  The  stomach  vertigo  of 
Trousseau  seems  to  have  been  closely  related  to 
agoraphobia.  As  already  mentioned  eye  defects 
are  often  responsible  for  vertigo,  especially  the  senile 
form.  Aural  vertigo  is  due  not  only  to  labj-rinth  dis- 
ease but  at  times  to  affections  of  the  middle  and  exter- 
nal ears.  The  term  pseudo-M(5niere  vertigo  is  applied 
to  aural  vertigo  without  a  central  component. 

Anemia  is  a  strong  predisposing  cause  of  vertigo,  and 
other  blood  diseases  like  purpura  and  leucemia  may  be 
doubly  dangerous  because  hemorrhage  may  occur 
within  the  labyrinth.  In  all  the  great  affections  of 
metabolism  vertigo  occurs  but  probably  from  different 
causes.  In  diabetes  and  obesity  it  should  first  cause 
the  thought  of  cardiac  weakness.  While  vertigo 
occurs  in  all  infectious  fevers  it  seems  especially  corn- 
mon  in  influenza  and  grippe;  in  some  epidemics  it  is 
so  common  that  physicians  have  spoken  of  "epidemic 
vertigo."  Convalescent  vertigo  is  evidently  of  the 
very  common  type  due  to  change  of  posture.  A  host 
of  toxic  substances  produce  vertigo,  including  alcohol, 
nicotine,  quinine  (with  deafness),  salicylic  acid, 
caffeine,  camphor — in  fact  so  many  powerful  drugs 
may  produce  it  that  nothing  is  gained  by  an  enumera- 
tion of  them.  A  familiar  type  of  vertigo  is  that  due 
to  offensive  odors  as  of  bad  air,  sewer  emanations,  etc., 
which  is  often  associated  with  nausea.  This  is  seen 
to  advantage  in  the  paralyzing  vertigo  which  attacks 
both  man  and  domestic  animals  in  Switzerland  and  is 
attributed  to  the  emanations  of  stable  manure.  The 
muscles  involved  in  a  paresis  are  the  nuchal  group  and 
the  levator  palpebrarum.  A  similar  affection  occurs 
under  the  same  conditions  in  Japan. 

Traumatism  and  various  occupations  are  known  to 
cause  vertigo.  Injuries  to  the  head  may  cause  ver- 
tigo in  connection  with  traumatic  neurosis.  Boiler 
makers  in  addition  to  deafness  may  develop  M^nifere's 
disease.  Telephone  operators  sometimes  suffer  from 
vertigo.  Caisson  workers  and  miners  are  predisposed 
to  it  (the  latter  suffer  from  anemia  and  nystagmus). 
Tliose  who  play  wind  instruments  and  others  whose 
respiration  is  interrupted  may  experience  mild  vertigo. 
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Symptomatology. — Vertigo  inaj'  occur  alone  or  in 
association  with  headache  or  other  cerebral  symptom. 
Patients  use  various  terms  in  describing  it,  and  one 
may  sura  them  up  as  paresthesia  which  resemble  the 
sensations  of  seasickness.  The  head  feels  "light" 
or  "empty"  or  "swims,"  the  footing  seems  insecure, 
there  is  a  sense  of  dropping  into  an  abyss  or  of  rising 
in  the  air,  or  there  may  be  a  darkening  of  vision,  or 
tinnitus  and  other  parcsthcsiLu  of  the  car  and  hallu- 
cinations of  sound.  In  some  cases  there  are  visceral 
sensations.  A  phobic  component  is  very  common — 
a  sense  of  annihilation,  with  precordial  anxiety, 
which  may  not  be  apparent  to  a  bystander  or  may  be 
accompanied  by  evidences  of  fear,  as  pallor,  tremor  of 
the  hands  and  beading  of  sweat  on  the  forehead. 
Vertiginous  sensations  may  of  course  precede  a 
syncopal  attack,  epileptic  seizure  or  apoplexy  and  may 
be  present  in  severest  form  without  any  prodromic 
significance.  The  strong  participation  of  the  vaso- 
motor nervous  system  may  exceptionally  be  expressed 
by  flushing  of  the  face. 

During  an  attack  of  vertigo  a  subject  naturally  has 
malaise,  but  over  and  above  this  is  noted  a  high  de- 
gree of  temporary  psychic  and  somatic  depression, 
the  subject  showing  all  the  passivity  of  a  victim  of  sea- 
sickness. The  subsequent  rally  is  generally  prompt, 
although  a  certain  degree  of  amnesia  may  persist. 

Objectively,  vertigo  may  be  manifested  by  com- 
pensatory countermovemcnts  of  which  many  have 
been  described.  These  may  be  regular  or  irregular, 
but  generally  speaking  there  are  no  wasted  move- 
ments. The  cjuestion  "does  a  patient  with  simple 
vertigo  ever  fall?"  is  difficult  to  answer  categorically, 
for  should  he  fall  the  case  might  be  termed  one  of 
syncope  with  retention  of  consciousness,  or  epilepsy. 
Falling  vertigo  is  certainly  rare,  although  it  occurs  in 
M6ni6re's  syndrome.  Aside  from  compensatory  or  de- 
fensive movements  there  are  few  objective  evidences 
of  vertigo.  Closing  the  eyes  or  watching  rapidly 
moving  objects  sometimes  give  a  certain  amount  of 
relief.  Nystagmus,  even  with  open  eyes,  appears  to 
antagonize  vertiginous  sensations.  The  sensorium 
is  clear  during  vertigo  which  fact  is  of  value  in  exclud- 
ing severe  organic  or  functional  diseases.  Insomnia 
and  vertigo  may  constitute  a  vicious  circle;  or  at  least 
one  manifestation  maj'  facilitate  the  appearance  of 
the  other.  The  association  of  vertigo  with  gastro- 
enteric symptoms  is  not  uncommon  and  suggests  sea- 
sickness, and  also  the  proximity  of  the  vomiting 
center  in  the  medulla  to  the  center  of  equilibrium.  In 
this  type  of  case  we  see,  as  in  seasickness,  anorexia, 
thirst,  and  constipation;  however,  such  a  mechanism 
seems  independent  of  the  labyrinthine  functions — a  fact 
which  greatly  prejudices  our  understanding  of  vertigo. 

Diagnosis. — The  diagnosis  of  vertigo  cannot  be 
made  objectively  and  it  is,  therefore,  necessary  to  base 
it  on  the  patient's  statements.  The  ear,  however, 
must  be  carefully  examined  in  all  cases,  bearing  in 
mind  that  the  discovery  of  lesions  in  that  organ  is  not 
tantamount  to  an  explanation  of  vertigo.  As  a 
subjective  condition  vertigo  invites  simulation,  as  in 
accident  insurance;  if  actually  present  it  may  also 
invite  dissimulation,  as  in  examination  for  life  insur- 
ance. The  stooping  over  or  bending  test  has  been 
used  in  both  connections.  A  subject  is  asked  to  bend 
forward  once  or  several  times  and  then  take  steps. 
The  act  of  stooping  makes  him  red  in  the  face.  If 
on  straightening  up  he  is  un.steady  in  his  first  steps 
and  shows  a  circulatory  reaction  (paling  out  with 
pulse  changes)  he  has  a  vertigo  component;  but  if 
after  repeated  bending  he  can  straighten  up  and  take 
several  backward  steps  he  is  free  from  vertigo. 

If  a  subject  wishes  to  suppress  vertigo  in  the  bend- 
ing test  he  avoids  hanging  his  head  and  simply  flexes 
the  trunk  while  holding  the  head  upright  and  extended. 
Insurance  tests  naturally  seek  to  exclude  tabes  and 
cerebellar    ataxia.     In     simulation    if    a    suspect   is 


watched  he  will  stoop  to  lace  or  unlace  his  shoes  with- 
out any  evidences  of  vertigo.  In  doubtful  cases  the 
tests  may  be  made  in  a  dark  room.  Any  disturbance 
of  equilibrium  from  eliminating  the  vision  may,  of 
course,  be  due  to  ataxia  and  not  vertigo.  To  test 
especially  the  status  of  the  labyrinth,  the  presence  or 
production  of  nystagmus  is  essential.  If  the  latter  is 
absent  the  caloric  test — hot  or  cold  water  in  the  ear — 
may  be  made.  Those  who  simulate  vertigo  are  at 
times  cunning  enough  to  retch  and  sometimes  actually 
vomit.  In  the  absence  of  true  nausea  and  faintness, 
however,  there  is  no  beading  of  cold  sweat  on  the 
forehead. 

Course  axd  Prognosis. — Vertigo  may  be  acute  or 
chronic.  Continuous  vertigo  or  status  vertiginis  is 
equivalent  to  M<»ni6re's  disease.  Periodic  vertigo  is 
seen  in  malarial  cases.  Habitual  vertigo,  such  as  may 
occur  in  circulatory  affections,  is  serious  in  that  it 
abolishes  all  physical  activity.  Yet  even  here  it  may 
be  possible  to  pursue  some  kind  of  sport  without  dizzi- 
ness. If  agoraphobia  be  regarded  as  vertigo  active 
life  is  reduced  to  low  terms  and  the  prognosis  for  re- 
covery is  bad  in  all  psychasthenics.  The  best  prog- 
nosis is  in  vertigo  of  anemic  or  neurasthenic  origin,  in 
the  vertigo  of  rapid  growth,  convalescence  and  prog- 
nancy.  On  the  other  hand,  a  toxic  origin  (save  in 
addicts  who  give  up  alcohol,  tobacco,  etc.)  and  depend- 
ence on  circulatory  disorders  and  organic  nervous  dis- 
ease tend  to  give  a  bad  prognosis.  Pure  vertigo 
never  kills,  although  it  often  accompanies  progress- 
ively fatal  diseases. 

Treatment. — In  treating  a  case  of  vertigo  of  what- 
ever nature,  the  ears  and  eyes  must  first  receive  at- 
tention, fco  simple  a  matter  as  removal  of  ear  wax 
has  been  sufficient  for  cure.  If  occupation  figure  as 
a  cause  a  change  should  be  sought.  Next  to  the  cor- 
rection of  anomalies  of  the  eye  and  ear,  attention  is 
directed  to  the  stomach,  even  if  the  subject  seems 
free  from  digestive  disturbances.  Dieting,  laxatives, 
and  stomachics  represent  a  course  of  treatment  which 
has  cured  habitual  vertigo.  Similarly  courses  of  hy- 
drotherapy, massage,  etc.,  have  been  of  such  value 
that  even  Meniere's  disease  has  been  greatly  benefited 
thereby.  The  number  of  alleged  antivertigo  drugs  is 
enormous.  Some  are  used  in  acute  crises,  others  in 
the  chronic  forms.  The  former  comprise  few  of  the 
total  number — alcohol  (wine),  nitrite  of  amy],  cam- 
phor, valerian  derivatives.  The  remedies  directed 
against  habitual  vertigo  further  include  numerous  sub- 
stances which  modify  the  circulation,  nervous  system, 
blood,  and  general  vigor.  Here  belong  hypotensive 
remedies — potassium  iodide,  nitrites — heart  stimu- 
lants, as  digitalis  and  caffeine;  antispasmodics,  as  cam- 
phor and  valerian;  tonics,  such  as  quinine  (valuable  in 
M6ni6re's  disease),  iron,  arsenic,  strychnine.  In  special 
forms  of  vertigo  bromides  and  chloral  are  of  value.  In 
habitual  vertigo  prophylactic  measures  are  naturally 
of  value,  just  as  in  seasickness.  The  vague  sense  of 
insecurity  when  passing  over  a  high  bridge,  for  ex- 
ample, yields  readily  to  the  slightly  benumbing  effects 
of  alcohol,  chloral,  or  other  rapidly  acting  drug  of  the 
same  type.  The  vertigoes  and  vague  phobias  which 
attend  on  travel  in  the  unaccustomed  doubtless  are 
chiefly  responsible  for  the  demand  for  quickly  acting 
remedies  in  small  compass.  A  similar  obtunding  ac- 
tion is  doubtless  obtainable  through  a  preliminary 
course  of  bromides,  valerian,  veronal,  etc.,  such  as  is 
used  in  advance  of  a  sea  trip.  In  all  such  questionable 
use  of  drugs  "the  purpose  must  weigh  with  the  folly." 
Edward  Preble. 


Vesalius,  Andreas. — Born  at  Brussels,  Belgium, 
April  30,  1513,  according  to  some  authorities,  or  Dec. 
31,  1514,  according  to  otliers.  His  love  for  the  study 
of  anatomy  manifested  itself  when  he  was  still  quite 
young;  anil  later  it  became  so  strong  that  he  did  not 
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hcsitiite  for  a  moment  to  run  all  sorts  of  risks,  even 
tluit  of  perhaps  losing  his  life,  for  the  sake  of  getting 
possession  of  a  human  cadaver.  In  those  daystliere 
were  severe  legal  penalties  for  anybody  who  should 
venture  to  mutilate  the  dead  body  of  a  human  being. 
When  Vosaliiis  had  completed  his  preliminary  med- 
ical studies  he  vLsited  one  university  after  another  for 
the  purpose  of  gaining  further  professional  knowledge. 
He  first  went  to  Cologne;  from  there  he  traveled  to 
Montpellier,  the  medical  school  of  which  city  had  at 
that  time  great  celebrity;  and,  finally,  he  visited  Paris, 
where  a  good  deal  of  jealousy  of  this  new  aspirant  for 
jjrofessional  honors  manifested  itself.  Then,  for  a  cer- 
tain length  of  time,  Vesalius  appears  to  have  acted  as 
a  physician  and  surgeon  in  the  army  of  the  Emperor, 
Charles  V.  Afterward  he  taught  anatomy  at  the 
University  of  Padua  for  a  year  or  two,  and  during  this 
period  it  is  said  that  many  of  the  leading  physicians 
of  Euroi)e  attended  his  lectures.  In  1543,  at  the 
urgent  request  of  the  magistrates  of  Bologna  and  Pisa, 
he  accepted  an  invitation  to  teach  anatomy  at  the 
universities  of  those  cities.     At  the  end  of  that  year. 


Fia.  4891. — Andreas  Vesalius. 

or  early  in  1544,  he  was  appointed  physician  to  Charles 
V  of  Spain  and  held  the  same  position  at  the  court  of 
Philip  II,  Charles's  successor.  In  1564  he  was 
accused  by  the  Inquisition  of  having  made  an  autopsy 
on  a  man  who  was  in  a  trance  and  not  actually  dead, 
and  was  condemned  to  death.  At  the  earnest  en- 
treaty of  Philip  and  his  entire  Court,  his  sentence  was 
commuted  to  an  expiatory  pilgrimage  to  the  Holy 
Land.  While  in  Palestine  he  was  called  to  the  Chair 
of  Anatomy  at  Padua.  On  his  return  voyage,  how- 
ever, his  vessel  was  wrecked  and  he  was  cast  upon  the 
Island  of  Zante,  alone  and  without  food,  and  there  died 
of  starvation  in  October,  1564.  A  Venetian  jew'eler, 
who  had  been  cast  ashore  upon  the  same  island  during 
the  same  tempest,  but  from  a  different  vessel,  recog- 
nized the  cadaver  as  that  of  Vesalius,  had  it  properly 
buried,  and  placed  over  the  grave  the  following  in- 
scription : 

Tumulus 
Andrea;    Vesalii    Bruxellensis 
Qui  obiit  idibus  Octobris,  Anno  MDLXIV; 
.\etatis  vero  sua;  L, 
Quum   Hierosolymis   rediisset. 

The  most  important  of  the  published  works  of 
Vesalius  are  the  following:  "De  radice  chinse  epistola. 
De  modo  ac  ratione  propinandi  radicis  chinse  decocti, " 
Venice,  1542  (several  later  editions);  "Andre:e  Vesalii 
de  corporis  humani  fabrica  librorum  epitome,  "  Basel, 
1542,  with  splendid  plates  (many  later  editions); 
"De  humani  corporis  fabrica  libri  septem,"  Basel, 
154.3,  with  many  beautiful  woodcuts  (also  an  edition 
in  1555).  Boerhaave  recommends  the  edition  of  1543 
for  the  plates,  and  that  of  1555  for  the  text,  which 
Vesalius   himself   had    corrected.     The   edition   pub- 
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lished  at  Antwerp  in  1572  contains  plates  which  are 
exceptionally  fine.  Besides  those  already  mentioned 
there  were  several  other  editions  (one  as  late  as  in 
1()40).  The  following  work  also  deserves  to  be  men- 
tioned: "Chirurgia  magna  in  septem  libros  digesta," 
Venice,  1.569.  A.  H:  B. 


Vesiculitis. — Synotiyms:  Spermatocystitis,  Pus- 
tubes  in  the  male.  When  we  speak  of  "vesiculitis," 
we  usually  mean  an  inflammation  of  the  seminal  vesi- 
cles produced  by  the  gonococcus.  It  is  well  to 
remember,  however,  that  this  inflammation  may  occur 
as  a  result  of  an  invasion  by  the  tubercle  bacillus, 
Bacillus  coll  commimis,  and  the  more  common  pyo- 
genic organisms,  together  with  or  distinct  from  the 
gonococcus.  Gonorrhea  is  the  most  frequent  cause  of 
inflammation  of  the  vesicles,  this  being  due  to  exten- 
sion by  contiguity  or  otherwise,  from  the  prostatic 
urethra.  During  the  existence  of  a  mild,  chronic 
infection  without  appreciable  symptoms,  any  sudden 
trauma  or  undue  sexual  or  physical  strain  may  result 
in  an  acute  exacerbation. 

Acute  Seminal  Vesiculitis. — It  is  not  easy  to 
separate  the  symptoms  of  the  pre-existing  prostatic 
inflammation  from  the  extension  to  the  seminal  vesi- 
cles. There  are  an  added  sense  of  tension,  tenderness, 
pain,  and  painful  erections,  but  the  experienced 
finger  in  the  rectum  finds  no  difficulty  in  determining 
that  the  vesicles  have  become  involved.  The  finger 
meets  with  an  edematous,  hot,  pulsating,  and  sensitive 
area,  ill-defined,  in  the  region  of  the  seminal  vesicle 
on  one  or  both  sides.  Occasionally  it  resembles  a 
sausage  or  a  thick  finger,  but  most  often  there  is  an 
ill-defined  mass  matted  together  with  the  prostate, 
so  that  tliere  is  no  way  of  distinguishing  the  latter 
from  the  vesicles. 

Symptoms. — Occasionally  the  constitutional  and 
local  disturbance  is  so  grave  as  to  suggest  the  existence 
of  peritonitis  or  a  perforating  appendicitis.  Usually 
the  pre-existing  symptoms  of  the  prostatitis  are  sim- 
ply exaggerated  to  a  greater  or  less  degree.  Rectal, 
vesical  and  urethral  pain,  severe  tenesmus,  chordee, 
and  occasionally  bloody  involuntary  emissions  and 
terminal  hematuria,  represent  the  typical  phenomena 
observed  in  acute  vesiculitis.  The  prostate  per  rec- 
tum is  found  to  be  tumefied  and  infiltrated  due  to  an 
exudation  of  serum  within  the  prostatic  capsule. 
Vesiculitis  rarely  proceeds  to  suppuration  and  abscess; 
when  this  does  occur,  however,  the  symptoms  are  all 
enhanced  and  the  patient  suffers  excruciatingly,  but 
is  almost  immediately  relieved  with  the  rupture  of 
the  abscess.  The  most  favorable  termination  is  a 
spontaneous  rupture  into  the  prostatic  urethra; 
occasionally  rupture  takes  place  into  the  rectum. 

As  with  the  prostate,  the  inflammation  of  the  vesi- 
cles has  a  natural  tendency  to  resolution.  This 
occurs  but  partially;  total  resolution  is  extremely 
unusual.  In  most  cases  there  is  sufficient  infiltra- 
tion and  tumefaction  of  the  organs  left  to  require 
attention  when  the  subacute  stage  has  gradually 
passed  into  the  chronic. 

TTeatmetd. — The  treatment  is  practically  the  same 
as  that  of  chronic  prostatitis  with  which  it  is  so  closely 
identified.  Rest  in  bed,  a  light  diet,  non-stimulating 
in  character,  freedom  from  sexual  excitement,  hot 
rectal  recurrent  irrigations,  suppositories  of  opium, 
and  belladonna,  hot  sitz  baths,  and  the  local  applica- 
tion of  heat  to  the  bladder  and  perineum.  Internally, 
diuretics,  alkalies,  and  balsamics,  are  exceedingly 
useful,  as  indicated.  Prostatic  and  vesicular  massage 
during  the  acute  stage  is  usually  to  be  prohibited,  but 
in  the  hands  of  an  expert,  gentle  yet  firm  massage 
will  often  prove  exceedingly  useful  in  this  condition. 
This  procedure  is  not  to  be  universally  recommended. 
The  use  of  autogenous  and  stock  vaccines  is  sometimes 
of  value,  but  is  usually  disappointing. 
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Chronic  Seminal  Vesiculitis. — Chronic  Pus-tubes 
Ml  the  Male.  This  condition  represents  the  uncured 
remains  of  acute  vesiculitis.  The  symptoms  are 
l)ractically  the  same  as  those  of  chronic  prostatitis, 
which  in  turn  are  due  to  the  gonococcus  infection 
(if  that  organ  and  its  adncxa.  The  vesicular  infection 
is  principally  important  in  the  fact  that  it  is  often 
latent  in  character  and  thus  results  in  repeated  out- 
breaks of  the  inflammation  in  various  parts  of  the 
genito-urinary  tract,  and  even  elsewhere  in  the  body, 
particularly  the  joints. 

Symptoms. — These  may  be  referable  to  the  vesicles 
or  to  the  prostate  and  urethra.  Of  the  former,  the 
most  common  symptom  is  a  dull  pain  in  the  region 
of  the  perineum  and  rectum  which  is  very  annoying. 
Per  rectum  one  or  both  vesicles  may  be  found  very 
large,  irregular  in  outline,  sensitive  to  the  touch,  and 
often  matted  together  with  the  prostate  in  one  inde- 
finable exudative  mass.  The  prostatic  symptoms 
are  those  of  chronic  posterior  urethra,  and  include 
principally  shreds  or  pus  in  the  urine,  urethral  dis- 
charge, occasional  urinary  diurnal  frequency,  sexual 
disturbances  including  impotence  and  sterility,  and 
various  neuroses  which  have  been  generally  termed 
"sexual  neurasthenia."  These  neuroses  are  probably 
tlie  most  important  single  set  of  phenomena  connected 
with  vesicular  disease;  they  are  characterized  by  more 
or  less  general  depression  and  hypochondria,  and  are 
extremely  rebellious  to  ordinary  methods  of  treatment. 
It  is  the  writer's  opinion  that  many  men  confined  to 
hospitals  for  the  insane  are  victims  of  unrecognized 
disease  of  the  seminal  vesicles. 

Diagnosis. — As  above  mentioned,  the  diagnosis  is 
made  largely  as  the  result  of  rectal  examination.  But 
in  addition  to  the  feel  of  the  examining  finger,  it  will 
be  found  that  "stripping"  or  massaging  the  vesicles 
will  bring  to  the  urinary  meatus  more  or  less  of  the 
retained  secretions  together  with  their  accumulated 
inflammatory  products.  Such  expressed  material 
can  be  gathered  on  a  glass  slide  and  examined  micro- 
scopically. When  the  patient  empties  his  blad- 
der immediately  after  this  procedure,  the  urine  or 
bladder  fluid  will  carry  out  with  it  all  of  the  material 
that  has  been  squeezed  into  the  prostatic  urethra  and 
bladder;  this  detritus  will  prove  extremely  valuable 
not  alone  from  the  point  of  view  of  diagnosis,  but  as 
an  indication  of  the  progress  which  the  patient  is 
making  toward  a  cure.  In  severe  cases  it  will  be 
observed  that  a  patient  may  pass  urine  which  is  ab- 
solutely clear  except  for  the  presence  of  a  few  fine 
shreds;  after  stripping  the  vesicles  of  their  contents, 
the  urine  passed  will  often  contain  considerable  pus 
and  many  large  clumps  of  broken-down  tissue  which 
may  reveal  gonococci  and  other  pathogenic  organisms 
when  studied  under  the  microscope. 

Wotbarsl  Five  Glass  Test. — In  this  connection  the 
author's  five  glass  test  will  be  found  of  great  service. 
It  may  be  described  briefly  as  follows:  The  patient 
comes  with  a  full  bladder.  The  anterior  urethra  is 
carefully  washed  out  with  sterile  water  or  boric  acid 
solution,  the  washings  being  collected  in  a  clean  glass, 
marked  Glass  1.  The  washing  is  continued  until  the 
fluid  comes  out  perfectly  clear,  indicating  that  the 
anterior  urethra  is  perfectly  clean;  these  clean  wash- 
ings arc  retained  in  a  second  glass,  marked  Control 
Glass  2.  Now  a  sterile,  fine  catheter  is  inserted  into 
the  bladder  and  one  ounce  of  bladder  urine  with- 
drawn, into  Glass  3  (bladder  urine).  This  gives  us 
the  urine  from  the  bladder  uncontaminated  with  the 
urethra.  If  this  withdrawn  bladder  urine  hajjpens  to 
be  clear,  we  know  that  any  pus  or  shreds  previously 
passed  by  the  patient  has  not  come  from  the  bladder 
or  higher  up.  We  now  withdraw  the  catheter  and 
the  patient  passes  an  ounce  or  two  of  urine  into  a 
fourth  glass  which  contains  any  pus  or  shreds  which 
the  urinary  stream  encountered  in  the  prostatic 
urethra.  We  therefore  have  the  washings  from  the 
anterior  urethra  in  Glass   1,  the  control  in  Glass   2, 


tlic  unmixed  bladder  urine  inGlass3,  and  the  pros- 
tatic urethra  washings  in  Glass  4.  Now  we  massage 
the  seminal  vesicles  vigorously,  yet  gently,  and  when 
the  patient  urinates  into  Gta.Hs  5,  we  have  the  ex- 
pressed contents  of  the  vesicles  unmixed  with  any 
other  secretions.  The  importance  of  this  test  is  that 
it  enables  us  to  determine  the  source  of  pus  and  shreds 
passed  by  the  patient.  In  many  ca.ses,  it  will  be  found 
that  shreds  and  pus  have  their  origin  in  the  vesicles 
whereas  the  clinical  picture  may  have  pointed  to  a 
different  source. 

In  obscure  chronic  joint  diseases,  it  will  often  be 
found  that  chronic  seminal  vesiculitis  is  present,  and, 
as  has  been  demonst  rated  by  Fuller  and  others,  removal 
of  the  vesicular  infection  will  often  be  followed  by  a 
cure  of  the  arthritis.  Because  of  these  observations, 
it  has  become  a  generally  accepted  practice  that  the 
seminal  vesicles  should  be  thoroughly  examined  in 
every  case  of  chronic  joint  disease,  and  should  re- 
ceive appropriate  treatment  in  every  joint  case  even 
though  there  are  no  symptoms  present  which  might 
draw  attention  to  the  vesicles. 

Treatment. — There  are  several  distinct  objects  to 
be  attained  in  the  treatment  of  chronic  vesiculitis, 
namely,  removal  of  the  retained  secretions,  destruc- 
tion and  removal  of  the  pathogenic  organisms,  and 
restoration  of  normal  drainage  of  the  vesicles  through 
the  excretory  ducts.  In  the  average  ease,  stripping 
and  massage  will  usually  suffice  to  bring  about  the 
desired  result,  though  the  element  of  recurrence  is 
alwaj'S  to  be  thought  of.  Stripping  should  be  done 
gently  yet  firmly,  the  patient  bending  over,  and  should 
be  performed  in  the  average  case  about  once  in  four 
or  five  days.  This  procedure  is  best  done  with  a  fuU 
bladder,  preferably  a  mild  antiseptic  solution  injected 
into  the  bladder  before  stripping.  Treatment  is 
given  by  a  downward  stripping  movement  with  the 
index-finger  applied  to  one  organ  and  then  the 
other,  the  amount  of  pressure  being  determined  by 
experience. 

It  goes  without  saying  that  the  prostata  is  also 
massaged  at  the  same  session;  usually  it  is  almost 
impossible  to  treat  the  vesicles  without  at  the  same 
time  treating  the  prostate. 

Various  instruments  known  as  prostatic  masseurs 
have  been  devised  for  the  purpose  of  stripping  the 
upper  portions  of  the  vesicles  which  are  usually  beyond 
the  reach  of  the  finger;  these  instruments  are  of  no  real 
value,  however. 

In  addition  to  stripping,  the  application  of  heat  and 
in  some  cases,  of  cold,  per  rectum,  is  of  great  value. 
This  is  best  done  by  means  of  the  recurrent  rectal 
tube  (Wolbarst,  Chetwood,  or  Kemp  model)  wliich 
permits  of  a  continuous  flow  of  water  without  its 
accumulation  in  the  bowel.  Heat  will  usually  be 
found  of  greater  value  than  cold  irrigations  but  oc- 
casionally the  latter  will  prove  more  useful.  Vaccines 
and  serums  have  not  demonstrated  any  appreciable 
potency  in  these  cases. 

A  measure  which  the  writer  has  found  of  great  value 
is  the  operation  commonly  known  as  vasopuncture  or 
vasotomy.  The  vas  deferens  on  the  affected  side  is 
exposed,  a  small  incision  is  made  in  it,  and  5  to  10 
c.c.  of  argyrol,  protargol,  or  coUargol  solution  in- 
jected. The  fluid  passes  through  the  vas  into  the 
vesicle,  and  out  through  the  vesicle  and  the  ejacula- 
fory  ducts  into  the  deep  urethra  and  bladder.  The 
fluid  is  then  passed  out  with  the  urine.  The  procedure 
was  first  suggested  by  Belfield.  It  possesses  decided 
merit  and  sliould  be  given  a  fair  chance  before  one 
resorts  to  more  radical  surgical  methods.  By  means 
of  this  procedure  we  are  enabled  to  make  a  local 
application  of  a  silver  solution  which  cannot  be  made 
in  any  other  manner.  The  purpose  of  the  operation 
is  to  "sterilize"  the  vesicle  and  the  ejaculatory  ducts. 
The  injection  may  be  repeated  daily  for  a  number  of 
days,  if  the  vas  is  stitched  to  the  skin  and  a  fine  silver 
tube   inserted    into   it   and    kept    in    position.     The 
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injection  can  thus  be  made  daily,  or  even  more  fre- 
quently if  desired. 

Radical  Surgery  oj  the  Seminal  Vesicles. — It  is  be- 
coming increasingly  evident,  since  Fuller  first  called 
attention  to  the  subject,  that  chronic  disease  of  the 
vesicles  is  responsible  in  great  measure  for  many 
obscure  and  intractable  eases  of  joint  disease.  Other 
observers  have  studied  this  subject  and  there  is  a 
growing  literature  that  goes  to  show  that  pathogenic 
organisms  in  the  seminal  vesicles  may  set  up  metas- 
tases jjroducing  systemic  infections.  The  difficulty 
of  drainage  of  the  seminal  vesicles  is  probably  the 
most  important  single  factor  in  the  chronicity  of 
vesiculitis  and  in  its  action  as  a  nidus  for  general 
systemic  infection.  It  is  to  obviate  this  situation 
that  the  two  operations  to  be  mentioned  have  been 
suggested  and  devised. 

Squier  has  stated  the  indications  for  operation  in 
three  words — pus,  pain,  and  rheumatism,  subdividing 
the  eases  into  four  general  groups,  viz.,  acute,  sub- 
acute, chronic,  and  deforming  types.  He  and 
Fuller   have    obtained    e.xcellent    results    with    these 

Stokes  (Jour.  Am.  Med.  Ass'n,  March  10,  1917), 
on  the  other  hand,  believes  that  the  operation  of 
seminal  vesiculotomy  (drainage)  is  rarely  indicated 
and  should  not  be  performed  except  in  cases  of  em- 
pyema of  the  vesicle  with  general  sepsis  and  no  tissue 
destruction.  His  views  are  based  on  a  study  of 
fifty-two  cases.  Drainage  by  this  means  cannot 
remove  the  disease  and  when  the  wound  has  healed 
the  former  pathological  condition  will  return.  He 
believes  in  the  adoption  of  general  medical  measures 
and  vasotomy  (above  described).  If,  however,  these 
measures  do  not  succeed  in  eradicating  the  infection, 
it  is  better  in  his  opinion  to  shell  out  the  entire  vesicle 
(vesiculectomy)  which  is  no  more  formidable  an 
operation  than  drainage  (vesiculotomy). 

Vesiculotomy  and  Vesiculectomy. — Drainage  and  com- 
plete excision  of  the  seminal  vesicles  are  formidable 
surgical  procedures  which  have  not  yet  been  generally 
accepted.  Briefly  the  operation  consists  of  a  perineal 
incision  on  either  side  of  the  anus  joined  by  a  trans- 
verse incision  in  front  of  the  anus.  Careful  blunt  dis- 
section is  then  performed  with  the  special  object  of 
avoiding  injury  to  the  rectum,  until  the  prostate  and 
seminal  vesicles  are  reached  and  exposed.  In  vesi- 
culotomy the  abscess  cavities  are  incised  and  drained ; 
in  vesiculectomy  the  organs  are  entirely  removed. 
At  present  it  is  still  too  early  to  say  which  of  these 
two  measures  is  of  greater  value  in  the  eradication  of 
chronic  vesiculitis.  Abr.  L.   Wolbarst. 


Vespidae. — Wasps. — These  insects  inject  a  poison 
when  they  sting.  There  may  be  only  local  irritation, 
which  is  usually  relieved  by  ammonia,  or  more  serious 
symptoms.     See  Insects,  poisonous.  A.  S.  P. 


Vevey. — Vevey,  situated  on  the  northeastern  shore 
of  Lake  Geneva,  four  miles  west  from  Montreux,  has 
an  admirable  position  and  a  mild  climate,  but  is  less 
favorably  situated  than  the  latter  resort  in  respect  to 
protection  from  the  north  and  northeast  winds,  and 
has  a  more  changeable  temperature.  Its  altitude  is 
1,2.50  feet  above  sea-level.  It  is  a  town  of  11,781 
inhabitants,  and  is  renowned  for  its  lovely  views  of 
lake  and  mountain,  its  charming  walks  and  excursions, 
and  its  cleanliness.  Some  one  has  called  it  Dutch  in 
cleanliness,  French  in  gayety  and  love  of  pleasure, 
and  Swiss  in  its  sentiment.  Together  with  the 
other  towns  in  this  protected  region,  it  has  been  called 
the  "Nice  of  Switzerland." 

It  is  recommended  as  a  favorable  place  for  the 
"after-cure"  to  those  who  have  been  taking  the  waters 
at  -Aix-les-Bains,  Vichy,  Carlsbad,  and  other  spas.     It 
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is  also  a  good  place  for  a  residence  before  and  after 
the  Riviera  season.  Autumn  is  considered  the  best 
.season,  at  which  time  one  can  take  the  grape  cure,  for 
a  description  of  which  the  reader  is  referred  to  the 
article  Meran,  in  vol.  vi.  of  this  H.^ndbook.  In  the 
summer  the  milk  cure  and  lake  baths  are  used. 

The  water  supply  comes  from  the  mountains,  and 
is  said  to  be  unexcelled.     The  mortality  is  very  low. 

In  winter  the  mean  temperature  never  goes  below 
32.5°  F.,  and  in  summer  rarely  above  86°  F.  The 
average  mean  monthly  temperature  is  as  follows: 
Januarv,  32.5°  F.;  February,  35°  F.;  March,  40.6°  F.; 
April,  44.9°  P.;  Mav,  49.6°  F.;  June,  57.2°  F.;  Julv, 
58.8°  F.;  August,  58.9°  F.;  September,  54.2°  F'.; 
October,  49°  F.;  November,  39.3°  F.;  December, 
33.4°  F.  The  yearly  average  is  46°  F.  The  average 
number  of  rainy  days  for  the  year  is  sixty,  and  of 
snowy  days,  seven.  Fog  is  rare.  The  "bise"  or 
cold  north  wind  is  often  felt  here  and  produces  trying 
changes  of  temperature. 

On  account  of  the  changeable  temperature  this 
resort  is  not  to  be  recommended  for  pulmonary 
tuberculosis,  but  is  favorable  for  convalescents,  for 
persons  suffering  from  general  debility  or  from  some 
nervous  affection,  for  certain  cases  of  digestive  dis- 
turbances, and  for  those  who  for  any  reason  are 
"run  down."  Higher  altitudes  can  easily  be  reached 
by  means  of  electric  railways  and  one  can  go  from 
Vevey  to  the  castle  of  Chillon  by  electric  railway. 
Within  easy  distance  of  Vevey  are  very  many  walks 
and  excursions  through  vineyards,  parks,  and  gardens, 
affording  extended  and  fine  views.  One  also  can 
make  excursions  on  the  lake,  and  there  are  boats 
for  rowing.  The  accommodations  are  excellent, 
abundant,  and  not  expensive;  pensions  abound. 
There  are  good  physicians,  and  an  English  church. 

Vevey  is  easily  reached  in  about  twenty-two  hours 
from  London,  either  by  rail  or  by  boat  from  Geneva, 
or  from  other  points  on  the  lake. 

Lausanne,  ten  or  fifteen  miles  farther  west,  possesses 
a  climate  somewhat  similar  to  that  of  Vevey.  It  is 
cold  in  winter  but  sunny,  and  is  e.xposed  to  the 
northerly  and  southwesterly  winds.  The  town  is 
hilly,  and  is  1,700  feet  above  sea-level.  The  especial 
features  of  this  place  are  the  inexpensive  living  and 
the  excellent  schools. 

Of  all  tliese  resorts  on  the  northern  shore  of  Lake 
Geneva,  Montreux  possesses  the  best  climate  and  has 
the  most  protection  from  the  north  winds.  See 
Montreux  in  vol.  vi.  of  this  Handbook. 

In  the  Rhone  Valley,  to  the  eastward,  are  several 
resorts  of  value,  such  as  Aigle-Les-Bains,  a  hydro- 
therapeutie  establishment;  Champrey;  Sierre;  and 
particularly  Bex,  beautifully  situated  in  the  midst  of 
the  mountains  and  possessing  a  mild  climate.  Spring 
and  autumn  are  the  best  seasons.  Here  one  can  take 
the  grape  cure,  and  also  employ  the  saline  springs 
which  are  used  in  the  form  of  baths  and  douches, 
excellent  facilities  for  which  are  afforded  at  the 
Grand  Hotel  des  Salines.     (See  Bex  in  vol.  ii.). 

Edward  O.  Otis. 


Viburnum  Opulus  N.  F. — Cramp  Bark.  The 
dried  bark  of  Viburnum  opulus  L.  (fam.  Caprifoliaccce) . 
This  is  a  large  shrub  growing  in  the  northern  part'= 
of  Europe,  Asia,  and  America.  It  produces  red 
fruits  and  in  one  of  its  cultivated  forms  is  the  snowball 
tree  of  our  gardens. 

The  commerical  and  therapeutical  history  of  this 
drug  is  most  remarkable  and  almost  unique.  The 
shrub  usually  grows  in  proximity  to  the  mountain 
maple  {Acer  spicatum),  and  the  two  so  closel}'  re- 
semble one  another  in  the  appearance  of  their  stems 
and  foliage  that  even  experienced  persons  can  easily 
mistake  the  one  for  the  other.  Admi.xture  and  sub- 
stitution thus  occurred,  easily  and  frequently.     Since 
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the  maple  is  vastly  more  abundant  and  easy  of 
collection,  its  bark  gradually  replaced  the  genuine 
drug  in  commerce,  until  at  length,  and  during  many 
_vears,  not  a  pound  of  the  latter  was  in  use.  It  then 
followed  that  the  description  of  the  Pharmacopa'ia 
and  other  works,  drawn  from  commercial  samples, 
came  to  be  that  of  the  spurious  article.  Coincidentally , 
the  use  of  the  drug  declined  and  it  came  to  l^e  pre- 
scribed almost  alwaj's  in  combination  with  synergists. 
When  those  facts  became  known,  there  was  a  strong 
demand  that  the  Pharmacopoeia  should  substitute 
the  definition  and  description  of  the  maple  bark,  while 
retaining  the  name  of  Viburnum.  Upon  the  origin 
of  a  controversy  over  this  question,  the  Committee 
of  Revision,  with  a  timidity  that  has  been  growing 
during  recent  revisions,  deleted  the  drug  rather  than 
face  the  issue,  and  it  was  taken  up  by  the  National 
Formulary. 

This  bark  occurs  mostly  in  strips  or  portions  of 
quills,  and  is  three  millimeters  or  less  in  thickness. 
The  outer  surface  ranges  from  gray  to  blackish  but  is 
always  characteristically' darker  than  the  maple  bark, 
and  is  finely  fissured  or  thinly  scaly.  The  inner  sur- 
face is  usually  of  a  light  rusty  brown  color,  or  yellowish 
when  quite  fresh,  and  is  very  shortly  striate,  the  stria? 
somewhat  oblique.  It  has  a  short,  weak  fracture,  a 
.strong  odor,  somewhat  like  valerian,  and  a  bitter 
taste.  The  cells  contain  thin,  tabular  crystals,  which 
do  not  exist  in  the  Viburnum,  which  is  characterized 
by  very  large  spheroidal  crystals. 

Viburnum  is  identical  in  composition  and  proper- 
ties with  the  next,  but  is  rather  more  frequently  used 
for  abdominal  cramps.  The  dose  is  fl.  oWJ  (4.0-8.0), 
and  it  is  commonly  given  in  the  form  of  the  official 
fluid  extract.  H.  H.  Rusby. 


Viburnum  Prunifolium. — Black  Haw.  "The 
bark  of  Vihin'nnni  prunifolium,  L.  or  of  V.  Lentago  L. 
(fam.  CaprifoUaceoE)  without  more  than  5  per  cent,  of 
adhering  wood  or  other  foreign  matter,"  U.  S.  P. 
This  species  is  a  shrub  or  small  tree  growing 
from  Connecticut  to  Illinois  and  southward,  with 
oval,  obtuse  or  slightly  pointed,  finely  serrated  leaves, 
and  sessile  cymes  of  small  white  flowers.  The  stem- 
bark  is  in  thin  pieces  or  quills,  glossy  externally,  of  a 
purplish-brown  color,  with  scattered  warts  and  minute 
black  dots;  when  collected  from  old  wood  it  is  grayish 
brown;  the  inner  surface  of  the  stem-bark  is  smooth 
and  varies  in  color  from  white  to  a  pale  rust  brown; 
fracture,  short;  odor,  peculiar,  somewhat  like  that  of 
valerian;  taste  astringent  and  bitter.  The  root 
bark,  which  is  very  superior,  is  in  small,  chip-like, 
curved  pieces,  of  a  deep  rust  brown  and  much  more 
bitter. 

It  appears  probable  that  a  large  part  of  this  bark, 
especially  that  coming  from  the  Southern  States,  is 
derived  from  one  or  two  closely  related  species  which 
have  apparently  the  same  properties. 

Besides  tannin  and  several  organic  salts,  it  contains 
the  bitter  glucoside  vihurnin  and  valerianic  acid,  the 
latter  probably  derived  from  the  former.  There  is 
also  .some  resin. 

Viburnum  is  mildly  diuretic  and  strongly  antispas- 
modic, and  is  used  almost  wholly  as  a  uterine  .sedative. 
This  use  is  chiefly  in  the  prevention  of  threatened 
miscarriage,  for  which  it  is  one  of  the  most  generally 
useful  drugs,  but  it  also  extends  to  other  spasmodic 
and  painful  uterine  conditions.  The  dose  is  fl.  o  J-i 
(1.0-4.0).  and  the  official  fluid  extract  is  commonly 
employed.  H.  H.  Rdsbt. 


Vichy. — This  far-famed  resort,  the  most  fre- 
quented in  France  if  not  in  all  Europe,  is  situated  in 
the  great  central  plain,  on  the  right  bank  of  the  AUier 
River,  at  an  elevation  of  about  750  feet  above  sea- 


level.  It  is  easily  reached  from  Paris,  Ij'ing  almost 
due  south  at  a  distance  of  about  230  miles.  It  has  a 
permanent  population  of  over  14,000,  augmented  by 
from  .'50,000  to  60,000  visitors.  In  the  season,  which 
extends  from  May  to  October,  it  becomes  a  sort  of 
second  Paris  in  the  character  of  its  amusements  and 
attractions.  The  climate  is  mild  and  much  like  that 
of  Paris;  during  Julyand  thcfirst  part  of  .\ugust,  how- 
ever, the  weather  is  often  very  hot.  In  the  city  there 
is  a  park  with  central  garden  containing  the  largest 
bath  establishment  in  France;  there  are  also  a  ca.'Jino 
with  a  fine  theater,  reading-rooms,  etc.  Indeed, 
every  effort  is  made  to  render  the  resort  most  at- 
tractive to  the  visitor,  as  well  as  hygienically 
wholesome. 

The  waters  are  those  known  as  thermal  alkaline, 
different  springs  differing  from  one  another  chiefly  in 
the  temperature,  which  varies  from  .57°  to  113°  F., 
and  in  the  amount  of  free  carbonic  acid  gas.  Some 
contain  a  very  little  iron.  There  are  fourteen  regular 
springs  which  constitute  the  principal  group  of  the 
Vichy  waters,  and  others  in  the  neigliborhood.  The 
most  important  and  best  known  of  the  Vichy  waters 
are  the  Grande  Grille,  C(51e.stins,  Hopitai,  Puits- 
Chomel,  Lucas,  Mesdames,  Pare,  Lardy,  Puits-Carr<5, 
and  Larband. 

The  following  is  the  composition  of  the  three  first 
named  of  these  springs  according  to  Cyr  in  Jaccoud's 
"  Nouveau  Dictionnaire  de  M^decine  et  de  Chirurgie 
Pratiques,"  given  in  grams  per  liter: 


Sodium  bicarbonate 4.883 

Potassium  bicarbonate 0.352 

Magnesium  bicarbonate 0.303 

Strontium  bicarbonate 0.003 

Calcium  bicarbonate 0 .  434 

Ferrous  bicarbonate 0.004 

Manganous  bicarbonate Trace. 

Sodium  sulphate 0.291 

Sodium  phosphate 0.130 

Sodium  arsenate 0 .  002 

Sodium  borate j  Trace. 

Sodium  chloride i  0.534 

Silica 0.070 


Grande 
Grille. 


C^lestins.      Hdpital. 


5.103 
0.315 
0.328 
O.OO.J 
0.462 
0.004 
Trace 
0.291 
0.091 
0.002 
Trace. 
0.534 
O.OfiO 


5.029 
0.440 
0.200 
0.005 
0.570 
0.004 
Trace. 
0  291 
0  046 
0.002 
Trace. 
0.518 
0  O.iO 


Total  solids. 
Temperature  (Fahrenheit) . 


The  waters  are  used  both  for  drinking  and  for  baths. 
There  are  several  large  bathing  establishments 
equipped  with  every  hydrotherapeutic  appliance: 
vapor  baths,  thermal  mineral-water  baths,  douches, 
inhalations,  douche  massage,  and  carbonic-acid  baths 
and  douches.  The  water  is  clear,  and  the  taste  of 
the  Grande  Grille  is  not  disagreeable.  The  waters 
are  generally  taken  in  small  doses,  100-400  grams — 
varying  according  to  the  individual  and  his  malady 
— before  meals.  The  waters  of  the  dilTerent  springs 
are  not  drunk  indiscriminately,  but  each  according  to 
the  malady;  thus,  for  example,  the  Grande  Grille  is 
for  hepatic  troubles;  the  CC'lestins,  for  gout;  and  so 
on.  It  is  well  for  the  patient  to  consult  one  of  the 
local  physicians  as  to  the  kind  of  waters  he  should 
take  and  the  method  to  be  pursued  in  their  use;  and 
one  is  at  no  loss  to  find  a  medical  adviser  here,  for 
there  are  said  to  be  about  a  hundred. 

The  affections  for  which  these  waters  are  most 
frequently  recommended  are  various  dyspeptic  con- 
dition.s — the  indigestion  of  chronic  alcoholism,  chronic 
catarrhal  gastritis  or  enteritis  in  which  there  are  no 
very  acute  symptoms;  hepatic  condition!! — gall- 
stones.    "In  the  latter  affection,  the  physicians  at 

445 


REFERENCE    HANDBOOK    OF   THE    MEDIC^U.   SCIENCES 


Vic'liv  claim  for  the  waters  an  absolutely  curative 
power,  asserting  that  they  not  only  prevent  the  forma- 
tion of  gallstones,  but  even  relieve  the  pain  of  an 
acute  attack,  restore  the  appetite,  and  cause  the 
jaundice  to  disappear."  Even  when  surgical  inter- 
ference is  considered  necessary,  it  is  advised  to  try 
the  waters  before  an  operation,  if  one  can  delay  with- 
out danger,  and,  if  an  operation  has  been  performed, 
to  follow  it  by  a  course  of  the  waters.  In  gout, 
rheumatism,  uric-acid  diathesis  and  diabetes,  the.se 
waters  have  been  found  to  be  beneficial.  In  certain 
pelvic  disorders  of  women  they  are  also  said  to  be  of 
value.  At  least  one-half  of  "all  the  patients  who 
frequent  this  spa  are  said  to  be  dyspeptics. 

A  course  of  these  alkaline  waters  is  somewhat 
severe,  and  one  should  possess  a  certain  amount  of 
constitutional  vigor  to  take  them  with  advantage. 
An  after-cure  in  Switzerland  or  elsewhere  in  a  tonic 
climate  should  follow  the  Vichy  "cure." 

The  accommodations  are  excellent,  and  there  is  an 
English  church  service. 

The  waters  are  largely  exported,  and  can  be  had  in 
almost  every  civilized  land.  Artificial  Vichy,  a  more 
or  less  perfect  counterpart  of  the  natural  water,  is 
likewise  everywhere  to  be  had. 

For  an  extended  account  of  Vichy,  its  various  bath 
establishments,  and  indications  for  the  use  of  its 
waters,  the  reader  is  referred  to  "Stations  Hydro- 
Min6rales,  Climat(5riciues  et  Maritimes  de  la  France," 
Paris,  1900.  Edward  O.  Otis. 


Vichy   Springs. — Mendocino  County,   California. 

Access. — Via  California  Northwestern  Railroad  to 
Ukiah,  thence  a  drive  of  three  miles  to  the  springs. 

This  pleasant  resort,  formerly  known  as  Ukiah 
Vichy  Springs,  lies  nestled  among  enchanting  hills, 
which  fringe  the  boundary  line  of  Lake  and  Mendocino 
Counties.  This  region  has  a  combination  of  ad- 
vantages which  make  it  a  natural  sanatorium.  From 
April  to  November  the  climate  is  delightfully  balmy 
and  the  atmosphere  is  pure,  clear,  and  invigorating. 
The  elevation  above  sea-level  is  990  feet.  The 
scenery  is  of  a  pleasing  and  attractive  character,  and 
the  neighborhood  of  the  springs  affords  excellent 
fishing  and  gunning.  The  waters  belong  to  the 
alkaline-carbonated  class,  and  are  clear  and  sparkling, 
with  an  agreeably  pungent  taste.  Their  chemical 
composition  is  not  unlike  that  of  the  celebrated 
Vichy  Springs  of  France  (Grande  Grille),  and  their 
physiological  action  on  the  human  economy  is  prac- 
ticallv  identical  with  that  exercised  by  those  waters. 


Following  is  the  analysis  of  the  main  spring,  called 
Vichy    Spring: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  carboriate 197.75 

Calcium  carbonate 17  85 

Magnesium  carbonate 22.  64 

Sodium  cliloride 27  ,  51 

Potassium  chloride Trace. 

Potassium  and  sodium  sulphates Traces. 

Iron  and  alumina                                      Traces. 

.Silica 6 .  86 

Total     .        .  .  272.61 

Temperature,  90°  F. 

One  gallon  of  the  water  contains  250  cubic  inches  of  free  car- 
bonic acid  gas. 

As  an  antacid,  tonic,  aperient,  diuretic,  and  altera- 
tive mineral  water  the  Ukiah  Vichy  ranks  among  the 
best  in  the  country.  It  has  proved  highly  beneficial 
in  irritable  states  of  the  gastrointestinal  mucous 
membrane,  dyspepsia,  torpidity  of  the  bowels,  slug- 
gish action  of  the  liver,  and  nervous  and  heart  troubles. 
Excellent  results  have  also  been  observed  in  Bright '.s 
disease,  acid  states  of  the  blood  and  urine,  rheumatic 
affections,  skin  disorders,  and  gout.  There  are  numer- 
ous other  springs  on  the  premises.  Good  accom- 
modations and  bathing  facilities  are  provided  for 
visitors.  Emm.\  E.   Walker. 


Vicksburg. — This  city,  picturesquely  situateil 
on  a  high  bluff  overlooking  the  Mississippi  River, 
is  about  equidistant  from  Memphis  and  New  Orleans. 
It  is  not  a  health  resort,  but  is  mentioned  here  and  a 
chart  of  its  climate  is  given  as  illustrating  the  climati' 
of  the  lower  Mississippi  valley.  The  city  is  the  largest 
in  the  State,  with  a  population  of  20,814  and  is  com- 
mercially important.  It  is,  however,  best  known 
historically  from  the  important  part  which  it  played  in 
the  Civil  War.  Besides  the  attraction  of  its  fine 
situation  on  the  river,  it  is  also  worthy  of  a  visit  from 
the  fact  that  it  contains  the  largest  national  cemetery 
in  the  country — a  sad  and  forcible  reminder  of  the 
intense  struggle  that  took  place  about  it. 

Referring  to  the  table,  the  reader  will  observe  that 
the  climate  is  quite  semi-tropical — mUd  in  winter  and 
hot  during  a  long  summer.  There  is  a  large  amount  of 
rain  quite  evenly  scattered  throughout  the  year, 
although  rather  more  falls  in  the  spring.  Attention 
is  called  to  the  small  wind  velocity,  there  being  con- 
siderablj'  greater  freedom  from  wind  in  this  valley 


Climate  of  VicKsenRG,   Miss.,  Lat.  32°  22',  Long.  90°  53'.     Period  op  Observation,   Tv 


Temperature  (Degrees  Fahr.). 

Average  or  normal 

Mean  of  warmest 

Mean  of  coldest 

Average  daily  range 

Highest  or  maximum 

Lowest  or  minimum  .  ... 
Humidity.— 

Average  relative 

Precipitation. — 

Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in 
Weather. — 

Av.  No.  clear  days 

Av.  No.  fair  days 

Av.  No.  clear  and  fair  days 


anuary. 

March. 

May. 

July. 

September. 

November. 

Winter. 

Yea 

48.4° 

59.1° 

73.4° 

83.8° 

79.7° 

60.2° 

50.4° 

65.6= 

56.4 

69.8 

83.5 

92.3 

85.0 

66.4 

40.7 

51.9 

64.2 

73.2 

66.1 

46.8 

15.7 

17.9 

19.3 

19.1 

18.9 

19.6 

SO.O 

85.0 

95.0 

100.0 

98.0 

84.5 

10.0 

27.0 

46.0 

62.0 

48.0 

23.0 

71.4% 

64.4% 

67.2% 

72% 

71.9% 

70.8% 

69 . 5  % 

69.6 

5.27 

6.83 

5.18 

4.0 

4.06 

6.5 

15.76 

60.  Ot 

N. 

S. 

S.E. 

S.W. 

N. 

S.E. 

S.E. 

S.E. 

5.9 

6.8 

5.2 

4.0 

3.9 

6.2 

6.2 

5.4 

6.9 

10.2 

12.6 

10.0 

12.0 

9.5 

23.1 

122.6 

9.9 

10.6 

11.7 

14.9 

11.2 

11.1 

30.0 

142.8 

16.8 

20.8 

24   3 

24.9 

23.2 

20.6 

53.1 

265.4 
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Victoria,  Australia 


.station  than  at  New  Orleans  at  the  moutli  of  the  river, 
and  at  various  other  coast  stations  at  this  latitude  or 
lower.  There  is  a  fair  amount  of  sunshine,  although 
the  number  of  clear  and  fair  days  in  this  portion  of 
the  "sunny  South"  only  exceeds  the  number  in 
Boston,  for  example,  by  twenty-eight,  and  New- 
York  by  fourteen. 

Attention  is  also  called  to  the  similarity  of  this 
climate  to  that  of  the  region  represented  by  Little 
Rock,  Ark.  In  the  latter  there  are  the  same  freedom 
from  wind,  about  the  same  rainfall,  and  almost 
identically  the  same  number  of  clear  and  fair  days. 
The  yearly  temperature  is  also  quite  similar,  though 
somewhat  lower.  It  may  be  added  that  the  climate 
of  this  region,  represented  by  Vicksburg,  is  regarded 
as  a  healthful  one.  Edward  O.  Otis. 

Vicq-d'Azyr,  Felix. — A  distinguished  French  an- 
atomist and  medical  writer  of  the  latter  half  of  the 
eighteenth  century.  Born  at  Valogne,  France,  in 
1748.  He  began  the  study  of  medicine  at  Paris  when 
he  was  seventeen,  and,  from  the  very  beginning, 
maniffested  a  strong  preference  for  anatomy  and 
physiology.  He  began  his  career  as  a  teacher  in 
1773,  and  the  private  courses  of  instruction  which 
he  gave  in  anatomy  were  so  popular  that  Antoine 
Petit,  who  taught  this  subject  at  the  medical  school 
of  the  Jardin-du-Roi,  chose  him  to  act  as  his  sub- 
stitute. The  treatises  which  he  wrote  on  scientific 
subjects  were  both  numerous  and  of  great  importance. 
Among  the  topics  which  he  treated  we  may  mention 
the  following  as  examples:  the  organ  of  hearing;  the 
organs  of  the  voice;  tlie  intermaxillary  bone  (discov- 
ered by  him  in  1784) ;  the  structure  and  purposes  of  the 
four  extremities  in  man  and  in  animals;  the  organs  of 
generation  of  the  duck;  description  of  the  nerves  of 
the  second  and  third  pairs;  and  an  account  of  the 
structure  of  the  brain,  spinal  cord,  and  origins  of 
nerves.  He  died  June  20,  1794,  at  the  comparatively 
early  age  of  forty-sLx. 

Vicq-d'Azyr's  name  is  associated  with  a  number  of 
anatomical  structures.  His  various  writings  have 
been  published  under  the  title:  "Oeuvres  de  Vicq- 
d'Azyr,"  Paris,  1895,  6  vols,  and  atlas.  A.  H.  B. 

Victoria,  Australia. — It  is  hardly  to  be  sup- 
posed that  many  invalids  from  any  part  of  Europe, 
or  of  the  United  States,  or  of  Canada,  would  seek 
residence  in  so  remote  a  country  as  Australia,  and 
yet  it  will  be  of  interest  to  give  a  brief  summary  of 
the  clim.ate  of  this  portion  of  that  country,  containing, 
as  it  does,  the  most  populous  city  of  Australia,  Mel- 
bourne; for  the  traveller  or  the  merchant  may  have 
occasion  to   visit  this  portion  of  the  world,   if  the 

CuuATE  OF  MELBonRSE,  VICTORIA.      Latitcde.  37°  49'  S. ;  LoNoiTnDE,  9H.  39M.  54S.  E. — Period  o»  Observation,  Twentt-Sdc  Years. 


invalid  does  not,  and  it  may  be  of  service  to  him  to 
know  something  of  the  climatic  conditions  he  is  to 
encounter. 

Victoria  exhibits,  in  its  physical  features,  the  three 
divisions  or  regions  common  to  the  whole  island  conti- 
nent :  a  littoral  region  of  sixty  or  more  miles  in  breadth ; 
a  mountain  range  approximately  parallel  to  the  coast, 
of  from  one  to  five  thousand  feet  in  elevation;  and 
beyond  these  mountains  lies  the  great  inland  basin, 
the  home  and  origin  of  the  hot  winds.  Of  the  pecul- 
iarities of  the  climate  of  the  great  inland  basin  or 
plains,  perhaps  sufficient  mention  has  been  made 
under  the  article  Australia  in  vol.  i.  of  the  Hand- 
book, and  it  will  be  sufficient  to  repeat  here  that  the 
climate  of  these  vast  plains  is  characterized  by  heat 
and  drj-ness.  The  summers  are  hot,  the  thermo- 
meter frequently  rising  to  110°  F.,  but  the  dryness  of 
the  air  makes  the  heat  more  endurable.  The  other 
seasons  of  the  year  are  "delightful."  "In  winter 
there  Ls  a  little  morning  frost,  but  the  midday  is 
always  warm.  Autumn  and  spring  present  an  almost 
ideal  perfection  of  climate"  (Lindsay).  This  is 
the  great  sheep-grazing  country,  the  home  of  the 
"squatter." 

The  highland  or  mountain  region  exhibits  the  char- 
acteristic climatic  features  of  altitudes;  the  range 
runs  across  the  whole  breadth  of  the  colon>%  is  well 
wooded,  and  the  higher  portions  are  often  covered 
with  snow.  The  existence  of  this  mountain  range  is 
the  one  topographical  feature  of  the  country,  says 
Richards,  demanding  attention  on  the  part  of  any 
one  desiring  to  understand  the  chief  cause  for  such 
local  modifications  as  exist  in  the  general  climate  of 
the  colony. 

Of  the  coast  region  the  climate  of  Melbourne  can 
be  taken  as  fairly  representative,  as  well  as  represent- 
ing in  a  general  way  the  climate  of  the  whole  colony, 
and  a  study  of  the  chart  of  Melbourne,  herewith 
given,  will  serve  to  demonstrate  the  leading  climatic 
characteristics. 

In  the  first  place  it  is  to  be  borne  in  mind  that  Aus- 
tralia is  south  of  the  equator,  and,  hence,  the  seasons 
are  reversed  from  those  in  north  latitude;  their 
summer  is  our  winter,  and  so  on  for  the  other  seasons. 
Whereas  the  mean  summer  temperature  is  the  same 
as  that  of  middle  Europe,  it  will  be  seen  that  it  is 
subject  to  great  variability.  The  hot  winds  blowing 
from  the  desert  of  central  .Australia  produce  sudden 
great  elevations  of  temperature,  rapidly  followed  by  a 
fall  produced  by  a  change  in  the  direction  of  the  wind. 
These  hot  squalls,  as  they  may  be  called,  produced 
by  the  hot  north  winds,  are  accompanied  by  dust  and 
by  a  very  considerable  fall  in  the  humidity;  indeed, 
the  heat  and  dryness  are  so  intense  that  on  one  oc- 
casion apples  were  literally  roasted  on  the  trees.  The 
highest   mean  temperature  occurs  in   January,   and 
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the  lowest  from  the  middle  of  July  to  the  beginning 
of  August. 

The  winter  is  usually  characterized  by  frequent 
rains  and  high  winds.  Ice  and  frost  infrequently 
occur  at  this  season,  and  at  Melbourne  the  tempera- 
ture seldom  falls  much  below  the  freezing  point. 

The  autumn  season  (March,  April,  and  May)  is 
considered  "the  most  genial  and  beautiful  portion 
of  the  year";  the  temperature  is  moderate,  the  north 
winds  grow  cooler,  and  vegetation,  which  has  been 
withered  by  the  summer's  dryness  and  heat,  bursts 
forth  again  as  soon  as  the  moisture  returns. 

The  spring  (September,  October,  and  November) 
resembles  in  character  the  autumn;  the  weather  is 
usually  mild  and  even  quite  warm.  Sometimes  there 
is  a  large  rainfall  in  October  and  November;  or  there 
may  be  considerable  diminution  of  rain  at  the  begin- 
ning of  October,  and  in  November  the  dry  and  even 
hot  northerly  winds  may  blow  and  parch  the 
vegetation. 

In  brief,  the  climate  of  this  region  is  characterized 
by  high  temperature  and  frequent  dust  storms,  com- 
paratively mild  winters,  and  agreeable  climatic 
conditions  in  spring  and  autumn. 

Sudden  and  extreme  variability  of  temperature  is 
not  uncommon,  especially  in  summer.  The  rainfall 
varies  largely  in  different  seasons — from  nineteen  to 
thirty-two  inches.  The  percentage  of  cloudiness 
appears  to  be  pretty  high,  though  in  general  cloud- 
less sunshine  is  one  of  the  features  of  the  Australian 
climate.  The  wind  velocity  is  considerable,  and,  as 
has  been  mentioned,  the  hot  north  wind  of  the  summer 
is  a  veritable  furnace  blast. 

Melbourne  itself,  a  city  of  549,200  inhabitants, 
including  its  suburbs,  lies  at  the  head  of  Port  Philip 
Bay,  and  is  spread  out  over  a  large  area.  There  are 
wide  streets,  numerous  parks,  squares,  and  gardens, 
and  many  fine  public  buildings.  The  number  of 
suburban  towns  and  the  great  expanse  of  the  city  are 
a  striking  feature  of  the  place.  Melbourne  appears 
to  be  a  healthy  place  of  residence.  In  rural  Victoria 
pulmonary  tuberculosis  is  not  very  frequent,  but  in 
Melbourne,  as  in  all  large  centers  of  population  the 
world  over,  this  disease  is  prevalent.  In  the  coast 
region  rheumatism  and  cardiac  affections  are  said 
to  be  common.  Malaria  does  not  prevail  in  Australia. 
Edward  O.  Otis. 


Victoria  Mineral  Springs. — Custer  County,  Ne- 
braska. 

Post-office. — New  Helena.      Hotel. 

New  Helena  is  reached  by  the  Burlington  and  Mis- 
souri River  Railroad  to  Anselmo,  thence  65  miles 
east  by  automobile;  or  10  miles  north  of  Merna. 
The  springs  are  seven  in  number,  and  are  at  a  level 
of  2,600  feet  above  tide  water,  in  a  level  prairie 
country  having  fine  roads.  It  is  said  that  an  average 
of  three  hundred  and  fifty  clear,  sunny  days  in  the 
year  may  be  counted  upon  in  this  region.  The 
springs  were  discovered  in  1888,  and  it  is  stated  that 
no  two  of  them  are  exactly  alike.  The  largest,  known 
as  the  "  Magnesia  "  Spring,  is  used  for  bottling.     Each 

One  United  States  Gallon  Contains: 
Solids.  '  Grains. 

Magnesium  carbonate 11 .  27 

Calcium  carbonate 15.63 

Iron  carbonate 08 

Sodium  sulphate 2.16 

Calcium  sulphate 18 .  03 

Magnesium  sulphate 12 .  06 

Potassium  sulpliate 1,46 

Ammonium  sulphate 0.  23 

Sodium  chloride 1.26 

Lithia Trace 

Iodine Trace 

Bromine Trace 

Total 62  .  18 


spring  has  a  different  flow,  yielding  from  twelve  hun- 
dred to  three  thousand  gallons  per  hour.  An  analysis, 
made  in  1888,  resulted  as  shown  above. 

The  water  has  an  unvarying  temperature  of  55°  F. 
It  is  coming  into  considerable  use  as  a  commercial 
water,  and  in  addition  to  table  and  domestic  use  it  is 
recommended  for  stomach  and  kidney  disorders. 

Emma  E.  Walker. 


Vieussens,  Raymond. — Born  at  Rouergue,  France, 
in  1641.  He  studied  medicine  at  the  University  of 
Montpellier,  received  his  doctor's  degree  from  the 
same  institution,  and  began  the  practice  of  his  pro- 
fession in  that  city.  In  1671  he  was  appointed 
Physician  of  the  Saint-Eloy  Hospital.  This  appoint- 
ment afforded  him  ample  opportunities  for  prose- 
cuting his  anatomical  researches,  and  enabled  him, 
after  ten  years  of  unremitting  labor,  to  publish  his 
"  Neurographie  universelle,"  a  work  of  very  great 
merit.  Anne  de  Montpensier,  "la  grande  mademoi- 
selle," having  heard  of  the  marked  ability  of  Vieus- 
sens, cho.se  him  to  be  her  physician,  in  the  place  of 
Dubelloi,  who  had  recently  died.  Vieussens  held  this 
position  up  to  the  time  of  the  death  of  the  Duchesse  de 
Montpensier,  and  then  returned  to  Montpellier,  to  re- 
sume his  post  of  Physician  of  the  Saint-Eloy  Hospital. 
He  died  in  1716. 

The  following  are  among  the  more  important  of  the 
published  writings  of  Vieussens:  "Neurologia  univer- 
salis, hoe  est,  omnium  humani  corporis  nervorum 
simul  ac  cerebri,  medullseque  spinalis  descriptio 
anatomica, "  Lyons,  1685;  "Novum  vasorum  corporis 
humani  systema, "  Amsterdam,  1705;  "Nouvelles 
d^couvertes  sur  le  coeur, "  Toulouse,  1706;  "Traits 
sur  la  structure  de  I'oreille, "  Toulouse,  1714;  "Trait6 
nouveau  de  la  structure  et  des  causes  du  mouvement 
naturel  du  coeur,"  Toulouse,  1715;  and  "Experiences 
et  rfiflexions  sur  la  structure  et  I'usage  des  visc^res," 
Paris,  1755.  His  name  is  associated  with  a  number  of 
anatomical  parts,  in  the  brain  and  heart  especiallv. 

A.  H.  B. 

Villacabras  Springs. — The  springs  of  Villacabras 
are  situated  in  the  province  of  Madrid,  Spain,  and  are 
owned  by  a  French  company  which  exports  this  water 
under  the  above  name.  It  is  a  natural  mineral  purga- 
tive water,  and  is  said  to  have  neither  a  repulsive 
smell  nor  a  bitter  taste,  and  to  be  painless  in  its 
action. 

The  analysis,  made  by  Prof.  C.  F.  Chandler,  of 
New  York,  is  as  follows: 

In  one  United  States  gallon  there  are  (solids): 
Sulphate  of  soda,  gr.  9,340.5765;  sulphate  of  potash, 
traces;  sulphate  of  magnesia,  gr.  21.3.3164;  sulphate  of 
lime,  gr.  119.0627;  sulphates  of  iron  and  alumina, 
traces;  chloride  of  sodium,  gr.  50.9641;  silica,  gr. 
2.2219.     Total,  9,726.1416  grains. 

As  will  be  seen  from  the  above,  the  "Glauber's 
salt"  is  the  principal  ingredient  of  this  water,  and  the 
one  upon  which  its  purgative  action  depends.  The 
dose  is,  as  a  laxative,  from  four  or  five  table.spoonfuls; 
as  a  purgative,  half  a  tumblerful  or  more.  The 
effect  of  the  water  is  said  to  be  increased  if  it  is  diluted, 
and  it  is  therefore  recommended  that  in  intervals 
between  the  doses  some  light  liquid  nourishment  or 
plain  water  be  taken. 

Villacabras  water  can  be  recommended  for  those 
conditions  which  reciuire  a  non-stimulating  laxative 
or  purgative,  such  as  hepatic  torpor,  chronic  constipa- 
tion, gastrointestinal  catarrh,  etc.  It  is  also  recom- 
mended for  children  and  persons  of  delicate  taste  on 
account  of  its  freedom  from  objectionable  odor  and 
bitter  taste.  Edward  O.  Otis. 


Villemin,  Jean  Antoine. — A  French  pathologist 
who  owes  his  celebrity  to  the  fact  that  he  was  the  first 
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to  maintain  (about  1805)  the  doctrine  that  tuberculosis 
is  a  specific  and  inoculable  disease.  He  was  born  at 
Prey,  in  the  Vosges  Mountains,  France,  Jan.  25, 
1827.  He  studied  medicine  partly  at  Strassburg  and 
partly  at  the  Val-de-Grace  institution  in  Paris,  and 
received  his  doctor's  degree  in  18.53.  Subsequently 
he  was  a  military  surgeon  for  several  years,  then  a 
professor  in  the  Val-de-Grace  school  of  medicine,  and 
finally  a  Medical  Inspector  in  the  army  of  the  reserves. 
He  died  Oct.  6,  1892. 

Of  his  published  writings  the  following  deserve  to 
receive  special  mention:  "Du  tubercule  au  point  de 
vue  de  s/)n  siege,  de  son  Evolution,  et  de  sa  nature," 
1862;  "Etudes  sur  la  tuberculose,  preuves  rationelles 
et  expdrimentales  de  sa  specificitc  et  de  son  inocula- 
bilite,"  Paris,  1867;  and  "Traitc  elcmentaire  d'his- 
tologie  humaine  normaleet  pathologique"  (in  associa- 
tion with  Charles  Morel),  1864.  A.  H.  B. 


Vina. — Medicated  wines  consist  of  a  medicine  in 
solution  in  white  wine  or  of  a  tincture  of  a  vegetable 
drug  diluted  with  white  wine.  Wines  are  not  very 
eligible  preparations,  as  they  do  not  keep  well.  There 
were  formerly  ten  vina  official  in  the  United  States 
Pharmacojiceia,  of  which  eight  were  medicated  and 
two  not  medicated. 

Vimim  Album  (White  Wine)  is  an  alcoholic  liquid 
made  by  fermenting  the  juice  of  fresh  grapes  (freed 
from  seeds,  stems,  and  skins).  It  is  a  pale  amber- 
colored  or  straw-colored  liquid,  having  a  pleasant 
odor  free  from  yeastiness,  and  a  fruity,  agreeable, 
slightly  spirituous  taste,  without  excessive  sweetness 
or  acidity. 

Vinum  Rubrum  (Red  Wine)  is  an  alcoholic  liquid 
made  by  fermenting  the  juice  of  fresh  red-colored 
grapes  with  their  skins.  It  is  a  deep  red  liquid,  hav- 
ing a  pleasant  odor  free  from  yeastiness,  and  a  fruity, 
moderately  astringent,  pleasant,  and  slightly  acidulous 
taste,  without  excessive  sweetness  or  acidity. 

R.  J.  E.  Scott. 


Virchow,  Rudolf,  anthropologist,  pathologist, 
sanitarian,  and  statesman,  was  born  in  Schievelbein, 
Pomerania,  Germany,  October  13,  1821.  He  studied 
medicine  at  the  Friedrich-Wilhelm  University,  Berlin, 
receiving  his  doctor's  degree  and  an  appointment  as 
assistant  physician  to  the  Charity  Hospital  in  1843. 
Three  years  later  lie  was  made  teacher  in  the  Uni- 
versity and  in  1847  he  founded,  in  association  with 
Benno  Reinhardt,  the  celebrated  Archiv  fiir  pathoto- 
gische  Analomie  und  Phijsiologie  xind  fur  kiinische 
Medizin,  known  usually  as  "Virchow's  Archiv."  In 
1848  he  conducted,  at  the  command  of  the  govern- 
ment, an  investigation  of  an  epidemic  of  t3-phus  fever 
in  Silesia,  but  the  following  year  was  condemned  to 
exile  from  Prussia  for  participating  in  the  political 
disturbances  of  the  time,  accepting  the  olTor  of  the 
chair  of  pathological  anatomy  at  the  Univer.sity  of 
Wiirzburg.  While  there  he  began  his  great  work  on 
Cellular  Pathology,  published  in  1859,  and  also  began 
editing  the  "Handbuch  der  speciellen  Pathologic  und 
Therapie."  Of  his  other  published  writings  on 
pathology  may  l)e  mentioned  especially  "  Die  krank- 
haften  Geschwiil-ste."  In  1857  he  published  his  first 
work  on  Anthropology,  a  science  which  he  may  almost 
be  said  to  have  founded.  As  a  sanitarian  also 
Virchow  was  conspicuously  a  leader,  and  to  him  more 
than  to  any  other  man  wa-s  due  the  transformation  of 
Berlin  from  one  of  the  most  insanitary  cities  of 
Europe  to  a  model  capital — well-built,  well-paved, 
and  well-sewered. 

In  addition  to  his  professional  labors  Virchow  was 
an  active  participant  in  the  political  life  of  his  coun- 
try. He  was  permitted  to  return  to  Berlin  in  1856, 
and  three  years  later  was  elected  by  the  liberals  a 
member  of  the   Municipal   Council.     From   1862  to 
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1878  he  sat  in  the  Prussian  House  of  Deputies,  and 
from  1880  to  1893  wa.s  a  member  of  the  Reichstag. 
He  was  one  of  the  chief  instigators  of  the  war  on 
the  Catholic  Orders,  and  coined  the  word  "  Kultur- 
kampf"  to  designate  that  movement.  He  was  also 
bitterly  opposed  to  the  creation  of  a  German  navy,  yet 
was  a  firm  believer  in  the  necessity  of  occa-sionalwars, 
without  w'hich  he  held  there  could  be  no  advance  ia 
civihzation.  He  never  spared  his  opponents  in  politi- 
cal debate  and  on  one  occa,sion,  it  is  said,  he  so 
irritated  Bismarck  that  the  latter  challenged  him  to 
a  duel;  the  encounter  never  camo  off  for  the  reason 
that,  the  tradition  runs,  as  the  challenged  party  Vir- 
chow had  the  choice  of  weapons  and  insisted  that  each 


should  eat  a  pound  of  trichinous  pork. 
Virchow  died  September  5,  1902. 


T.  L.  S. 


Viscera,  Transposition  of. — This  condition  is 
properly  to  be  regarded  as  teratological.  Only  the 
asymmetrical  organs  can  be  transposed,  and  the  site 
of  all  these  organs  can  readily  be  inverted.  Even 
in  apparentl}'  symmetrical  organs  like  the  lungs,  we 
may  see  three  lobes  on  the  left  and  two  on  the  right 
side,  as  an  inversion  of  the  normal  arrangement.  In 
theory  any  slight  peculiarity  of  symmetrical  organs 
like  the  testes  or  kidneys,  such  as  slightly  lower  posi- 
tion, could  be  transposed;  but  while  in  general  inver- 
sion the  right  testes  has  been  found  to  hang  lower  than 
the  left  this  beha\-ior  is  inconstant.  Transposition  of 
the  viscera  is  usually  complete,  although  it  must  not  be 
inferred  that  all  cases  arc  precisely  alike.  Certain 
organs  may  not  participate  or  may  be  the  seat  of  other 
anomalies.  Thus  in  seventy-one  cases  of  "complete" 
transposition  the  lungs  participated  in  but  fifty  per 
cent. 

A  satisfactory  idea  of  transposition  of  viscera  may 
be  obtained  by  holding  a  drawing  of  a  dis.section  of  the 
thoracic  and  abdominal  viscera  before  a  mirror  and 
studying  the  reflection.  The  heart  will  be  seen  on  the 
right  side,  the  liver  on  the  loft,  the  stomach  and 
spleen  on  the  right  side,  the  cecum  and  appendix  on 
the  left,  and  the  sigmoid  flexure  on  the  right.  The 
important  external  landmarks  of  the  viscera,  such  ;is 
the  site  of  the  apex  of  the  heart  of  the  pylorus,  gall- 
bladder, ileocecal  valve,  etc.,  will  be  correspondingly 
inverted,  as  will  the  areas  of  percussion  dulness  and  the 
x-ray  finds. 

.\  history  of  this  subject  shows  that  a  vast  majority 
of  the  first  hundred  or  more  of  these  cases  reported 
consisted  of  autopsy  finds  and  this  holds  good  for 
many  years  after  the  introduction  of  auscult.ation  and 
percussion.  For  the  past  few  tiecadcs  the  percent.ige 
of  clinical  to  autopsy  finds  has  greatly  increased. 
This  is  probably  particularly  the  case  in  the  United 
States  in  which"  the  percentage  of  autopsies  to  deaths  is 
verysmall.  Statistics  show  t  hat  individuals  wit  h  t ran.s- 
posed  viscera  are  as  a  rule  of  average  health,  longevity, 
and  fertility.  Apparently  this  condition  cannot  be 
classed  as  a  stigma  of  degeneration.  It  seemingly  has 
no  connection  with  left-handcdness  nor  are  there  any 
associated  anomalies  wliich  suggest  its  presence. 
Aside  from  the  general  inWequency  of  the  condition, 
subjects  with  transposition  have  no  special  ailments 
which  cause  them  to  seek  advice.  Left-sided  appen- 
dicitis is  excessively  rare.  Hence  it  happens  that 
many  experienced  clinicians  go  through  life  without 
seeing  a  case.  Nevertheless,  to  overlook  a  case  would 
be  a  technical  error,  and  this  is  readily  avoided  by 
locating  the  apex  of  the  heart.  .\s  the  heart  sounds 
of  a  transposed  heart  are  usually  transmitted  to  the 
normal  area  on  the  left  side,  any  feebleness  or  indis- 
tinctness and,  of  course,  absence  of  sounds  should 
cause  the  examiner  to  investigate  the  corresponding 
area  on  the  right  side. 

Incomplete  transposition  of  viscera  is  rare  in  com- 
parison with  the  complete  form  and  interest  is  largely 
centered    in    simple    dextrocardia.     The   abdominal 
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incoiTiplote  tran.spa.siti(ms  show  want  of  type;  and  may 
be  limited  to  one  viseus  like  the  liver;  or  conversely 
most  of  the  viscera  may  be  transposed  while  one  or 
more  retain  their  normal  location. 

The  subject  is  one  not  without  practical  bearings. 
A  transposed  organ  is  usually  mistaken  for  some  le- 
sion. Absence  of  liver  dulness  could  suggest  hepatic 
atrophy  while  a  large  area  of  dulness  to  the  left  would 
naturally  suggest  a  splenic  tumor.  Lesions  of  a 
transpo.sed  pylorus  would  ajiparently  occupy  the  area 
of  the  pancreas.  "Left -sided  appendicitis"  usually 
means  that  the  symptoms  point  to  the  left  instead  of 
the  right  lower  abdominal  quadrant  but  only  in  a  very 
few  cases  has  a  transposerl  appendix  been  at  fault. 
Some  clinicians  have  had  the  exceptional  opportunity 
of  studying  several  cases  of  transposition,  even  within 
a  relatively  brief  interval  of  time.  This  cumulation 
naturally  -suggests  that  the  condition  is  not  so  infre- 
quent after  all.  Apparently  the  male  sex  is  far  more 
commonly  affected  but  there  are  no  embryological 
reasons  why  one  sex  should  predominate.  Many 
theories  have  been  advanced  to  explain  complete 
transposition  of  viscera.  Aside  from  the  general  con- 
viction that  it  must  originate  very  early  in  the  embry- 
onal period  there  is  not  much  to  be  said.  In  a  double 
monster  the  fetus  of  the  right  side  is  .said  to  show  com- 
plete transposition  while,  in  the  fellow  the  visceral  size 
IS  normal.  Edward  Preble. 


Vision,  Physiology  of. — In  order  to  read  with 
profit  a  presentation  of  the  physiology  of  vision  one 
should  be  thoroughly  conversant  with  the  anatomy 
of  the  eye,  with  the  general  principles  of  refraction, 
and  with  the  application  of  those  principles  to  the 
dioptrics  of  the  eye.  The  reader  is  referred  to  the 
articles  on  the  Anatomy  of  the  Eye  (vol.  iv.,  p.  241) 
and  the  Dioptrics  of  the  Eye  (vol.  iv.,  p.  263). 

Vision  comprises  two  distinct  phases  of  activity:  1. 
Optical,  in  which  phase  the  eye  as  an  optical  instru- 
ment focusses  upon  the  retina  images  of  objects.  2. 
Sensory,  in  which  the  sonsorium  is  made  conscious  of 
the  form  and  color  of  the  image  through  the  neuro- 
epithelial cells,  rods  and  cones,  and  the  two  orders  of 
sensory   neurones. 

A.  VisDAL.  Optics:  the  Eye  as  .^x  Optical  Instru- 
ment.— Possessing  a  lens  with  an  adjustable  focal  dis- 
tance, a  diaphragm  with  an  adjustable  aperture,  a 
pigment  lining  for  absorption  of  dispersed  light,  and 
a  screen  for  the  reception  of  the  image,  the  eye  must  at 
once  be  recognized  as  a  typical  optical  instrument. 
Used  as  it  is  for  viewing  distant  objects  whose  image 
is  infinitesimal  compared  with  the  object,  the  eye 
resembles  a  telescope.  But  the  adjustable  diaphragm 
in  front  of  the  lens  and  the  screen  for  the  reception  of 
the  image  are  points  which  make  it  more  strongly 
resemble   the   photographic   camera. 

All  of  the  optical  instruments  consist  of  two  distinct 
mechanisms:  (1)  A  refractive  apparatus  for  focussing 
the  rays  of  light,  (2)  a  directive  apparatus  {or  directing 
the  axis  of  the  instrument  at  the  object  whose  image 
is  to  be  viewed. 

L  Visual  Refraction;  the  Refracti\'b  Apparatus 
OF  the  E-ST3. — Before  entering  upon  the  consideration 
of  this  topic  it  might  be  interesting  to  note  that  the 
mechanical  and  thermal  stimuli  of  one's  environment 
are  quite  unmodified  preparatory  to  their  stimulation 
of  the  sensory  end-organs,  and  the  pressures  and  ten- 
sions and  temperature  transmitted  practically  un- 
modified through  the  superficial  layers  of  the  cuticle 
act  directly  upon  the  sense  organs.  The  chemical 
agents,  however,  which  serve  to  stimulate  the  sensory 
nerves  of  smell  and  ta.ste  must  enter  into  solution 
before  the  end-organs  are  stimulated.  Furthermore, 
the  vibrations  of  ponderable  matter  must  be  con- 
densed and  intensified  by  the  transmitting  apparatus 
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of  the  ear  before  they  are  sufficiently  intensified  to 
stimulate  the  end-organs  of  hearing. 

Finally,  the  vibrations  of  the  imponderable,  luminif- 
erous  ether  can  only  be  recognized  as  light  by  the 
primitive  eye  spots  of  the  ccelenterates  and  echino- 
derms.  Nature  has,  through  the  lapse  of  ages, 
evolved  a  visual  sense  organ  which  is  able  to  recognize 
not  only  the  difference  between  light  and  darkness, 
but  also  to  perceive  the  form  and  color  of  distant 
objects.  In  order  to  accomplish  this  rays  of  light 
are  focussed  into  a  clearly  defined  image  through  the 
refractive  apparatus  of  the  eye. 

(a)  Application  of  the  Laws  of  Refraction  to  the  Mam- 
malian Eye. — See  article  Eye,   Dioptrics  of. 

(b)  The  Optic  Disc  or  Blind  Spot. —  (1)  The  location  of 
the  blind  spot  may  be  determined  as  follows  (Marri- 
otte's  experiment):  On  a  white  card  make  a  black  cross 
and  a  circle  about  three  inches  apart.  Closing  the 
left  eye,  hold  the  card  vertically  about  ten  inches  from 
the  right  eye  so  as  to  bring  the  cross  to  the  left  side 
of  the  circle.  Look  steadily  at  the  cross  with  the  right 
eye,  when  both  the  cross  and  the  circle  will  be  seen. 
Gradually  bring  the  card  toward  the  eye,  keeping  the 
axis  of  vision  fixed  upon  the  cross.  At  a  certain  dis- 
tance the  circle  will  disappear,  i.e.  when  its  image  falls 
upon  the  entrance  of  the  optic  nerve.  On  bringing 
the  card  nearer,  the  circle  reappears,  the  cross  of 
course  being  visible  all  the  time. 

(2)  The  ontline  of  the  blind  spot  may  be  determined 
as  follows:  Make  a  cross  on  the  center  of  a  sheet  of 
white  paper  and  place  it  on  the  table  about  thirty  centi- 
meters from  the  cornea;  close  the  left  eye  and  look 
steadily  at  the  cross  with  the  right  eye.  Wrap  a  pen- 
holder in  white  paper,  leaving  only  the  tip  of  the  pen 
point  projecting;  dip  the  latter  in  ink,  or  dip  the  point 
of  a  white  feather  in  ink,  and  keeping  the  head  steady 
and  the  axis  of  vision  fixed,  place  the  pen  point  near  the 
cross  and  gradually  move  it  to  the  right  until  the 
black  becomes  invisible.  Mark  this  .spot.  Carry 
the  blackened  point  still  further  outward  until  it  be- 
comes visible  again.  Mark  this  outer  limit.  These 
two  points  give  the  outer  and  inner  limits  of  the  blind 
spot.  Begin  again,  moving  the  pencil  first  in  an  up- 
ward, then  in  a  downward  direction,  in  each  case 
marking  where  the  pencil  becomes  invisible.  If  this 
be  done  in  several  diameters  an  outline  of  the  blind 
spot  is  obtained,  even  little  prominences  showing  the 
retinal  vessels  being  indicated. 

(3)  The  size  of  the  optic  disc  may  bo  readily  deter- 
mined by  using  the  formula  given  below.  Let  x  equal 
the  long  axis  of  the  disc  to  be  determined;  a,  equal  the 
long  axis  of  the  map,  as  measured ;  d,  the  distance  from 
the  nodal  point  to  the  sheet  of  white  paper  upon  which 
the  map  of  the  white  disc  was  drawn;/,  equal  the  dis- 
tance from  the  nodal  point  to  the  retina,  15  mm.:  Then 


x:a::f:  d,0T  x  = 


of 


(c)  Accommodaton. — See  Eye,   Dioptrics  of. 

(d)  Imperfections  of  the  Refractive  Apparatus  of  the 
Eye. — It  will  be  remembered  that  the  sole  function 
of  the  eye  as  a  refractive  apparatus  is  to  focus  rays 
from  any  object,  near  or  far,  upon  the  retina;  that 
when  the  accommodative  apparatus  is  at  rest  the 
image  of  an  object  six  meters  or  more  distant  is  formed 
upon  the  retina  in  the  normal  eye.  The  distance  of 
the  image  depends,  then,  upon  the  focal  distance,  but 
the  principal  focal  distance  depends  in  turn  upon  the 
radius  of  curvature,  the  index  of  refraction,  and  the 
location  on  the  optical  axis  of  the  elements  of  the 
dioptric  .system.  In  the  nature  of  the  case  the  index 
of_  refraction  cannot  change  perceptibly.  In  the 
principal  imperfections  of  the  refractive  apparatus 
of  the  eye  the  position  of  the  elements  of  the  dioptric 
sj'stem  upon  the  optical  axis  is  faulty.  If  the  screen 
(retina)  is  too  far  back  the  rays  will  come  to  a  focus  be- 
fore reaching  the  retina.  The  subject  will  attempt  to 
correct  the  difficulty  by  bringing  the  object  near  to 
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the  eye,  thus  increasing  the  conjugate  focal  distance 
until  the  image  falls  upon  the  retina.  This  bringing 
of  the  object  near  to  the  eye  is  a  sign  of  a  condition  of 
the  eye,  which  has,  in  consequence,  been  called 
"near-sightedness,"  or  myopia,  and  it  may  be  corrected 
by  placing  before  the  eyes  concave  or  divergent  lenses 
which  enable  the  subject  to  see  distant  oljjects. 

The  retina  may  be  too  close  to  the  nodal  point;  that 
is,  the  eyeball  may  be  flattened  in  the  anteroposterior 
diameter.  In  that  case  rays  of  light  from  a  distant 
object  would  not  be  brought  to  a  focus  by  the  time 
they  reach  the  retina.  The  subject  will  attempt  to 
correct  the  difficulty  by  bringing  into  action  the 
accommodative  apparatus  of  the  eye,  thus  bringing 
the  focus  nearer  to  the  nodal  point  until  it  falls  upon 
the  retina  and  the  object  is  clearly  seen.  This  con- 
dition is  called  "far-sightedness"  or  hypermetropia. 
The  oculists  correct  it  by  placing  before  the  eyes 
convex  or  convergent  lenses  which  enable  the  subject 
to  see  distant  objects  without  the  help  of  accommoda- 
tion. 

The  radius  of  curvature  of  the  cornea  may  be  differ- 
ent in  different  planes.  If  the  radius  is  shorter  in 
the  horizontal  than  in  the  ver- 
tical plane  the  rays  which  lie  in 
that  plane  will  be  focussed 
nearer  to  the  nodal  point  than 
will  those  which  lie  in  the  ver- 
tical plane.  It  must  be  evident 
that  the  eye  would,  under  such 
conditions,  be  quite  unable  to 
focus  both  horizontal  and  ver- 
tical lines  at  the  same  time. 
Bringing  the  object  nearer  does 
not  relieve  the  subject;  using 
the  accommodation  does  not 
help  the  condition.  It  is  held 
by  some  ophthalmologists,  how- 
ever, that  a  modified  accommo- 
dative act  may  contract  the 
ciliary  muscles  in  one  plane 
more  than  in  another  and  thus 
correct  or  at  least  partially  cor- 
rect the  condition. 

The  most  effective  way  of  relieving  the  condition 
without  artificial  means  is  for  the  subject  to  bring  the 
eyelids  very  close  together,  leaving  only  a  narrow  hori- 
zontal slit.  In  this  way  all  of  the  rays  are  cut  out 
except  those  in  one  plane,  and  if  these  do  not  fall 
upon  the  retina  when  the  eye  is  at  rest,  the  subject 
may  bring  the  object  nearer  to  the  eye  or  may  use  the 
accommodation.  This  condition  of  the  eye  is  called 
by  the  oculists  astigmatism,  and  it  is  corrected  by 
placing  before  the  eyes  plano-convex  or  plano-con- 
cave cylindrical  lenses  which  change  the  curvature  of 
the  refracting  surface  in  one  plane  on\y.  It  is  onh-  nec- 
essary to  adjust  the  axis  of  the  cylinder  at  such  an  angle 
as  to  increase  the  curvature  in  the  plane  where  it  is 
smallest  (or  decrease  it  through  the  use  of  plano-concave 
cylinders  in  the  plane  where  it  is  greatest)  to  put  the 
dioptric  system  into  approximately  perfect  condition. 

2.  Visual  Mechanics. — As  the  telescope  or  the 
camera  must  be  provided  with  a  directive  apparatus 
by  means  of  which  the  direction  of  its  optical  axis  may 
be  changefl,  so  the  eye  is  provided  with  an  apparatus 
for  changing  the  direction  of  the  line  of  vision.  In 
directing  the  vision  from  one  point  or  object  to  an- 
other the  axis  of  the  eye  is  tured  upward  or  downward, 
outward  or  inward,  or  is  circumducted,  in  short,  the 
axis  of  the  eye  has  an  absolutely  universal  motion 
within  its  limits. 

(a)  Monocular  Fixation. — The  term  monocular  fixa- 
tion is  used  to  designate  the  mechanical  adjustment 
of  the  eye  to  bring  the  image  of  the  object  upon  the 
macula  lutea,  the  most  sensitive  portion  of  the  retina. 
If  one  studies  the  movements  of  one  eye  (the  other 
being  shaded)  he  will  find  that  it  readily  follows  the 


movements  of  an  object  held  in  front  of  it.  however 
quickly  or  through  whatever  angles  or  directions  it 
may  be  moved  by  the  observer.  The  directive  appa- 
ratus of  the  eye  consists  of  the  six  muscles  described 
in  the  article  on  anatomj',  moving  the  eye  about  three 
different  axes  of  rotation: 

(1)  A  horizontal  axis  about  which  the  eye  rotates  up- 
ward and  downward;  (2)  a  vertical  axis  about  which 
the  eye  rotates  from  right  to  left;  and  (3)  a  longitudi- 
nal axis  which  coincides  practically  with  the  physio- 
logical axis  or  line  of  vision  and  about  which  the  eye 
rotates  (slightly)  when  the  oblique  muscles  are  in 
action.  These  three  axes  are  rather  arbitrarily 
located.  Inasmuch  as  the  eye  is  a  spherical  body 
resting  in  a  hollow  spherical  socket,  and  inasmuch  as  it 
rotates  freely  in  any  direction  about  the  intersection 
of  the  three  assumed  axes,  it  is  somewhat  simpler  to 
take  a  central  point  of  rotation  about  which  the  eye 
may  rotate  in  any  direction  whatsoever  under  the 
action  of  one  or  more  of  its  six  muscles. 

Waller's  excellent  diagram,  given  in  the  accom[)any- 
ing  figure  (Fig.  4893)  will  enable  the  student  to  in- 
terpret the  mechanism  of  the  directive  power  of  the 


Fig.  4S93. — Diagram  to  Illustrate  the  Directions  toward  which  the  Optical  Axis  is  Directed 
Inclined  by  the  Contraction  of  the  Individual  Muscles.  .WvWisthe  median  line;  R.  the  right 
e,  and  L  the  left  one.  The  numbers  in  parenthesis  (3,  4,  and  6)  indicate  the  innervation  of 
e  muscle.     (After  Waller.) 

eye.  Take,  for  example,  the  movement  of  the  optical 
axis  of  the  right  eye  outward  or  away  from  the  median 
line  in  the  horizontal  i)lane.  This  movement  is 
accomplished  by  the  external  rectus  innervated  by 
the  sixth  nerve.  Again,  take  the  movement  of  the 
axis  of  the  eye  upward  in  the  vertical  plane.  It  is 
evident  that  the  superior  rectus  alone  cannot  accom- 
plish this;  but  that  that  muscle  must  act  in  conjunc- 
tion with  the  inferior  oblique.  In  a  similar  manner 
movement  vertically  downward  requires  the  com- 
bined action  of  the  inferior  rectus  and  the  superior 
oblique. 

In  general  the  contraction  of  a  single  muscle  cau.ses 
a  rotation  of  the  eye  in  the  direction  indicated  in  the 
diagram  for  that  muscle;  while  rotation  in  any  other 
direction  than  the  six  which  are  indicated  by  the 
arrows  requires  the  interaction  of  two  muscles,  and 
frequently  the  coordinative  influence  of  two  nerves. 
To  circumduct  the  eye,  sweeping  its  axis  around  a  cir- 
cle, requires  the  action  of  all  of  the  muscles,  acting 
two  or  three  at  a  time;  an  action  the  exactness  of 
adjustment  and  the  complexity  of  coordination  of 
which  must  compel  the  admiration  of  any  student  of 
mechanics. 

(b)  Binocular  Fixation. — This  expression  is  used  to 
designate  the  coordinated  binocular  movement  which 
results  in  directing  the  physiological  axes  of  both  eyes 
upon  the  same  object.  If  the  object  fixed  by  both 
eyes  be  a  small  one,  its  image  falls  upon  the  fovea  cen- 
tralis; if  it  be  a  large  one,  it  will  be  disposed  about 
that  point  symmetrically,  as  shown  in  Fig.  4894. 

The  lower  part  of  the  object  being  focussed  upon  the 
upper  segment  of  the  two  retina-,  and  the  right  part  of 
the  object  being  focussed  upon  the  left  part  of  the  two 
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retiiUL',  that  is  upon  the  median  segment  of  the  right 
retina  and  the  external  segment  of  the  left  retina. 

It  is  evident  that  we  have  to  deal  with  a  complex 
mechanical  action:  (1)  With  double  monocular  fixa- 
tion, and  (2)  with  convergence  of  the  visual  axes  of 
the  eyes.  If  one  refers  to  Waller's  diagram  he  can 
readily  tabulate  the  muscles  involved  in  tiirecting  the 
two  eves  in  any  particular  direction.  If  in  Fig.  4S94 
the  object,  O,  move  toward  the  right  eye  along  the 
visual  axis,  ONF,  the  fixation  of  the  right  eye  will  not 
need  to  be  readjusted.  If,  however,  the  visual  axis  of 
the  left  eye,  ON'F',  follow  the  movement  of  the  object, 
it  will  have  to  deflect  to  the  right,  thus  making  a 
greater  angle  {<F'Ojn)  with  the  median  line  (mm') 
than  existed  before.  This  increase  of  the  angle  of  con- 
vergence is  brought  about  by  the  internal  rectus.  If 
through  weakness  or  through  paralysis  this  muscle  is 
unable  to  rotate  the  eye  far  enough  to  bring  the  points, 
O,  A'',  and  F'  into  a  .straight  line,  then  the  retinal 
image  would  not  fall  upon  the  field  (a'b'c'd')  and  there 
would  be  a  double  visual  sensation,  "double  vision," 


F1G.4S94. — Diagram  showing  the  Symmetrical  Correspondence  of 
tho  Retinal  Field.  If.  N',  Nodal  point;  f,  F'.  fovea  centralis.  The 
observer  is  supposed  to  be  looking  down  upon  the  optical  apparatus 
from  above.  Note  that  the  line  C  D,  which  is  on  the  lower  side 
of  the  object,  is  the  upper  side  of  the  image;  and  that,  the  line 
B  D,  which  is  the  right  side  of  the  object,  is  the  left  side  of  the 
image,  which  brings  it  at  the  inner  segment  of  the  right  retina 
and  the  outer  segment  of  the  left  retina. 

or  diplopia.  Failure  for  any  other  reason  to  produce 
perfect  binocular  fixation  leads  to  the  same  derange- 
ment of  vision.  This  is  the  principal,  though  not 
especially  frequent  imperfection  of  the  directive  or 
mechanical  apparatus  of  the  organ  of  vision,  and  is 
often  corrected  Ijy  oculists  through  the  use  of  pris- 
niatic  len.ses  which  bend  the  optical  axis,  bringing  the 
image  upon  the  proper  field  of  the  retina. 

li.  Visual  Sensation;  the  Eye  as  the  Sense  Organ 
OF  Vision. — The  retina  is  the  end-organ  of  vision ;  its 
function  is  to  receive  the  impression  of  the  image  fo- 
cu.ssed  upon  its  surface  by  the  optical  apparatus  and  to 
transmit  the  impression  to  the  brain.  About  all  that 
can  be  said  is  that  the  lights,  shades,  and  colors  of  the 
retinal  irhage  excite,  in  the  neuroepithelial  cells,  met- 
abolic changes  which  are  influenced  more  or  less  by  the 

452 


action  of  the  light  upon  the  pigments  in  the  associated 
tissues.  The  neuroepithelial  cells  are  composed  of  an 
afferent  element  represented  by  the  cones  or  rods  of 
the  external  layer  of  the  retina,  lay  a  neuronal  cell  body 
and  by  an  axone — the  efferent  element.  The  chemical 
changes  start,  along  the  afferent  element  (dendrite)  to- 
ward the  cell  body,  an  impulse  which  is  transmitted  by 
the  efferent  element  (neurite)  to  the  first  neurone  of 
the  cerebral  layer  of  the  retina,  thence  by  the  second 
neurone  to  the  sensorium  of  the  brain. 

The  phases  of  visual  sensation  which  seem  most 
profitable  briefly  to  discuss  are  retinal  stimulation, 
retinal  irritability,  and  visual  sensaticms. 

I.  Retinal  Stimulation. — .4.  The  Slimidi. — (a)  The 
kinds  of  sHrmdi -which  lead  to  visual  sensation  are  lim- 
ited normally  to:  (1)  Diffuse  light  inits  various  colors, 
and  (2)  images  of  objects.  In  either  case  the  stimulus 
is  light,  but  it  seems  expedient  in  view  of  what  is  to  fol- 
low to  differentiate  between  the  light  in  general  and 
images  of  objects.  The  retina,  in  common  with  all 
highly  specialized  tissues,  responds  to  all  stimuli  with 
the  same  general  sensation.  If  one  press  upon  the 
sid?  of  the  eyeball  a  ring  of  light  will  be  seen  upon  the 
opposite  segment  of  the  retina.  The  retina  is  stimu- 
lated under  the  finger,  but  it  is  referred  to  the  opposite 
side.  When  a  mechanical  shock  to  the  head  makes 
one  "see  stars"  these  luminaries  are  real  sensations 
due  to  the  mechanical  stimulus.  Electricity  may  also 
produce  the  sensation  of  light. 

Light  being  a  mode  of  undulatory  motion,  it  may 
vary  in  two  ways:  (1)  In  the  number  of  vibrations  per 
unit  time,  (2)  in  the  amplitude  of  the  vibrations.  The 
first  variation  is  comparable  to  the  variation  in  the 
pitch  of  sound  and  leads  to  the  color  scale;  the  second 
variation  is  comparable  to  loudness,  and  is  recognized 
in  the  intensity  of  the  sensation. 

(6)  The  duration  of  the  stiynidus  may  be  very  short. 
An  electric  spark  whose  duration  is  less  than  a  millionth 
of  a  second  is  long  enough  to  produce  a  sensation 
(Waller).  The  sensation  which  a  stimulus  calls  forth 
is  of  much  longer  duration  than  the  stimulus  itself. 
This  is  made  evident  when  one  looks  at  a  rapidly  ro- 
tating wheel;  a  spoke  occupies  a  particular  position  for 
only  an  infinitesimal  fraction  of  time,  yet  it  calls  forth 
a  sensation.  In  the  position  which  the  spoke  takes 
during  the  next  infinitesimal  unit  of  time  another  sen- 
sation is  induced;  but  the  sensation  of  the  previous 
stimulus  persists  and  the  two  sensations  blend.  The 
result  of  this  blending  of  the  images  of  the  rotating 
spokes  is  to  produce  the  effect  of  a  solid  wheel.  In  a 
similar  way  if  a  luminous  body  be  attached  to  the  rim 
of  the  rotating  wheel  the  sensation  which  it  produces 
will  not  be  a  point  of  light,  but  a  more  or  less  elongated 
line  of  light.  The  faster  the  rotation  of  the  wheel  the 
longer  the  arc  of  light  until  finally  the  speed  of  the 
rotation  may  be  great  enough  to  extend  the  line  of 
light  around  the  whole  circumference  of  the  circle  in  a 
solid  ring  of  light.  Carpentier  says  that  an  interval 
of  0.027  of  a  second  must  elapse  between  two  flashes 
of  light  in  order  that  both  can  be  seen  separately. 

B.  The  Irritability  of  the  Retina. — 1.  Factors  Involved 
in  Retinal  Irritability. — (n)  The  structure  of  the  retina 
bears  an  important  relation  to  its  irritability.  The 
two  kinds  of  neuroepithelial  cells — the  rods  and  the 
cones — are  not  equally  distributed  over  the  retina. 
There  are  no  rods  in  tlie  macula  lutea;  this  portion  of 
the  retina  possesses  the  cones  only.  The  macula 
lutea  is  especially  sensitive  to  the  fine  lines  of  images 
focussed  upon  it;  i.e.  it  is  the  only  portion  of  the  retina 
from  which  one  may  receive  a  clearly  defined  image. 
That  portion  of  the  retina  outside  of  the  macula  lutea 
is  only  faintly  sensitive  to  form,  but  is  very  sensitive 
to  light  and  responds  to  very  slight  modifications  in 
the  intensity  of  the  stimulus. 

(fe)  The  retinal  pigments  bear  some  relation  to  the  irri- 
tability of  the  retina.  Melanin  or  fuscin  is  the  brown- 
ish-black pigment  which  makes  up  the  pigment  layer  of 
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the  retina.  This  pigment  seems  to  form  a  stock  from 
which  other  pigments  may  be  replenished.  Rhodop- 
xin,  or  "visual  purple,"  is  found  in  the  rods,  and  is, 
therefore,  absent  from  the  macula  lutea.  Chromo- 
phaneK  are  red,  green,  and  yellow  oil  globules  found  in 
the  cones.  The  chromophanes  are  not  found  in  the 
eyes  of  mammals  (Fig.  489.'3). 


KIG.4S95. — Schemaof  the  Structure  of  the  Human  Retina:  I,  Pig- 
ment layer;  II,  rod  and  cone  layer:  III,  outer  nuclear  layer;  IV, 
external  plexiform  layer;  V,  layer  of  horizontal  cells;  VI,  layer  of 
bipolar  cells  (inner  nuclear)  ;  VII,  layer  of  amacrinal  cells  (without 
axons) :  VIII,  inner  plexiform  layer;  IX,  ganglion  cell  layer;  X,  nerve 
fiber  layer;  6,  fiber  of  Muller.     (Greeff.) 

(c)  Varying  irritabilily  of  different  areas  of  the  retina 
is  probably  due  to  varying  distribution  of  the  rods, 
cones,  and  pigments.  The  following  facts  are  im- 
portant in  this  connection:  1.  The  macula  lutea  is  the 
area  of  clearest  definition  of  form;  it  is,  in  fact,  the 
only  area  sensitive  to  the  fine  structural  details  of  an 
image.  2.  The  macula  lutea  possesses  cones  but  no 
rods,  and  in  its  most  sensitive  area — the  fovea  centralis 


Fig.  489G. — Optogram  in  Eye  of  Rabbit.  1,  The  normal  appear- 
ance of  the  retina  in  the  rabbit's  eye:  a.  the  entrance  of  the  optic 
nerve:  b,  b,  a  colorless  strip  of  nie<lullated  nerve  fibers;  c.  a  strip  of 
deeper  color  separating  the  lighter  upper  from  the  more  hea\'ily 
pigniented  lower  portion.  2  shows  the  optogram  of  a  window, 
(Kuehne.) 

— the  cones  are  brought  into  special  prominence  by  the 
thinning  out  of  all  the  other  elements.  3.  The  portion 
of  the  retina  most  sensitive  to  variations  of  the  inten- 
sity of  diffused  light  is  that  portion  outside  of  the 
macula.  4.  Tlie  portion  of  the  retina  outside  of  the 
macula  is  richly  studded  with  rods,  and  each  rod  pos- 
sesses its  supply  of  rhodopsin.     A  solution  of  rhodop- 


sin  bleaches  in  the  light.  The  retinal  image  may  be 
actually  "fi.xed"  by  treating  with  four-per-cent.  solu- 
tion of  potassium  alum,  the  retina  which  has  just  been 
removed  immediately  after  thorough  exposure  fol- 
lowing rest  in  the  darkness.  The  "fixed"  image  is 
called  an  oplngram,  and  was  first  demonstrated  by 
Kiihne  (see  Fig.  4896). 

These  facts  seem  to  justify  the  conclusion  that  the 
cones  are  the  slruetures  which  receive  form  pictures,  and 
the  pigmented  rods  are  the  structures  which  receive  light 
and  color  impressions. 

2.  Direct  and  Indirect  Vision. — Th^se  terms  desig- 
nate respectively  the  central  field  of  dear  definition 
and  the  surrounding  field  of  indistinct  definition.  One 
may  get  a  ver>-  good  idea  of  the  difference  between  di- 
rect and  indirect  vision  by  holding  before  one  eye  (the 
other  being  shaded)  at  a  distance  of  thirty  centimeters 
a  printed  page.  Direct  the  line  of  vision  at  a  small 
word;  the  surrounding  words  will  be  recognized  for  a 


Fio.  4897. — The  Skeel  Self-registering  Perimeter.  The  semi- 
circular bar  may  be  placed  in  any  meridian.  A  given  object  is  then 
moved  along  the  bar  from  without  in  until  it  is  just  perceived.  The 
angular  distance  at  which  this  occurs  is  marked  off  on  the  correspond- 
i  ng  meridian  on  the  chart  seen  at  the  right  of  the  figure.  The  eye  ex- 
amine<l  gazes  over  the  top  of  the  vertical  rod  at  the  left  at  a  fixed 
point  in  the  middle  of  the  semicircular  bar. 


distance  of  perhaps  two  centimeters  in  any  direction, 
but  by  studying  the  sensation  very  carefully,  keeping 
one  particular  letter  constantly  fi.xed  in  the  line  of  vis- 
ion, that  one  letter  is  the  only  letter  upon  the  page  that 
is  absolutely  clearly  defined.  The  image  of  that  letter 
lies  upon  the  center  of  the  fovea  centralis,  the  two  ad- 
jacent letters  lie  upon  the  slanting  sides  of  the  fovea, 
their  definition  is  only  slightly  less  distinct  than  that 
of  the  central  letter.  The  form  of  the  next  adjacent 
words  can  be  made  out  with  sufficient  clearness  to 
enable  the  observer  to  say  definitely  what  the  words 
are,  but  he  would  be  quite  unable  to  detect  any  slight 
tJTJographical  imperfection  in  the  words.  The  field 
of  direct  vision  may  be  taken  to  be  that  which  is 
focussed  upon  the  macula  lutea  which  is  1.25  milli- 
meters in  diameter,  subtending  about  5°  of  angle  at 
the  nodal  point. 

(a)  Indirect  Monocular  Vision. — The  field  of  indi- 
rect vision  includes  all  of  the  visual  field  outside  of 
that  of  direct  vision.  The  accompanying  figure  (Fig. 
4898)  shows  the  field  of  indirect  vision  for  white  light 
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bounded  by  the  shaded  portions  of  the  figure.  Note 
in  the  center  the  5°  circle  of  direct  vision  within 
which  the  form  and  structural  features  of  objects  are 
clearly  defined.  Note  the  blind  spot  {B)  at  the  right 
of  the  macula  in  the  figure,  and  showing  that  the  optic 
nerve  enters  the  eye  to  the  median  side  of  the  fovea 
located  from  12.5° "to  17.5°  from  the  center  and  a  little 
above  the  horizontal  line  from  the  fovea.  In  verify- 
ing these  readings  it  is  necessary  to  bear  in  mind  the 
fact  that  all  of  the  map  readings  are  reversed  as  to 
direction  and  position.  For  example:  the  map  of  the 
blind  spot  is  below  and  at  the  right  of  the  macula, 
while  the  entrance  of  the  optic  nerve  is  really  above 
and  at  the  left  of  the  macula  in  the  right  eye.  Note 
that  the  boundary  of  the  field  for  the  indirect  vision 
of  the  white  light"  crosses  the  upper  vertical  meridian 
at  55°,  the  median  meridian  at  00°,  the  lower  vertical 
meridian  at  70°,  and  the  external  meridian  beyond  90°. 
The  determination  of  the  line  bounding  the  field  of 
vision  is  called  iwrimctry,  the  record  and  the  instru- 
ment \ised  in  getting  it  a  perimeter  (see  Fig.  4897). 
The  field  for  yellow  light  is  within  that  for  white,  the 
field  for  blue  "light  is  within  that  for  yellow,  the  field 


Fio.  4898. — Perimeter  Chart  with  Tracings.     CKrapart.) 

for  red  light  still  farther  withdrawn  from  the  periphery, 
and  the  field  for  green  verj'  much  smaller  than  that  for 
red.  Perimetry  has  considerable  clinical  importance 
because  in  certain  pathological  conditions  the  peri- 
meters are  noticeably  modified  either  by  being 
gcnerallj'  contracted  or  by  being  dotted  with  islands 
of  total  or  partial  blindness. 

{!>)  Indirect  Bin.ocular  Vision. — To  determine  just 
what  the  field  of  indirect  binocular  vision  is  one  has 
only  to  find  the  overlapping  areas  of  indirect  monocu- 
lar vision  when  both  eyes  are  directed  to  the  same 
point.  The  accompanying  figure  (Fig.  4898)  is  for 
the  right  eye.  If  one  trace  upon  the  same  chart  the 
field  sensitive  to  white  light  in  the  left  eye,  the  open 
external  end  of  the  field  will  extend  off  to  the  left  and 
the  circular  median  end  to  the  right,  reaching  the  60° 
circle.  The  right  and  left  perimeters  will  thus  overlap 
in  an  almost  circular  area  bounded  right  and  left  by 
the  00°  circle,  above  by  the  55°  circle,  and  below  by  the 
70°  circle.  The  field  thus  bounded  is  that  for  binocu- 
lar indirect  vision  for  white  light. 

II.  Visual  Sensations. — A.  Fundamental  Sensa- 
tions.— The  sensations  which  light  induces  in  the  sen- 
sorium  may  not  be  so  easily  differentiated  as  are  those 
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of  sound,  but  they  are  closely  analogous  to  sound.  In 
•sound  we  differentiate  pitch,  loudness,  and  quality, 
dependent  respectively  upon  number  of  vibrations 
per  unit  of  time,  upon  the  amplitude  of  the  vibrations, 
and  upon  combinations  of  overtones;  in  light  we  differ- 
entiate color,  intensity,  and  form,  dependent  respec- 
tiv'cly  upon  number  of  vibrations  per  unit  of  time, 
upon  the  amplitude  of  the  vibrations,  and  upon  com- 
binations of  intensities  (lights  and  shadows). 

1.  Form. — The  sensation  of  detail  in  structure  is 
clearest  at  the  fovea  centralis,  and  decreases  progres- 
sively in  every  direction  from  that  point  in  the  retina. 
That  this  specialization  of  form-sensation  is  in  some 
way  connected  with  the  fact  that  of  the  rods  and  cones, 
the  latter  only  are  present  in  the  fovea  has  been  stated 
above.  But  the  color  sensation  is  also  induced  by 
stimulation  of  the  fovea,  though  Ktthne  and  others 
show  that  differentiation  of  color  is  less  acute  at 
the  fovea  than  in  areas  outside  of  it. 

2.  Intensity. — Intensity  depends  upon  the  amplitude 
of  the  vibration  of  the  medium,  which  last  transmits 
the  light  to  the  eye.     As  in  the  case  of  intensity  of 
sound,  this  may  depend  upon  the  amplitude  of  vibra- 
tion of  the  sonorous  or  the  luminiferous  body,  or 
upon  the  summation  of  the  effects  of  several  vibrat- 
ing bodies.     The  sound  produced  by  two  sonorous 
bodies  of  the  same  pitch  and  amplitude   will  be 
more  intense  because  of  the  summation  of  the  im- 
dulations;  in  the  same  way  the  light  produced  by 
two  candles  will  be  more  intense  than  that  produced 
by  one. 

The  sensation  induced  by  lights  of  varying  inten- 
sity is  not  commensurate  with  the  intensity,  but 
obeys  Weber's  law  of  sensation;  "The  smallest 
change  in  the  magnitude  of  a  stimulus  which  one 
can  appreciate  through  a  change  in  one's  sensation 
always  bears  the  same  proportion  to  the  whole 
magnitude  of  the  stimulus"  (as  formulated  by 
Foster).  Applied  to  vision,  the  proportion  is  1  to 
100,  that  is,  0.1  candle  power  added  to  or  subtracted 
;"  from  a  ten  candle-power  light,  one  candle  added 
to  or  subtracted  from  a  one-hundred  candle-power 
light,  and  ten  candles  in  a  1,000  candle-power  light 
can  be  detected,  and  so  on. 

3.  Color.     Color    depends    upon  the  number  of 
vibrations  of  a  luminous  body,  as  pitch  depends 
upon  the  number  of  vibrations  of  a  sonorous  body. 
The  white  light  that  comes  from  the  sun  may  be 
readily   decomposed  into  a  number    of    principal 
colors  and  an  innumerable  number  of  intermediate 
mixtures.     The  principal  colors  have  the  following 
rate  of  vibration:  Red,  392  trillions  of  vibrations 
per  .second;  orange,  532  trillions;  yellow,  503  tril- 
lions: green,  760  trillions;  blue,  653  trillions;  indigo, 
676  trillions;  violet,  757  trillions.     These  vibrations 
range  in  wave  lengths  from  0.00000766  millimeters  to 
about  half  of  that  length. 

The  colors  named  above  are  the  principal  or  the 
clearly  pronounced  colors  of  the  spectrum.  From 
three  of  these  all  other  colors  may  be  produced;  these 
three  are  the  fundamental  or  primary  colors:  red,  green, 
violet.  The  accompanying  figure  (Fig.  4899)  shows 
graphically  the  relation  which  these  colors  bear  to 
each  other.  Not  only  does  a  combination  of  all  of 
the  colors  produce  white,  but  a  combination  of  certain 
of  the  colors  in  pairs  produces  white;  these  pairs  are 
called  complementary  colors:  (1)  Red  and  greenish 
blue;  (2)  yellow  and  indigo;  (3)  orange  and  cyan  blue; 
(4)  violet  and  greenish  yellow. 

How  the  different  colors  can  stimulate  the  retina  has 
been  the  subject  of  considerable  controversy. 

(a)  The  Young-IIelmhollz  theory  assumes  that  there 
are  in  the  retina  three  different  kinds  of  sensory  ele- 
ments which  respond  to  the  three  different  primary 
colors — red,  green,  and  violet — and  that  "every  color  of 
the  spectrum  excites  all  of  the  elements,  some  of  them 
feebly,  others  strongly"  (Landois).     The  perception  of 
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color  is  then  a  resultant  of  the  combined  sensations 
brouglit  to  the  sensorium  by  the  three  sets  of  elements, 
(i)  The  Ilering  theory  is  based  upon  the  principles  of 
metabolism  and  upon  the  color  law  of  Grassman:  "If 
two  simple  but  non-complementary  spectral  colors  be 
mixed  with  each  other  they  give  rise  to  the  color  sensa- 
tion, which  ma3'  be  represented  by  a  color  lying  in  the 
spectrum  between  both  and  mixed  with  a  certain 
quantity  of  white;"  i.e.  every  color  sensation  except 
those  of  the  primary  colors  may  be  produced  by  a 
color  of  the  spectrum  plus  white.  Hering  assumes: 
(1)  That  light  produces  metabolism  in  the  retina;  (2) 
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that  the  metabolic  processes  are  in  part  anabolic  and 
in  part  catabolic;  (3)  that  white,  red,  and  yellow  sen- 
sations are  catabolic,  i.e.  accompanied  by  disintegra- 
tion and  fatigue;  and  that  black,  green,  and  blue  sen- 
sations are  anabolic,  i.e.  accompanied  by  integration 
and  rest;  (4)  these  metabolic  processes  are  assumed 
to  be  paired — i.e.  white  and  black  sensations  affect 
the  same  visual  substance  in  opposite  directions.  Red 
and  green  stimulate  another  visual  substance,  and 
yellow  and  blue  stimulate  a  third.  This  interpretation 
may  be  tabulated  as  follows: 

Photoch 
eubstan 


FlQ.  4900. — Schema  to  Illustrate  the  Hering  Theory  of  Color 
\"ision.  The  curves  indicate  the  relative  intensities  of  stimulation  of 
the  three-colorsubstances  by  different  parts  of  the  spectrum.  Ordi- 
natcs  above  the  axis,  X-X,  indicate  catabolic  changes  (disassimila- 
tion),  those  below  anabolic  changes  (a.ssiniilation).  Curve  a  repre- 
sents the  conditions  for  the  black-white  substance.  It  is  stimulated 
by  all  the  rays  of  the  visible  spectrum  with  maximum  intensity  in 
the  yellow.  Curve  c  represents  the  red-green  substance,  the  longer 
wave  lengths  causing  disassimilation  (redl ,  the  shorter  ones  assimila- 
tion (green).  Curve  b  gives  the  conditions  for  the  yellow-blue 
substance.     (Foster.) 

Now,  according  to  Grassman's  law  of  color  sensation: 
Any  color  sensation,  except  that  of  a  primary  color, 
may  be  produced  by  a  color  of  the  spectrum  plus 
white.     Hering  assumed  that  white  visual  substance 


is  catabolized  not  only  when  one  sees  white,  but 
incidentally  in  all  color  sensations  except  primary 
ones.     (See  Fig.  4900.) 

(c)  The  Franklin  theory  is  not  antagonistic  to  either 
of  the  foregoing,  but  rather  supplementary.  It  is 
based  upon  the  facts  of  comparative  physiologj^  and 
assumes  that  the  rudimentary  eye  distinguishes  be- 
tween light  and  dark  only,  and  possesses  neither  form 
nor  color  senses;  so  that  the  fundamental  point  of 
departure  is  a  sensation  of  simple  light  or  dark  (Hcr- 
ing's  white  and  black  sensation)  produced  by  stimula- 
tion of  a  fundamental  '' visual  gray,"  which  causes  an 
accentuation  of  either  the  white  or  the 
black  in  it  (presumably  by  modifica- 
tions in  the  metabolism  set  up).  This 
theory  assumes  that  the  yellow-blue 
substance  was  next  developed  and  the 
red-green  last. 

The  adherents  of  either  the  Young- 
Helmholtz  or  the  Hering  theorj-,  especi- 
al!}' the  latter,  may  well  accept  the 
Franklin  theory  as  supplementary,  as 
it  accounts  easily  for  the  fact  that  red- 
green  color-blindness  is  most  common, 
and  yellow-blue  blindness  rather  rare, 
while  inability  to  see  black  and  white 
is  found  only  in  cases  of  congenital, 
total  blindness.  Furthermore,  refer- 
ence to  the  perimeter  chart  shows 
that  white-black  covers  the  largest  area 
of  the  retina,  yellow-blue  an  area  within  that,  while 
red-green  is  smallest  and  quite  near  the  center. 

B.  Secondary  Sensations. — 1.  After-images.  If  one 
fix  the  gaze  upon  a  brightly  illuminated  figure  or  pat- 
tern for  fifteen  seconds  and  then  direct  it  toward  a  plain 
surface,  the  image  of  the  pattern  gazed  at  will  be  seen 
upon  the  plain  background  of  the  second  field  of  vision. 
If  the  after-image  has  the  same  colors  as  the  first  it  is 
called  a  positive  after-image.  Positive  after-images  are 
usually  caused  by  strong  stimuli  of  short  duration 
rather  than  by  moderate  stimuli  of  long  duration.  If 
the  after-image  is  in  the  complementary  color  of  the 
original  pattern  it  is  called  a  negative  after-image.  If 
one  gaze  intently  at  a  green  pattern,  then  turn  to  a 
red  field,  the  pattern  appears  deep  red  upon  the  red 
field.  It  will  also  appear  red  upon  a  neutral  field. 
Negative  after-images  are  a  sign  of  retinal  fatigue. 

2.  Contrast.  Contrast  is  the  accentuation  of  a  color 
sensation  through  contiguity  or  succession  of  another 
color,  especially  a  complementary  color.  A  piece  of 
note  paper  may  look  white  upon  a  black  background, 
but  if  it  is  put  upon  a  really  white  background  it  will 
be  seen  to  be  far  from  white.  In  a  similar  manner  blue 
or  yellow  accentuate  each  other,  as  do  red  and  green. 
Various  other  combinations  have  this  reciprocal  effect. 
If  the  effect  is  produced  by  looking  at  the  two  contrast- 
ing colors  at  the  same  time,  the  sensation  is  called 
simultaneous  contrast;  if  by  looking  at  the  contrasting 
colors  one  after  another,  it  is  called  successive  contrast. 

C.  Color-blindness. — Of  the  male  population  four  per 
cent,  or  five  per  cent.,  and  of  the  female  population 
about  one  per  cent,  are  unable  to  differentiate  certain 
colors.     Such   persons  are   called    "color-blind." 

1.  Complete  Color-blutdness  (.Achromatopsy).  Indi- 
viduals thus  afRicted  can  distinguish  lights  and  shades, 
but  have  no  color  sense  whatever.  According  to  the 
Hering  theory,  they  lack  both  the  red-green  and  the 
yellow-blue  visual  substance;  according  to  the  Frank- 
lin theory  they  represent  cases  of  arrested  develop- 
ment of  color  sense  in  a  condition  representing  a  very 
primitive  condition  when  only  the  fundamental  color 
substance   is   present. 

2.  Yelloiv-hlue  Blindness.  In  this  condition  the  blue 
end  of  the  spectrum  is  absolutely  dark,  and  the  yellow 
may  be  more  or  less  illuminated,  but  void  of  color. 
This  represents  also  an  arrest  of  development ;  but 
this  arrest  occurs  after  considerable  progress  has  been 
made. 
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3.  Rctl-grccn  lilinthn  ss.  This  is  by  far  the  most  com- 
mon form  of  color-bhndness,  and,  as  assumed  by  the 
FrankUn  theory,  representing  the  last  step  in  the  de- 
velopment of  the  color  sense  is  therefore  the  first 
to  fail  in  case  of  an  arrest  of  development. 

4.  Acquired  color-blindness  may  result  from  disease 
of  the  retina. 

5.  Normal  color-blindness  exists  in  the  periphery  of 
the  retina.  Passing  from  without  inward  the  outer- 
most sensation  is  that  of  white  (and  black);  the  next 
that  of  yellow  and  blue,  followed  by  red  and  green 
(see  the  "perimeter  chart,  Fig.  4S9S). 

III.  Visual  Perceptions  and  Judgments.— One  may 
have  a  sensation  of  black  lines  upon  a  white  surface 
without  perceiving  in  the  lines  a  letter  or  word.  The 
retinocerebral  apparatus  brings  to  the  sensorium  of 
the  untutored  savage  the  same  sensations  as  it  does  to 
the  sensorium  of  the  scholar.  The  savage  "senses"  a 
written  word  upon  a  page,  but  does  not  perceioe  it;  on 
the  other  hand,  tlic  scholar  may  "sense"  the  twigs 
upon  the  forest  path  without  perceiving  in  their  posi- 
tion and  condition  the  track  of  an  animal.  Simple 
sensation  involves  notliing  higher  than  the  sensorium. 
There  is  no  reason  to  believe  tliat  the  sensorium  brings 
to  the  consciousness  of  different  individuals  different 
sensations.  Perception  involves  cerebration  in  the 
intcriirctation  of  sensations.  Perception  involves 
previous  knowledge  or  memory  of  the  same  or  related 
sensations.  Effectual  perception,  like  effectual  marks- 
manship, depends  upon  the  man  behind  the  instru- 
ment. 

Visual  perception  is  the  seeing  with  understanding. 
Visual  judgments  are  based  upon  visual  perceptions 
and  represent  conclusions  reached  after  comparison 
of  previous  perceptions. 

(a)  Aculeness  of  Vision. — It  is  frequently  necessary 
to  test  the  acuteness  of  vision  through  a  comparison  of 
visual  perceptions.  \n  individual  whose  acuteness  of 
vision  is  in  question  presents  himself  to  the  ophthal- 
mologist for  examination.  If  the  subject  is  schooled 
in  interpreting  dim  and  distorted  images,  he  may  mis- 
lead tlie  observer  for  a  few  moments  with  his  acute 
Ijerception,  but  the  faulty  sensation  must  sooner  or 
later  reveal  itself.  Tlie  observer  will  present  to  the 
subject  a  series  of  letters  in  unusual  combinations,  so 
that  tliere  will  be  no  way  in  which  he  can  get  a  clew 
for  his  judgment  to  work  upon. 

To  be  more  concrete:  The  acuteness  of  vision  is 
tested  by  reading  letters  of  various  heights  at  various 
distances.  The  normal  eye  (emmetropic  eye)  should 
see  clearly  at  six  meters — the  oculists'  infinity — letters 
which  subtend  an  angle  of  5';  i.e.  letters  one  and 
one-sixth  centimeters  in  height.  At  twelve  meters  the 
normal  eye  should  distinguish  and  name  letters  which 
are  two  and  one-tliird  centimeters  in  height.  These 
letters  subtend  an  angle  of  5' — the  minimum  angle  of 
clear  vision.  If  the  individual  can  see  at  six  meters 
what  he  should  see  at  twelve  meters,  he  is  credited 
with:  Vision  =  f^;  if  he  can  see  at  six  meters  what  he 
should  see  at  thirty  meters,  he  is  credited  with:  Vision 
=  /ij.  If  by  cultivation  the  visual  power  has  been 
brought  up  above  tlie  average  so  that  he  can  see  at 
six  meters  what  the  average  eye  must  bring  to  three 
meters  to  see,  he  will  be  credited  with:  Vision  =  §. 

The  acuteness  of  vision  varies  much  with  the  habits 
and  employment  of  the  individual.  Persons  em- 
ployed at  fine  close  work  acquire  a  microscopic  vision 
— i.e.  ability  to  see  and  interpret  the  minutest  detail 
of  structure.  Persons  employed  in  vocations  which 
require  long-distance  vision  acquire  telescopic  eyes — 
i.e.  ability  to  see  and  interpret  structure  of  distant 
objects.  Sailors  and  rangemen  possess  this  ability  to 
a  marked  degree. 

{b)  Visual  Estimates. — I.  Estimate  of  Distance.  This 
judgment  is  based  upon  a  combination  of  at  least  two 
sensations  or  perceptipns:  (a)  Sensation  of  the  accom- 
modation required  to  focus  the  image  of  the  object 
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upon  the  retina;  (6)  the  sensation  of  the  convergence 
required  to  direct  the  two  visual  lines  at  the  same  ob- 
ject in  the  binocular  vision.  These  sensations  are 
examples  of  muscular  sense.  One  estimates  these 
muscular  efforts  instinctively.  Upon  these  instinctive 
estimates  one  bases  his  judgment  of  the  distance  of  an 
object.  But  other  considerations  may  enter  in  to 
assist  in  the  estimate  of  distance.  For  example,  a 
movement  of  the  head  or  body  causes  a  displacement 
of  nearer  objects  in  the  background  formed  by  more 
distinct  objects;  one  learns  by  experience  how  much 
this  displacement  should  be  for  given  distances,  and 
bases  his  judgment  accordingly.  The  known  size  of 
an  object  is  an  important  factor  in  the  estimate  of  its 
distance.  In  this  estimate  one  instinctively  measures 
the  image  and  compares  it  with  the  image  of  the  same 
object  at  a  short  distance. 

2.  Estimate  of  Size.  This  judgment  is  based  upon 
two  perceptions:  (1)  The  size  of  the  image,  and  (2)  the 
distance  of  the  object.  Various  other  considerations 
may  enter  in  to  modify  the  judgment. 

The  subject  of  visual  illusions  belongs  more  prop- 
erly to  psychology  than  to  physiology,  and  will, 
therefore,  not  be  discussed  here. 

WiNFiELD  S.  Hall. 


Vital  Statistics. — Vital  or  demographic  statistics 
have  been  defined  as  "statistics  relating  to  the  life 
histories  of  communities  or  nations  "•  and  consist  of 
tabulated  records  of  marriages,  births,  deaths,  and 
disease.  They  constitute  "one  of  the  few  instru- 
ments we  possess  for  the  accurate  registering  of  social 
movements  and  tendencies  and  may  be  figuratively 
described  as  the  most  reliable  barometer  for  measuring 
social  pressure. "2  They  form  the  bookkeeping  and 
accounting  of  the  vital  resources  of  communities  and 
nations  and  are  of  inestimable  value  in  public  health 
administration.  It  is  inconceivable  how  any  rational 
public  health  policy  can  bo  formulated  without  a 
knowledge  of  the  birth,  death  and  morbidity  statistics 
of  a  community.  The  more  accurate  and  complete 
these  statistics  are  and  the  more  scientifically  they  arc 
mustered,  the  safer  a  guide  they  afford  to  the  health 
administrator.  Interpretation  of  demographic  data 
is  possible  only  on  the  basis  of  an  accurate  count  or 
estimate  of  population  and  its  composition  with 
reference  at  least  to  age,  sex,  race,  and  occupation. 

Federal  censuses  are  taken  every  ten  years  and 
many  States  and  cities  take  their  own  census  in  addi- 
tion. Various  facts  concerning  the  population  are 
ascertained  in  this  way,  with  more  or  less  accuracy 
which,  in  a  degree,  depends  upon  the  conscientious- 
ness of  the  enumerators.  For  intercensal  years  esti- 
mates of  population  are  made. 

Counts  of  population  were  known  in  remote  anti- 
quity, at  the  dawn  of  the  formation  of  States.  Hero- 
dotus speaks  of  a  compilation  of  statistical  data  in 
regard  to  the  wealth  and  population  of  Egj-pt  three 
thousand  years  before  our  era.  Mo.ses  undertook  a 
census  of  the  tribes  of  Israel.  Greece  and  Rome  on 
many  occasions  took  stock  of  their  resources  in  wealth 
and  men.  Even  the  Chinese  and  Hindoos  made 
population  counts  centuries  ago.  The  first  modern 
census  was  taken  in  Sweden  in  1751.  The  American 
census  of  1790  preceded  the  first  English  census  by 
eleven  years. 

The  Prerequisites  of  Reliable  Statistics. — The  first 
prerequisite  of  reliable  statistics  is  accuracy  in  re- 
cording the  basic  units,  and  the  second  is  the  applica- 
tion of  scientific  methods  to  arrangement  and  analysis. 
Unless  these  two  principal  requirements  are  met  it  is 
very  dangerous  to  attempt  to  draw  inferences. 
Statistics  have  suffered  greatly  in  the  public  estima- 
tion of  their  value  because  of  the  attempt  on  the  part 
of  careless  or  unscrupulous  investigators  to  draw 
conclusions  from  inaccurate  or  insufficient  statistical 
tabulations   and   because    of   the   loose   thinking   or 
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fallacious  reasoning  applied  to  apparently  well 
gathered  and  reliable  statistical  data.  Sociological, 
economic,  and  public-health  literature  is  replete  with 
instances  of  errors  due  to  both  of  the  mentioned 
causes.  To  give  but  two  examples,  in  the  Aldrich 
Report  of  1892,  dealing  with  prices  and  wages  in  the 
United  States,  one  brewery  in  New  Hampshire  was 
selected  and  the  facts  ascertained  were  made  a  basis 
for  deductions  with  regard  to  conditions  in  the 
brewery  industry  in  the  United  States.  Then  the 
report  of  the  United  States  Department  of  War  for 
the  year  1S99  analyzes  the  health  conditions  of  the 
soldiers  in  the  Philippines  and  finds  that  the  death 
rate  among  them  com[)ares  favorablj'  with  the  death 
rates  of  Boston  and  Washington.  Such  a  comparison 
cannot  be  made  and  is  misleading,  for  the  soldiers  are 
a  selected,  healthy  class  of  men  between  the  ages  of 
eighteen  and  thirty  years,  while  the  general  population 
of  cities  is  composed  of  people  of  all  ages,  infants  and 
aged,  the  healthy  and  the  constitutionally  weak. 
Wrong  deductions  are  frequently  arrived  at  by  mistak- 
ing association  for  causation.  Jevons  found  a  coinci- 
dence of  economic  crises  with  the  abundance  of  spots 
on  the  sun  and  drew  the  conclusion  that  there  was 
correlation  between  them.  Care  should  be  taken  not 
to  mistake  coincidence  for  correlation  which  implies 
a  causal  connection. 

The  Utility  of  Vital  Statistics. — Of  all  t  jTDes  of  official 
statistics,  vital  statistics  are  the  least  developed 
in  the  United  States.  The  registration  area  does  not 
as  yet  include  much  more  than  sixty  per  cent,  of  the  pop- 
ulation. Appreciationof  the  importance  of  vital  statis- 
tics as  a  social  compass  has  been  very  gradual  in  this 
country.  Even  in  the  medical  profession  there  still 
are  many  who  do  not  fully  comprehend  the  social  and 
public-health  significance  of  prompt  and  complete 
reporting  of  deaths,  births  and  cases  of  contagious 
disease,  although  as  far  back  as  IS.5.5  the  .-American 
Medical  .Association  adopted  a  resolution  that  "the 
members  of  the  medical  profession  throughout  the 
Union  be  urgently  requested  to  take  immediate  and 
concerted  action  for  petitioning  their  several  legisla- 
tive bodies  to  establisli  offices  for  the  collection  of 
vital  statistics."  With  the  organization  of  efficient 
State  and  municipal  boards  of  health  and  the  establish- 
ment of  the  Federal  Census  Office  on  a  permanent 
basis,  the  movement  has  spread  rapidly  and  before 
long  this  countr}'  will  be  on  par  with  the  older 
European  countries  in  respect  fo  its  vital  statistics. 
The  model  bill  for  the  registration  of  births  and 
deaths  drafted  by  the  American  Medical  Association 
in  consultation  with  the  Bureau  of  the  Census  and 
other  organizations  interested  in  vital  statistics  was 
enacted  into  law  in  a  number  of  states  and  in  the 
near  future  we  shall  undoubtedly  have  uniformity 
of  legislation  throughout  the  Union. 

The  utility  of  vital  statistics  cannot  be  overem- 
phasized because  of  their  direct  and  indirect  bene- 
ficial effects  upon  the  public  welfare.  Through  them 
our  attention  is  called  to  existing  dangerous  health 
conditions,  to  foci  of  infection  and  to  excessive  mor- 
tality or  morbidity  from  certain  diseases;  they  form 
the  foundation  of  public  health  administration  and  epi- 
demiology ;  they  enable  us  to  judge  the  effects  of  certaii\ 
occupations  upon  the  vitality  of  workers;  they  supply 
clues  to  a  better  understanding  of  the  etiologj'  of 
some  maladies  and  the  origin  of  some  social  phe- 
nomena. They  throw  light  on  the  relation  of  hous- 
ing to  the  incidence  of  certain  diseases  and  they  enable 
us  to  have  a  clear  insight  into  many  social,  racial,  and 
economic  problems,  such  as  race  suicide,  fecundity 
of  marriage,  the  relation  of  prosperity  to  marriage 
and  to  illegitimacy,  the  distribution  of  stillbirths 
and  illegitimate  births  among  the  various  racial 
stocks  and  social  classes,  the  effect  of  illegitimacy  on 
infant  mortality,  the  influence  of  the  age  of  parents 
upon  the  vitalitj-  of  their  children,  the  relation  of 
births  to  the  occupation  of  mothers,  the  proportion 


of  males  and  females  at  birth  in  relation  to  the  ages 
of  parents,  their  race  and  economic  status,  immunity 
from  or  susceptibility  to  disease  of  certain  races  or 
occupational  groups  in  the  population,  and  so  along 
the  line. 

Vital  statistics  are  frequently  of  direct  practical 
benefit  to  individuals  whom  they  concern.  Tran- 
scripts of  marriage,  birth  and  death  records  are  con- 
stantly being  demanded  of  the  registrars  and  are  being 
used  in  a  multiplicity  of  ways,  to  establish  age.  legiti- 
macy, right  to  inheritance,  right  to  vote,  to  enter 
public  schools,  to  qualify  for  civil  service  examinations, 
to  hold  real  estate  titles,  to  prove  claims  to  insurance, 
to  aid  in  the  detection  of  homicide,  and  for  many  other 
reasons. 


CoMPARAT 

TE    MORT. 

LITT 

.Statistic 

3    OF 

Cor 

VTBIE 

s 

.\nnual  crude  death  rate'  per  1.000  per- 

De- 

sons  living. 

per 

1                            1 

cent. 

1 

be- 

1                            I 

tween 

Country. 

1900,1901  1S90  1891 

1886  1881 

1881 

1913  1012 

to 

to    1   to    1   to 

to    \   to 

to 

1910 

1903,1900  1895 

1890,1885 

1885 

1 

and 

1906 

to 

1910. 

United     States 

1                    1 

(registrationarca)  14.l|l3.9  15.l|l0.2|   O 

« 

P) 

O 

« 

Australian    Com- 

monwealth  

10.8  11.2  10.7  11.7  12.7 

13.3 

14.8 

15.7 

31.8 

Austria. . 
Belgium. 
Bulgaria. , 
Ceylon... 


Chile 

Denmark. 


Hungary.. 
Ireland. . . 


(=)  20.5  22.3  24.2  25.6  27.9  28. 9  30.1 
(=)  14.8  13.9  17.0  18.1  20.1  20.2  20. fi 
(=)  (:)  23.8  22.5  23.9  27.8  18.9  17.7 
28.4  32.4  30.8  26.7  27.0  28.3  25.1,    (=) 


(')    29.7  31. 
12.5  13.0  13. 

I 
13.7  13.3  14. 

(=)     10.3  17. 
I 
17.717.5  19. 

(=)     15.6  17. 

(=)    23.3  25. 
17.1  16.5  17. 


Italy (=)   |18. 2  21.021. 

Jamaica 21.7.25.1  24.4  22. 

Japan j   {=)   |   (=)   ,21.0  20. 

Netherlands 12 . 3;  12 . 3  14 . 3  16 . 

New  Zealand 9.5    8.9|  9.7|  9. 


Norway 
Ontario,  Province 


.2  28, 
.8  16. 

.0  17, 
.6  19. 

I 
.620. 
.921. 
.4  27. 
.6  IS. 
I 

9  22. 

6  22. 

9  20. 

017. 

9    9. 


6  35.2  26.9 
6  18.7,18.4 


j.„  J. 


I  I 

3  22.0  22.2 
3  24.4  25.3 
8  32.1  33.1 
17.9'18.0 


I-.  J. 


13.5 
30.8 


3.9 


23.1 


i  27.2  27.3 
.0  23.5  (•-) 
.1  20.6  (!)  1=) 
.6  20.5  21.4  33.2 
.1    9.9,10.9    11.0 


13.2  13.5  13.8  14.5  15.6  16.8  17.0  17.2    19.8 

12.7,12.4  14.0  13.0  11.6  10.6  11.0  11.4!  >22. 8 
(S)  15.5  17.3  19. 021. 022. 824. 025. 4I  31.9 
25.9  22.9,26.0,25.5  27.4,31.0  28.7  26.2      0.8 


(')      (')      (=)    30.9,31.9,35.8  33.2  35.4 


Scotland 15.5  15.3  16.  l|l7.0  18.0  19.0  18.819.6    17.9 

Servia (!)    21.124.322.4  24.8  28.9  25.9  24.5      0.8 

Spain 22.1  21. S  24.3  20. 0  28. S  .30.1  30.9  32.6 

tedcn 13.6,14.2  14. 3|l5. 3  16.1.16.6  16.4  17.5 

itierland ;  (')    14.l!l6.0  17.5  18.1  19.8  20.4  21.3 

I         I         I         I         I         .          I         I 

'  Exclusive  of  stillbirths. 
'  Figures  not  available. 
>  Increase. 

Dr.  Frederic  C.  Beitler,  Chief  of  the  Bureau  of 
Vital  Statistics  of  the  Maryland  State  Board  of  Health, 
has  given  the  probably  best  popular  statement^  of 
the  reasons  for  vital  statistics.  There  is  still  an  un- 
doubted need  of  general  education  of  the  public  and 
of  the  medical  profession  with  reference  to  that  sub- 
ject.    It  will  result  in  more  complete  registration  and 
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it  may  eventually  overcome  the  existing  prejudice 
against  autopsies.  When  the  public  realizes  that 
medical  and  public  health  progress  is  dependent  on  a 
better  understanding  of  exact  causes  of  death  they 
will  be  less  likely  to  withhold  permission  for  post- 
mortem examinations. 
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16.1  17.620.2 
16. 1;18. 220.0 
13.3  17.5  19.0 
23.7  25.8,25.6 

26.6  28.7  29.2 
17.0  18.1  20.5 
16.3  17.3  24.2 

17.6  19.020.6 

23.7  26.3,27.8 


21.2  23.4 

22.4I25.I 
22.024.2 
20.823.2 


22.3 


22.3 
24.3 
19.9 
32.9 

33.633.3 

22. 526. G 
25.325.2 
22.1  25,0 
28.8'31 


14.6  14.7  17.5  21.0  23.9  25.8  28.3130.4 
15.5  15.4  17.l|l9.1  21.l'24.1l25.l|2S.2 

17.7  15.8  16.1  18.6  19. 8'22. 7 
18.9'18.5;i9.5  19.8  21.625.5  30.8131.5 

21.8  21.1:24.5  26.3  27.5129.8  30.4  31 


15.8  19.3 

12.9  17.5 
20.9  22.9 

(■)    24.7 
14.5  17.0 


15.1  14.8 
15.7  15.3 
16.4:16.4 
21.221.3 


23.2  27.4  30.4  30.3 
19.8I2I.6  23.5  27.2 


25.8  27.8 
24.6  (>) 
20.3  24.6 


De- 
crease 


1885 
and 
1906 


28.7 
14.3 
26.9 


43.3 

32.3 
37.9 
35.2 
22.2 

17.1 


42.4 
39.4 
44.3 


21.3 

(') 
38.2 

32.6 
20  6 
27.5 


I  Figures  not  available. 

Note. — The  1913  figures  for  most  of  the  foreign  cities  are  pro- 
visional and  in  some  cases  relate  to  a  period  of  fifty-three  weeks. 

Statistical  Concepts. — Crude  and  Corrected  Rates. 
As  other  branches  of  Statistics,  vital  statistics. 
deal  with  averages  which  in  relation  to  mortality, 
morbidity,  births,  and  marriages  are  expressed  in  the 
form  of  rates.  A  rate  designates  the  number  of  times 
a  certain  phenomenon  occurs  in  a  definite  group  of 
persons.  If  the  group  is  100  the  rate  is  equivalent  to 
the  percentage.  Usually,  the  group  used  in  vital  sta- 
tistics is  1,000.  When,  therefore,  we  speak  of  a 
mortality  rate  of  fourteen,  we  mean  that  on  the 
average     there     are     fourteen     deaths    per     every 
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thousand  of  the  population.  Just  as  there  are  simple 
and  weighted  averages,  so  correspondingly  there 
are  crude  and  corrected  rates.  A  comparison  of 
the  crude  death  rate  of  one  community  and  the 
crude  death  rate  of  another  may  be  misleading,  as 
one  community  may  be  a  new  industrial  settlement 
with  a  preponderance  of  young  men  and  the  other 
may  be  a  community  of  rural  character  with  a  very 
large  percentage  of  older  people.  To  make  scienti- 
fically valid  comparisons  of  the  death  rates  of  com- 
munities of  dissimilar  composition  it  is  necessary  to 
make  "corrections"  for  the  differences  of  age  and 
sex. 

Age  Distributiox  of  Deaths  in  the   United  States. 
Year  1914. 


Deaths  from  all  causes,'  registration  area:  1914. 


Total.      Male. 


808,059  491,416 


Under  1  ye 

1  year 

2  years.. .  . 

3  years. . . . 

4  years. . .  . 

Under  5  years 

5  to  9  years.. . 
10  to  14  years. 
15  to  19  years 
20  to  24  years 
25  to  29  years 
30  to  34  years 
35  to  39  years 
40  to  44  years 
45  to  49  years 
50  to  54  years 
55  to  59  years 
60  to  64  years 
65  to  69  years 
70  to  74  years 
75  to  79  years 
80  to  8-1  years 
85  to  89  years 
90  to  94  years 
95  to  99  years 
100  years 

L'nknown  . 


155,075 
30,619 
13,527 
8,540 
6,359 

214,120 
19,302 
12,873 
21,256 
32,924 
35,707 
36,090 
40,309 
40,919 
43,062 
49,103 
49,902 
55,530 
59,803 
61,809 
53,775 
39,669 
21,047 
7,294 
1,711 

467 
1,327 


87,086 
16,284 
7,105 
4,589 
3,311 

118,375 
10,162 
6,819 
10,934 
17,516 
19,407 
20,212 
23,154 
24,116 
25,283 
28,809 
28,896 
31,255 
32,728 
32,760 
27,365 
19,132 
9,600 
3,129 
704 

179 
881 


Distribution  per  1,000. 


Total.      Male.    Female 


406.643!  1,000.0   1,000.0  1,000.0 


67,989i 
14,3351 

6,422J 
3,951| 
3,048; 

95,745; 
9,140 
6,054 
10,322 
15,408 
16,300 
15,878 
17,155 
16,803 
17,779 
20,294 
21,006 
24,275 
27,075 
29,109 
20,410 
20,537 
11,447 
4,165 
1,007 

I 
288 
446 


14.3 
23.7 
36.7 
39.8 
40.2 
44.9 
45.6 
48.0 
54.7 
55.6 
61.8 
66.6 
68.9 
59.9 
44.2 
23.4 
8.1! 


177.2 
33.1 
14.5 
9.3! 

240. 9i 
20. 7| 
13.9; 
22.2 
35.  6i 
39.5 
41.1 
47.1 
49.1 
51.4 
58.6 
58  8 
63.6 
66.6 
66.7 
55.7 
38.9 
19.5 
6.4 
1.4 


167  2 
3S.3 

15.8 
9.7 
7.5 

235.5 
22.5 
14.9 
25.4 
37.9 
40.1 
39.0 
42.2 
41.3 
43.7 
49.9 
51.7 
59.7 
66  6 
71.6 
64.9 
50.5 
28.1 
10.2 
2.5 

0.7 


1  Exclusive  of  stillbirths. 

Similarly,  when  comparing  birth  rates  we  must  be 
careful  to  ascertain  whether  the  rates  have  been 
figured  on  the  same  basis.  A  birth  rate  computed  on 
the  basis  of  frequency  of  births  per  1,000  population, 
or  the  crude  birth  rate,  cannot  be  compared  with  a 
birth  rate  based  on  the  number  of  births  per  1,000 
married  women  of  child-bearing  age,  or  a  "corrected" 
birth  rate.  By  comparing  birth  rates  computed  on 
such  different  bases  we  may  arrive  at  entirely  errone- 
ous conclusions.  The  importance  of  careful  "correc- 
tion" can  be  well  appreciated  from  the  following 
illustration.  In  the  case  of  Ireland  the  crude  birth 
rate  has  been  declining  for  a  number  of  years.  This 
was  attributed  to  the  diminished  fertility  of  the 
women.  Newsholme  and  Stevenson''  by  a  searching 
analysis  of  the  basis  figures  demonstrated  that  the 
crude  death  rate  was  utterly  unreliable  as  an  index 
of  the  fecundity  of  the  Irish  women.  Birth  rates 
are  influenced  by  four  factors:  the  number  of 
women  of  child-bearing  age,  the  proportion  of 
those  who  marry,  the  age  at  which  they  marry,  and 


REFERENCE   HANDBOOK   OF   THE    MEDIC.VL   SCIENCES 


VIUI  SUtUticg 


the  natural  fertility  of  the  women.  To  ascertain 
the  latter,  i.e.  the  natural  fecundity  of  the  women, 
it  is  obviously  necessary  to  eliminate  the  other  three 
factors  that  have  a  bearing  on  the  birth  rate.  When 
this  was  done  it  was  discovered  that  there  was  no 
decline  in  the  fertilitj'  of  the  women,  as  was  surmised 
before,  but  that  the  large  emigration  of  women  re- 
sulted in  a  lower  proportion  of  women  of  child-bearing 
age  in  Ireland  and  that  this  was  the  cause  of  the  falling 
crude  birth  rate.  Likewise,  faulty  deductions  arc 
often  made  from  figures  bearing  on  infant  mortality, 
i.e.  the  mortality  of  children  in  the  first  year  of  life. 


Distribution 


BE  United  Stat 
EAR    1914. 


All 


Typhoid  fever 

Typhus  fever 

Malaria 

.Smallpox 

Measles , 

Scarlet  fever 

Whooping-cough 

Diphtheria  and  croup. 


Asiatic  cholera. 
Cholera  nostras. 
Other  epidemic  c 
Tuberculosis  of  the  lungs. 
Tuberculous  meningitis.  . 
Other  forms  of  tuberculos 
Cancer  and  other  maligna 


Simple  meningitis 

Cerebral  hemorrhage  and  softening. , 

Organic  diseases  of  the  heart 

Acute  bronchitis 

Chronic  bronchitis 

Pn. 


of  the  respiratory  system 
excepted) 


Othe 
(tuberculi 


Diseases  of  the  stomach  (cancer  excepted^ 
Diarrhea  and  enteritis  (under  two  years) . 

.Appendicitis  and  typhlitis 

Hernia,  intestinal  obstruction 

Cirrhosis  of  the  liver 

Acute  nephritis  and  Bright's  disease 

Noncancerous  tumors  and  other  diseases  of 
the  female  genital  organs 


Puerperal  sept: 

tonitis) 

Other  puerperal  accid 

labor 

Congenital     debility    and 

Senility 

Violent  deaths  (suicide  excepted) 

Suicide 

Other  diseases 140,096 

Unknown  or  ill-defined  diseases i      7,964 


L  (puerperal  fever,  peri- 
tits  of  pregnancy  and 
malformations 


Rate 
I      per     I 
I  lOO.OOOJ 
popu- 
lation. 


898.059   1,360.9  100.0 


10,1851 
3 
1,477 
212 
4,461 
4,340 
6,816 
11,786 

6,014 

306 
5.819 

84,366 
5,410 
7,127 

52,420 

5,823 
52,420 
93,588 
6,396 
5,050 
51,651 

40,989 

10,537 
43,532 
8,099 
7,706 
8,526 
67,545 

3,971 


4,664 

5,854 
52,323 
13,033 
56.617 
10,933 


0. 

8. 
127.8 

8.2 
10.8 
79.4 


79.4 

141.8 

9.7 

7.7 

78.3 

62.0 

16.0 
66.0 
12.3 


0.5 
0.5 
0.8 
1.3 


0.6 
9.4 
0.6 
0.8 


0.6 
5.8 
10.4 
0.7 
0.6 
5.8 

4.6 


19 

83.8 

16.6 

0    15.6 
12.1       0.9 


21 


Because  of  the  difficulty  of  knowing  or  estimating 

precisely  the  infant  population  of  a  community,  it 
has  become  a  general  ))ractice  to  compute  llie  infant 
death  rate  on  the  b.isis  of  total  births  reported  during 
the  same  period  of  time.  There  is  still,  however,  a 
great  deal  of  confusion  with  reference  to  infant  mor- 
tality and  there  are  many  fallacies  in  the  American 
writings  on  the  subject. 


Estitnates  of  Population. — Those  who  do  not  special- 
ize in  statistics  are  often  at  a  loss  how  to  proceed 
when  they  wish  to  obtain  estimates  of  population  in 
order  to  compute  rates  of  frequency.  To  facilitate 
this  task  an  example  of  how  to  obtain  an  estimate  of 
population  has  been  worked  out  by  means  of  the 
arithmetical  method,  and  an  algebraical  formula  has 
been  explained  for  the  interpolation  of  estimates  of 
population  by  the  geometrical  method. 

The  arithmetical  method  is  most  seri'iceable  and 
reliable  when  estimates  are  made  soon  after  the  census 
year  and  when  the  movement  of  population  is  more 
affected  by  mobility  than  by  natural  increase,  for 
this  method  assumes  a  uniform  yearly  increment  of 
population  determined  by  a  computation  of  the  aver- 
age annual  increase  of  population  during  the  decade 
intervening  between  the  last  and  preceding  censuses. 
Should  the  census  enumeration  show  the  population 
of  a  given  community  to  be  500,000  at  a  certain  date 
and  600,000  ten  years  later,  the  decade's  increase  of 
100,000,  divided  by  ten  would  show  an  average  annual 
increment  of  10,000.  For  a  community  which  re- 
ceives very  little  immigration  the  assumption  of  a 
uniform  yearly  increment  is  untenable,  as  a  natural 
gronih  of  population  proceeds  in  accordance  with  the 
principle  of  compound  interest  and  for  making  esti- 
mates of  population  of  such  a  community  onlv  the 
geometrical  method  should  be  applied.  If"the  census 
should  show  the  population  of  a  certain  community 
to  be  100,000  on  May  1,  1900  and  the  subsequent 
census  enumeration  of  the  same  community  taken  on 
May  1,  1900  should  give  the  population  as  160.000. 
the  population  of  that  town  in  December  1,  191.3,  for 
example,  can  be  estimated  by  the  arithmetical  method 
as  follows: 

1.  The  total  increase  in  population  during  the 
decade  was  160.000  -  100,000  =  60,000. 

2.  The  average  annual  increment  during  the  decade 
60,000       „  „-_ 

was  — — r—  =  6,000. 

3.  The  time  that  elapsed  since  the  last  census  was: 
December  1,  1913-May  1,  1910=3  j-ears  and  5 
months. 

4.  The  total  increment  of  the  population  during 

this  period  was :  6,000  X  3  ^  =  6,000  X  ^2  =  ^°^  X 
41  =  20,500. 

5.  The  population  on  December  1,  1913,  then,  will 
be  equal  to  160.000  -|-  20,500  =  180,500. 

The  use  of  the  geometrical  method  can  best  be 
shown  by  the  employment  of  algebraical  svmbols. 
Let  P  be  the  population  in  1900,  let  Pj  be  tlie  popula- 
tion of  the  same  community  in  1910,  and  let  r  repre- 
sent the  annual  increment  per  unit  of  population.  In 
a  year  since  the  last  census  each  unit  of  population 
would  be  increased  by  r,  therefore,  the  total  populat  ion 
will  be  Pr  (1  -|-  r).  A  year  hence  each  unit  of  popula- 
tion would  have  again  grown  bv  r,  lience  the  popula- 
tion in  1912  will  be  Pi  (1  +  r){l  +  r)  =  Pi  (1  -|-  r)« 
Similarly,  in  1913  it  will  be  Pi  (1  -|-  r)^  and  in  the 
nth  year  it  will  equal  P/(l  -f-  r)".  The  annual 
increase  of  population  or  the  "r"  in  our  formula  can 
be  evaluated  in  the  following  way:  In  1900  an 
enumeration  established  the  population  as  P.  the  vear 
following  it  was  P(l  -1-  r)-  and  in  the  vear  1910  it 
was  P(l  +  r)"^.  In  the  year  1910,  however,  another 
enumeration  was  made  "and  it  was  found  to  be  Pi, 
hence 

Pi  =  P(l  -I-  r)'»,    or  -^i  =  (1  -|-  r)>»,  or 


P 

1  +r 


=  # 


-  1 


\P" 

In  the  United  States  the  arithmetical  method  is 
usually  employed,  while  in  England  and  on  the 
Continent  of  Europe  the  geometrical  method  is  given 
preference.  E.  H.  Lewixski-Corwix. 
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Vitamines. — The  term  vitamines  is  applied  to 
certain  unknown  but  essential  constituents  of  the 
dietary.  If  they  are  lacking  altogether  or  are  deficient 
marked  evidences  of  disturbed  metabolism  are  soon 
exhibited  and  death  may  eventually  result.  It  is 
the  consensus  of  opinion  that  beriberi  is  caused  by  a 
lack  of  vitamines,  hence  it  has  been  designated  as 
a  deficienev  disease.  There  is  also  some  evidence 
that  i)ellagfa  is  to  be  included  in  this  group  and  scurvy 
likewise  probably  belongs  here.  The  first  indication 
of  our  knowledge  of  these  unrecognized  but  essential 
factors  of  the  diet  was  given  by  Eijkman  who  dis- 
covered that  fowls  develop  ])olyneuritis,  a  condition 
strongly  resembling  if  not  identical  with  beriberi  in 
man,  when  fed  on  an  exclusive  diet  of  poli.slied  rice. 
He  also  pointed  out  that  the  addition  of  rice  polishings 
to  the  diet  would  abolish  the  symptoms  of  polyneu- 
ritis. Later  Funk  succeeding  in  obtaining  from  rice 
polishings  a  crystalline  base  which  would  promptly 
cure  fowls  with  polyneuritis.  Funk  believed  that 
this  substance  was  in  a  state  of  chemical  purity  and 
belonged  to  the  pyrimidine  group  and  even  assigned 
to  it  an  empirical  formula.  It  was  Funk  who  coined 
the  word  vitamine  as  a  name  for  this  chemical  sub- 
stance. Later  work  bj-  Funk  and  by  others  has  failed 
to  confirm  the  purity  of  this  chemical  sub.stance.  It 
has  been  stated  that  during  purification  the  vitamine 
is  decomposed  and  all  trace  of  it  is  lost. 

Williams  has  demonstrated  that  it  is  possible  to 
prc])are  synthetical! y  substances  that  are  capable  of 
curing  polyneuritis  in  birds.  "These  substances  dis- 
play a  remarkable  d.ynamic  isomerism  which  has 
most  profound  influence  on  their  antineuritic  proper- 
ties. The  curative  form  of  each  compound  readily 
undergoes  a  rearrangement  of  its  atoms  resulting  in 
the  formation  of  a  physiologically  inert  substance. 
By  the  apjilication  of  dry  heat,  the  non-curative  form 
can  he  readily  reconverted  into  the  curative  one. 
Although  the  synthetic  substances  in  which  this 
physiologically  imjjortant  isomerism  was  first  dis- 
covered were  hydro.\ypyridincs,  it  now  seems  possible 
that  the  antineuritic  properties  are  not  peculiar  to 
them  but  are  inherent  in  the  type  of  i.somerism  of 
which  the_v  are  capable.  A  similar  isomerism  occurs 
in  the  vitamine  of  yeast  and  is  primarily  responsible 
for  the  instability  of  these  compounds  which  has  so 
far  prevented  their  isolation.  The  sub.stance  isolated 
from  yeast  which  appears  to  display  this  isomerism 
is  the  well-known  purine  base  adenine.  Nothing  is 
yet  known  as  to  the  e.xact  identity  of  the  vitamine  as 
it  occurs  in  rice  polishings  or  as  to  the  chemical  rela- 
tion existing  between  vitamines  obtained  from  various 
sources."  The  exact  role  which  vitamines  play  in 
metabolism  has  not  been  elucidated  and  any  oijinions 
promulgated  must  be  in  the  nature  of  tentative 
hypothesis. 

The  study  of  beriberi  and  scurvy  has  led  to  the 
idea  that  there  are  a  number  of  different  vitamines 
and  that  the  lack  of  a  particular  vitamine  results  in  a 
well-defined  deficiency  disease.  Although  a  diet 
ma)'  fail  to  produce  either  beriberi  or  scurvy  in  experi- 
mental animals  it  may  still  lack  or  be  deficient  in 
acees.sory  food  stuff's  so  that  young  animals  are  unable 
to  grow  on  them.  McCollum  and  Davis  have  shown 
that  this  failure  to  grow  is  due  to  the  deficiency  of  two 
substances,  one  water  soluble  and  one  soluble  in  butter 
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fat,  both  of  which  must  be  present  before  growth  can 
proceed. 

The  term  vitamine  has  been  subjected  to  criticism 
because  to  chemists  the  term  amine  is  limited  to  a 
definite  chemical  compound.  McCollum  and  Ken- 
nedy have  proposed  the  terms  fat  soluble  A  and  water 
soluble  B  to  take  the  place  of  the  word  vitamines. 
"The  fat  soluble  A  which  is  essential  for  growth  and 
certainly  in  mammals  for  maintenance  as  well,  was 
first  observed  in  butter  fat,  but  was  later  found  to  be 
present  in  many  natural  food  stuffs.  Butter  fat  and 
egg-yolk  fat  apparently  contain  more  of  it  than  any 
other  natural  foods.  Animal  ti.ssues  contain  some  of 
this  unknown  factor,  especially  the  active  organs. 
It  is  present  in  small,  but  wholly  inadequate  amounts 
in  the  cereal  grains.  A  much  greater  content  of  it  is 
found  in  the  leaves  of  the  foliage  plants,  among  which 
we  have  studied  the  flour  prepared  by  grinding  alfalfa 
leaves.  The  vegetable  oils  generally  contain  very 
little,  if  any,  of  this  substance.  The  second  dietary 
factor  of  unknown  chemical  composition  the  water 
soluble  B,  appears  never  to  be  associated  with  the  fat 
fraction  as  it  is  isolated  from  natural  foods.  It  is 
readily  soluble  in  water  and  in  alcohol,  but  very 
slightly  soluble  in  acetone,  benzene,  ethyl  acetate, 
and  is  insoluble  in  ether. 

Whichever  term  may  eventually  be  accepted  to 
designate  the  existence  of  these  "hitherto  unrecog- 
nized but  essential  constituents  of  an  adequate  diet,'' 
certain  it  is  that  in  any  present-day  conception  of 
nutrition  account  must  be  taken  of  these  highly  im- 
portant accessory  food  stuffs. 

Frank  P.  Underbill. 
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Vitelline  belongs  to  the  group  of  phosphoproteins 
and  occurs  in  egg  yolk.     See  Aliment.        F.  P.  U. 

Vitellus. — Yolk  of  Egg. — The  egg  of  the  common 
fowl  Galhis  bankiva  domesticus  Tern.,  can  hardly  be 
said  to  be  a  medicine,  although  admitted  to  most 
pharmacopa'ias  for  one  purpose  or  another.  Its  shell 
was  formerly  used  as  a  form  of  lime  salts  like  oyster 
shells,  coral,  etc.,  but  it  is  now  obsolete.  The  white 
of  the  egg,  Oi^i  Albumin,  is  a  source  of  albumin  for 
pharmaceutical  and  chemical  purposes  (estimation  of 
pepsin,  clarification  of  solutions,  etc.),  and  a  useful 
antidote  to  poisoning  by  corrosive  sublimate.  It  is 
composed  of  twelve  or  fourteen  per  cent,  of  pure 
albumin,  and  eighty-eight  or  eighty-six  of  water, 
with  traces  of  salts,  etc.  The  yolk,  which  alone  is 
official  here,  is  a  bright  yellow  mixture  of  about  six- 
teen per  cent,  of  vitellin,  a  substance  resembling 
albumin;  forty-three  hundredths  of  a  per  cent,  of 
cholcsterin;  three-tenths  of  one  of  cerebrin;  eight  and  a 
half  of  lecithin,  a  fat-like  nitrogenous  substance 
containing  also  phosphorus;  one  of  glycerin  acids; 
twenty-one  of  ■palmitin  and  olein;  a  number  of  saline 
substances;  coloring  matter;  and,  finally,  fifty-one  of 
water  (Goblej',  quoted  by  Hager).  Yolk  of  egg  has 
considerable  emulsifying  power  for  oils  and  resins, 
and  is  official  simply  on  that  account.  A  mixture  with 
glycerin  (Glyceritum  Vitelli,  U.  S.  P.),  "glyconin," 
consisting  of  yolk  of  egg  forty-five  and  glycerin  fifty- 
five  parts,  is  permanent  and  very  useful  in  this  way. 
Cod-liver,  castor,  and  other  oils,  besides  some  resins 
and  other  insoluble  sulxstances,  are  well  suspended  by 
it.  An  egg  beaten  up  alone  or  with  milk,  or  digested 
artificially,  makes  an  excellent  nutrient  enema  when 
such  method  of  feeding  is  necessarv. 

W.    P.    BOLLES. 
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Vitiligo. — Synonyms:  Lcucoderma;  Leucopathia; 
Achromia;  Leucasmus;  Piebald  skin. 

Definitinn. — Vitiligo  is  a  disease  ctiaracterized  by 
tlie  development  of  various-sized  depigmented  areas. 

Symptoms. — The  affected  areas  are  of  a  chalky-white 
color,  and  irregular  contour,  their  borders  being  hyper- 
pigmentcd,  as  though  the  pigment  liad  been  forcil)ly 
pushed  from  their  centers  to  their  periphery.  Tlie 
patches  may  be  few  or  very  numerous,  large  or  small. 
The}'  are  usually  symmetrically  distributed,  and  if 
occurring  on  hairy  parts,  the  hair  frequently  exhibits 
the  same  changes  in  color.  The  affected  skin  is  func- 
tionally normal.  The  disease  is  more  common  in 
the  dark  races,  and  in  particularly  dark-skinned 
negroes  produces  striking  disfigurement;  it  is  in  these 
cases  that  the  term  piebald  skin  is  a  particularly 
approjiriate  one.  While  any  part  of  the  body  niaj'  be 
affected,  it  shows  a  predilection  for  the  back  of  the 
hands,  face,  and  neck.  It  is  most  frequently  seen  in 
earlv  adult  life.  The  disease  is  of  exceedingly  slow 
evolution,  sometimes  years  elapsing  before  it  becomes 
conspicuous.  While  retrogression  is  possible,  the  pig- 
ment as  a  rule  does  not  return.  The  disease  is  more 
apparent  in  summer,  this  being  due  to  the  effect  of  the 
increased  action  of  the  actinic  rays  on  the  hyperpig- 
niented  borders;  the  whitened  areas  are  not  affected. 
It  does  not  affect  the  general  health,  but  Stelwagon  be- 
lieves that  ill  health  causes  an  increase  in  the  paitches. 

Etiology  and  Pathology'. — The  specific  cause  of 
vitiligo  is  unknown.  It  is  regarded,  however,  by  the 
majority  of  clinicians  as  a  trophoneurosis;  its  occa- 
sional association  with  alopecia  areata,  morphea,  and 
other  neurotic  disturbances  tends  to  bear  out  this 
theory.  Leloir  in  some  cases  found  changes  in  the 
nerves  supplying  the  depigmented  areas.  It  is 
thought  by  some  that  traumatism  plays  a  part  in  its 
etiology.  Pierre  Marie  and  Cruzon  believed  that 
syphilis  was  frequently  associated  with  vitiligo,  and 
Pautrier  and  Rabeau  have  reported  a  number  of  cases 
wliere  the  two  diseases  were  associated;  on  the  other 
hand,  Thibierge  has  cited  three  ca.ses  in  which  the  vit- 
iligo occurred  from  one  to  three  years  before  the  con- 
traction of  syphilis,  and  Balzer  and  Galliot  were  able 
to  demonstrate  the  presence  of  syphilis  in  only  one  of 
three  cases.  Cruzon  and  Faix  believe  that  heredity 
may  be  a  factor  in  the  causation  of  vitiligo.  Gougerot 
has  reported  two  cases  of  familial  vitiligo.  Histo- 
logically the  disease  is  characterized  by  absence  of 
pigment  in  the  affected  areas  and  increased  pigment 
at  their  borders. 

DuGXosis. — Vitiligo  is  usually  easily  recognized. 
Morphea  appears  as  indurated,  ivory-white  areas, 
with  violaceous  borders.  In  leprosy  the  patches  are 
anesthetic  and  present  structural  changes.  Consti- 
tutional symptoms  may  bo  present.  Chloasma  is 
usually  situated  on  the  forehead  only,  the  pigmenta- 
tion is  diffused,  the  whitened  areas  have  concave  bor- 
ders, the  pigmented  parts  convex.  The  opposite  is 
true  of  vitiligo. 

Progno.sis  and  Treatment. — While  retrogression  is 
jmssible,  the  disease  is  almost  invariably  slowly  pro- 
gressive. Treatment  seems  to  have  very  little  influ- 
ence upon  it.  Internall}-,  arsenic,  pilocarpine,  thyroid, 
and  suprarenal  extract,  have  been  recommended. 
E.xternally  galvanism  has  been  used  in  the  hope  of  pro- 
ducing a  hyperemia  with  subsequent  pigmentation. 
The  white  areas  may  be  matle  to  appear  less  prominent 
by  the  use  of  a  solution  of  walnut  stain,  which  can  be 
diluted  or  concentrated  .so  as  to  match  the  peripheral 
hyperpigmentation.  Chrysarobin  and  weak  tincture 
of  iodine  are. also  used  for  the  same  purpose. 

Paul  E.  Bechet. 


Vitreous     Body     or     Humor. — ^Axatomy-. — The 
vitreous    body  is  a  transparent,  semifluid,   colorless 


mass,  of  soft  gelatinous  consistence,  subglobular  in 
form,  which  fills  the  posterior  four-fifths  of  the  in- 
terior of  the  eyeball;  it  is  bounded  by  the  optic-nerve 
entrance  and  retina  behind,  by  the  retina  on  each  side, 
and  in  front  by  the  lens  and  its  suspensory  ligament 
which  fit  into  a  depression  known  as  the  patellar  fossa. 
It  serves  as  a  support  to  the  tunics  of  the  eyeball,  and, 
of  lesser  importance,  as  a  clear  refractive  medium;  its 
index  of  refraction  is  slightly  greater  than  that  of  dis- 
tilled water.  Chemically,  it  consists  of  98.5  per  cent. 
water  and  1.5  per  cent,  solids. 

There  has  been  much  discussion  regarding  the 
structure  of  the  vitreous.  When  the  fresh  substance 
is  thrown  upon  a  muslin  filter,  the  greater  part  passes 
through  as  a  watery  liquid,  a  very  small  proportion 
remaining  behind — demonstrating  the  existence  of  a 
supporiing  framework  and  a  fluid  jjortion.  It  is  quite 
generally  held  that  there  is  a  very  delicate  fibrillar 
rcliculum,  in  which  are  scattered  a  few  round  or 
branched  cells  of  the  connective-tissue  type,  most 
abundant  in  the  periphery,  and  often  a  variable 
number  of  migratory  leucocytes.  The  cells  are  known 
as  vitreous  corpuscles;  they  are  often  difficult  to  recog- 
nize; they  are  peculiar  in  exhibiting  large  vacuoles 
which  push  the  nucleus  to  one  side,  and  in  presenting 
a  number  of  budlike  swellings  (Fig.  4901). 

The  vitreous  body  is  enclosed  in  a  delicate,  structure- 
less, glassy  membrane,  the  hyaloid  membrane,  which 
lies  in  dose  apposition  with  the  entire  inner  surface  of 
the  retina;  it  can  be  readily  separated  from  the  latter, 
except  posteriorly  where  the  retinal  vessels  of  fetal 
life  have  entered,  and  anteriorly  at  the  patellar  fo.«sa. 
At  the  ora  serrata,  the  hyaloid  membrane  splits  into 
two  layers:  the  first,  the  hyaloid  membrane  proper, 
exceedingly  delicate,  which  is  continued  over  the 
anterior  surface  of  the  vitreous  body;  and  the  second, 
which  blends  with  the  posterior  layer  of  the  suspen- 
sory ligament  of  the  lens. 


FlQ.  4901. — Colls  of  tlie  Vitreous  Humor.     (Sclmalbe.)     a  and  d 
without  vacuoles;  b,  c,  e,  /,  g,  vacuolated. 

The  central  portion  of  the  vitreous  body  is  pene- 
trated by  a  channel  {hyaloid  canal,  canal  of  Stilling, 
canal  of  Cloquet,  central  canal);  this  is  filled  with  fluid, 
is  limited  by  .a  wall  of  extremely  delicate  homogeneous 
membrane,  and  extends  from  the  disc  to  the  posterior 
pole  of  the  lens;  it  is  about  two  millimeters  in  diame- 
ter, with  a  slight  dilatation  at  both  ends.  This  ranal 
conveys  the  hj'aloid  branch  of  the  central  artery  to 
the  lens  during  fetal  life;  in  the  adult  it  forms  part 
of  the  posterior  lymph  passages  of  the  eyeball,  having 
its  outlet  in  the  lymph  spaces  of  the  oi)tic  nerve. 

The  adult  vitreous  has  no  blood-vessels,  its  nourish- 
ment being  received  from  the  surrounding  structures, 
particularly  the  uvea.  Diseases  of  the  retina,  choroid, 
and  ciliary  body  frequently  present  changes  in  the 
vitreous.  Vitreous  humor  is  never  regenerated  after 
loss;  the  diminution  in  volume  is  compensated  for  by 
the  addition  of  aqueous.     It  the  escape  of  vitreous  is 
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small,  no  injurious  effects  follow;  if  large,  the  conse- 
quences are  serious — the  globe  softens,  shrinkage, 
results,  and  sight  is  often  lost. 

CoNfiEMTAL  Anomalies. — 1.  Persistent  Hyalmd  Ar- 
lery. — During  fetal  life  the  hyaloid  artery,  a  branch  of 
the  central  artery  of  the  retina,  passes  throuiijh  the 
central  canal  of  the  vitreous  from  the  optic-nerve  en- 
trance to  the  posterior  pole  of  the  lens;  it  usually  begins 
to  shrivel  during  the  sixth  month  and  has  generally 
disappeared  at  the  end  of  fetal  life.  Sometimes  this 
process  of  obliteration  fails,  and  a  greater  or  lesser 
remnant  of  the  artery  persists  during  life.  This  can 
be  seen  with  the  ophthalmoscope  as  a  grayish  cord  or 
thread  which  arises  from  the  optic  disc  and  stretches 
into  the  vitreous  for  a  variable  distance;  it  may  ter- 
minate by  a  free  extremity  in  the  vitreous,  or  may 
traverse  the  latter  and  be  attached  to  the  posterior 
pole  of  the  lens,  the  attachment  to  the  lens  being 
marked  by  a  small  opacity  (congenital  posterior  polar 
cataract);  or  the  thread  may  be  attached  to  the  lens 
with  its  free  end  floating  in  the  vitreous;  or  the  vestige 
may  be  represented  by  an  irregular,  minute  deposit  of 
connective  tissue  upon  the  disc.  In  rare  instances 
the  persistent  artery  continues  to  carry  blood.  Vision 
is  generally  good,  but  sometimes  such  eyes  are  am- 
blyopic or  present  other  congenital  defects. 

2.  Opacity  of  the  Walls  of  the  Hyaloid  Canal. — In  un- 
usual instances  the  walls  of  the  hyaloid  canal  are 
abnormally  opaque,  causing  some  interference  with 
central  acuteness  of  vision;  this  anomaly  is  visible  with 
the  ophthalmoscope  as  a  grayish,  tubular  cord  extend- 
ing from  disc  to  lens. 

Htalitis  {Inflammation  of  the  Vitreous). — This 
term  includes  two  types:  first,  a  purulent  inflamma- 
tion (suppurative  hyalitis),  and  second,  a  form  charac- 
terized by  the  occurrence  of  opacities  in  the  vitreous. 
As  will  be  readily  understood  by  considering  the  avas- 
cular and  almost  structureless  nature  of  this  tissue, 
inflammations  of  the  vitreous  are  rarely  primary;  they 
generally  accompany  or  are  the  result  of  inflammation 
of  the  retina  and  uveal  tract.  The  term  "hyalitis" 
is  often  objected  to  on  the  score  of  the  absence  of 
blood-vessels  in  the  vitreous;  but  recently  much  at- 
tention has  been  paid  to  Straub's  contention  that 
irritants  in  the  vitreous  may  produce  chemotactic 
substances  which  attract  leucocytes  from  the  vessels 
of  neighboring  structures,  and  that  this  process  repre- 
sents true  inflammation. 

Suppurative  hyalitis  (abscess  of  the  vitreous)  is  an 
infective  inflammation  of  the  vitreous,  which  is 
generally  merely  part  of  a  purulent  choroiditis  or 
panophthalmitis.  It  is  caused  by  infection,  the  result 
of  a  penetrating  wound,  a  foreign  body,  or  an  irido- 
choroiditis  following  an  operation  upon  the  globe; 
it  may  arise  in  the  course  of  the  exanthemata,  ery- 
sipelas, relapsing  fever,  meningitis  and  cerebrospinal 
meningitis,  infective  blood  diseases,  and  lengthy 
debilitating  fevers;  it  may  follow  metastatic  choroiditis 
after  puerperal  and  surgical  pyemia  and  after  in- 
flammation of  the  cord  in  the  newly  born. 

Since  the  alTection  is  generally  secondary  to  inflam- 
mation of  other  structures,  symptoms  of  the  primary 
disease  will  be  present,  such  as  posterior  synechia?  and 
other  evidences  of  iridocyclitis.  If  the  media  are  clear, 
the  purulent  exudate  is  readily  seen  as  a  yellowish 
reflex  shining  through  the  pupil,  and  the  ophthalmo- 
scope detects  the  presence  of  an  opaque  mass  which 
may  be  circumscribed,  but  is  usually  diffuse. 

When  it  is  more  or  less  circumscribed,  the  condition 
presents  appearances  which  are  very  much  like  those 
of  glioma  of  the  retina,  and  as  a  matter  of  fact  it  is 
known  as  pscudoglioma.  It  can  generally  be  distin- 
guished from  a  true  glioma  by  the  history" of  the  case, 
by  the  i^resence  of  the  signs  of  iritis  or  uveitis,  and  by 
the  diminished  tension.  Such  cases  occur  in  children, 
following  meningitis.  The  disease  tends  to  run  a 
chronic    course.     In    rare    instances,    when    circum- 
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scribed,  and  especially  when  of  traumatic  origin, 
purulent  hyalitis  may  leave  a  more  or  less  sightly 
eyeball,  with  a  little  vision.  But  in  the  great  major- 
ity of  cases,  and  in  every  instance  in  which  panoph- 
th.almitis  exists,  sight  is  lost;  the  retina  becomes  de- 
tached, the  soft  eyeball  shrinks,  and  an  atrophied 
globe  results;  enucleation  then  usually  becomes 
necessary.  No  method  of  treatment  will  prevent 
such  a  result.  If  suppurative  hyalitis  is  detected 
early,  it  might  be  possible  to  save  some  vision  in  the 
affected  eye  by  vigorous  supporting  treatment  of  the 
general  condition,  and  by  intraocular  injections  of 
iodoform,  mercuric  chloride,  argyrol,  or  chlorine 
water;  but  such  favorable  results  must  be  exceedingly 
rare. 

Opacities  in  the  vitreous  may  be  fixed,  but  they 
are  usually  movable.  They  vary  in  size  from  fine 
dust-like  deposits  {hyalitis  punctata)  to  large  masses. 
They  may  have  any  shape:  dust,  specks,  threads, 
flakes,  bands,  or  irregular  membranous  masses.  They 
may  be  entirely  free  or  may  present  one  or  more  at- 
tacliments  to  enveloping  tunics.  In  the  great  major- 
ity of  instances  the  affection  is  secondary  to  diseases 
of  neighboring  structures. 

The  opacity  causes  an  impairment  of  the  trans- 
parency of  the  vitreous.  It  can  be  detected  with  the 
ophthalmoscope  held  at  a  distance,  the  patient  mov- 
ing the  eye  in  various  directions  and  then  fixing  it. 
Under  such  circumstances  the  opacity,  if  movable, 
will  be  seen  as  a  dark  object  behind  the  pupil,  upon 
the  red  background  of  the  fundus,  and  will  disappear 
from  view  as  it  falls  to  the  bottom  of  the  vitreous. 
The  rapidity  of  movement  depends  upon  the  consist- 
ence of  the  vitreous.  If  this  is  normal,  the  movement 
is  slow;  if  it  is  fluid,  the  movement  is  rapid.  By 
placing  a  4-4  D.  lens  in  the  sight  hole  of  the  oph- 
thalmoscope and  getting  closer  to  the  patient,  then 
increasing  the  strength  of  the  lens  to  -f-16  D.  and 
simultaneously  approaching  the  eye,  successive  depths 
of  the  vitreous  chamber  can  be  focussed  and  explored. 
\yith  minute  or  very  delicate  opacities,  faint  illumina- 
tion and  the  plane  mirror  of  the  ophthalmoscope  should 
be  employed. 

Opacities  of  the  vitreous  are  distinguished  from 
opacities  of  the  cornea  and  lens  by  their  depth,  their 
mobility,  the  gradual  settling  after  the  eye  has  been 
moved  and  is  then  steadied,  and  by  the  fact  that  they 
cannot  be  seen  by  oblique  focal  illumination.  Patches 
of  choroidal  pigment  are  differentiated  in  like  manner 
by  dissimilarity  in  shape,  and  by  difference  in  depth 
as  measured  by  their  refraction. 

If  the  symptoms  due  to  disease  of  the  surrounding 
structures  be  excluded,  the  subjective  manifestations 
of  opacity  of  the  vitreous  are  the  occurrence  of  one  or 
more  spots  in  the  field,  and  more  or  less  impairment 
of  vision,  the  degree  of  the  latter  depending  upon  the 
size,  situation,  and  density  of  the  opacity;  patients 
may  merely  complain  of  motes  but  slightly  more  pro- 
nounced than  the  muscoe  volitantes  of  normal  eyes, 
or  the  vision  may  be  almost  or  completely  abolished. 
When  the  opacity  is  situated  deeply  in  the  vitreous, 
the  annoyance  of  the  patient  is  increased  by  the  shadow 
which  the  opacity  throws  upon  the  retina.  Very 
often  the  patient  will  cast  the  opacity  out  of  the  line 
of  vision  by  a  sudden  movement  of  the  eyes  or  head, 
and  thus  obtain  unobstructed  vision  for  a  moment; 
in  other  cases  vision  will  be  improved  after  the  eyes 
have  been  kept  quiet  for  a  time,  thus  allowing  the 
opacity  to  settle.  The  disease  must  not  be  con- 
founded with  musciE  volitantes;  the  latter  are  de- 
scribed below. 

Opacities  in  the  vitreous  are  very  common.  In  most 
instances  they  depend  upon  some  disease  of  the 
choroid,  ciliary  body,  or  retina.  They  are  fre- 
quently found  in  high  degrees  of  myopia  associated 
with  choroidal  disease,  and  are  then  often  seen  as 
flakes    and    threads.     They    are    not    uncommon    in 
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syphilitic  chorioretinitis  and  cyclitis,  in  such  cases 
being  usually  dustlil^e,  with  or  witliout  threadlike 
or  shredlilie  additions.  They  result  from  hemor- 
rhages into  the  vitreous,  and  when  thus  produced  they 
may  constitute  membranous  masses;  occasionally  the 
latter  are  attached  to  the  retina  and  are  accompanied 
by  the  formation  of  new  blood-vessels,  constituting 
reliniiin  prolifcrans.  In  some  cases  errors  of  refrac- 
tion are  found  in  the  eyes  which  are  the  seat  of  opaci- 
ties of  the  vitreous;  but  there  is  no  evidence  that  the 
two  anomalies  bear  any  etiological  relationship  ex- 
cept in  myopia.  Very  often  the  condition  results 
from  retinal  or  choroidal  disease,  depending  upon 
some  disturbance  of  the  general  health,  of  which  the 
following  are  the  most  common  examples:  Arterio- 
sclerosis, endarteritis,  infectious  diseases,  disorders  of 
the  liver,  gout,  syphilis,  malaria,  tuberculosis,  de- 
bilitating diseases,  anemia,  disturbances  of  menstrua- 
tion and  the  effects  of  the  prolonged  use  of  arsenic. 
Finallj',  it  is  not  uncommon  to  find  opacities  of  the 
vitreous,  of  various  shapes  and  sizes,  in  apparently 
normal  eyes  of  healthy  individuals;  in  such  cases  no 
cause  can  be  assigned.  Asteroid  hyalitis  is  the  name 
given  by  Benson  to  a  very  rare  condition,  probably 
congenital,  in  which  the  vitreous  is  filled  with  minute, 
light-colored  spheres. 

Treatment  consists  in  an  attack  upon  the  causative 
disease.  In  syphilitic  cases  the  usual  treatment  of 
this  infection,  especially  if  the  mercury  be  given  hypo- 
dermically,  will  often  cause  a  clearing  up.  Disturb- 
ances of  the  system  should  be  corrected  by  appropriate 
means.  High  myopia  requires  proper  correction  with 
glasses,  and  careful  attention  to  general  and  ocular 
hygiene.  Where  no  cause  can  be  assigned,  good  re- 
sults sometimes  follow  the  use  of  iodides,  with  or 
without  mercury  in  small  doses.  Diaphoresis  pro- 
duced by  hypodermic  doses  of  pilocarpine,  hot  baths, 
Turkish  or  electric  baths,  may  be  useful.  Abstraction 
of  blood  from  the  temples  and  the  local  application  of 
the  galvanic  current  have  been  reported  of  benefit. 

Large  membranous  dejjosits  that  persist  after  every 
other  method  of  treatment  has  failed,  may  sometimes 
be  divided  with  a  narrow  knife  or  a  knife-needle,  pro- 
viding no  active  disease  of  neighboring  parts  exists 
and  there  is  no  blood-vessel  formation.  The  instru- 
ment is  inserted  in  front  of  the  equator  of  the  eyeball, 
just  below  the  lower  border  of  the  external  rectus 
muscle.  In  some  cases  the  result  of  this  operation 
has  been  to  cause  a  shrinking  of  the  opacity  and  an 
improvement  of  vision. 

While  in  .syphilitic  cases,  in  examples  of  hemorrhages 
of  small  size,  and  in  a  few  others  in  which  the  opacities 
are  of  limited  extent  and  of  delicate  consistence,  com- 
plete absorption  takes  place  after  some  months,  in 
most  of  the  instances  of  this  condition  disappearance 
is  incomplete  or  the  opacities  are  permanent.  There 
exists  also  a  tendency  to  recurrence  after  complete 
or  incomplete  absorption.  Not  uncommonly,  when 
extensive  opacities  are  attached  to  surrounding 
structures,  shrinkage  takes  place,  the  retina  be- 
comes deprived  of  its  natural  support  and  becomes 
detached. 

MusCjE  Volitantes  {Myodesopsia)  are  the  black 
specks  or  motes  often  seen  in  the  field  of  vision,  es- 
pecially when  the  eye  is  directed  toward  the  light  or  a 
bright  surface.  They  are  most  often  complained  of 
by  myopes.  They  are  caused  by  the  shadows  which 
the  cells  and  migratory  leucocytes  of  the  vitreous  cast 
upon  the  retina.  These  shadows  usually  have  the 
shape  of  dots  or  small  bubbles,  isolated  or  collected 
into  strings  or  clusters;  less  frequently  they  are  of 
larger,  fantastic  shapes.  Any  movement  of  the  ej'e 
sets  them  in  motion.  After  the  eye  ceases  to  move, 
they  continue  to  float  across  the  field,  gradually  settling 
out  of  the  line  of  vision.  This  phenomenon  may  be 
produced  entoptically  by  partially  closing  the  lids  or 
by  looking  through  a  small  opening  in  a  card,  and  by 


facing  the  light  or  a  white  surface.  It  is  often  seen 
while  looking  into  the  tube  of  a  microscope. 

Muscie  are  not  true  opacities  of  the  vitreous,  and 
consequently  cannot  be  detected  with  the  ophthal- 
moscope. The}'  are  normal  phenomena,  occurring  in 
healthy  eyes,  perfectly  transparent,  and  not  disturbing 
to  vision.  Present  in  all  eyes,  they  are  usually  dis- 
regarded. When  noticed  they  cause  annoyance  and 
often  anxiety,  which  is  apt  to  be  aggravated  by  the 
habit  of  the  patient  of  searching  for  them.  Neither 
must  they  be  confounded  with  scotomata,  which  are 
blind  spots  in  the  field  of  vision,  due  to  a  loss  of  function 
of  certain  portions  of  the  retina. 

Many  of  the  patients  who  complain  of  muscae  have 
some  error  of  refraction.  The  correction  of  the  latter 
often  gives  relief.  In  any  case  the  patient  should  be 
assured  that  the  occurrence  is  devoid  of  significance. 
He  will  then  cease  to  look  for  the  shadows,  and  in  con- 
sequence will  no  longer  be  annoyed  by  them. 

Blood-vessel  Formation  in  the  Vitreous  (Relinilis 
Proliferans). — Occasionally  we  observe  dense  grayish 
or  bluish-white  membranes,  provided  with  new  blood- 
vessels, which  have  no  apparent  connection  with  the 
retinal  vessels,  attached  to  the  retina  in  the  situation 
of  the  optic-nerve  entrance,  projecting  into  the  vitre- 
ous, and  hiding  a  portion  of  the  fundus.  These  rep- 
resent the  sequels  of  previous  pathological  processes — 
either  hyalitis,  or  hemorrhages,  or  chronic  retinal  in- 
flammation. Examples  of  the  last  cause  have  been 
associated  with  sjTDhilis,  tuberculosis,  and  nephritis. 
The  pathology  is  obscure.  There  is  interference  with 
vision,  the  degree  depending  upon  the  density,  size, 
and  position  of  the  membrane.  The  tissue  is  incap- 
able of  absorption. 

Hemorrhage  into  the  Vitreous. — This  is  usually 
due  to  rupture  of  some  of  the  vessels  of  the  ciliary 
processes  or  of  the  choroid,  less  frequently  to  a  break 
in  the  retinal  vessels,  in  consequence  of  injury,  vas- 
cular disease,  or  alterations  in  the  blood.  Arterio- 
sclerosis, nephritis,  diabetes,  anemia,  tuberculosis, 
menstrual  disturbances,  myopia,  and  glaucoma  are 
predisposing  factors.  There  are  also  some  exam- 
ples, generally  in  young  male  adults,  in  which  hemor- 
rhage into  the  vitreous  occurs  spontaneously,  and  often 
repeatedly,  sometimes  associated  with  hemorrhage  in 
the  retina;  such  cases  have  been  attributed  to  irregu- 
larities of  the  circulation,  anomalies  in  the  coagula- 
bility of  the  blood  and  to  tuberculosis. 

If  the  hemorrhage  be  recent  and  slight,  a  bright  red 
reflex  is  seen  with  the  ophthalmoscope;  if  greater, 
dark  red  masses  are  observed,  which  may  appear  red 
at  the  margins;  if  considerable,  a  large  part  or  all  of 
the  vitreous  chamber  is  filled,  and  no  fundus  reflex  is 
obtained.  There  is  always  impairment  of  vision,  but 
the  degree  varies  with  the  amount  and  situation  of  the 
extravasation.  With  large  hemorrhages  sight  is  imme- 
diately reduced  to  perception  of  light. 

Small  hemorrhages  arc  often  absorbed  after  some 
weeks  or  months  with  restoration  of  good  vision.  Not 
infrequently,  however,  the  i)roccss  of  absorption  is 
incomplete  and  opacities  remain.  Large  extravasa- 
tions usually  leave  dense  membranous  opacities  which 
cause  serious  impairment  of  vision.  Such  hemor- 
rhages necessarily  produce  considerable  disorganization 
of  the  vitreous  structure,  followed  by  fluidity,  and  not 
infreciuently  by  detachment  of  the  retina. 

If  these  hemorrhages  are  seen  early,  treatment  con- 
sists in  absolute  bodily  rest  with  the  head  in  an  elevated 
position,  cold  compresses  on  the  closed  lids,  the  ad- 
ministration of  cardiac  sedatives,  ergot  and  calcium 
salts.  Subsequently  small  doses  of  potassium  iodide 
and  mercury,  pilocarpine  sweats,  saline  cathartics, 
hot  compresses  to  the  closed  lids,  and  subconjunctival 
injections  of  saline  solution  may  be  used  to  promote 
absorption.  Attention  to  the  general  health,  avoid- 
ance of  the  stooping  posture,  and  rest  of  the  eyes  are 
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also  indicated.     In   recurring  cases  tuberculin  treat- 
ment may  be  indicated. 

DeGENTBRATiONs  OF  THE  viTREOCS  Comprise:  (1) 
Sy nchysis ;  (2)  synchysis  scintillans ;  (3)  fatty  degenera- 
tion; (4)  detachment;  (5)  ossification. 

Synchyxis  (fluidity  of  the  vitreous)  is  a  softened  or 
fluid  condition  of  the  vitreous.  This  can  be  diagnos- 
ticated with  certainty  only  when  vitreous  opacities 
exist  and  move  with  undue  rapidity  during  motions  of 
the  eyeball.  The  condition  is  often  accompanied  by 
tremulousness  of  the  iris;  but  this  symptom  may  exist 
without  fluid  vitreous,  and  is  no  proof  of  the  existence 
of  synchysis;  it  is  merely  an  evidence  that,  owing  to 
relaxation  or  rupture  of  the  suspensory  ligament,  the 
iris  has  been  left  without  the  support  of  the  lens  upon 
which  it  usually  depends.  The  tension  of  the  eyeball 
is  commonly  diminished,  but  it  may  be  normal,  or 
even  increased,  as  in  certain  cases  of  glaucoma. 

Synchj'sis  occurs  with  high  degrees  of  myopia,  with 
or  without  complicating  choroiditis  and  posterior 
staphyloma;  with  extensive  vitreous  opacities;  after 
ocular  injuries  with  extensive  hemorrhage  into  the 
vitreous;  and  with  degenerative  processes  of  the  eye  in 
general.  In  such  cases  the  loss  in  consistence  depends 
upon  an  impairment  of  nutrition.  Advanced  age  is 
a  predisposing  factor.  Fluid  vitreous  is  not  infre- 
quently present  in  eyes  that  have  never  suffered  from 
any  disease,  and  inWhich  no  definite  cause  can  be 
assigned. 

No  treatment  is  of  any  avail.  Recognition  of  the 
condition  is  of  practical  importance  when  an  operation 
upon  the  globe,  such  as  cataract  extraction,  or 
iridectomy  for  glaucoma  is  contemplated,  since  it 
forms  a  complicating  circumstance  and  increases  the 
liability  to  loss  of  vitreous. 

SijiirJii/airi  scintillntis  {sparkling  synchysis)  is  the 
name  given  to  a  fluid  vitreous  which  presents  numer- 
ous small  crystals  of  cholesterin.  These  are  .seen  to 
move  nipidl}-  whenever  the  eye  moves,  reflecting  the 
light  of  the  ophthalmoscope,  and  giving  rise  to  a 
beautiful  picture  which  resembles  a  shower  of  brilliant 
sparks.  These  crystals  are  supposed  to  represent  a 
degenerative  change  of  blood  effused  into  the  vitreous 
at  some  previous  period,  or  else  decomposition  of  the 
wandering  cells.  The  condition  is  not  of  common 
occurrence.  It  is  usually  found  in  old  persons,  and  is 
said  to  be  more  common  among  alcoholics,  in  those 
suffering  from  some  general  disease  of  nutrition,  and  in 
choroiditis.  But  clinically  it  is  met  with  most  fre- 
quently in  eyes  which  are  apparently  healthy  in  other 
respects.  There  is  usually  little  or  no  reduction  of 
vision  if  the  eye  is  otherwise  normal.  Such  individu- 
als sometimes  complain  of  seeing  glittering  flashes 
when  the  eye  is  rrioved.  The  condition  is  not  amen- 
able to  treatment. 

Detachment  of  the  vitreous  is  a  serious  condition  which, 
if  it  ever  exists  alone,  cannot  be  recognized  clinically. 
The  support  which  the  vitreous  usually  gives  is  witii- 
drawn,  and  the  retina  becomes  detached.  This 
condition  follows  traumatism,  especially  perforating 
wounds,  also  cataract  extraction,  choroiditis,  intra- 
ocular hemorrhages,  intraocular  growths,  high  degrees 
of  myopia,  and  extensive  staphylomata.  After  lo.ss  of 
a  considerable  portion  of  the  vitreous  from  any  cause, 
there  is  shrinkage,  detachment  of  the  hyaloid,  follow^ed 
by  that  of  the  retina.  Detachment  is  not  amenable  to 
any  form  of  treatment. 

Fatty  degeneration  of  the  vitreous  is  occasionally  met 
with  as  an  evidence  of  senile  decay.  The  patient  com- 
plains of  musca;  volitantes,  and  the  ophthalmoscope 
reveals  numerous  white  glistening  spots  evenly  dis- 
tributed through  the  vitreous  and  having  a  very  lim- 
ited amount  of  motion  when  the  eye  is  moved.  There 
is  some  reduction  in  the  acuteness  of  vision.  The 
condition  does  not  call  for  any  special  treatment. 

Ossification  of  the  vitreous  has  been  describecj  by 
Wittich  and  Virchow  as  a  rare  form  of  degeneration, 
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always  associated  with  phthisis  bulbi  following  a  sup- 
purating process  of  hyalitis.  The  vitreous  body 
changes  into  a  solid  fibrous  mass  of  cord-like  shape, 
enlarged  at  either  end.  The  osseous  tissue  is  developed 
in  the  anterior  end  of  this  cord.  The  occurrence  of 
this  change  is  doubted  by  many  authorities. 

Parasites  in  the  Vitreods. — The  presence  of  ento- 
zoa  in  the  vitreous  is  exceedingly  rare  except  in  north 
Germany.  In  nearly  every  instance  the  parasite  has 
been  the  Cyslicercus  cellulosce.  The  Filaria  sanguinis 
hominis  has  been  seen  in  the  vitreous,  with  certainty, 
in  only  a  single  instance.  The  parasite  found  in  the 
vitreous  is  the  scolex  of  Tcenia  solium,  the  eggs  of 
which  enter  the  circulation  from  the  stomach,  and  are 
deposited  in  the  [eye  between  the  choroid  and  the 
retina.  Perforating  the  latter  it  escapes  into  the 
vitreous. 

When  still  situated  between  the  choroid  and  the 
retina  it  can  be  seen  with  the  ophthalmoscope  as  a 
bluish-gray  opacity  resembling  detachment  of  the 
retina.  After  entering  the  vitreous,  if  still  alive,  it 
appears  as  a  pale  bluish  or  bluish-gray  cyst  from  which 
there  projects  a  short  white  neck  and  a  head.  The 
latter  is  provided  with  minute  suckers,  which  can 
sometimes  be  seen  to  move.  When  this  picture  is 
found,  particularly  when  the  head  is  observed  to  move 
independently  of  motions  of  the  eyeball,  the  diagnosis 
can  be  made  with  certainty.  Very  often,  however, 
opacities  of  the  vitreous  are  present  and  render  the 
diagnosis  more  difficult.  After  the  death  of  the 
parasite  it  becomes  covered  with  lymph  and  thus 
hidden  from  view  with  the  ophthalmoscope. 

Unless  removed  while  still  beneath  the  retina,  there 
is  gradual  loss  of  sight  and  finally  destruction  of  the 
eyeball.  When  discovered  early,  before  the  pntozoon 
has  escaped  into  the  vitreous,  it  may  be  removed  by 
forceps  through  an  incision  in  the  sclera.  Quite  a 
number  of  such  operations  have  been  successful  and 
have  resulted  in  the  preservation  of  good  vision.  After 
the  parasite  has  entered  the  vitreous  it  may  also  be 
removed,  but  then  the  preservation  of  sight  cannot  be 
hoped  for.  If  the  attempt  at  removal  be  unsuccess- 
ful, enucleation  is  indicated. 

Charles  H.  May. 


von  Volkmann,  Richard. — Born  at  Leipzig, 
Germany,  Aug.  17,  1830.  He  studied  medicine  at 
the  universities  of  Halle,  Giessen,  and  Berlin;  qualified 
as  a  Privatdozent  of  Surgery  at  the  University  of 
Halle  in  1857;  and  was  promoted  in  1867  to  the  full 
professorship  of  Surgery,  and  to  be  the  Director  of 
the  Surgical  Clinic,  in  the  same  institution.  He  died 
in  Jena,  Nov.  28,  1889. 

Volkmann  took  an  active  part  as  a  surgeon  in  the 
campaigns  of  1866  and  1870.  Soon  afterward  he 
was  made  a  Geheimer  Medicinalrat,  and  in  1885 
the  title  of  nobility  was  conferred  upon  him.  He  was 
one  of  the  most  active  promoters  of  antiseptic  surgical 
methods  in  Germany,  and,  in  addition,  he  contributed 
greatly  to  the  perfecting  of  a  number  of  operative  pro- 
cedures. He  stood  in  the  foremost  rank  of  modern 
surgeons,  not  only  as  a  remarkably  skilful  operator, 
but  also  as  a  highly  cultivated  teacher.  Personally, 
he  possessed  a  must  genial  disposition.  Of  his  pub- 
lished writings  the  following  deserve  to  receive  special 
mention:  "  Beitr.age  zur  Chirurgie,"  Leipzig,  1875; 
"Krankheiten  der  Bewegungsorgane,"  in  Pilha  and 
Billroth' s  Handbuch  der  Chirurgie,  Erlangen,  1865; 
and  a  series  of  articles  (lectures)  which  he  contributed 
to  what  is  known  as  Volkmann' s  Sammlung  klinischer 
Vorlrdge,  published  in  1870  and  succeeding  years. 
The  following  are  the  titles  of  some  of  these  lectures : 
"Die  Resectionen  der  Gelenke;"  "Ueber  den  anti- 
septischen  Occlusivverband  und  seinen  Einfluss 
auf  den  Heilungsprocess  der  Wunden;"  "Die  Behand- 
lung  der  complicirten  Fracturen;"  "Ueber  den  Mast- 
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(larmkrebs,  oder  Exstirpatio  recti;"  "Bohandlung 
des  Erysipelas,  des  Lupus,  der  Synovitis;"  "Studien 
Uber  Knoclienwachsthum  und  Knochenverbiegung;" 
and  "Ueber  Krebsbildung  bei  Paraffinarbeitern." 

A.  H.  B. 


Vomiting. — Originally  a  protective  reflex,  to  expel 
excessive,  irritating,  or  toxic  substances  from  the 
stomacli,  it  may  occur  more  or  less  pathologically 
•without  fulfilling  this  function,  while  various  toxic 
substances  are  not  sufficiently  irritating  to  call  it 
into  play. 

The  most  primitive  type,  puking,  occurs  in  infants, 
a  simple  afferent  and  efferent  current,  from  and  to  the 
stomach,  causing  the  contraction  of  its  muscular 
coat  and  the  expulsion  of  an  excess  of  liquid,  without 
the  preliminary  reflexes  of  nausea  of  adults.  As  the 
infantile  stomach  develops  the  adult  form,  with  a 
distinct  fundus,  greater  capacity,  and  relatively 
weaker  musculature,  vomiting  becomes  a  more 
complex  phenomenon  and  approaches  the  pathologic, 
even  when  fulfilling  its  original  conservative  purpose. 

The  peripheral  nervous  routes  involved  are  induced 
from  anatomic  and  physiologic  data,  and  not  to  any 
degree  from  direct  scientific  experiment.  The  centers 
are  medullary,  not  specificly  limited  to  this  function 
but  mainly  those  of  the  respiratory  muscles  and  of 
the  glands  involved.  No  attempt  will  be  made, 
therefore,  to  discuss  the  anatomic  details. 

In  infants,  the  afferent  impulse  seems  to  be  purely 
excitoreflex.  In  adults,  it  produces  what  has  some- 
times been  classified  as  a  general  sense,  nausea, 
also,  as  its  name  implies  (boat  sickness)  associated 
with  equilibratory  disturbances,  and  to  some  degree 
with  shock.  The  efferent  response  is  both  motor 
and  secretory,  the  most  characteristic  .secretory 
phenomenon  being  a  flow  of  saliva  which  not  only 
serves  to  lubricate  but,  swallowed  in  the  intervals 
between  the  expulsive  acts,  directly  assists  in  the 
evacuation.  There  are  also  more  or  less  increase  of 
mucus  in  the  pharynx,  even  in  the  nose;  apparently 
a  gastric  secretion  but  not,  at  the  time,  of  gastric 
juice  containing  HCl  and  ferments;  a  flow  of  tears, 
not  so  much  a  direct  reflex  response  as  due  indirectly 
to  the  retching;  and  usually  an  increase  of  perspira- 
tion, due  to  the  fall  of  blood-pressure  locally.  Emetic 
drugs,  acting  centrally,  like  apomorphine,  squill, 
ipecac,  etc.,  notably  increase  the  secretion  from  the 
respiratory  pass.agcs  generally.  The  efferent  motor 
reflex  is  no  longer,  as  in  infants,  confined  to  the  gastric 
muscle  and,  indeed,  often  the  expulsion  of  stomach 
contents  does  not  seem  to  be  due  to  this  factor  directly. 
The  preliminary  motor  response,  termed  retching,  is 
analyzed  as  follows:  a  violent  inspiration  with 
characteristic  elevation  of  the  larynx  and  root  of  the 
tongue;  closure  of  the  glottis,  an  obvious  protective 
factor;  dilatation  of  the  esophagus  by  air  entering 
from  without,  much  as  in  aerophagia;  contraction 
of  the  muscular  coat  of  the  stomach,  not  so  much  to 
eject  the  contents  as,  by  the  preponderance  of  oblique 
and  longitudinal  fibers,  to  open  the  cardiac  sphincter 
while  the  pylorus  is  supposed  to  be  tonically  con- 
tracted; and  finally  a  vigorous  contraction  of  the 
abdominal  and  even  the  external  thoracic  muscles 
against  the  diaphragm  held  in  a  state  of  extreme 
inspiratory  contraction,  thus  expelling  the  contents 
of  the  stomach.  The  reflex  response  may  stop  at 
almost  any  point  short  of  vomiting  and  the  term 
gagging,  sometimes  considered  synonymous  with 
retching,  is  often  used  to  imply  this  abortive  reflex, 
or  self-induced  movements  of  the  same  kind.  Gag- 
ging thus  induced  voluntarily  or  reflcxly  by  direct 
stimulation  of  the  fauces  or  pharynx,  is  often  employed 
to  produce  vomiting.  Even  cats  and  dogs,  by  gag- 
ging or  by  eating  grass,  etc.,  as  a  local  irritant,  often 
dcliberatelv  produce  vomiting.  Vomiting  from  fau- 
cial  or  pharyngeal  irritation  is  analogous  to  sneezing 
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produced  by  irritation  of  the  nares  and  should  be 
borne  in  mind  as  an  emergent  measure  whenever 
immediate  vomiting  is  indicated,  as  on  account 
of  poisoning  or  to  dislodge  a  foreign  body  in  the 
esophagus.  Some  persons  are  so  sensitive  in  this 
regard  that  the  simplest  examination  or  treatment 
of  the  pharynx  results  in  vomiting,  while  others  do 
not  respond.  For  example,  in  the  case  of  a  patient 
who  objected  to  the  use  of  the  stomach  tube  but  was 
willing  to  vomit,  not  only  was  there  entire  failure  to 
respond  to  digital  stimulation  of  the  pharynx  but 
deliberate  palpation  of  the  larynx  through  the  pharynx 
and  upper  esophagus  resulted  negatively  and  the 
failure  was  shown  to  be  centric  from  the  lack  of 
respon.se  even  to  a  hypodermatic  injection  of 
apomorphine. 

As  stated,  vomiting  is  not  a  perfect  protective 
reflex,  not  only  failing  when  a  poison  lacks  local  or 
centric  irritant  properties  but  often  being  inhibited 
by  narcotics,  especially  morphine.  Thus,  unless 
digital  stimulation,  a  local  emetic  or  apomorphine 
can  be  used  promptly,  evacuation  requires  the  use  of 
the  tuVje,  and  lavage  should  be  repeated  several  times, 
as  there  is  more  or  less  elimination  through  the 
stomach.  Even  as  a  protection  against  bacterially 
contaminated  foods,  vomiting  is  mainly  efficient 
against  comparatively  minor  dangers,  as  those  duo 
to  fermentation  and  may  fail  not  only  to  protect 
against  the  introduction  of  specific  pathogenic 
bacteria  but  against  strains  of  colon  bacillus  producing 
tyrotoxicon. 

While  classed  as  a  g.astric  reflex,  vomiting  is  not 
especially  characteristic  of  particular  disturbances  of 
function  and  diseases  and  it  may  even  be  claimed  that 
it  is  more  important  medically  from  reflexes  arising 
without  the  stomach,  and  that  both  animals  and 
human  beings  that  vomit  readily  are  less  liable  to 
serious  gastric  disturbances  than  those  that  do  not. 
Certain  combinations  of  circumstances,  however, 
render  vomiting  almost  inevitable,  though  not  neces- 
sarily frequent,  in  the  case  of  gastric  conditions 
themselves.  Marked  ischochymia,  whether  idio- 
pathically  spasmodic  or  spasmodic  from  a  local 
lesion,  as  an  ulcer  at  or  near  the  pylorus,  or  due  to  a 
mechanical  obstruction,  cancerous,  ulcerative,  or 
otherwise,  tends  both  to  an  accumulation  of  contents 
sufficient  to  cause  vomiting  and  to  secondary,  mainly 
fermentative,  changes  adequate  of  themselves.  Hy- 
perchlorhydria  involves  excessively  irritating  g.^stric 
contents  but  may  or  may  not  produce  vomiting, 
according  to  the  sensitiveness  of  the  afferent  nerves. 
Usually,  even  if  burning  and  pain  are  felt,  there  is 
little  true  nausea  and  seldom  vomiting,  though  there 
may  be  acid  water-brash.  Similarly,  the  develop- 
ment of  organic  acids  and  other  irritants  by  fermen- 
tation or  even  distention  by  gas,  may  fail  to  produce 
vomiting  while,  on  the  other  hand,  the  sensitiveness 
of  the  stomach  may  allow  vomiting  to  occur  when  the 
contents  are  in  all  respects  within  normal  limits. 
Moreover,  whether  the  contents  are  normal  or  not,  tho 
vomiting  may  be  due  to  general  nervous  factors  or  to 
reflexes  remote  from  the  stomach.  A  copious  hemor- 
rhage usually  produces  hematemesis  but,  even  then, 
the  majority  of  the  blood  may  be  passed  by  the  bowel, 
while  smaller  gastric  hemorrhages  may  not  be  marked 
by  vomiting  at  all.  Discharges  of  pus,  of  necrotic 
material  as  from  an  ulcerating  cancer,  and  bile  and 
intestinal  contents  regurgitated  into  the  stomach  are 
rather  apt  to  cause  vomiting.  Even  intestinal  para- 
sites m.aj-  thus  be  expelled  but,  sometimes,  with  very 
little  nausea  or  true  vomiting,  as  for  example  when 
their  final  exit  is  by  the  nares.  The  tendency  to 
rclax.ation  of  the  pylorus  in  achylia  gastrica  and 
marked  hypochlorhydria  is  one  explanation  of  the 
frequent  absence  of  vomiting  in  gastric  conditions 
that  might  presumably  cause  it.  Gastritis,  either  of 
the  acute  type,  due  to  irritant  poisons,  including 
alcohol,  or  of  the  chronic  type  with  much  mucus,  is 
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apt  to  be  marked  by  vomiting  but  exceptions  occur, 
especially  in  minor  grades  of  and  localized  catarrhal 
states.  .  . 

By  logical  association,  sensory  impressions  by 
odor  and  taste,  either  disgusting  in  ['themselves  or  on 
account  of  any  condition  producing  anorexia,  such  as 
seasickness,  increase  the  tendency  to  vomit  from  other 
causes.  But  impressions  by  sight,  hearing,  and 
especially  equilibrium,  or  a  mental  process  not  directly 
due  to  a  sensory  stimulus,  may  have  the  same  effect. 
In  fact,  any  sensory  impression  or  mental  concept  of  a 
disgusting  nature,  even  if  not  obviously  associated 
with  food,  may  excite  vomiting.  Hysteria  and 
neurotic  taints  in  general  may  facilitate  reflex  vomit- 
ing from  other  factors  not  usually  competent  to 
produce  it,  or  there  may  be  a  special  tendency  in  this 
direction  not  connected  with  neurotic  tendencies  in 
general. 

It  may  be  stated  as  a  broad  principle  that  any  ob- 
struction to  the  normal  downward  current  of  the 
alimentary  canal,  or  even  of  the  flow  of  bile  and  pan- 
creatic juice  into  it,  wherever  located,  tends  more  or 
less  strongly  to  favor  vomiting,  this  tendency  not 
being  directly  proportionate  to  the  degree  of  obstruc- 
tion and,  indeed,  rather  less  marked  in  complete 
organic  obstruction  than  in  incomplete  or  than  under 
circumstances  of  spasm  or  irritation  that  tend  to 
produce  antiperistalsis.  The  "nipping"  of  peri- 
toneum in  a  hernia  or  intussusception  or  the  irritation 
of  a  peritonitis,  as  from  appendiceal  or  tubal  infection 
or  other  cause  is  especially  apt  to  cause  reversed 
peristalsis  and  occasionally  even  fecal  vomiting. 
Along  with  certain  types  of  central  nervous  involve- 
ment, this  group  of  causes  rather  than  strictly  gastric 
states,  is  supposed  to  be  marked  with  "projectile" 
vomiting  although  the  simplest  and  most  direct 
causes  may  produce  a  forcible,  sudden  vomiting, 
deserving  this  title  and  even  relatively  or  prac- 
tically free  from  nausea. 

Although  the  centers  concerned  in  vomiting  include 
the  respiratory,  diseases  of  the  respiratory  organs 
are  not  prone  to  produce  vomiting  unless  they  involve 
the  factor  of  irritation  extending  to  the  pharynx  or 
fauces  or  unless  the  hawking  to  remove  a  tenacious 
secretion  acts  similarly  to  deliberate  irritation  of 
the  fauces  and  pharynx.  Certain  drugs  act  both  as 
emetics  and  expectorants  but  it  does  not  appear  that 
this  association  of  action  can  be  classified  either  from 
the  standpoint  of  stimulation  of  secretion  or  of 
respiratory  movement. 

While  vomiting  obviously  depends  upon  nervous 
phenomena  and  is  frequent  in  the  hysteric  and  neu- 
rotic, it  is  not  especially  connected  with  lesions  of  the 
nervous  system  except  as  the  latter  involve  the  cor- 
responding medullary  centers.  Vomiting  is,  thus,  a 
characteristic  but  not  uniform  accompaniment  of 
certain  infectious  processes  resulting  in  meningitis  and 
is  frequent  in  cerebellar  disease  but  perhaps  rather  on 
account  of  the  association  with  equilibration.  It  may 
be  noted  in  conditions  affecting  intracranial  pressure, 
either  in  the  presence  of  lesions  such  as  tumors,  ac- 
cumulations of  fluids,  etc.,  or  more  particularly  in 
physical  circumstances  such  as  rapid  ascent  or  descent 
with  corresponding  changes  in  atmospheric  pressure, 
the  emergence  from  artificially  compressed  air — 
caisson  disease — or  in  conditions  not  strictly  intra- 
cranial involving  the  tension  by  way  of  the  middle 
ear,  as  in  inflation,  sudden  removal  of  wax  from  the 
ear  drum,  etc.  Meniere's  disease  is  also  often  marked 
by  vomiting,  though  in  all  these  instances  the  sequence 
is  vertigo,  shock,  and  then  nausea  and  vomiting  to 
about  the  degree  to  which  the  latter  follow  the  former 
under  other  circumstances.  Actual  disturbance  of 
equilibrium  produces  vomiting,  in  seasickness,  car 
sickness,  swinging,  subjection  to  earthquakes,  etc. 
The  mitigation  of  seasickness  by  the  prone  posture,  its 
peculiar  severity  in  persons  with  movable  kidneys  and 
liver,  and  the  relief  afforded  by  bandaging  seem"  to  in- 
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dicate  that  the  reflex  is  not  so  much  by  way  of  the 
semicircular  canals  as  by  the  direct  effect  of  inertia  on 
visceral  branches  of  the  vagi  and  sympathetic.  In 
vehicular  sickness,  eyestrain  seems  also  to  play  an 
important  part. 

Various  lesions,  and  especially  injuries  of  the  genito- 
urinary tract  or  lesions  such  as  those  of  calculi  which 
resemble  traumatisms,  cause  vomiting.  Those  of  the 
testicles  and  ovaries  are  considered  by  some  to  be 
especially  likely  to  produce  this  result.  Pregnancy 
very  commonly  produces  nausea  and  vomiting. 

Toxemias  of  whatever  origin  may  cause  vomiting, 
apparent  inconsistencies  being  probably  explicable 
after  the  analogy  of  exogenic  poisonings.  That  is, 
certain  toxins,  however  produced,  lack  irritant  in- 
fluence or  even  act  like  narcotics.  Of  general  infec- 
tions, scarlet  fever  is  notably  liable  to  produce  vomit- 
ing, as  are  certain  forms  of  sepsis,  though  the  latter 
may  act  through  lesion  of  the  peritoneum  rather  than 
through  toxemia.  Alimentary  fermentation  seems  to 
act,  if  at  all,  rather  by  local  irritation  whereas  putre- 
faction apparently  acts  through  absorbed  toxins 
though  subject  to  unexplained  variations.  Any  con- 
dition tending  to  the  retention  of  bile,  whose  most 
markedly  toxic  ingredient  is  the  pigment,  is  likely  to 
produce  vomiting.  Interference  with  the  skin  and 
lungs,  considered  as  emunctories,  does  not  have  so 
marked  an  effect,  though  the  well-known  influence 
of  close  air  may  be  ascribed  to  reabsorption.  Inter- 
ference with  renal  elimination,  of  almost  any  nature,  is 
very  apt  to  cause  vomiting,  up  to  the  point  at  which 
centric  depression  is  indicated  by  other  symptoms, 
but  here,  too,  numerous  exceptions  are  noted. 

The  term,  cyclic  vomiting,  is  often  used  to  imply  a 
particular  type,  but  it  is  rather  to  be  understood  in  the 
sense  that,  after  an  attack  of  vomiting  which,  to  a 
certain  degree,  tends  to  eliminate  the  cause  directly 
and  which  leads  to  appropriate  treatment,  there  en- 
sues a  remission  or  complete  intermission  and  that, 
with  gradual  relaxation  of  precautionary  measures 
and  accumulation  of  etiologic  factors,  another  attack 
follows.  Such  different  types  of  vomiting  as  those 
due  to  alcoholism,  pyloric  spasm,  renal,  biliary,  and 
other  forms  of  toxemia,  even  dietetic  indiscretion,  are 
naturally  liable  to  recur  and  even  at  fairly  regular 
intervals. 

It  is  important  to  remember  that  vomitus,  reason- 
ably free  from  excess  of  saliva  and  adventitious  matter, 
freshly  examined  or  properly  preserved,  is  diagnostic 
material  of  great  value  and  that  it  may  even  obviate 
the  use  of  the  stomach  tube. 

The  treatment  of  vomiting  obviously  differs  widely 
according  to  its  exact  etiology.  Without  attempting 
to  enter  into  the  numerous  details  suggested  by  an 
analysis  of  general  principles,  the  latter  may  be  illus- 
trated in  part  as  follows: 

Conservative  vomiting  due  to  indiscretions  in  food 
and  drink  should  usually  be  encouraged  rather  than 
treated.  It  is  facilitated  by  draughts  of  warm  water, 
with  the  addition  of  sodium  bicarbonate  or  magnesia 
if  the  stomach  contents  are  highly  acid,  or  borax  if 
there  is  much  mucus  present.  .At  the  cessation  of 
vomiting,  the  mouth  should  be  rinsed  with  some  mild 
alkaline  antiseptic  and  the  drinking  of  more  water 
with  similar  additions  or  with  a  saline  cathartic,  pro- 
vides for  further  elimination  by  the  bowel.  Pepper- 
mint or  spearmint  may  be  given  to  assuage  resultant 
nausea.  Aromatic  spirits  of  ammonia  is  especially 
indicated  in  sick  headache,  with  acid  fermentation 
and  general  depression. 

Conservative  vomiting  due  to  exogenic  poisons 
usually  demands  the  use  of  special  antidotes  consid- 
ered under  the  head  of  such  poisons  and,  in  common 
with  ulcerations,  marked  inflammatory  lesions,  etc., 
supplementary  treatment  with  bismuth,  antacids, 
such  as  magnesia,  sometimes  mineral  oil  or  mucilagi- 
nous demulcents. 

When  the  nervous  element  is  important,  as  in  sea- 
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sickness,  car  sickness,  meningitis,  etc.,  chloretone, 
orthoform,  synthetic  cocaine  substitutes,  cannabis 
indica,  etc.,  are  indicated. 

The  use  of  strong  narcotics,  especially  morphine,  is 
limited  to  such  conditions  as  hernia,  postoperative 
states,  hyperemesis  gravidarum,  and  certain  acute 
infections  in  which  the  danger  of  the  strain  of  vomiting 
overrides  other  indications. 

Vomiting  due  mainly  or  to  a  considerable  degree  to 
local  lesions  of  the  pharynx,  fauces,  etc.,  obviously 
requires  local  treatment.  Sometimes  an  unsuspected 
fragment  of  bone  or  other  foreign  body  will  be  found. 

Without  reference  to  the  exact  nature,  the  rival 
claims  of  surgery  and  medicine,  the  possibility  of 
radical  cure,  etc.,  it  should  be  understood  that  so  long 
as  the  normal  currents  of  the  alimentary  canal  are 
interfered  with,  vomiting  will  persist  urJess  extreme 
centric  depression  ensues  from  weakness  or  is  produced 
by  narcotics.  Even  in  the  case  of  hyperemesis 
gravidarum  it  may  be  remarked  that  the  principle 
of  removal  of  the  cause  cannot  be  entirely  ignored. 

In  toxemic  vomiting,  especially  from  interference 
with  renal  elimination  or  putrefactive  changes  in  the 
intestine,  the  principle  of  treatment  by  furthering 
elimination  is  well  understood,  though  not  always 
possible.  Failure  is,  however,  often  due  to  jumping 
at  conclusions  on  prima  facie  evidence  and  of  ignoring 
a  mechanical  origin  of  a  reflex,  as  a  calculus  on  the  one 
hand  or  an  inflammatory  condition  of  form  of  ileus 
on  the  other,  or  a  secondary  or  coincident  gastric  con- 
dition, the  autointoxication  being  rather  theoretic 
than  practical. 

When  tlie  essential  factor  in  vomiting  is  hysteria  or 
some  other  neurotic  condition,  reliance  must  be  placed 
mainly  on  hygienic  life  and  mental  suasion.  Local 
sedatives  wUl  usually  fail  and  general  depression  by 
drugs  is  strongly  contraindicated. 

In  surgical  [jractice  vomiting  due  directly  to  anes- 
thetics or  to  postoperative  factors  is  usually  not  con- 
trollable by  local  measures,  and  narcotics  are  more  or 
less  contraindicated.  In  these  conditions  and  in  the 
care  of  enfeebled  patients  generally,  while  various  ex- 
pedients may  be  employed  to  stop  the  vomiting,  and 
with  more  or  less  success,  it  is  important  to  have  a 
vigilant  and  strong  nurse  to  prevent  suffocation  by 
vomited  material.  A.  L.  Benedict. 


Vulva,  Diseases  of  the. — ^ Anatomy  and  Function. 
— The  vulva,  pudenda,  or  external  genitals  of  the 
female  comprises  all  of  the  structures  surrounding  the 
entrance  to  the  vagina  and  external  to  the  hymen. 
These  parts  are  the  nieatus  urinarius,  the  vestibule 
and  clitoris,  the  mons  veneris,  the  labia  majora,  and  the 
labia  minora,  all  lying  anterior  to  the  hymen;  and  the 
fo.ssa  navicularis,  fourchette  or  posterior  commissure, 
and  perineal  body,  posterior  to  the  hymen.  There 
are  various  glands  in  this  region  whose  orifices  open 
upon  the  surface  of  the  vulva,  and  whose  secretions 
help  to  lubricate  its  modified  epithelial  covering. 

Skene's  glands  are  two  small  mucous  crypts  lying 
just  inside  the  urethral  orifice.  These  glands  are  the 
frequent  site  of  inflammation  of  the  vulva,  especially 
in  infection  by  gonorrhea. 

The  vulvovaginal  or  Bartholin's  glands  are  prob- 
ably the  most  important  glands  in  this  region.  They 
are  mucous  glands  of  the  compound  racemose  type 
lying  one  on  either  side  of  the  introitus  vagina?  in  a 
space  bounded  by  the  superficial  perineal  fascia  in 
front,  the  vagina  internally,  and  the  ascending  ramus 
of  the  ischium  externally.  Each  gland  is  kidney 
shaped,  about  three-quarters  of  an  inch  in  length, 
and  in  the  normal  state  cannot  be  palpated.  The 
mouth  of  the  duct  is  large  enough  to  admit  a  large 
bristle,  and  can  be  seen  opening  on  either  side  of  the 
hymen,  in  a  fold  between  it  and  the  labium  minus. 
Tlie  duct  is  about  one-half  inch  in  length.  The 
gland  secretes  a  mucoid  material  which  lubricates  the 


vulva  during  coitus.  It  is  subject  to  infection  of 
various  kinds,  more  often  to  gonorrhea,  and  is  the 
common  site  of  abscesses,  cysts,  and  malignant 
growths. 

The  hjTnen  is  the  crescentic-shaped  membrane 
which  partially  closes  the  lower  end  of  the  vaginal 
canal  in  the  virgin,  and  separates  the  external  from 
the  internal  female  organs  of  generation.  It  may  be 
correctly  classed  with  either  group  and  participates  in 
all  of  the  infections  of  this  region.  Its  existence  in  the 
unruptured  .state  is  taken  by  some  authorities  as  a 
sign  of  virginity.  Its  rupture  during  the  first  coitus 
is  at  times  attended  by  severe  bleeding  which  in  rare 
cases  has  recjuired  the  attention  of  a  physician,  and 
has  even  threatened  the  life  of  the  patient  through 
hemorrhage. 

The  function  of  the  vulva  is  to  protect  the  entrances 
to  the  vagina  and  urethra  from  dust,  air,  and  bacteria. 
The  glands  secrete  a  viscid  substance  whicli  lubri- 
cates the  entrance  into  the  vagina  during  coitus,  and 
protects  these  parts  from  infection  through  its  mildly 
antiseptic  action  on  the  bacteria  which  are  deposited 
on  its  surface. 


Fig.  4902. — The  Vulvovaginal  Gland  and  its  Excretory  Duct. 
(.\fter  Huguier.)  a,  a.  Section  of  the  labium  niajus  and  nynipha: 
b,  the  gland  ;  c.ita  excretory  duct;  c.ita  orifice  in  the  vulvocaruncular 
furrow;/,  the  bulb  of  the  vagina;  t;<  the  ischiopubic  ramus. 

Hygiene  of  the  Vulva. — This  is  important  and 
special  attention  should  be  given  to  the  daily  bathing 
of  these  parts,  care  being  taken  that  all  smegma  and 
dried  secretions  be  removed,  which  if  allowed  to 
accumulate  in  the  many  folds  around  the  clitoris  and 
between  the  labia,  may  cause  irritation  or  infection, 
and  may  even  lead  to  masturbation  in  the  young  child. 
The  open  drawers  and  the  envelope  chemise  which  allow 
the  dust  and  dirt  from  the  street  to  be  blown  against 
the  vulva  and  subject  the  limbs  and  buttocks  and 
vulva  to  any  sudden  change  in  temperature,  should  be 
condemned,  and  the  closed  drawers  worn.  Women 
should  be  taught  to  change  their  napkins  frequently 
during  the  menstrual  period  whether  they  are  satu- 
rated or  not,  as  the  napkin  kept  in  contact  with  the 
body  for  several  hours  undergoes  fermentation  changes 
and  gives  a  very  offensive  odor.  The  vulva  should 
be  bathed  in  warm  water  each  time  the  napkin  is 
changed  and  a  warm  daily  bath  should  be  taken,  as 
the  glands  about  the  external  genitals,  axilla,  and 
other  portions  of  the  body  are  more  active  during  this 
period. 

Inflammation  of  the  Vdlva. — This  is  due  to  the 
same  causes  as  inflammation  elsewhere,  but  these  or- 
gans are  fairly  immune,  due  to  the  firm,  thick,  epithelial 
covering  in  this  region.  Primary  infection  is  rare, 
unless  engrafted  upon  wounds  or  abrasions.  There 
arc,  however,  a  large  number  of  inflammatory  irritants 
to  which  it  is  exposed,  through  lesions  elsewhere  in  the 
genito-urinary  system,  such  as  affections  of  the  uterus, 
cervix,  vagina,  bladder,  and  rectum,  the  discharge 
from  which  may  cause  severe  vulvitis. 
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Simple  Vulvitis. — This  is  a  simple  superficial  inflam- 
mation of  the  vulva  due  to  the  ordinary  rubbing  or 
chufins  bv  the  napkin  during  the  menstrual  period,  to 
lack  of  cleanliness,  parasities,  such  as  thread  worms  or 
pediculosis  pubis,  masturbation,  the  irritating  urine 
of  diabetes,  or  an  irritating  vaginal  discharge.  The 
symptoms  are  those  of  any  ordinary  inflammation, 
together  with  frequent  and  burning  urination.  Itch- 
ing or  pruritus  is  the  most  constant  and  persistent 
symptom  in  this  affection. 

"  Treatment. — Cleanliness  is  of  the  first  importance 
in  obtaining  relief  of  the  symptoms,  and  treatment  of 
the  cause  should  be  promptly  instituted.  Mild  anti- 
septic washes  of  boric  acid  solution,  or  an  astringent 
antiseptic  composed  of  menthol,  phenol,  alum,  and 
borax  in  the  following  proportions  can  be  used: 

B.     Mentholis 

Phenolis S&  gr.  xx 

Aluminis 

Sodii  biboratis &&  3  ii 

M.  Sig. — Poison;  for  external  use.  One  teaspoon- 
ful  in  two  quarts  of  warm  boiled  water,  as 
a  douche. 

The  parts  should  then  be  dried  with  a  soft  piece  of 
gauze  or  absorbent  cotton,  and  dusted  with  some  an- 
tiseptic powder  such  as  stearate  of  zinc,  dermatol,  or 
'ycopodium,  the  labial  surfaces  being  separated  with  a 
thin  layer  of  sterile  absorbent  cotton,  which  should  be 
changed  when  it  becomes  moist.  If  the  cause  is  an 
irritating  diabetic  urine,  suitable  treatment  should  be 
given  for  the  diabetes.  If  there  be  vaginal  or  uterine 
disease,  the  exact  nature  of  such  must  be  determined, 
and  proper  curative  measures  applied.  If  due  to 
worms,  infusion  of  quassia  irrigations  of  the  colon  and 
rectum  following  a  soap  and  water  enema  give  the 
best  results.  If  pediculosis  pubis  be  the  causative 
factor,  a  few  local  applications  of  blue  ointment  will 
be  suflFicient  to  relieve.  Masturbation  should  be 
carefully  treated  by  examination  about  the  clitoris  for 
adhesion  of  the  foreskin,  with  retained  smegma,  which 
should  be  removed.  Cleanliness  and  moral  suasion 
are  used  to  help  break  the  habit. 

Pruritus  Vulvce. — This  is  a  symptom  which  many 
writers  have  treated  as  a  disease.  It  means  simply  itch- 
ing, and  is  nearly  always  due  to  some  irritating  dis- 
charge from  the  vagina,  rectum,  or  urethra.  Of  all  the 
causes,  diabetes  is  b.vfar  the  most  frequent  one,  and  an 
examination  of  urine  should  be  made  as  a  routine  in  all 
cases  of  pruritus.  Senile  atrophy  of  the  vulva  may 
be  seen  as  the  menopause  approaches.  Other  causes 
are,  improper  drainage  of  the  vagina  or  uterus,  with 
subsequent  infection  of  the  retained  secretions,  furun- 
culosis,  and  seborrhea. 

Treatment  is  to  find  and  treat  the  cause.  Senile 
atrophy  has  been  treated  by  ovarian  extract,  five 
grains,  three  or  four  times  a  day,  and  has  produced 
good  results  in  the  hands  of  many  clinicians,  including 
tlie  writer. 

Gonorrheal  vulvitis  is  by  far  the  most  common  form 
of  vulval  inflammation;  it  is  due  to  an  infection  by 
the  gonococcus  and  frecjuently  affects  young  girls 
and  children.  A  considerable  proportion  of  vulvo- 
vaginitis of  chronic  form  in  children  is  gonorrheal. 
The  epithelium  of  the  vulva  and  vagina  is  very  delicate 
and  soft  and  extremely  susceptible  to  this  infection, 
which  may  take  place  through  soiled  linen  of  gonor- 
rheal parents,  perverted  sexual  practises,  or  dirty 
toilets.  In  some  instances,  however,  the  mode  of 
infection  is  very  obscure,  as  when  seen  to  appear  in  a 
carefully  directed  hospital  ward.  Graves  calls  atten- 
tion to  the  fact  that  the  infection  can  take  place  only 
when  the  virus  is  in  the  moist  state,  and  w-arns  that 
this  should  be  borne  in  mind  when  searching  for  the 
source. 

Symptoms. — There  will  be  found  much  tenderness 
and  swelling  of  the  external  genitals,  with  considerable 
pain  and  burning,  especially  on  micturition.     There 
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is  a  free  yellow  discharge  of  pus,  the  microscopic  ex- 
amination of  which  shows  the  presence  of  gonococci. 
The  course  is  usually  a  chronic  one  if  the  cause  is  not 
promptly  discovered  and  treated.  There  may  be  ex- 
tension to  the  vagina,  cervix,  urethra,  and  bladder, 
and  in  the  adult,  the  involvement  of  the  endometrium 
and  Fallopian  tubes  is  a  frequent  result.  The  process 
may  even  extend  into  the  abdomen  and  cause  a 
gonorrheal  peritonitis.  Inguinal  adenitis,  proctitis, 
cvstitis,  infection  of  Bartholin's  glands,  and  ophthal- 
rnia  may  occur.  More  rarely  rheumatism  may  be  the 
result  of  joint  infection  from  this  cause. 

Treatment  should  be  carried  out  in  isolation  if 
possible,  to  prevent  infection  of  other  persons,  and  is 
direction  toward:  (1)  relief  of  pain;  (2)  prevention  of 
extension  upward;  and  (3)  cure  of  the  affection. 

The  affected  parts  should  be  kept  clean  by  frequent 
washings  with  some  mild  antiseptic  solution,  and  daily 
application  made  of  some  form  of  silver,  preferably 
argyrol  in  twenty  to  twenty-five  per  cent,  solution,  or 
protargol  two  to  five  per  cent.,  or  silver  nitrate  in  one  to 
five  per  cent,  solution.  The  latter  may  be  extremely 
irritating  and  cause  much  discomfort.  The  external 
genitals  and  the  vagina  should  be  mopped  with  a  small 
cotton-wrapped  applicator  or  a  pledget  of  cotton  on  a 
dressing  forceps,  which  has  been  saturated  in  either 
of  the  foregoing  solutions;  then  dried  and  powdered 
with  stearate  of  zinc  or  a  mixture  of  equal  parts  of 
salicylic  acid  and  starch,  a  clean  cotton  and  gauze 
pad  applied,  and  a  small  laj-er  of  cotton  placed  be- 
tween the  labia  to  absorb  the  discharge  as  it  forms,  and 
to  hold  the  labia  apart  so  as  to  prevent  adhesions. 
Rest  in  bed,  low  diet,  and  daily  bowel  movements  are 
imperative,  and  in  all  cases  a  urinary  antiseptic  should 
be  given,  such  as  urotropin  or  cystogen,  alone  or  com- 
bined with  sodium  benzoate  in  five-  to  seven-and-one- 
half-grain  doses  well  diluted,  three  or  four  times  a  day. 
The  treatment  should  be  continued  until  there  is 
absence  of  pus,  pus  germs,  and  gonococci  in  the 
discharge. 

In  gonorrheal  vaginitis  of  children,  excellent  results 
have  been  claimed  in  the  use  of  vaccines,  either  stock 
or  autogenous,  in  doses  beginning  with  five  to  ten 
million,  gradually  increasing  up  to  fifty  to  seventy-five 
million,  given  at  weekly  intervals  until  seven  or  eight 
doses  have  been  administered.  Wolff  reports  splendid 
results  and  his  doses  are  slightly  larger  than  those 
given  here. 

Erysipelas  of  the  vulva  is  due  to  the  invasion  of  the 
Streplocoecus  erysipelatis  which  gains  entrance  through 
an  abrasion  of  the  skin  or  mucous  membrane.  It  is 
characterized  by  the  signs  and  symptoms  of  erysipelas 
in  other  parts  of  the  body,  and  may  be  the  cause  of  a 
puerperal  infection  or  the  first  warning  symptom,  of  a 
diabetic  condition  in  elderly  women.  Its  progress  is 
rapid  and  it  quickly  spreads  to  the  vagina  and  uterus, 
especially  in  the  puerperal  state,  due  to  the  luxuriant 
blood  and  lymph  suppl.v  of  the  pelvic  region. 

Erysipelas  usually  Isegins  with  a  chill  followed  by  a 
brisk  rise  of  temperature,  and  local  swelling  of  the 
vulva  is  noticed.  There  are  pain  and  throbbing,  the 
swelling  of  the  vulva  is  deep  red  in  color  and  parch- 
ment-like, with  a  well-defined  margin  with  usually  a 
white  line  just  beyond  the  margin.  If  the  inflam- 
mation is  intense,  small  blisters  of  blebs  may  appear, 
which  if  ruptured  discharge  a  yellow  serum. 

Tonic  and  supportive  treatment  should  be  given, 
nourishing  food,  rest,  and  free  action  of  the  bowels 
should  be  obtained.  Quinine  for  the  control  of  fever, 
strychnine,  if  the  patient  becomes  weakened,  tincture 
of  iron  in  large  doses  acts  favorably  upon  the  course 
of  infection.  Antistreptococcic  serum  may  help  to 
limit  the  infection. 

Applications  should  be  made  of  boric  acid  solution, 
aluminum  acetate,  or  Carrel-Dakin  solution  on 
gauze  compresses  held  in  place  by  a  T-bandage,  until 
the  inflammation  has  subsided.  Lead  and  opium  or 
boric  acid  solution  or  ice  caps  may  be  applied.     Later 
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carbolated   vaseline   may   be   used   as   a   dressing  on 
gauze. 

Diphtheria  of  the  Vtiha. — This  usually  occurs  pri- 
marily in  puerperal  women  and  secondarily  in  children 
suffering  from  diphtheria  of  the  air  passages. _  It  is 
due  to  the  Klebs-Lotilcr  bacillus  and  is  found  in  cul- 
tures taken  from  the  affected  areas.  It  may  be  diag- 
nosed by  the  characteristic  yellowish  gray  diphther- 
itic membrane  and  the  laboratory  findings,  and  is 
ushered  in  by  the  classic  symptoms  of  an  infectious 
disease. 

Antitoxin  in  suitable  doses  should  be  administered 
early.  Locally,  the  parts  should  be  bathed  in  bichlor- 
ide "solution,  i  to  5000,  three  or  four  times  a  day, 
followed  by  an  antiseptic  dusting  powdcr._ 

Aphthous  Vulvitis  or  Thrush  is  due  to  an  infection  by 
Oidium  albicans,  or  saccharomyces,  and  is  found  chiefly 
in  those  suffering  from  diabetes,  or  where  the  system  is 
depleted  by  tuberculosis  or  malignant  disease,  or  in 
nursing  mothers.  The  condition  is  characterized  by  a 
thick,  whitish  exudation  on  an  inflammatory  base, 
occurring  in  discrete  patches  which  may  consist  of 
small  wliitish  pin-point  areas,  showing  a  tendency  to 
coalesce,  forming  yellowish  or  brownish  patches  due 
to  extravasated  blood. 

Daily  applications  should  be  made  of  a  two  to  five 
per  cent,  solution  of  silver  nitrate  and  frequent 
douching  with  two  quarts  of  1  to  10,000  bichloride 
solution,  after  which  the  parts  should  be  dusted  with 
aristol,  dermatol,  or  a  powder  composed  of  equal  parts 
of  calomel  and  bismuth  subnitrate.  If  the  affection 
extends  into  the  vagina,  a  tampon  of  ichthyol  and 
glycerin  should  be  inserted  once  a  day. 

Eczema,  Herpes,  Prurigo  and  Intertrigo  are  some  of 
the  most  common  forms  of  the  skin  affections  in  this 
region,  and  are  diagnosed  and  treated  the  same  as 
when  occurring  on  other  parts  of  the  body. 

Parasitic  Vulvitis. — Scabies  of  the  vulva  is  diag- 
nosed and  treated  the  same  as  in  other  parts  of  the 
body. 

Pediculosis  pubis  is  rather  a  frequent  affection  and  is 
easily  diagnosed  by  finding  the  parasites  present  upon 
the  hairy  portions" of  the  mons  and  labia.  The  treat- 
ment is  to  shave  the  parts  and  apply  blue  ointment 
once  a  day  until  the  parasites  have  di.sappeared. 

Thread  worms  may  infest  the  vagina  and  rectum 
and  cause  irritation  and  consequent  scratching  of  the 
parts.  The  treatment  is  daily  irrigation  of  the  rectum 
and  vagina  with  infusion  of  quassia. 

Follicular  Vulvitis.— This  occurs  in  adults  and  is  an 
inflammation  which  is  confined  to  the  hair  follicle  and 
sweat  glands  of  the  vulva.  It  is  characterized  by 
small  pustules,  which  often  cause  intense  itching  and 
pain.  The  causes  are  the  same  as  noted  in  simple 
vulvitis,  and  the  course  is  often  chronic  and  stubborn. 
The  vulva  should  be  first  cleanly  shaved  and  the 
pustular  areas  evacuated.  The  whole  skin  surface 
should  be  cleansed  with  an  antiseptic  wash  similar  to 
those  used  in  simple  vulvitis  and  an  ointment  of 
ammoniated  mercury,  two  per  cent.,  should  be  applied 
daily.  In  very  resistant  cases  the  author  has  painted 
the  entire  vulva  with  a  two  per  cent,  solution  of  tinc- 
ture of  iodine  with  excellent  results.  The  general 
treatment  should  be  looked  after  and  a  routine  exami- 
nation of  the  urine  should  be  made. 

Phlegmonous  Vulvitis. — The  symptoms  are  those 
mentioned  under  simple  vulvitis,  and  are  usually  due 
to  an  infection  by  the  Staphylococcus  aureus  or  allnis. 
There  are  pain  and  swelling  and  signs  of  infection  of 
the  subcutaneous  tissue,  which  at  times  may  be  very 
marked,  and  may  terminate  in  suppuration.  Fever  is 
usually  present. 

Treatment. — .Antiseptic  washes  of  bichloride,  1  to 
5,000,  or  equal  parts  of  phenol  and  glycerin,  in  the 
proportion  of  one  teaspoonful  to  two  quarts  of  water, 
should  be  used.  Applications  of  compresses  wet  in 
these  solutions  may  be  applied  with  benefit.  Hot  or 
cold  sitz  baths  are  often  beneficial  and  relieve  the  pam. 


Re.st  in  bed,  low  diet,  and  free  bowel  movements  are 
indicated.  If  suppuration  takes  place,  the  areas 
should  be  opened  and  drained,  and  antiseptic  dressings 

applied. 

Gangrexe  of  the  Vulva,  or  Xoma. — This  condi- 
tion occurs  almost  exclusively  inpersons  whose  vitality 
has  already  been  greatly  reduced.  It  consists  of  an 
inflammation  so  intense  as  to  interrupt  the  blood 
supply  of  the  part  and  cause  gangrene  through  lack 
of  nutrition.  It  is  usually  seen  in  children  suffering 
from  some  one  of  the  acute  contagious  diseases,  and  is 
seen  occasionally  in  pregnancy,  or  pelvic  tumors  where 
great  pressure  is  caused  by  the  growth. 

Supportive  treatment,  as  in  other  forms  of  severe 
vulvitis,  is  called  for.  Locally,  antiseptic  washes, 
excision,  and  cauterization  of  gangrenous  portions, 
followed  by  treatment  of  the  remaining  ulcerated  areas, 
are  indicated 

Lupus. — This  is  a  characteristic  primary  affection 
of  slow  development,  rarely  affecting  the  general 
health,  occurring  as  small  pin-head  or  pea-sized 
yellowish  red  or  reddish-brown  areas,  either  singly  or 
in  small  groups,  situated  in  the  true  skin.  It  later 
spreads  into  papules,  macules,  or  confluent  ulcers  with 
well-defined  margins,  irregular  in  outline  and  covered 
with  a  thick  shiny  discharge,  and  attended  by  varj-ing 
degrees  of  destruction  of  the  tissues,  often  causing  per- 
foration of  the  labia.  There  exists  at  the  same  time  a 
polypoid  hypertrophy  of  the  parts  affected.  These 
lesions  may  be  found  at  the  same  time  as  the  charac- 
teristic sign  of  healing — deep,  white  scars  which  may 
contract  to  cause  a  deformity,  and  become  fissured 
through  stretching. 

Treatment. — Iodoform  powder  or  bismuth  sub- 
nitrate  should  be  dusted  on  three  times  a  day,  and  the 
parts  should  be  painted  with  tincture  of  iodine  or  lactic 
acid  two  or  three  times  a  week. 

The  bodily  resistance  must  be  built  up  by  suitable 
hygienic  and  therapeutic  measures. 

Operative  Treatment. — When  the  disease  is  limited 
to  the  vulva,  excision  and  suture  are  always  indicated. 
Curettage  should  be  used  where  excision  is  not  possible, 
and  should  be  followed  by  an  application  of  bichloride 
of  mercury  or  phenol  followed  by  alcohol.  Cauteri- 
zation and  tincture  of  iodine  are  often  beneficial. 

Applications  of  the  x-ray  to  the  areas  cause  gradual 
healing  after  a  few  weeks.  The  scales  which  form 
finally  drop  off,  leaving  a  normal  healthy  skin  surface 
beneath 

Chanxre  ."vx-d  Chancroid  of  this  part  have  the  same 
characteristics  as  these  affections  in  other  parts  of  the 
body,  and  their  significance  and  treatment  are  also  the 

same. 

Infection  of  the  Vulvovaginal  Gl.^nds. — This  is 
an  exceedingly  common  affection  of  the  vulva.  The 
duct  is  more  commonly  affected,  but  the  whole  gland 
may  be  the  seat  of  a  severe  inflammation  and  sup- 
puration. It  is  usually  due  to  gonorrhea.  Other 
infections  may,  however,  find  their  way  into  this  gliind 
and  cause  an  adhesive  inflammation  of  the  duct,  with 
the  retention  of  its  secretion  and  a  resultant  cyst.  The 
abscess  should  be  treated  as  any  other  abscess,  with 
rest  in  bed  and  wet  boric  or  saline  dressings,  until  fluc- 
tuation is  present.  Then  a  free  opening  should  be 
made  on  the  vaginal  surface,  and  the  cavity  packed 
with  antiseptic  gauze,  which  should  be  changed  at 
rather  infrequent  intervals  until  healing  is  complete. 

CoN'DTLOMA  OP  THE  \'rLVA. — Condylomata  .Acum- 
inata are  warty  excrescences  which  appear  on  the 
labia,  introitus.and  sinus  navicularis.  and  are  due  to 
a  branching  hypertrophy  of  the  normal  papilhr  of 
the  skin  over  which  the  epidermis  is  thickened.  There 
may  be  small  discrete  patches  or  the  latter  may  be  so 
numerous  as  to  cover  the  entire  vulva.  They  are 
usually  moist  from  an  exudation  of  lymph,  and  have  a 
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disagreeable  odor,  due  to  the  disintegration  of  this 
secretion.  They  are  very  superficial  and  do  not 
extend  to  the  "subcutaneous  structures.  They  are 
usuallv  due  to  gonorrheal  vulvovaginitis,  and  have  to 
be  differentiated  from  the  broad  flattened  condylom- 
ata of  syphilis.  Their  presence  may  cause  great 
apprehension  on  the  part  of  the  patient. 

Treatment  consists  in  finding  the  cause  of  the  irri- 
tating discharge  and  using  suitable  measures  to  erad- 
icate it,  and  removal  of  the  warts  by  scraping  the 
affected  parts  under  local  anesthetic,  using  a  sharp 
curette.  The  author  freezes  the  areas  with  ethyl 
chloride,  breaking  off  the  excrescences  with  a  thumb 
forceps,  and  painting  the  skin  with  a  seven  per  cent, 
solut  ion  of  tincture  of  iodine.  If  there  is  much  bleed- 
ing after  their  removal  it  can  usually  be  controlled  by 
pressure  with  a  firm  sterile  pad  and  T-bandage. 

KiiAUROSis. — This  is  the  name  given  to  a  progressive 
shrinking  of  the  tissues  of  the  vulva.  It  involves  the 
skin,  and  the  subcutanoniis  onnnective  tissue,  particu- 


Fio.  4B03.— Cyst  of  a  Vulvovaginal  (Bartholin's)  Gland.  Show- 
ing the  characteristic  swelling  on  one  side  of  the  introitus.  Abscess 
of  Bartholin's  gland  gives  the  same  outward  appearance.  (From 
Graves'  Gynecology,  W.  B.  Saunders  Company.) 

larly  around  the  introitus,  in  the  vestibule,  and  on 
the  labia  minora.  It  is  seen  almost  always  in  women 
past  the  menopause.  It  is  probably  due  to  an  infec- 
tion engrafted  upon  an  irritation  caused  by  vaginal 
discharges.  At  first,  there  is  a  loucocytic  inflamma- 
tion of  the  corium  followed  by  scar  formation,  dis- 
appearance of  the  skin  papillce,  hair  follicles,  glands, 
and  finally  the  superficial  blood-vessels.  The  vaginal 
orifice  may  become  so  narrow  as  barely  to  admit  a 
finger  tip.  The  surface  is  white  and  parchment-like 
and  is  easily  fissured. 

Pain  is  an  early  symptom.  Coitus  becomes  ex- 
tremely painful,  and  finally  impossible  from  the 
shrinkage.  There  is  an  intense  itching  which  may 
become  so  intolerable  as  to  recjuire  drastic  treatment. 

Treatment. — If  it  is  important  that  coitus  should  be 
made  possible,  the  vaginal  entrance  should  be  en- 
larged by  a  posterior  vertical  incision,  and  transverse 
suturing  of  the  incised  edges.  The  intense  itching 
may  be  relieved  by  applications  of  prussic  acid  lotion, 
ten  minims  in  an  ounce  of  water,  applied  on  cotton 
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or  lint  laid  over  the  vaginal  orifice,  or  by  lotions  con- 
taining phenol  and  menthol,  chloral  hydrate,  or 
salicylic  acid.  Finally,  solutions  containing  cocaine 
maybe  resorted  to.  Surgical  removal  has  been  done 
to  relieve  the  intense  itching  of  the  affected  part. 

Elephantiasis  OF  the  Vulva. — This  term  applies  to 
cases  with  enormous  labial  hj-pertrophy  from  various 
causes,  such  as  varicose  veins  of  the  vulva,  condylo- 
mata of  specific  and  non-specific  origin,  etc.,  but  is  more 
properly  applied  to  a  disease  known  in  the  tropics  due 
to  lymph  stasis,  caused  by  the  blood  parasite. 

Filaria  Sanguinis  Hominis. — A  certain  type  of  this 
affection  is  seen  in  southern  ne,groes  living  in  swampy 
areas.  The  skin  over  the  labia  is  greatly  hypertro- 
phied,  it  may  be  smooth  or  warty  in  appearance,  and 
is  usually  moist.  There  may  be  excoriated  areas 
caused  by  rubbing  against  the  clothing.  The  affec- 
tion may  be  unilateral,  or  bilateral.  The  symptoms 
are  those  usually  caused  by  leucorrhea.  The  weight 
of  the  tumor  causes  a  dragging  sensation  and  interferes 
with  coitus. 

Treatment  is  excision  of  the  hypertrophied  parts, 
followed  by  suture,  and  a  careful  study  and  treatment 
of  the  cause.  If  syphilitic,  suitable  means  of  curing 
the  disease  should  be  instituted.  General  tonic  treat- 
ment should  not  be  neglected. 

Cysts  of  the  Vulva. — In  considering  cystic  swell- 
ings of  the  vulva,  it  must  be  remembered  that  a  cyst 
may  be  derived  from  a  dilatation  of  some  preexisting 
space  or  from  a  degenerative  change  in  a  new  growth, 
or  dilatation  from  hypersecretion  of  the  lining  of  ^ 
preexisting  space  in  a  new  growth.  Theoretically, 
there  are  certain  structures  in  the  vulva  from  which 
cysts  could  be  derived,  such  as  Bartholin's  glands, 
sebaceous  glands,  the  peritoneal  processes  around 
the  round  ligaments,  and  the  lymphatic  channels  and 
the  blood-vessels. 

Cysts  of  Bartholin's  Glands. — A  cyst  of  this  gland  is 
always  the  result  of  some  infection,  and  its  position 
practically  prevents  any  failure  to  diagnose  it.  A 
cyst  in  this  region  must,  however,  be  differentiated 
from  a  solid  tumor  of  this  gland,  and  an  abscess. 
The  fluctuation  would  serve  to  tell  the  nature  of  a 
cyst,  while  absence  of  heat,  tenderness,  and  redness 
would  make  it  distinct  from  an  inflammatory  process. 

The  treatment  is  complete  excision  through  the 
vaginal  wall,  using  care  to  dissect  the  entire  lining 
free,  as  any  portion  left  behind  will  cause  a  recurrence 
of  the  tumor. 

Hydrocele  or  Cyst  of  the  Canal  of  Nuck. — In  some 
patients  a  canal  persists  along  the  round  ligament, 
the  internal  end  of  the  canal  being  closed.  If  a  collec- 
tion of  fluid  takes  place  in  the  sac  thus  formed,  the 
result  is  a  pudendal  hydrocele,  corresponding  to  the 
hydrocele  of  the  cord  in  the  male.  It  is  also  called 
labial  hydrocele  and  occupies  the  same  location  as  an 
inguinal  hernia.  It  differs  from  hernia  in  that  it  is 
dull  on  percussion,  cannot  be  reduced,  gives  little  or 
no  impulse  on  coughing,  is  not  associated  with  evi- 
dences of  intestinal  obstruction,  and  has  developed 
gradually  without  apparent  cause.  Great  care  is 
necessary  in  diagnosticating  this  rare  affection,  for  it 
would  be  fatal  to  mistake  hernia  for  hydrocele,  and 
treat  it  by  injection.  It  must  be  differentiated  also 
from  cystic  adenomyoma,  though  in  some  of  the  cases 
the  adenomyoma  can  only  be  distinguished  micro- 
scopically. 

Treatment  is  to  remove  the  sac  and  close  the  wound 
with  sutures. 

If  the  cyst  communicates  with  the  peritoneal  cavity, 
the  opening  should  be  closed  as  in  radical  operation 
for  inguinal  hernia. 

SeLaceous  cysts  occur  as  in  other  portions  of  the 
body  and  have  the  same  appearance,  viz.,  a  spherical 
swelling  which  involves  the  skin.  The  orifice  of  the 
duct  can  be  seen  blocked  with  sebaceous  material. 
This  material  may  become  infected  and  suppurate. 
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The  treatment  is  excision,  whether  the  cysts  are  in- 
flamed or  not,  care  being  used  to  remove  the  capsule 
of  the  cyst,  for  any  portion  of  this  capsule  left  behind 
will  cause  recurrence.  These  tumors  occasionally  be- 
come malignant. 

Benigx  TnMORS  of  the  Vulva. — Fibromata  are  rare 
tumors  and  found  mostly  in  the  labia.  They  are 
usually  of  small  dimension,  rarely  reaching  the  size  of 
a  walnut.  They  are  discrete  connective-tissue  tu- 
mors, easily  shelled  out  from  the  surrounding  struc- 
tures, and  are  not  painful  unless  in  a  position  where 
they  are  rubbed  or  chafed.  If  large,  they  may  be- 
come pedunculated  through  stretching  of  the  skin 
about  them. 

Treatment  is  excision,  or,  if  the  tumor  is  pendulous, 
amputation  and  suture  of  the  pedicle,  even  when  there 
are  no  symptoms,  as  malignant  degeneration  may 
result. 

Lipomata,  or  fatty  vulval  tumors,  are  very  rare,  and 
occur  either  in  the  mons  or  the  labia  majora.  They 
are  soft,  like  tatty  tissue  in  other  locations,  and  give 
an  impression  of  being  circumscribed  when  palpated. 
Their  treatment  is  removal  under  antiseptic  precau- 
tions. 

Varicocele  of  the  vulva  is  due  to  dilated  veins  in  this 
region  and  is  confined  almost  exclusively  to  the  preg- 
nant state.  It  may  be  either  bilateral  or  unilateral, 
and  for  some  unknown  reason  it  occurs  more  fre- 
quently upon  the  right  than  upon  the  left  side.  The 
treatment  consists  in  rest  with  feet  elevated  for  a  con- 
siderable part  of  each  day,  until  after  delivery,  when 
the  condition  will  disappear  spontaneously. 

Urethral  caruncle  is  a  common  affection  which  may 
occur  at  any  age,  but  is  seen  chiefly  in  elderly  women. 
It  is  a  growth  of  granulation  tissue  around  the  meatus 
urinarius,  caused  by  an  injury  to  the  urethral  mucous 
membrane  and  subsequent  infection.  It  appears  as 
a  bright-red  projection  which  is  usually  sensitive  to 
the  touch  and  causes  pain  during  micturition  and 
coition.  The  growth  is  usuaUy  about  the  size  of  a 
bean,  but  may  become  much  larger,  with  offshoots 
into  the  tissue  of  the  vestibule,  which  resemble  car- 
cinoma. The  tissue  bleeds  easily  when  touched,  and 
when  diagnosis  is  difficult  a  microscopic  examination 
should  be  made  to  differentiate  it  from  carcinoma. 

Complete  removal  is  the  only  cure,  and  should  be 
done  under  local  anesthesia,  by  excision  and  suture, 
or  by  fulguration.  The  size  and  sensitiveness  of  the 
growth  rarely  call  for  a  general  anesthetic. 

Tuynors  of  the  clitoris  are  very  rare.  The  clitoris  is 
occasionally  considerably  enlarged,  and  gives  the  ap- 
pearance of  a  small  penis  with  no  urethral  opening. 
No  treatment  is  required  unless  it  is  a  source  of  irrita- 
tion, and  then  circumcision  or  excision  may  be  done 
to  relieve.  If  this  enlargment  be  due  to  masturba- 
tion, division  of  the  nerves  around  the  clitoris  may 
relieve,  but  it  is  of  doubtful  use.  Complete  removal 
of  the  clitoris  for  this  habit  is  rarely  attended  with 
success. 

Malignant  Tumors  oe  the  Vulva. — Carcinoma  is  a 
comparatively  frequent  affection.  It  occurs  as  an 
adenocarcinoma  or  columnar-celled  carcinoma,  and 
practically  always  arises  from  Bartholin's  glands.  It 
produces  a  hard  lump  in  this  region  with  considerable 
induration,  which  gradually  reaches  the  surface  and 
ulcerates.  The  diagnosis  is  the  same  as  that  of  car- 
cinoma in  other  portions  of  the  body. 

Treatment  is  early  removal  of  the  tumor  with  a 
wide  margin,  together  with  the  removal  of  the  inguinal 
lymphatic  glands  of  both  sides. 

Squamous  Epithelioma. — This  may  appear  on  any 
part  of  the  vulva,  but  is  more  often  seen  to  affect  the 
clitoris  or  its  prepuce,  and  after  this  region,  the  labia 
majora  are  more  freciuently  attacked.  It  is  often 
observed  in  women  who  have  loucoplakic  vulvitis  with 
kraurosis  and  occurs  as  a  rule  after  the  age  of  forty. 
The  growth  begins  as  a  hard  indurated  nodule  with 


early  signs  of  ulceration  and  induration.  The  lym- 
phatic supply  of  the  parts  causes  early  metastasis  to 
the  inguinal  Ij'mphatic  glands.  The  growth  may  oc- 
cur in  either  of  two  forms,  as:  (1)  a  cauliflower 
growth  on  the  clitoris;  or  (2)  an  excavated  ulcer 
with  indurated  edges,  usually  seen  on  the  labia. 
When  laceration  occurs  it  is  usually  accompanied  by 
considerafjle  pain,  and  in  one  case  seen  by  the  writer 
a  small  ulceration  of  the  labia  caused  such  excruciating 
pain  as  to  interfere  greatly  with  walking.  On  the 
other  hand,  the  cauliflower  variety  is  rarely  accom- 
panied by  pain  until  the  condition  is  well  advanced. 
The  diagnosis  is  not  difficult.  Inspection  reveals 
its  nature,  and  the  indurated  base  with  leucoplakic 
spots  about  the  area  should  lead  to  early  and  radical 
treatment. 

Treatment. — When  the  case  is  an  operable  one,  ex- 
cision as  deeply  as  possible  and  with  a  wide  margin, 
together  with  radical  removal  of  the  inguinal  lym- 
phatics of  both  sides  is  indicated,  and  the  wound 
should  be  treated  with  the  Paquelin  cautery  and  anti- 
septic applications  to  discourage  secondary  infection. 
Kelly  claims  that  radium  treatment  of  these  cases 
offers  the  best  hope  of  relief.  The  use  of  the  i-ray 
has  been  tried  and  in  the  hands  of  some  has  seemed  to 
discourage  the  growth. 

Melanoma  of  the  imloa  is  a  rare  affection,  which  may 
have  its  origin  in  a  pigmented  mole  or  in  the  skin  as  a 
melanotic  epithelioma,  presenting  the  characteristic 
black  masses  of  cells.  The  growth  is  rapid  and 
quickly  spreads  to  the  lymphatics.  The  treatment  is 
the  same  as  that  of  other  malignant  growths  of  the 
vulva. 

Sarcoma  of  the  Vulva. — This  is  very  rare  and  appears 
as  do  sarcomatous  growths  in  other  parts  of  the  body. 
The  hard  fibrous  nodules  can  be  differentiated  from 
those  of  a  fibroma  only  by  their  more  rapid  growth, 
early  fixation,  and  marked  vascularity.  It  must  be 
removed  as  soon  as  diagnosed. 

WiLHELMINA  A.   RaOLAND. 


Waconda  Spring. — Mitchell  County,  Kansas. 

Post-office. — Waconda  Springs.  Hotel  and  sana- 
torium.    Bungalow. 

Access. — Trains  on  the  Central  Branch  of  the  Mis- 
souri Pacific  Railroad  stop  within  a  few  rods  of  the 
hotel. 

The  Waconda,  or  Great  Spirit  Spring,  said  to  be  the 
most  remarkable  spring  in  the  State  of  Kansas,  is 
located  within  a  fine  curve  of  the  Solomon  River, 
about  three  miles  from  Cawker  City,  and  at  an  eleva- 
tion of  about  3,o00  feet  above  the  level  of  the  sea. 
The  spring  is  contained  in  the  center  of  a  huge,  cir- 
cular mound  composed  of  hard  rock,  which  rises  to  a 
height  of  forty-two  feet  above  the  surrovinding  .surface. 
The  basin  is  nearly  sixty  feet  in  diameter,  and  is 
surrounded  by  a  natural  platform  of  rock  from  ciKhty 
to  150  feet  wide,  and  so  nearly  circular  as  to  ajjpear 
as  if  artificially  cut.  The  diameter  of  the  base  of  the 
mound  is  117  yards  from  north  to  south  and  119 
yards  from  east  to  west,  while  its  circumference  is 
sixty-six  rods.  A  stone  coping  has  been  placed 
around  the  spring,  and  this  is  surmounted  by  a 
light  iron  fence,  to  protect  the  water.  Within  ten 
rods  of  the  spring  is  a  substantial  stone  building,  sup- 
plied with  all  modern  comforts  and  conveniences. 
The  water  from  the  spring  is  supplied  to  this  building 
and  is  utilized  for  the  bath-housos,  where  all  varieties 
of  hot  and  cold  or  vapor  baths  will  be  found.  The 
surroundings  of  this  resort  arc  very  attractive,  and  the 
clinuite  is  of  a  bracing  antl  salubrious  character.  The 
analysis  of  the  water  on  page  472  was  made  by  Pro- 
fessors E.  H.  S.  Bailey  and  D.  F.  McFarland  of  the 
State  University. 

The  water  has  a  strong  saline  taste,  and  when 
properly    carbonated   is   clear   and   sparkling.     The 
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Grains  per 
U.  S.  gallon. 


Sodium  chloride 

Sodium  sulphate 

Sodium  bicarbonate, . . 
Mai^nesium  sulphate. . . 
Calcium  bicarbonate. . . 
Magnesium  bicarbonate. 

Iron  bicarbonute 

Silica 

Total 


749.0381 

221.6600 

1.0046 

57.1600 

34.1815 

70.5884 

1.1156 

6.7650 


1140.5132 


Grams  per 
liter. 


12.8238 
3.7949 
0.09S7 
0.9786 
0.5852 
1 . 2085 
0.0191 
0.0172 


19.5260 


analysis  shows  a  water  of  great  potency.  It  sliould  be 
fully  possessed  of  the  qualities  found  in  the  waters  of 
t  lii.s  class.  Taken  in  proper  doses  it  is  said  to  stimulate 
the  appetite,  to  tone  up  the  nervous  system,  and  to 
invigorate  the  spirits  and  general  bodily  condition  to 
a  remarkable  degree.  It  has  proved  beneficial  in 
rheumatic  troubles,  Bright's  disease,  hemorrhoids, 
insomnia,  and  skin  disorders.  It  may_  be  safely 
recommended  in  all  cases  in  which  this  class  of 
waters  has  been  found  useful.  It  is  bottled  and 
shijjped  to  anv  desired  point. 

Emma  E.  Walker. 


Wallerian  Degeneration. — The  degeneration 
which  occurs  in  the  peripheral  portion  of  a  severed 
nerve  fiber  is  known  as  the  Wallerian  degeneration. 
It  is  due  to  the  separation  of  this  portion  of  the  fiber 
from  its  corresponding  ganglion  cell,  and  is  usually 
explained  as  resulting  from  a  loss  of  trophic  influences, 
the  severed  portion  being  cut  off  from  the  source  of 
its  nutrition.  The  fact  that  a  nerve  when  separated 
from  its  trophic  center  degenerates  in  the  direction 
in  which  it  normally  carries  impulses  is  known  as  the 
Wallerian  law  of  degeneration.  The  severed  central 
end  also  undergoes  a  rapid  degeneration  to  the  next 
node  of  Ranvier;  or,  under  certain  conditions,  this 
ascending  degeneration  may  involve  several  (three  to 
six)  segments.  It  is  also  true  that  the  central  portion 
of  a  severed  nerve — that  portion  which  retains  its 
connection  with  the  ganglion  cells — may  undergo  slow 
retrograde  changes  centrally,  even  to  the  ganglion 
cell,  but  these  differ  from  the  changes  seen  in  the  Wall- 
erian degeneration,  being  more  of  the  nature  of  a 
simple  atrophy. 

The  first  recognizable  change  in  Wallerian  degenera- 
tion is  a  loss  of  the  translucency  of  the  nerve  fiber. 
This  is  followed  by  a  breaking-up  of  the  myelin. 
Under  the  microscope  the  medullary  substance  is  seen 
to  be  fragmented  into  small  lumps  or  segments  which 
become  separated  from  each  other.  This  is  followed 
by  a  complete  degeneration  of  the  medullary  sheath  in 
wliich  the  latter  is  disintegrated  into  small  fat  drop- 
lets, the  process  suggesting  an  emulsification.  At  the 
same  time  there  is  a  great  increase  in  the  size  and  num- 
ber of  the  nuclei  of  the  sheath  of  Schwann.  Formerly 
it  was  believed  that  the  neuraxones  degenerated  sec- 
ondarily to  the  changes  in  the  medullary  sheath;  but 
it  has  been  shown  that  the  changes  in  the  former  occur 
coincidently  with  those  of  the  sheath.  The  neuri- 
lemma finally  becomes  filled  with  the  remains  of  the 
axis  cylinder  and  medullary  sheath,  the  fat  droplets 
are  taken  up  by  fat  granule  cells,  and  the  detritus  is 
in  time  absorbed  by  the  cells  of  the  neurilemma.  In 
the  neighborhood  of  the  injury  the  nerve  nuclei  be- 
come enlarged  and  show  signs  of  proliferation.  The 
neurilemma  eventually  disappears,  but  if  the  severed 
ends  are  again  brought  together,  or  if  the  distance 
between  the  ends  is  not  too  great,  the  old  neurilemma 
sheaths  maj''  again  become  neurotized  by  new  axis 
cylinders  growing  dowmward  from  the  central  cut  end. 
Aldred  Scott  Warthin. 
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Walley  Hot  Springs. — Douglas  County,  Nevada. 
Post-office.  — Gardnerville  Hotel. 

Access. — Via  Southern  Pacific  Railroad  to  Reno; 
thence  by  the  Virginia  and  Truckee  Railroad  to  Min- 
dcn,  Nevada,  where  passengers  are  met  by  an  auto- 
mobile for  the  Springs. 

This  resort,  formerly  known  as  Genoa  Hot  Springs, 
is  located  about  fourteen  miles  from  Carson  City,  the 
capital  of  the  State.  The  situation  is  picturesque, 
having  an  altitude  of  about  4,000  feet,  with  high 
mountains  on  the  west  and  a  beautiful  valley  on  the 
east.  The  prevailing  weather  is  clear  and  pleasant, 
the  temperature  seldom  exceeding  90°  F.  in  summer 
or  falling  below  zero  in  winter.  The  following  analy- 
sis was  made  by  N.  E.  Wilson,  State  Chemist: 


gallon. 

Silica 3.5924 

Iron  and  aluminum  oxides 0.3268 

Sodium  chloride 4.4365 

Sodium  sulphate 13.0875 

Sodium  bicarbonate 8.3092 

IVIagnesium  bicarbonate 0.9741 

Calcium  bicarbonate 4.420.^ 

Carbonic  acid  gas,  6.4S  cubic  inches,  has  been  reported 
in  a  previous  analysis. 

The  temperature  of  the  several  springs  (six  in 
number)  varies  from  136°  F.  to  160°  F.  The  baths 
here  are  stated  to  be  very  efficacious  in  the  treatment 
of  renal,  gastric,  and  skin  diseases  and  in  rheumatic 
troubles  of  long  standing.  The  analysis  shows  a 
valuable  thermal  water  of  the  saline  class. 

Emma  E.   Walker. 


Warner 

California. 


Hot      Springs. — San      Diego      C'ountx 


Post-office. — Warner  Springs. 

Access. — Via  Cuyamaca  Railroad  to  Foster 
thence  by  autostage  to  the  Springs.  There  is  a 
fine  auto  boulevard  from  San  Diego;  also  one  from 
Los  Angeles.  The  elevation  is  3,165  feet  above  sea- 
level. 

In  the  southern  part  of  California  are  situated  a 
number  of  thermal  springs,  known  as  Aguas  Calienles 
(hot  waters).  Some  of  them  have  acquired  con- 
siderable celebrity.  This  is  especially  true  of  the 
springs  of  Coahuila  or  Cabojos  valley,  on  Warner's 
Ranch,  some  seventy  miles  from  San  Diego  City,  in 
San  Diego  County.  These  waters  are  believed  by 
the  native  population  to  be  an  infallible  remedy  in 
syphilis  and  cutaneous  affections.  Subacute  and 
chronic  rheumatic  disorders,  renal  and  hepatic  dis- 
orders, and  strumous  diseases  are  also  successfully 
treated  here.  Accommodations  have  been  provided 
for  visitors.  Adobe  cottages  have  been  made  comfort- 
able for  guests.  The  resort  has  its  own  farm,  ^'a- 
ried  amusements  have  been  provided.  The  follow- 
ing analysis  has  been  made: 

.    S.    G-^LLON. 

Calcium  phosphate 0.11 

Ammonium 0  09 

Magn.  sulphate 0.09 

Sodium  biborate 0  09 

Ferric  oxide 0  .  04 

Lithium Trace. 

Strontium ...  Trace. 

Manganese  oxide Tran-. 


Grainb  per 

Sodium  sulphate 5.65 

Sodium  sulphide 3 .  53 

Silica 3.44 

Sodium  silicate 2.64 

Sodium  carbonate 2 .  63 

Sodium 2.39 

Potassium  sulphate 0.43 

Calcium  silicate 0.38 

In  other  words:  The  water  contains  the  salts  of  sulphuric,  car- 
bonic, phosphoric,  and  boric  acids,  also  alkaline  salts,  lime,  mag- 
nesium, iron,  aluminum,  hydrogenous  and  nitrogenous  gases. 

Temperatdrb  op  Springs:   148°  F. 
The  flow  is  124,000  gallons  a  day. 

Another  Agua  Caliente  of  some  repute  is  located  in 
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Keon  County,  thirty  miles  from  Calionte  station,  on 
the  Southern  Pacific  Railroad.  The  waters  are  sul- 
phureted  and  tlieir  temperature  varies  from  80°  to 
100°  P.,  but  no  analysis  has  been  made.  There  is  a 
small  resort  at  the  springs.  Emma  E.  \V.\lker. 


Warren,  John. — Born  in  Roxbury,  Massachusetts, 
July  27,  175.3.  In  1771  he  received  the  degree  of 
Bachelor  of  Arts  from  Harvard  College,  and  im- 
mediately afterward  he  began  the  study  of  medicine 
under  the  guidance  of  an  older  brother,  Dr.  Joseph 
Warren,  who  subsequently  was  killed  at  the  battle 
of  Bunker  Hill.  In  1773,  having  completed  his 
preparation  for  the  practice  of  medicine,  he  settled  in 
Salem.  About  two  years  later,  however,  he  received 
the  appointment  of  Hospital  Surgeon  in  the  Conti- 
nental Army,  and  all  idea  of  private  practice,  at  least 
for  a  long  time  to  come,  was  abandoned.  In  177G 
Dr.  Warren  was  one  of  the  detachment  ordered  to 
take  possession  of  Boston  on  its  evacuation  by  the 
British  troops.  In  1783  the  first  institution  for 
medical  education  in  New  England,  was  established, 
and  Dr.  Warren,  who  since  1780  had  been  giving  ir- 
regular instruction  in  anatomy  and  operative  surgery 
in  the  Military  Hospital,  was  made  the  first  professor 
of  these  branches  of  medical  knowledge  in  the  new- 
school.  He  continued  to  fill  this  chair  for  more  than 
thirty  years.  In  1784  Dr.  Warren,  in  association  with 
several  other  physicians,  established  a  smallpox  hos- 
pital near  Boston;  and  in  1792  he  inoculated  more 
than    1.500    persons.     He    died    on    .-Vpril   4,  1815. 

Dr.  Warren  made  comparatively  few  contributions 
to  medical  literature,  and  of  these  few  published 
writings  the  following  is  the  only  one  of  which  Stone 
makes  any  mention:  "A  View  of  the  Mercurial 
Practice  in   I'ebrile  Diseases,"   1813.         A.  H.  B. 


Warren,  John  Collins. — Born  in  Boston,  Mass., 
Aug.  1,  1778.  He  was  the  son  of  Dr.  John  Warren 
(see  preceding  sketch).  He  was  graduated  from 
Harvard  College  in  1797,  and  commenced  the  stud.v  of 
medicine  with  his  father  in  179S.  In  1799  he  visited 
England,  and  entered  himself  as  a  pupil  at  Guy's 
Hospital,  under  the  celebrated  John  Hunter.  He 
also  became  senior  dresser  to  William  Cooper,  one 
of  the  most  eminent  surgeons  of  London.  At  the  end 
of  one  year,  he  left  London  and  went  to  Edinburgh 
and  in  July,  1801,  he  entered  the  Hospice  de  I'Ecole, 
de  Mcdecine,  in  Paris,  and  remained  there  one  year. 
In  the  latter  part  of  the  year  1802,  Dr.  Warren  re- 
turned to  Boston  and  at  once  began  to  aid  his  father  in 
liis  practice.  In  ISOO  he  was  chosen  Adjunct  Profes- 
sor of  .\natomy  and  Surgery  with  his  father.  On 
the  death  of  the  latter  in  1815  he  was  made  full  pro- 
fessor. In  1820  the  Massachusetts  General  Hospital 
was  opened.  "  Dr.  J.  C.  Warren  first  operated  for 
strangulated  hernia,  and  met  with  great  opposition 
from  the  friends  of  the  patient  and  from  other  medical 
men.  Subsequently  he  performed  it  so  often  as  to  do 
it  with  very  little  anxiety,  and  he  lost  very  few  patients. 
He  introduced  the  operation  for  aneurysm,  and 
performed  it  in  numerous  cases,  all  of  which  but  two 
were  succe.ssful.  *  *  *  He  performed  the  opera- 
tion of  removing  the  upper  and  lower  jaws"  (Stone, 
op.  cit.).  Speaking  of  the  first  introduction  of 
sulphuric  ether  in  operative  surgery.  Dr.  John  Collins 
Warren  gives  the  following  account:  "The  amount 
of  what  I  know  may  be  comprised  in  a  few  words. 
Dr.  Charles  T.  Jackson  suggested  the  use  of  ether  to 
Dr.  Morton,  and  Dr.  Morton  first  employed  it  to 
prevent  pain  from  the  extraction  of  teeth,  and  at  his 
request  I  first  used  it  in  a  surgical  operation."  Dr. 
Warren  died  May  4,  1856. 

Of  his  published  writings  the  following  deserve  to 
receive  special  mention:  "Surgical  Observations  on 
Tumors,"   1837;  "Etherization,"  1848;  and  "Effects 


of  Chloroform  and  Strong  Chloric  Ether  as  Narcotic 
Agents,"  1849.  A.  H.  B. 


Warren,  Joseph. — An  older  brother  of  Dr.  John 
Warren,  born  at  Roxbury,  Massachusetts,  June 
11,  1741.  He  commenced  the  study  of  medicine 
in  1759,  immediately  after  graduation" from  Harvard 
College,  and  in  due  time  established  himself  as  a 
physician  in  Boston.  During  the  following  ten  years 
he  succeeded  in  building  up  an  extensive  practice, 
but,  as  soon  as  he  became  convinced  that  the  English 
Parliament  had  no  right  to  pass  the  Stamp  ,\ct,  he 
was  indefatigable  in  his  exertions  to  produce  the  same 
convictions  in  the  minds  of  others.  "By  his  writings 
in  the  newspapers,  his  public  speeches  "and  orations, 
he  labored  to  infuse  his  own  ardor  into  the  breast  of 
his  fellow-citizens.  Probably  no  man  did  more  to 
excite  and  sustain  the  spirit  of  opposition  to  British 
tyranny  for  which  Boston  was  so  early  distinguished. 
During  his  short  but  eventful  life.  Dr.  Joseph  Warren 
was  appointed  by  his  fellow-citizens  to  various  high 
offices  within  theij  gift.  He  was  elected  first  a 
delegate,  and  then  president  of  the  Provincial  Con- 
gress, and  chairman  of  the  Committee  on  Public 
Safety.  *  *  *  At  the  battle  of  Lexington,  the  first 
conflict  of  our  Revolution,  Dr.  Warren  took  a  promi- 
nent part.  *  *  *  Previous  to  receiving  his  appoint- 
ment as  Major-General,  Dr.  Warren  had  been 
requested  to  accept  the  office  of  Surgeon-General  to 
the  Army.  But  this  office  suited  less  with  the  ardor 
of  his  temperament  than  to  be  an  active  participator 
in  the  hazards  and  triumphs,  the  adversities  or  suc- 
cesses of  the  glorious  struggle.  *  •  *  He  died  on  the 
battle  field  of  Bunker  Hill,  June  17,  1776"  (.Stone, 
op.  cit.).  A.   H.   B. 


Washington,  D.  C. — Washington  citv  (latitude 
35°  53'  39"  north,  longitude  77°  2'  4S"  wes't),  the  cap- 
ital of  the  United  States  of  America,  is  in  the  Dis- 
trict of  Columbia,  on  the  east  bank  of  the  Potomac 
River,  about  one  hundred  miles  from  its  mouth.  The 
.Anacostia  River  (or  Eastern  Branch  as  it  is  sometimes 
called),  a  small  tributary  of  the  Potomac,  bounds 
the  city  on  the  south,  separating  it  and  the  suburb, 
.Anacostia.  Rock  Creek,  another  small  stream,  which 
flows  through  the  western  part  of  the  city,  was  at  one 
time  the  boundary  between  the  cities  of  Washington 
and  Georgetown,  but  this  municipal  distinction  is  now 
not  made.  Between  these  two  streams  is  an  area  of 
about  eight  square  miles,  having  a  general  altitude  of 
twenty  to  eighty  feet  above  the  level  of  the  Potomac 
River.  Upon  this  area  the  greater  part  of  the  city  is 
built.  Elsewhere  the  land  rises  to  a  general  plateau, 
averaging  from  200  to  300  feet  above  the  river  le^■el, 
which  also  is  practically  sea-level. 

The  District  of  Columbia,  originally  styled  "Fed- 
eral Territory,"  was  laid  out  in  1791  by  commissioners 
appointed  by  President  Washington,  and  in  pursu- 
ance of  an  act  of  Congress,  which  gave  the  President 
the  authority  to  select  the  site  of  the  national  capital 
At  the  time  of  the  selection,  the  District  of  Columbia 
was  about  the  center,  geographically,  of  the  original 
thirteen  States  of  the  I'nion.  The  original  territory 
had  an  area  of  100  square  miles,  and  was  ceded,  a.s 
equally  as  the  nature  of  the  site  chosen  admitted  of, 
by  the  States  of  Maryland  and  Virginia.  Subsequently, 
in  1846,  the  part  given  by  the  State  of  Virginia 
was  ceded  back  to  it  by  the  national  Government. 
The  present  area  of  the  District  is  sixty-four  square 
miles. 

Washington  has  had  no  corporate  existence  apart 
from  the  District  of  Columbia  since  1874.  From 
1802  to  1S71  there  was  a  municipal  form  of  govern- 
ment, the  chief  executive  being  a  mayor  elected  by  the 
citizens.  From  1871  to  1874  the  District  and  the 
city  had  a  territorial  form  of  government,  the  chief 
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executive  being  a  governor.  Since  1874  the  city  and 
District  liavc  been  governed  by  three  commissioners, 
the  Board  of  Commissioners  of  the  District  of  Colum- 
bia, appointed  by  the  President  of  the  United  States 
and  confirmed  by  the  United  States  Senate.  These 
officials  are  appointed  for  terms  of  three  years:  two 
must  be  residents  of  the  District  for  three  years  before 
aijpointment  and  of  opposite  political  parties;  the 
third  must  bo  an  officer  of  the  engineers,  United  States 
army,  of  a  rank  not  lower  than  that  of  captain,  and  he 
must  have  served  at  least  fifteen  years  in  that  branch 
of  the  military  service.  The  Congress  of  the  United 
States  legislates  directly  for  the  District,  and  the  com- 
missioners execute  the  laws  so  enacted.  There  is  thus 
in  the  capital  of  the  greatest  republic  of  history  the 
spectacle  of  the  citizens  of  that  capital  without  direct 
representation  in  their  own  government.  On  the 
whole,  however,  the  plan  works  well. 

The  population  of  the  District  of  Columbia,  accord- 
ing to  the  census  of  1900,  was  278,718  of  which 
191,532  were  whites,  86,702  negroes  or  of  negro 
descent,  45.5  Chinese,  and  29  of  all  other  races.  The 
census  of  1910  gives  the  total  population  as  331,009  an 
increase  of  18.8  per  cent,  in  the  decennium  of  1900- 
1910.  The  greater  part  of  this  increase  has  been  in  the 
districts  outside  of  what  is  known  as  the  original  limits 
of  the  City  of  Washington.  In  1900  in  what  is  known 
as  the  original  city  there  were  218,196  inhabitants,  in 
1910  in  the  same  limits  there  were  230,630  inhabitants, 
while  in  the  other  districts  the  population  had  in- 
creased from  60,522  in  1900  to  100,439  in  1910.  Of 
the  total  331,069  inhabitants,  236,128  were  whites  and 
94,446  negroes  or  of  negro  descent,  all  other  races  but 
465.  But  little  more  than  seven  per  cent,  of  the  whites 
were  foreign  born.  In  this,  Washington  is  perhaps  uni- 
que among  the  large  cities  of  the  country.  The  death 
rate  for  the  last  ten  years  averages  about  16  per  1,000 
for  whites  and  28  per  1,000  for  colored.  The  latest 
annual  rates  reported  by  the  Bureau  of  the  Census  are 
for  the  year  1915;  they  give  the  white  rate  as  15.1 
and  the  colored  rate  as  26.2  per  1,000.  According  to 
the  same  authority  the  birth  rates  are  18.5  for  whites 
and  22.3  for  negroes.  The  negro  birth  rate,  it  will 
be  observed,  is  less  than  the  death  rate.  The  chief 
cause  of  mortality,  exclusive  of  infant  deaths,  is 
tuberculosis.  There  appears  no  undue  prominence 
of  any  cause,  contrasted  with  neighboring  cities. 
Much  improvement  has  been  made  in  the  sanitary 
requirements  of  house  construction,  especially  in  the 
matter  of  requiring  ample  initial  air  space  in  all 
dwellings,  and  in  the  prevention  of  overcrowding. 
The  former  pernicious  practice  of  permitting  the 
erection  of  dwellings  in  alleys  has  been  prohibited 
and  many  of  those  previously  built  have  bean 
demolished. 

The  water  supply  of  the  city  is  taken  from  the  Poto- 
mac River  about  eighteen  miles  above  the  city,  and  is 
conveyed  in  a  covered  conduit  to  the  distributing 
reservoirs.  This  conduit  crosses  a  deep  ravine  on 
the  famous  Cabin  John  Bridge,  the  largest  single  span 
stone  arch  in  the  world,  220  feet  from  pier  to  pier, 
57  feet  rise,  and  20  feet  wide.  The  distributing 
reservoirs  being  at  a  higher  level  than  the  greater 
part  of  the  city,  gravity  is  sufficient  for  household 
supply.  However,  there  are  several  pumping  stations 
for  such  parts  of  the  city  as  cannot  be  fed  by  gravity. 
The  quality  of  the  water  is  soft,  and  during  drv 
weather  the  water  is  clear.  The  water-shed  is  not 
thickly  populated,  there  being  no  cities  of  any  size 
within  the  area.  All  the  water  supplied  the  city  is 
filtered  through  gravity  sand  filter  beds  and  its  purity 
is  of  a  high  degree. 

Sewage,  both  house  and  street,  is  removed  by  water 
carriage.  The  several  mains  converge  to  a  central 
pumping  station,  from  which  a  trunk  sewer  conveys 
the  total  sewage  across  Anacostia  River  and  thence 
along  the  Potomac,  and  discharges  it  into  that  stream 
some  miles  below  the  city. 

474 


The  streets  are  wide,  varying  from  ten  to  120  feet 
and  are  paved,  with  few  exceptions,  with  asphalt 
The  street  plan  is  simple.  The  original  topographic 
map  was  designed  by  a  French  engineer  officer, 
Major  L'Enfant,  into  whose  hands  the  work  was 
entrusted  by  President  Washington.  The  center  of 
the  plan  is  the  Capitol.  Radiating  from  the  Capitol 
arc  three  streets,  one  running  north,  called  North 
Capitol  Street,  one  running  east.  East  Capitol  Street, 
and  one  running  south,  South  Capitol  Street.  West  of 
the  Capitol  a  line  of  parks  extends  to  the  Potomac 
River.  These  streets  and  the  line  of  parks  serve  to 
divide  the  city  into  four  sections,  denominated  the 
Northeast,  the  Southeast,  the  Southwest,  and  the 
Northwest,  respectively.  What  are  distinctly  named 
strccls  run  east  and  west,  and  north  and  south,  inter- 
secting each  other  at  right  angles;  another  class,  called 
avenues,  intersect  the  streets  and  each  other  obliquely. 

The  east  and  west  streets  on  each  side  of  East 
Capitol  Street  and  its  westward  park  prolongation  are 
designated  by  the  letters  of  the  alphabet  (except  that 
there  are  no  J  and  X  streets),  and  the  north  and  south 
streets  on  each  side  of  North  and  South  Capitol 
streets  are  designated  by  numbers.  The  avenues  are 
named  after  the  different  States  of  the  Union.  Streets 
and  avenues  receive  in  addition  the  names  of  the 
sections  in  which  they  are  located.  The  cit  j^,  however, 
has  extended  northward  beyond  the  original  street 
plan,  and,  as  no  provision  had  been  made  for  uniformity 
in  naming  the  new  east  and  west  streets,  considerable 
confusion  has  resulted.  Efforts  are  now  making  to 
rectify  the  oversight.  The  intersections  of  the 
avenues  and  the  streets  afford  many  opportunities 
for  small  parks,  laid  out  in  triangles,  circles,  and  small 
rectangles.  There  are  a  number  of  large  parks; 
the  total  parking  area  being  somewhat  over  three 
thousand  acres.  A  conspicuous  feature  of  Washing- 
ton is  the  great  number  of  trees  ornamenting  the 
streets,  and  so  thick  are  they  that  their  summer  foliage 
shuts  out  the  houses  from  view. 

As  might  naturally  be  expected  the  city  has  many 
public  buildings.  The  most  imposing  are  the  Capitol, 
the  Library  of  Congress,  the  Treasury,  the  State, 
War  and  Navy  building,  the  Interior  Department, 
the  President's  House  (or  popularly  the  White  House), 
the  office  buildings  of  the  Senate  and  the  House  of 
Representatives,  the  Post-office  and  the  new  Union 
l^ailway  Station.  The  many  other  public  buildings 
are  not  architecturally  striking  enough  to  be  named. 

The  Capitol,  the  largest  and  most  noticeable  struc- 
ture, has  a  length  of  751  feet  4  inches,  and  a  breadth 
varying  from  121  to  350  feet,  and  covers  an  area  of 
153,112  square  feet.  The  central  part  of  the  building 
is  surmounted  by  an  iron  dome,  135  feet  5  inches  in 
diameter  at  its  base;  on  its  top  is  Crawford's  bronze 
statue  of  liberty,  19J  feet  high,  its  crest  towering 
287  feet  5  inches  above  the  earth.  The  body  of  the 
central  part  of  the  Capitol  is  built  of  free-stone,  the 
two  wings  of  marble,  and  the  dome,  as  above  stated, 
of  iron.  The  corner-stone  was  laid  September  18, 
1793,  by  President  Washington.  The  interior  of  the 
original  building,  .at  that  time  only  the  wings,  was 
burned  by  the  British  in  1814.  The  present  central 
structure  was  begun  in  1818.  The  building  as  it 
exists  at  present  was  practically  completed  in  1865. 
The  total  cost  has  been  somewhat  in  excess  of 
$15,000,000.  The  Library  of  Congress,  just  east  of 
the  Capitol,  is  one  of  the  most  imposing  structures  to 
be  found  anywhere.  It  is  built  of  granite,  covers 
about  throe  and  three-quarter  acres  of  ground,  and 
cost  $6,347,000. 

Perhaps  the  most  striking  structure  after  the  Capitol 
is  the  Monument,  situated  about  a  mile  and  a  quarter 
west  of  the  Capitol.  This  is  a  plain,  rectangular, 
marble  shaft,  555  feet  5|  inches  high,  and  is  the  high- 
est stone  structure  in  the  world.  Its  interior  is  hollow 
and  is  provided  with  a  stairway  and  an  elevator,  both 
leading  to  a  chamber  just  under  the  cap-stone.     An 
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excellent  view  of  the  city  and  surrounding  country  can 
be  had  from  this  point.  The  Lincoln  Memorial, 
located  in  the  Mall  and  immediately  on  the  river,  now 
nearing  completion,  will  also  be  another  striking 
monumental  addition  to  the  city.  Many  small 
monuments  and  statues  ornament  the  different  parks. 
Educational  advantages  are  good  but  not  of  the  degree 
of  excellence  that  should  characterize  the  national 
capital.  There  are  ample  public  schools  and  the 
system  of  instruction  is  good.  Georgetown  Univer- 
sity, a  Jesuit  institution,  is  the  oldest  in  order  of  es- 
tablishment. It  is  very  well  equipped  and  offers 
good  opportunities  for  instruction  in  its  several  de- 
partments. The  Columbian  University,  the  next  in 
order  of  establishment,  changed  its  name  in  1905  to 
"The  George  Washington  University."  This  in- 
stitution has  had  recent  financial  difficulties  that  have 
impaired  its  educational  standing  and  efficiency. 
Catholic  University,  another  sectarian  institution,  is 
of  comparatively  recent  establishment  but  it  is  well 
equipped  and  possesses  ample  facilities  in  all  its  de- 
partments. The  -American  University,  a  Methodist 
mstitution,  is  yet  to  be  developed,  but  it  promises  to 
become  a  factor  of  educational  importance.  Howard 
University  deserves  mention  as  being  the  best  equipped 
institution  of  university  rank  for  the  colored  race  in 
the  country.  In  its  line  it  is  doing  good  work. 
There  are  many  smaller  colleges  and  universities  so 
called.  The  scientific  work  carried  on  in  the  different 
departments  of  the  national  Government  gives  ex- 
ceptional opportunities  for  postgraduate  work.  The 
immense  libraries — the  library  of  Congress,  that  of  the 
Surgeon-General's  office.  United  States  army,  and  of 
the  other  departments  and  bureaus  of  the  Govern- 
ment— afford  better  facilities  for  gaining  access  to 
the  literature  of  science  than  are  to  be  found  anywhere 
else  in  this  country.  There  are  a  number  of  large  and 
well-appointed  hospitals.  From  a  political  and  from 
a  social  viewpoint  the  advantages  offered  by  the  city 
being  the  seat  of  the  National  Government  are 
obvious. 

The  facilities  for  Living  compare  favorably  with  the 
other  large  cities  of  the  country.  The  markets  are 
well  supplied  the  year  rountl  and  prices  are  reasonable. 
The  climate  is  variable,  but  on  the  whole  pleasant.  A 
complete  climatic  presentation  will  be  found  in  a  table 
given  in  the  article  on  Climate  in  vol.  iii,  p.  113. 

W.  F.  R.  Phillips. 


Wassermann  Reaction. — This  serodiagnostic 
phenomenon  is  simply  a  complement-fixation  reaction 
of  syphilis  as  expressed  in  terms  of  hemolysis  (see 
Complement  and  Complement  Fixation).  Opinions 
differ  as  to  whether  it  is  truly  specific  or  quasi  specific. 
Adherents  of  the  former  naturally  regard  positive 
results  in  diseases  other  than  sj-philis  as  atypical  or 
due  to  incorrect  technique  or  interpretation.  When 
individuals  with  syphilis  in  any  form  have  syphilitic 
antibodies  (amboceptor)  in  their  serum,  the  reaction 
will  be  obtained;  thus  the  complement-fixation  reac- 
tion in  syphilis  depends  upon  the  ability  of  the  syphi- 
litic serum  to  fix  complement  in  the  presence  of 
antigen.  It  is  the  task  of  the  serologist  to  make  fixa- 
tion a  certainty.  It  is  conceded  that  the  Wassermann 
reaction  is  specific  for  frambcsia,  the  causation  of 
which  is  so  strikingly  similar  to  that  of  syphilis.  It 
is  very  generally  admitted  that  the  positive  reaction 
said  to  occur  in  scarlet  fever,  malaria,  etc.  is,  to  say  the 
least,  atypical  and  not  to  bo  confused  with  the  typical 
reaction  of  syphilis.  Apparently  the  most  discordant 
note  is  the  occurrence  of  typically  positive  results  in 
leprosy,  a  disease  etiologically  entirely  dissimilar  to 
to  syphilis  and  frambesia. 

By  far  the  most  important  factor  in  the  reaction  is 
the  antigen  as  shown  by  the  numerous  individual 
variations  employed.  Originally  it  was  a.ssumed  that 
it   must    necessarily    be    specific    and    the    alcoholic 


extract  of  liver  of  the  heredosyphilitic  infant  which 
is  rich  in  dead  spirochetes  is  still  extensively  used. 
Others  not  only  hold  that  an  antigen  need  not  be 
specific,  but  claim  much  better  results  with  normal 
tissues.  For  these  men  it  is  not  the  specific  antigen 
which  is  essential  but  the  addition  of  some  lipoid 
substance  to  normal  tissue  which  promotes  the  com- 
bination of  the  latter  with  the  syphilitic  antibody  in 
the  patient's  serum.  Kolmer  of  Chicago  (1916),  who 
has  made  thousands  of  examinations  of  life  insur- 
ance applicants  and  others,  depends  practically  on 
the  antigen  of  Sachs  which  is  an  alcoholic  extract 
of  heart  muscle  reinforced  with  cholesterin.  Schroeder, 
of  the  Mutual  Life  Insurance  Co.  of  New  York, 
writing  at  an  earlier  period,  states  that  organ  ex-  % 
tract  antigens  are  of  value  equal  to  that  of  syphilitic 
liver.  Lipoid  additions  to  antigen  necessitate  ex- 
treme care  in  making  tests,  and  even  when  the  anti- 
genic value  is  the  same  paradoxical  results  are  here  as 
elsewhere  the  penalty  of  extreme  sensitiveness,  and 
control  tests  are  regarded  as  indispensable.  Thus 
Kolmer  uses  at  least  one  other  antigen  to  check  up 
the  results  of  the  Sachs  reagent. 

In  practising  the  test  two  reagents  or  mixtures  are 
used.  Reagent  No.  1  contains  the  specific  antigen 
or  its  non-specific  successors;  the  complement — 
fresh  guinea-pig  serum;  and  the  antibody  or  patient's 
own  blood  serum  after  inactivation  by  heat.  These 
substances  in  due  proportions  are  mixed  and  incubated 
for  half  an  hour  at  37°  C.  If  the  patient's  serum  is 
syphilitic  it  is  fixed  by  the  guinea-pig  serum  comple- 
ment. The  essential  feature  of  the  reaction  is  the 
presence  or  absence  of  hemolysis  after  the  addition 
of  Reagent  No.  2.  Failure  of  this  to  develop  means  a 
positive  reaction  implying  presence  of  syphilitic  serum 
in  Reagent  No.  1.  Reagent  No.  2  contains  freshly 
washed  sheep's  blood  cells  and  rabbit  serum  rendered 
immune  by  injection  of  sheep's  blood  cells.  These 
are  mixed  and  incubated  for  half  an  hour.  The  two 
reagents  are  now  combined.  If  no  reaction  occurs 
(absence  of  turbidity)  it  means  that  the  guinea-pig 
serum  or  complement  in  Reagent  No.  1,  having  been 
fixed  by  the  syphUitic  amboceptor  is  unable  to  attack 
the  sheep's  blood  cells  in  Reagent  No.  2.  If  the 
patient's  blood  is  free  from  syijhilitic  amboceptors  the 
guinea-pig  serum  is  not  fixed  but  deviates  and  at  once 
produces  hemolj-sis  of  the  sheep  blood  cells  as  shown 
by  the  resulting  turbidity.     (See  Fig.  4719,  p.  78.) 

For  information  as  to  the  preparation  of  the  various 
ingredients  which  enter  into  the  reagents,  the  quan- 
tities to  be  used,  the  means  of  determining  the  exact 
strength  by  titration  and  the  technique  of  the  test 
the  reader  is  referred  to  the  special  monographs  on 
the  Wassermann  reaction.  The  delicacy  of  the  tests, 
their  complicated  character,  the  time  involved,  the 
need  of  much  practical  experience,  all  combine  to 
render  it  unwise  for  a  practitioner  to  make  his  own 
tests.  The  mere  fact  that  the  various  ingredcnts 
in  use  must  be  titrated  daily  before  employment  should 
alone  make  this  entirely  out  of  the  question.  Serolo- 
gists  in  attempts  at  standardization  make  use  of 
such  terms  as  antigen  unit,  complement  unit,  and 
amboceptor  unit. 

In  addition  to  the  original  Wassermann  test  as 
applied  to  fresh  blood  serum  two  variations  have 
since  come  into  general  use,  viz.,  the  provocaliie 
Wassermann  reaction  and  the  Wassermann  reac- 
tion of  the  cerebrospinal  fluid.  In  the  former  the 
patient  after  having  given  negative  reactions  receives 
a  dose  of  salvarsan  one  or  two  days  before  a  further 
test,  to  be  repeated  in  one  week  and  two  weeks  if 
negative.  This  drug  by  destroying  latent  foci  of 
spirochetes  may  cause  the  appearance  of  anti- 
bodies in  the  blood  with  positive  reaction.  In  sus- 
pected sj-philis  of  the  nervous  centers  a  negative 
blood-Wassermann  should  always  be  followed  by  a 
test  of  the  cerebrospinal  fluid. 
•  The  usual  method  of  recording  results  is  by  the  use 
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of  plus  and  minus  signs,  double  plus  referring  to  an 
absolutelv  positive  result;  while  a  single  minus  sign 
means  a  maximum  of  hemolysis.  These  are  both 
typical.  Intermediate  eases  are  divisible  into  single 
plus  cases  when  the  positive  reaction  is  at  least  one- 
half  the  double  plus  strength  and  plus-minus  when 
under  one-half  of  the  same.  A  double  plus  is  certain 
evidence  of  syphilis,  although  a  minus  sign  is  not 
strict  proof  of  "the  absence  of  the  disease.  Especially 
is  this  true  of  the  progeny  of  syphilitics.  Again,  a 
minus  sign  may  only  signify  that  there  are  no  ambo- 
ceptors in  the  blood,  hence  the  expediency  of  the 
provocative  and  spinal  fluid  tests.  In  regard  to  the 
plus  and  plus-minus  signs  they  have  relative  value 
and  often  bring  to  light  the  existence  of  syphilis, 
and  to  a  certain  extent  may  run  parallel  with  the  de- 
gree of  infection  and  progress  of  treatment;  but  they 
must  be  regarded  as  equivocal  and  atypical  and  as 
largely  responsible  for  the  positive  reactions  obtained 
in  diseases  other  than  syphilis. 

The  clinical  value  of  the  Wassermann  tests  is 
considered  under  the  diagnosis  and  treatment 
of  syphilis.  Perh.aps  no  one  class  of  men  is  more 
interested  or  concerned  with  the  practical  value  of  the 
test  than  the  medical  directors  of  the  great  life 
insurance  companies.  The  latter  never  accept  risks 
with  tertiary  syphilis  while  repeated  negative  tests, 
simple  and  provoked,  are  regarded  as  tantamount 
to  recovery  even  while  the  latter  is  not  guaranteed. 
Again,  in  life  insurance  practice  reports  are  ac- 
cepted only  when  made  by  competent  serologists. 
Even  the  latter  may  be  handicapped  somewhat  by 
personal  equation  in  the  interpretation  of  border- 
line results  or  bj'  reposing  too  much  confidence  in 
their  reagents.  Clinicians  have  submitted  a  num- 
ber of  specimens  to  several  competent  serologists. 
In  one  example  there  was  strict  accord  in  only 
seventy-three  per  cent,  while  in  sixteen  per  cent, 
there  were  slight  discrepancies  such  as  might  have 
arisen  from  failure  to  test  the  reagents  before  use. 
In  the  remaining  eleven  per  cent,  the  results  were 
absolutely  conflicting.  It  is  not  unusual  to-day  for 
the  clinician  to  obtain  inharmonious  reports  in  cases 
submitted  alike  to  Health  Boards  and  private  labo- 
ratories. Rightly  or  wrongly  he  is  inclined  to  dis- 
trust the  reports  of  public  laboratories  which  em- 
ploy young  girls  to  make  the  tests.  It  sometimes 
happens  that  the  bizarre  reports  received  cause  the 
clinician  to  study  the  reaction  at  first  hand  in  the 
conviction  that  after  proper  instruction  his  work 
could  not  suffer  through  comparison  with  that  of 
unstandardized  laboratory  efforts.  The  clinician  must, 
of  course,  be  informed  of  certain  vagaries  of  the 
reliction.  A  persistent  positive  reaction  after  in- 
tensive and  prolonged  treatment  is  not  unusual. 
Alcohol  in  the  patient's  system  is  said  to  vitiate  the 
reaction  and  no  test  should  be  made  under  such  cir- 
cumstances. Tests  made  in  the  midst  of  mercurial 
treatment  are  very  inconclusive  and  should  be  de- 
ferred. While  the  demand  for  uni\-ersal  standardiza- 
tion comes  from  all  sides  it  is  doubtless  human  nature 
for  the  average  clinician  to  lean  upon  some  serologist 
who  has  given  dependable  results,  for  patients  able 
to  pay  fees.  Edward  Preble. 


Water  (H^O). — Even  after  it  had  ceased  to  be  con- 
sidered elementarj-,  there  was  much  ignorance  con- 
cerning the  composition  of  water.  Thus  when  for  the 
first  time  it  was  decomposed  by  the  action  of  the 
electric  current,  an  acid  was  observed  to  form  at  one 
pole  and  an  alkali  at  the  other,  in  addition  to  the  gase- 
ous products  oxygen  and  hydrogen.  This  acid  and 
the  associated  alkali  were  supposed  to  be  intimately 
related  with  the  two  gases  in  the  structure  of  water, 
until  Humphry  Da^'y,  by  a  series  of  brilliant  experi- 
ments, showed  that  the  acid  and  alkali  were  entirely 
adventitious  and  that  water  consisted  of  oxygen  ani* 


hydrogen  alone.  Demonstration  of  its  composition 
was  also  made  synthetically  by  the  explosion  of  a 
mixture  of  the  two  gases,  such  mixture  being  in  the 
ratio  of  one  volunie  of  oxygen  to  two  volumes  of 
hydrogen. 

Considered  physically,  an  important  property  of 
water  is  its  very  great  solvent  power,  and  it  is  also 
noteworthy  as  the  basis  for  specific  gravity  and  specific 
heat.  Moreover,  it  is  employed  as  the  metric  unit  of 
weight,  the  "gram"  being  the  weight  of  1  c.c.  of  water 
at  the  temperature  of  its  greatest  density,  .39.2°  F. 

Chemically  considered,  the  graphic  formula  for 
water,  H — O — H,  known  as  the  "water  type,"  con- 
stitutes the  starting-point  of  the  two  great  series  of 
compounds  known  as  "hydroxides"  and  "oxides," 
the  first  being  formed  by  the  replacement  of  half  the 
h.vdrogen  of  the  "water  type"  by  a  metal  (R — O — H), 
and  the  latter  by  its  entire  replacement  (R — O — R). 
For  our  present  purposes,  however,  it  is  the  more 
practical  and  sanitary  side  of  the  question  of  "water" 
that  should  claim  our  attention;  in  other  words,  we 
should  undertake  some  consideration  of  the  wide 
field   of  inquiry  covering  water  supply. 

From  remote  antiquity  the  highest  value  has  been 
set  upon  an  abundant  and  pure  water  supply. 
Centers  of  population  sprang  up  in  ancient  times 
around  those  points  where  it  was  readily  available, 
and  great  expenditures  of  labor  and  treasure  were 
made  to  carry  it  to  places  where  it  was  not  naturally 
plenty.  Not  only  was  a  generous  daily  per  capita 
allowance  sought  for,  but  we  note  in  the  centuries 
gone  by  unmistakable  evidences  of  a  keen  appreciation 
of  the  dangers  lurking  in  a  polluted  supply;  and 
upon  this  point  many  of  the  ignorant  consumers  of 
our  own  day  and  generation  would  be  benefited  did 
the}'  consult  the  wisdom  of  the  past. 

When  considering  the  sources  of  water  supply 
available  for  public  or  private  use,  we  ven,-  properly 
first  turn  to  such  bodies  of  "stored  water"  as  may  be 
within  reachable  distances. 

Nature  provides  enormous  quantities  of  water 
stored  up  in  lakes  and  ponds  ready  for  human  con- 
sumption, and  man  frequently  supplements  this  by 
impounding  surface  and  deep-seated  waters  in  arti- 
ficial basins  when  the  natural  reservoirs  of  the  district 
are  unavailable  or  are  insufficient  in  size. 

Lakes  of  such  magnitude  as  to  be  properly  con- 
sidered inland  seas — the  Great  Lakes  of  North 
America,  for  in,stance — furnish  water  of  quite  con- 
.stant  composition,  free  from  the  considerable  vege- 
table contamination  so  frequently  met  with  in  small 
lakes  and  ponds. 

Large  as  these  Great  Lakes  are,  the  influence  of  the 
sewage  from  cities  upon  their  shores  is  nevertheless 
beginning  to  be  seriously  felt.  For  instance,  the 
pollution  of  Lake  Michigan  by  the  sewage  of  Chicago 
is  a  widely  known  fact,  and  the  intakes,  situated  as 
they  are  miles  frpm  shore,  are  frequently  reached  by 
the  ever-swelling  volume  of  the  citv's  refuse. 


tree  ammonia 

Albuminoid  ammonia 

Chloride 

Nitrogen  as  nitrates. . 
Nitrogen  as  nitrites. . 

Required  oxygen 

Total  solids 


Lake  Superior,  Lake  Erie. 

near  Duluth,      |     near   Erie.    Pa., 
40  miles  out  from  .  14  miles  out  from 
shore,  shore, 

March.  1896.  October,  1897. 


0.03 
0.02 
1.0 
0.0 
0.0 
1.13 
54. 0 


Q.045 
0.112 
3.500 

.  0.080 
Trace. 
1.250 

134.000 


Much  opportunity  is  given  in  large  lakes  for  sedi- 
mentation to  come  into  full  play,  and  settlement  is, 
in  consequence,  a  very  great  item  in  the  process  of  the 
natural  purification  of  their  waters;  but  so  far  as  the 
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American  "Great  Lakes"  are  concerned,  a  difference 
must  be  noted  in  this  respect  between  Lake  Erie  and 
the  other  members  of  the  group.  Lake  Erie  is  com- 
paratively shallow  and  is  stirred  to  its  bottom  by 
every  gale.  Therefore  sedimentation  advantages  are 
at  a  minimum  therein. 

In  small  lakes  and  storage  reservoirs  vertical  cir- 
culation commonly  ceases  iDelow  a  depth  of  twenty 
feet,  that  being  the  usual  distance  to  which  wind  and 
wave  agitation  extends.  Fitzgerald  found  that  Lake 
Cochitiiate,  which  has  an  area  of  785  acres,  is  not 
affected  by  wind  and  wave  action  below  twelve  feet 
from  the  surface.  Should  a  lake  be  protected  from 
the  wind,  the  aerated  layer  may  extend  temporarily 
only  ten  feet  from  the  surface,  and  below  this  level 
the  cold,  stagnant  water  rests,  until  such  time  as  the 
chilling  of  the  upper  layer  increases  its  gravity  to  and 
beyond  that  of  the  lower  layer  upon  which  it  floats. 
When  this  point  is  reached,  readjustment  of  relative 
position  is  immediately  instituted,  in  accordance  with 
the  change  in  specific  gravity,  and  the  water  of  the 
lake  "turns  over." 

The  formation  of  a  lower  stagnant  layer  begins  in 
April  in  this  latitude,  and  circulation  is  partly  re-estab- 
lished in  October  and  completely  so  in  November. 
With  the  advent  of  freezing  weather  a  second  period 
of  stratification  is  inaugurated,  which  continues  until 
the  surface  tliaws  again  in  the  spring.  Vertical  cir- 
culation then  progresses  until  the  warm  sun  of  later 
April  renders  the  surface  water  so  light  as  to  float  upon 
the  colder  layers  beneath,  when  summer  stagnation 
again  begins. 

Whenever  the  lower  stagnant  layer  is  brought  in 
contact  with  decomposing  organic  matter,  as  is  the 
case  in  reservoirs  with  bottoms  from  which  the  vege- 
tation has  not  been  removed,  the  dissolved  oxygen 
present  is  ciuickly  used  up;  quantities  of  extractive 
matters  pass  into  .solution  and  the  water  becomes  foul 
in  odor  and  dark  in  color. 

Even  though  the  bottom  of  a  lake  or  reservoir  be 
perfectly  clean  and  sandy,  the  dissolved  oxygen  must 
surely  diminish  in  the  lower  layers  of  water,  for  no 
water  is  without  some  oxidizable  contents. 

Uniform  experience  goes  to  prove  that  good  water 
may  be  preserved  in  properly  constructed  reservoirs 
without  deterioration  for  indefinite  lengths  of  time. 
It  must  be  remembered,  however,  in  this  connection, 
that  to  keep  a  ground  water  in  good  condition  it  is 
necessary  to  co\-er  the  reser\-oir.  Such  waters  are 
usually  charged  with  mineral  matter  suitable  for  plant 
food,  and  algal  growths  will  be  very  likely  to  develop 
therein  unless  light  be  excluded.  Reservoirs  used  for 
storing  filtered  surface  waters  should  be  likewise  dark, 
for  the  same  reason. 

Algce  depend  for  their  development  upon  material 
furnishing  nitrogen.  Water  containing  a  moderate 
amount  of  this  element  washed  from  natural  sources 
will  maintain  but  a  small  growth  of  such  plant  life, 
but  where  nitrogen  is  present  in  great  quantity  as 
nitrates,  as  is  frequently  the  case  in  deep-seated  waters, 
the  development  of  algic  is  often  excessive  during 
reservoir  storage,  and  the  resulting  smell  and  taste 
given  to  the  water  may  cause  widespread  complaints. 

It  is  true  that  no  relation  has  ever  been  estab- 
lished between  tlie  occurrence  of  disease  and  the 
presence  of  the  bad  tastes  and  smells  occasioned  by 
abundant  growth  of  alga,  but  the  results  directly 
traceable  to  such  growths  will  not  be  tolerated  by  the 
public,  and  the  water  purveyor  constantly  finds  him- 
self much  more  open  to  criticism  through  difficulties 
of  that  kind  than  through  pollution  of  the  supply  by 
drainage  from  pathogenic  sources. 

Properly  to  conserve  a  water,  if  it  be  from  a  dark 
source  it  should  be  stored  in  the  dark,  and  i-ice  versa; 
filtered  water  being  the  exception  and  requiring  dark 
storage  irrespective  of  its  source. 

If  dark  storage  be  not  practicable,  then  a  water 
from  an  underground  source  should  be  delivered  for 


use  at  the  earliest  moment  possible  to  avoid  the 
growths  which  the  presence  of  light  will  encourage. 
With  surface  waters,  on  the  other  hand,  open  storage 
is  always  of  benefit  if  the  reservoir  be  clean. 

It  is  an  error  to  suppose  that  "stagnation"  in  a 
properly  prepared  reservoir  is  of  itself  harmful  to  the 
quality  of  water.  Quite  the  contrary  is  true,  and  it  is 
not  too  much  to  say  that  rest  rather  than  motion  is 
the  condition  commonly  leading  toward  the  greatest 
amount  of  ".self-purification." 

Pathogenic  bacteria  tend  to  diminish  by  storage, 
both  by  reason  of  settlement  and  because  of  conditions 
which  are  adverse  to  their  requirements  for  life; 
hence  we  note  the  beneficial  value  of  the  time  element 
when  dealing  with  impounded  waters.  Houston 
considers  thirty  days  storage  equal  to  filtration  in 
the  matter  of  protection  against  disease.  Running 
.streams,  on  the  other  hand,  lessen  the  opportunities 
for  sedimentation  and  their  rapid  flow  hastens  the 
delivery  of  the  yet  living  disease  germs  to  the  unsus- 
pecting consumer. 

Let  it  not  be  thought,  however,  that  the  popular 
belief  in  the  purification  value  of  thorough  aeration 
Is  based  entirely  upon  error.  Gases  dissolved  in  the 
water  and  giving  it  objectionable  odor — as  the  sul- 
phuretcd  hydrogen,  for  instance,  in  the  artesian  supply 
of  northern  Florida — are  driven  out  by  thorough 
exposure  to  air;  and  even  algal  growths  are  often 
impeded  by  vigorous  agitation.  To  such  extent, 
therefore,  falls  and  rapids  and  reservoir  fountains 
are  of  advantage  for  the  improvement  of  water;  but 
the  really  serious  item  of  pollution,  namely,  sewage 
admi.xture,  cannot  be  disposed  of  by  so  simple  a 
method  as  direct  atmospheric  oxidation,  and  any 
hopes  that  are  based  upon  the  supposed  efficiency  of 
such  action  will  be  doomed  to  disappointment. 

A  very  large  number  of  cities  derive  their  water  sup- 
plies from  purely  surface  sources,  such  as  rivers  and 
streams — in  Europe  after  careful  filtration,  but  in 
America  usually  without  such  purification. 

One  of  the  important  things  for  the  consumer  of 
.sUch  a  water  to  bear  in  mind  is  that  sudden  and 
great  changes  in  the  character  of  the  water  are  to  be 
expected.  Much  will  depend  upon  the  weather  and 
the  amount  of  surface  wash  which  naturally  flows 
toward  the  drains  of  the  district.  A  river  which  is 
dear  to-day  may  be  muddy  and  less  fit  for  use  to- 
morrow, and  the  turbidity  will  persist,  even  after  its 
direct  cause  has  ceased,  until  the  river  and  its  tribu- 
taries shall  have  emptied  themselves  into  the  sea. 
For  it  must  be  noted  that  the  clearing  of  running 
streams  has  little  to  do  with  sedimentation  and  is 
almost  wholly  dependent  upon  a  running  out  of  the 
roily  waters. 

Another  change,  slow  in  operation  but  serious  in 
results,  is  that  induced  by  the  establishment  of  sewer- 
age sj-stems  in  river  towns,  through  the  growth  of  a 
population  which  naturally  sewers  into  the  river. 
The  difficulty  is  twofold.  Not  only  does  sewage  pro- 
duction increase  with  the  multiplication  of  the  people 
producing  it,  but  the  partial  soil  purification  of  the 
contents  of  the  village  cesspool  is  entirely  eliminated 
when  the  sewers  of  the  growing  town  turn  the  sewage 
in  the  raw  .state  into  the  river. 

It  is  not  unusual  to  find  a  city  damaging  its  water 
supply  b\-  its  own  sewage  outflow.  Tidal  action 
may  carry  the  refuse  of  a  town  up  stream  from  the 
sewer  outfalls  until  the  water  works  intake  is  reached; 
or  else  the  currents  produced  in  a  lake  by  weather 
changes  may  accomplish  the  same  result,  as  has  been 
noticed  at  Chicago. 

The  self-purification  of  streams  is  a  theme  which 
has  been  very  fruitful  of  discussion.  Pettenkofer  held 
that  sewage  might  be  safely  turned  into  any  stream 
whose  volume  was  fifteen  times  greater  than  the 
volume  of  the  sewage,  and  whose  velocity  was  not 
less  than  that  of  the  sewage  inflow.  This  is  but  an 
ex-cathedra  statement  of  a  rather  widely  spread  belief 
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in  the  ability  of  running  water  to  purify  itself  after  a 
comparatively  short  flow.  That  efficient  purification 
by  such  means  is  far  from  being  an  estahlislicd  fact 
is  attested  by  the  many  instances  that  might  be  quoted 
of  typhoid  infection  having  been  carried  many  miles 
froin  the  point  of  pollution  to  the  city  intake  below. 

How  far  such  infection  may  be  carried  is  uncertain 
and  is  governed  by  the  velocity  of  the  current,  but  the 
distance  has  been  .shown  to  be  many  miles.  The 
germs  of  such  a  disease  as  typhoid  fever  do  not  find 
conditions  suitable  for  their  development  in  river 
water,  hence  thev  do  not  multiply  therein  and  after  a 
time  they  die  out  without  causing  disturbance,  pro- 
vided that  they  be  not  caught  up  by  some  down- 
stream intake  before  their  death  be  accomplished. 
Hence  the  value  of  the  element  of  time  in  rendering 
a  polluted  water  again  fit  for  consumption.  Not  in- 
frequently an  aecept.ible  water  may  be  found  flowing 
from  a  lake  of  no  gre.at  size,  while  the  stream  tributary 
to  its  other  end  may  be  distinctly  polluted;  the  lapse 
of  time  and  the  advantages  of  sedimentation  having 
united  their  efforts  toward  the  promotion  of  purity. 

While  space  cannot  be  here  given  to  detailed  ac- 
counts of  the  ravages  that  have  been  caused  by  in- 
fected water,  yet  a  glance  at  a  single  instance  may 
serve  for  general  illustration. 

The  cities  of  Hamburg,  Altona,  and  Wandsbeck  are 
practically  one  and  are  separated  by  only  imaginary 
boundaries  which  a  stranger  could  not  locate.  In 
1892  .\siatio  cholera  broke  out  in  Hamburg  with 
exceeding  severity,  the  reported  cases  having  been 
17,020  with  a  death  list  of  8,605.  The  disease 
marched  up  to  the  invisible  boundary  lines  and  there 
stopped,  confining  itself  almost  exclusively  to  Ham- 
burg. In  one  street,  which  for  a  long  way  forms  the 
boundary,  there  was  cholera  on  the  Hamburg  side, 
whereas  the  Altona  side  was  practically  exempt. 
There  was  one  detectable  difference,  and  only  one. 
between  the  conditions  obtaining  in  these  adjacent 
cities — they  had  different  water  services.  Hamburg 
took  raw  water  from  the  polluted  Elbe  River;  Altorja 
used  the  same  river  water,  still  more  polluted  by 
the  Hamburg  sewage,  but  carefully  purified  it  by  sand 
filtration;  Wandsbeck  possessed  an  entirely  different 
supply.  How  cholera  located  the  boundary  is  best 
shown  by  a  "spot  map"  of  the  reported  cases  (Fig. 
4904). 

Freezing  is  a  means  of  natural  purification  of  water 
upon  which  the  popular  mind  lays  great  stress,  and 
to  a  certain  extent  the  general  confidence  in  its 
efliciency  is  not  misplaced.  Ice  is  certainly  purer 
than  the  w-ater  from  which  it  is  formed,  often  very 
greatly  purer.  The  ice  cake  grows  from  the  under 
surface  downward,  the  crystals  as  they  form  pushing 
away  from  them  the  material  suspended  in  the  water, 
bacteria  included,  and  freeing  themselves  also  from 
no  small  amounts  of  even  dissolved  impurities. 
Naturally  some  floating  objects  become  entangled 
in  the  thickening  ma.ss,  particularly  so  if  the  under- 
lying water  be  shallow,  and  all  must  of  necessity  pass 
into  the  ice  cake  if  the  entire  depth  of  water  be 
frozen.  An  excellent  idea  of  the  excluding  action  of 
the  crystals  may  be  had  by  examining  a  cake  of  arti- 
ficial ice.  It  will  be  observed  that  the  last  part 
frozen,  namely,  the  center  of  the  cake,  shows  marked 
inferiority,  due  to  the  floating  objects  having  been 
driven  inward  by  the  forming  ice,  only  to  be  at  last 
caught  by  the  final  solidification  of  the  central  portion. 

When  ice  is  formed  on  a  polluted  but  deep  water,  a 
large  river,  for  instance,  the  amount  of  bacterial  puri- 
fication amounts  to  over  ninety  per  cent.,  commonly 
over  ninety-five  per  cent.,  and  a  further  element  of 
safety  lies  in  the  fact  that  storage  in  ice-houses  during 
the  months  elapsing  between  the  winter  "harvest" 
and  the  summer  distribution  tends  still  further  to 
reduce  the  number  of  living  germs  present  in  the  ice 
cake.  Be  that  as  it  may,  however,  there  is  small 
excuse  for  the  too  common  practice  of  cutting  ice 
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from  grossly  polluted  waters,  for  with  even  a  high 
percentage  of  exclusion  some  germs  do  enter  the  ice, 
and  it  has  been  shown  that  typhoid  organisms  are 
at  times  capable  of  surviving  a  three  months'  im- 
prisonment therein. 

Touching  upon  this  question  of  the  ability  of 
typhoid  bacilli  to  withstand  freezing,  the  instance  of 
the  epidemic  at  Plymouth,  Pa.,  is  a  case  in  point. 
There  the  dejecta  of  a  patient  lay  frozen  upon  a 
hillside  from  January  until  March,  when  they  wore 
washed  by  the  melting  snow  into  the  city  water 
svstem  with  most  disastrous  results. 


Via.  4904. — Chart  showing   Distribution   of   Cholera   Cases,   in 

the  Epidemic  of   1892,  at    Hamburg  and  Altona. Boundary 

between  the  two  cities;  O,  cases  of  cholera;  o.  cases  imported  from 
Hamburg. 

Stress  should  be  laid  upon  the  fact  that  the  large 
percentage  of  bacterial  purification  which  results  from 
freezing,  as  above  referred  to,  is  due  to  the  mechanical 
exclusion  of  suspended  particles  by  the  growing 
crystals  and  not  to  a  mere  lowering  of  temperature. 
Even  the  intense  cold  of  liquid  air  is  but  imperfectly 
germicidal. 

Beyond  the  ordinary  wash  caused  by  storms  upon 
every  water-shed,  some  rivers  are  exposed  to  sudden 
and  great  concentration  of  pollution  through  the 
sweeping  aw^ay  of  piles  of  filth  which  accumulate  upon 
their  rocky  fore-shores  during  periods  of  low  water. 
The  Tees,  a  river  of  northern  England,  is  of  such 
description.  A  study  of  the  epidemic  of  typhoid 
which   prevailed  in  that   valley  in   1891   proved   of 
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special  interest,  because  the  disease  confiped  itself 
to  tliose  communities,  aggregating  220,000  people, 
who  used  the  river  water,  to  the  exclusion  of  a  popula- 
tion of  280,000  of  the  same  district  who  drank  water 
from  other  sources. 

A  further  point  of  interest  lay  in  the  striking 
manner  in  which  a  chart  of  the  reported  cases  showed 
a  rise  in  the  number  of  fever  patients  about  fourteen 
days  after  each  heavy  rainfall  (Fig.  4905). 

Streams  in  Europe  are  frequently  polluted  by  the 
washing  therein  of  infected  linen,  an  out-of-doors 
laundry  being  common  enough  in  the  Old  World, 
although  quite  the  reverse  in  America.  To  such  a 
cause  was  ascribed  the  great  cholera  outbreak  at 
Messina  in  1887,  and  a  like  epidemic  at  Cuneo  in 
1884  was  traced  to  an  entirely  similar  source. 


Fm.  4905— Ki 
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"Deep-seated"  is  a  terra  applied  to  water  of  a 
distant  origin  to  distinguish  it  from  "ground  water" 
of  an  entirely  local  source. 

Springs  of  small  flow,  such  as  trickle  out  of  the 
country  hillside,  are  properly  classified  with  shallow 
wells;  they  furnish  "ground  water"  only  and  are  of 
local  origin. 

Quite  another  matter,  however,  are  those  natural 
fountains  which  reach  the  surface  in  great  volume, 
possessed  of  a  temperature  radically  different  from 
that  of  the  local  subsoil,  and  holding  in  solution 
mineral  materials  that  may  be  quite  foreign  to  the 
neighborhood.  Such  water  is  always  of  distant 
source,  and  the  gathering  grounds  where  it  originally 
falls  as  rain  mav  be  very  far  away  indeed. 

Picture  the  outcrop  upon  some  rainy  upland  of  a 
porous  stratum,  encased  upon  cither  side  by  strata 
impervious  to  water;  let  the  strata  be  possessed  of  a 
moderate  dip,  then  let  them  be  cut  transversely  at 
some  point  below,  either  by  simple  erosion  or  by  a 
geologic  fault,  and  the  conditions  for  a  deep-seated 
spring  would  be  complete.  R^in  water  falling  on  the 
distant  outcrop  would  pass  down  the  porous  stratum, 


picking  up  soluble  material  on  the  way,  and  would 
escape  as  a  spring  at  the  point  where  the  strata  were 
broken  or  eroded. 

At  the  head  of  San  Antonio  River,  not  far  from 
the  city  of  San  Antonio,  Tex.,  is  situated  a  mammoth 
spring  of  pure  water,  whose  daily  outflow  is  some 
fifty  million  gallons.  This  spring  is  but  one  of  a 
group  of  great  springs  which  "coincide  almost 
exactly  with  the  line  of  the  great  Austin  Del  Rio 
fault."  A  very  curious  instance  of  a  spring  of  great 
magnitude  caused  by  erosion  cutting  into  the  water- 
bearing stratum  is  to  be  found  several  miles  out  at 
sea  off  the  coast  of  Florida,  ea.st  of  Matanzas  Inlet. 

There  are  reasons  for  believing  that  the  Matanzas 
spring  is  due  to  a  bursting  of  the  confined  waters 
through  a  hole  in  the  upper  hard  rock  layer.  Suc- 
cessful sounding  has  recently  been  accomplished  in 
the  spring  itself.     In  its  immediate  vicinity  the  ocean 
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suddenly  deepens  from  a  depth  of  sixty  to  one  of 
126  feet. 

Instances  are  by  no  means  rare  of  the  use  of  deep 
springs  for  water  supplies  of  magnitude,  such  as  the 
■Vanne"  water,  which  supplies  a  part  of  Paris  from 
springs  in  massive  chalk  near  Troyes,  but  deep 
seated  water  is  much  more  commonly  reached  by 
special  borings. 

The  expression  "artesian"  has  been  extended  to 
include  deep  wells  under  all  conditions,  but  without 
proper  license,  because  the  term  originally  came  from 
the  name  of  the  French  province  where  deep  wells 
were  first  successfully  established,  and  such  wells 
were  "flowing."  It  is  therefore  to  "flowing  wells" 
only  that  the  expression  "artesian"  properly  attaches. 
Wells  of  this  class  were  first  sunk,  in  Europe,  at  Lillers, 
in  Artois.  in  1126.  In  the  Sahara  and  in  China  they 
have  been  known  for  many  centuries.  \Vhether, 
however,  the  well  be  a  flowing  one  or  one  from  which 
the  water  has  to  be  raised  by  power,  the  conditions 
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governing  the  storage  of  such  wat-er  are  essentially 
the  same  as  have  been  already  given  when  speaking 
of  deep  springs.  An  outcrop  of  a  porous  stratum  in 
a  rainy  upland  acts  as  the  collecting  area :  this  stratum 
is  of  moderate  dip  and  is  enclosed  by  other  strata, 
impervious  to  water,  lying  above  and  below. 

Inless  the  strata  "form  a  basin  or  pocket,  the 
water  of  the  porous  layer  will  find  its  natural  outlet 
in  a  spring  form  where  the  laver  is  cut  transversely 
bv  erosion  or  fault;  but  should  a  well  be  sunk  at  some 
intermediate  point  the  water  will  rise  in  the  same,  or 
overflow,  to  a  degree  dependent  \ipon  the  head  to 
which  it  is  subjected;  that  is,  to  the  elevation  of  the 
gathering  grounds  above  the  well,  and  to  the  freedom 
with  which  the  water  can  flow  down  the  porous 
stratum  and  escape  through  the  outlets  below  (Figs. 
4906  and  4907). 

It  must  be  remembered  in  this  connection  that  the 
expression  "deep"  refers  to  the  non-local  character  of 
the  water  rather  than  to  the  depth  of  the  hole  required 
for  tapping  the  same.  In  fact,  "deep  water"  may  he 
very  near  the  surface  in  some  places. 
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Contrary  to  the  belief  of  many  people,  deep-seated 
water  is  not  inexhaustible.  If  the  porous  layers  con- 
taining it  be  extensive,  an  immediately  available 
supply  of  large  volume,  which  is  the  accumulation 
perhaps  of  ages,  may  be  counted  upon;  but  should  the 
daily  drain  be  larger  than  the  natural  reinforcement, 
the  delivery  must  surely  shrink  in  quantity  and 
finally  cease. 

It  "is  common  knowledge  that  a  great  volume  of 
water,  some  sixty-six  million  United  States  gallons,  i^ 
drawn  daily  by  the  London  water  department  from 
deep  wells  in  the  chalk. 

The  serious  ciTect  of  extending  and  heavily  pump- 
ing these  deep  chalk  wells  supplying  a  portion  of 
London  is  that  "for  every  two  gallons  of  water  col- 
lected within  the  Lee  vafley  London  is  withdrawing 
three  from  its  reservoir  in  that  chalk  basin,  and  this 
C|uite  apart  from  the  amount  every  day  required  by 
the  resident  population  of  that  area.  The  result  of 
such  a  i)rocess  can  only  be  a  steady,  if  gradual,  ex- 
haustion of  water  from  the  chalk  and  a  progressive 
lowering  of  its  plane  of  saturation." 

Water  from  deep  sources  has  commonly  charac- 
teristics of  its  own,  distinguishing  it  from  the  ground 
water  of  the  neighborhood.  One  of  the  most  easily 
recognized  of  these  is  high  temperature. 

Another  peculiarity  of  deep  water  is  the  small  quan- 
tity of  dissolved  oxygen  which  it  usually  contains. 
This  is  by  no  means"  due  to  the  pressure  to  which  it 
may  be  subjected,  for  increase  of  pressure  favors  the 
solution  of  gases,  but  is  rather  owing  to  the  abundant 
opportunity  for  removal  of  oxygen  by  contact  with 
oxidizable  substances  presented  during  the  long 
underground  journey  of  the  water  from  its  place  of 
collection. 

In  point  of  composition  the  waters  of  deep  wells  are 
almo.st  always  highly  mineralized,  as  would  be 
excepted  in  consideration  of  the  items  of  long  time, 
long  distance  of  flow,  high  pressure,  and  elevated 
temperature.  Sometimes  the  materials  contained 
render  the  water  unfit  for  use,  even  for  boiler  purposes, 
but  more  commonly  the  supply  is  such  as  to  be  con- 
sidered a  great  boon  to  the  fortunate  possessor. 

Perhaps  as  noteworthy  an  instance  of  a  flowing  well 
as  can  be  quated  is  that  of  Woonsocket,  South 
Dakota.  The  boring  is  of  seven  inches  in  diameter 
and  750  feet  deep.  The  water  is  of  63°  F.  tempera- 
ture and  is  thrown  above  tlie  surface  to  a  height 
of  eighty  feet  in  a  magnificent  fountain,  the  entire 
discharge  amounting  to  11,500,000  gallons  per  twenty- 
four  hours.  The  well  is  capable  of  furnishing  a  pres- 
sure of  140  pounds  per  square  inch. 

The  circulation  of  the  "ground  water"  in  the  soil  is 
governed  by  gravity  and  surface  tension,  and  the 
latter  is  in  turn  affected  by  the  structure  of  the  soil, 
its  composition,  and  the  per  cent,  by  volume  of  the 
empty  spaces  between  its  particles. 

The  rate  at  which  water  will  flow  through  a  soil  is 
dependent  not  only  upon  the  aggregate  volume  of  the 
voids,  but  also,  and  more  particularly,  upon  their 
separate  dimensions;  for  it  can  be  readily  seen  that  the 
inhibiting  influence  of  friction  will  rapidly  increase 
with  the  fineness  of  the  soil  grain. 

Values  are  on  record  for  the  water-holding  powers  of 
various  soils,  but  a  word  of  caution  seems  proper  here. 
It  must  be  remembered  that  such  figures  show  what 
the  sands  and  soils  will  hold,  not  what  they  would 
deliver.  No  pump  could  extract  that  final  portion  of 
the  contained  water  which  would  remain  as  "mois- 
ture," and  its  quantity  would  be  a  very  respectable 
percentage  indeed  of  the  amounts  given. 

Wherever  found,  and  under  whatever  circum- 
stances, the  water  of  the  ground  owes  its  origin  to  the 
rain  or  melting  snow.  Attention  is  called  to  this 
point  because  of  a  widespread  notion  that  the  wells  of 
fresh  water  often  existing  in  the  immediate  vicinity 
of  the  ocean  are  fed  with  sea  water  from  which  the 
salt  has  been   removed  by  percolation  through  the 
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sand  of  the  beach.  In  such  cases  the  fresh  water 
found  commonly  originates  some  considerable  distance 
inland,  and  the  wells  intercept  it  on  its  way  toward  an 
outlet  in  the  sea;  in  other  instances  its  origin  is  due 
entirely  to  very  local  rains,  and  its  storage  in  the  loose 
sand  is  owing  to  its  being  specifically  lighter  than  the 
surrounding  sea  water. 

An  instance  of  this  kind  is  met  with  near  the  island 
of  Heligoland.  About  a  mile  east  of  the  island  there 
is  a  long  strip  of  sand  raised  but  a  few  feet  above  the 
level  of  the  ocean,  extending  some  half  a  mile  in 
length  and  but  200  yards  wide.  It  was  formed  and 
is  maintained  by  ocean  currents,  and  is  covered  by 
a  scanty  growth  of  grass.  Anywhere  upon  this 
islet  fresh  water  may  be  obtained  by  digging  in  the 
sand.  Necessarily  the  water  to  be  secured  from 
such  a  source  is  limited  in  quantity. 

A  commonly  received  conception  of  the  occurrence 
of  ground  water  is  that  it  moves  in  very  definitely 
localized  streams,  and  that,  to  be  successful,  a  well 
must  be  sunk  directly  into  one  of  these.  Of  course 
the  conformation  of  the  country  may  at  times  cause 
this  popular  notion  closely  to  coincide  with  the  truth, 
but  a  more  general  description  of  the  occurrence  of 
ground  water  would  be  that  of  a  widely  extended 
sheet,  and  the  expression  "water  table"  has  been 
adopted  with  that  view  in  mind. 

The  mean  height  of  this  "water  table"  (i.e.  its 
distance  from  the  surface  of  the  ground)  is  governed 
by  the  average  rainfall  and  the  ojjportunities  for  local 
drainage.  The  delivery  being  into  the  rivers  and 
streams  of  the  district,  or  into  the  sea,  there  is  always 
a  slight  inclination  of  the  water  surface  toward  those 
natural  drains,  more  especially  in  their  immediate 
vicinity. 

When  the  conditions  prevailing  in  the  district  do 
not  favor  the  development  of  a  spring  on  the  side  or 
at  the  base  of  a  slope,  the  time-honored  manner  of 
tapping  the  underground  supply  is  to  sink  the  ordinary 
domestic  well  into  the  water  table. 

For  the  delivery  of  large  supplies  the  ground  water 
cannot  be  conveniently  tapped  by  ordinary  dug  wells, 
so  that  recourse  is  had  in  such  cases  to  what  is  known 
as  "driven  wells,"  set  within  suitable  distance  of  each 
other,  and  coupled  to  a  general  main  through  which 
the  water  is  drawn  by  the  pump. 

Each  well  is  but  an  iron  tube,  perforated  at  its  lower 
extremity,  which  is  driven  through  the  soil  to  the 
water-bearing  layer  below.  Single  wells  of  this 
description,  surmounted  by  a  simple  hand-pump, 
may  be  seen,  in  some  instances,  replacing  the  domestic 
well  in  the  country  dooryard,  but  the  type  is  more 
commonly  met  with  in  "gangs"  of  considerable  num- 
ber for  the  supply  of  cities  or  towns" 

By  whatever  method  the  "driven  well"  is  sunk,  its 
mode  of  action  is  entirely  similar  to  that  of  the  com- 
mon domestic  well,  from  which  it  differs  only  in  diame- 
ter, and  it  is  supplied  by  the  ground  water  of  the 
district  in  the  same  manner  as  its  longer-known 
progenitor.  There  is,  in  short,  nothing  gained  in  the 
majority  of  cases  from  the  supposed  exhaustion  of 
air  by  the  action  of  the  pump.  Much  has  been 
claimed  under  this  head,  and  it  has  been  urged  that 
the  zone  of  influence  always  widens  rapidly  under 
"suction"  /rom  an  air-tight  well;  but  it  must  be 
remembered  that  "air-tight"  is  a  term  which  can  be 
usually  applied  to  the  well  only,  and  not  to  the  ground 
overlying  the  zone  of  influence.  The  porous  soil 
will  unquestionably  admit  all  the  atmosphere  required, 
and  consequently  the  flow  of  water  will  be  determined 
by  tho.se  forces,  and  those  only,  which  govern  in  the 
case  of  wells  of  the  ordinary  type. 

When,  however,  the  well  passes  through  an  exten- 
sive laj'er  of  impervious  clay,  and  taps  a  water-bearing 
stratum  beneath,  then  the  opportunities  for  a  develop- 
ment of  the  advantages  of  "suction"  reach  their 
maximum. 

A  fact  often  lost  sight  of  is  that  driven  wells,  so  far 
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as  a  jjermanent  supplj^  is  concerned,  are  dependent 
upon  the  amounts  of  rainfall,  "run-off,"  evaporation, 
and  plant  requirements.  There  is  not,  contrary  to 
popular  conception,  an  underground  reservoir  from 
which  unlimited  quantities  of  water  may  be  pumped. 
It  is  true  that  a  reserve  storage  exists,  that  may  be 
drawn  upon  in  time  of  drought,  but  nature  keeps  a 
strict  account  of  such  matters,  and  the  deficiency 
created  in  time  of  need  must  be  made  up  during  the 
period  of  plenty;  otherwise  the  delivery  of  the  plant 
will  gradually  diminish  and  ultimately  entirely  cease. 

One  very  material  advantage  possessed  by  a  driven 
well  over  a  dug  one  is  that  it  can  be  sunk  deeper  in  the 
water-bearing  sands  at  small  expense,  and,  with  a  long 
strainer,  can  take  water  throughout  a  great  fraction 
of  its  length.  A  dug  well,  on  the  other  hand,  has  its 
construction  hampered  after  water  is  reached,  and  its 
cost  per  foot  is  greater  beyond  that  point;  so  that  it 
commonly  has  to  depend  principally  upon  its  bottom 
for  supply,  tapping,  as  it  does,  only  the  upper  portion 
of  the  ground-water  layer. 

Closely  related  to  the  well  systems  already  spoken 
of .  the  "infiltration  gallery"  stands  as  a  widely  used 
method  for  securing  the  water  of  the  ground.  Such  a 
gallery  is  reallj'  but  a  dug  well  with  one  very  long 
horizontal  axis.  Its  position  is  usually  near,  and 
parallel  to,  the  banks  of  some  stream,  such  a  site  being 
chosen  with  a  view  of  securing  its  supply  from  the 
water  of  the  river.  Except  under  unusual  circum- 
stances, however,  the  water  reaching  the  gallery 
comes  from  the  landward  side,  and  is  the  ground  water 
of  the  district  for  which  the  river  is  the  drain. 

Rivers  may  indeed  diminish  in  volume  as  they  flow- 
onward,  and  maj-  even  entirely  disappear  by  sinking 
into  the  ground,  as  is  the  case  with  a  number  of 
streams  flowing  down  the  slopes  of  the  Rocky  Moun- 
tains, but  this  condition  is  distinctly  exceptional. 
A  river  is  commonly  to  be  regarded  as  a  drain,  into 
which  water  is  received,  but  from  which  none  flows. 

Dependence  is  constantly  laid  upon  the  excellent 
filtering  powers  of  these  underground  galleries,  and 
they  justify  it  during  the  earlier  periods  of  their  use, 
but,  considered  as  a  filter,  such  a  device  is  beyond 
cleaning  and  repair;  it  may  clog,  or,  on  the  other  hand, 
ruinous  channel  ways  may  follow  heavy  pumping.  In 
the  first  instance  no  water,  and  in  the  second  instance 
polluted  water,  may  result. 

The  opportunity  for  the  contamination  of  w-ell 
water,  particularlj'  that  of  the  common  domestic 
well,  is  often  very  great.  No  proper  conception  of 
the  right  location  for  the  house  well  seems  to  enter  the 
minds  of  many  of  our  rural  people,  and  if  water  can  be 
had  from  a  spot  conveniently  near  for  general  house- 
work, inquiry  as  to  the  quality  of  such  supply  is 
usually  considered  quite  superfluous. 

In  some  towns  the  local  boards  of  health  determine 
the  minimum  distance  to  be  allowed  between  a  well 
and  an  unccniented  privy  vault,  and  such  distance  is 
most  commonly  fi.\ed  at  fifty  feet.  The  permitted 
distance  in  at  least  one  instance  is  twenty-five  feet, 
and  in  another  the  minimum  di-stance  allowed  is 
twenty  feet. 

That  any  such  distance  of  soil  filtration  can  protect 
a  well  from  pollution,  provided  the  polluting  source  be 
constant  in  character,  is  beyond  even  hoping  for,  and 
many  instances  could  be  given  showing  how  even  con- 
siderably greater  distances  have  also  failed. 

Two  causes  for  failure  are,  first,  overtaxing  the 
purifying  powers  of  the  intervening  soil  by  presenting 
a  constant  flow  of  nnre  polluting  material  than  can 
be  oxidized;  and  second,  the  opening  up  of  cracks  in 
the  subsoil  whereby  direct  connection  with  the  well 
is  assured. 

The  serious  Maidstone  epidemic  of  typhoid  was  due 
to  the  latter  cause.  An  unusual  drought  had  occurred, 
which  caused  deep  cracks  to  open  in  the  stifT  soU,  so 
deep  that  the  health  officer  thrust  his  cane  into  some 
of  them  without  finding  bottom.     Later  there  was  a 
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heavy  fall  of  rain  which  washed  surface  filth  carrying 
typhoid  excreta  into  these  fissures  and  the  ground 
water. 

It  is  a  fatal  error  to  fancy  that  because  a  water  has 
a  bright,  sparkling,  clear  appearance  and  a  pleasant 
taste,  therefore  such  water  is  wholesome.  Carbonic 
acid  gas  is  what  causes  the  brilliancy  and  refreshing 
taste  of  a  ground  water,  and  to  the  "solvent  action  of 
that  gas  is  due  the  clearness  of  many  waters  which 
nevertheless  hold  much  organic  matter  in  solution. 
When  it  is  borne  in  mind  that  carbonic  acid  is  one  of 
the  products  of  sewage  decomposition,  the  inference 
as  to  its  possible  source  in  the  case  of  some  well 
waters  is  not  a  pleasant  one. 

It  is  often  objected  that  certain  well  waters  have 
been  in  use  for  many  years  without  bad  results  follow- 
ing. Possibly;  but  it  must  be  remembered  that  the 
imbibition  of  sewage  derived  from  healthy  people 
may  be  quite  harmless,  unless  it  be  in  too  concentrated 
a  form,  however  undesirable  it  may  be  from  an 
esthetic  standpoint.  The  serious  part  of  it  all  is  that 
the  sewage  which  contaminates  the  well  water  may, 
during  an  epidemic,  suddenly  become  pathogenic  in 
character,  and  then  the  well  becomes  a  distributing 
center  for  disease.  A  city  well  is  always  to  be  sus- 
pected, and  if,  upon  examination,  its  water  is  found 
impure,  it  should  be  forthwith  ordered  closed,  par- 
ticularly under  circumstances  such  as  threaten  inva- 
sion of  epidemic  disease. 

An  excellent  way  to  determine  the  probability  of 
objectionable  drainage  material  entering  a  well  is 
to  place  a  quantitj'  of  a  solution  of  common  salt,  of 
lithium  chloride,  or  of  fluorescein  at  the  point  whence 
contamination  is  supposed  to  come.  The  normal 
composition  of  the  water  being  known,  there  will 
appear  .an  increase  in  "chlorides,"  a  spectroscopic 
test  for  lithium,  or  a  decided  fluorescence  in  the  water 
if  there  be  drainage  from  the  source  in  question. 

Although  of  somewhat  uncertain  reliability  as  to 
quantity,  rain  water  is  universally  looked  upon  with 
much  favor  because  of  its  assumed  excellence  as  to 
quality,  and  yet  even  a  casual  inspection  will  often 
show  it  to  be  a  long  way  from  pure,  and  it  may 
possibly  be  polluted  to  an  extent  quite  surprising  to 
the  collector  of  the  supply. 

The  roof  upon  which  rain  is  caught  is  a  twofold 
cause  of  impurity  in  the  collected  water;  first,  because 
of  the  material  of  which  the  roof  is  constructed,  and, 
second,  because  of  the  foreign  substances  that  may 
settle  thereupon. 

In  cities  the  amount  of  street  dust  blown  upon  the 
roof  and  afterward  washed  into  the  cistern  is  much 
greater  than  is  commonly  supposed.  Soot,  excre- 
ment of  birds  (often  a  large  item),  fallen  leaves,  and 
various  mossy  growths  are  among  the  sundry  additions 
to  be  found  in  a  roof-collected  water. 

It  is  exceedingly  important  that  every  cistern 
should  be  inspected  and  cleaned  frequently,  and  upon 
no  point  does  the  public  require  more  instruction  than 
this. 

While  its  softness  recommends  it  for  use  in  the 
laundry,  and  while  the  absence  of  lime  salts  renders  it 
desirable  for  cooking,  rain  water  is,  on  the  whole, 
not  to  be  considered  so  suitable  as  a  pure  ground  or 
surface  water  for  general  domestic  supply. 

Ice,  especially  in  .\merica,  is  certainly  to  be  reckoned 
as  an  article  of  food,  and  the  prevalent  belief  that 
water  purifies  itself  during  the  act  of  freezing  is  so 
well  fixed  in  the  public  mind  that  the  source  whence 
ice  is  harvested  is  in  consequence  usually  considered 
unimportant.  This  belief  is  not  without  support  in 
fact,  as  we  have  seen,  but,  like  many  another  partial 
truth,  it  is  a  very  uncertain  foundation  upon  which 
to  erect  the  best  form  of  sanitary  procedure. 

As  hiis  been  already  stated,  we  may  depend  upon 
the  growing  ice  crystals  mechanically  excluding  nuich 
of  the  germ  life  during  the  process  of  freezing,  and 
such  exclusion  would  appear  to  lie  between  ninety  and 
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ninetj'-five  per  cent,  of  all  bacteria  present  in  the 
water,  or,  more  strictly  speal<ing,  tlio  above  percen- 
taKCs  woulfl  represent  the  bacterial  purification  from 
all  causes  during  freezing,  of  which  causes  mechanical 
exclusion  is  one. 

Artificial  Purification  of  Water. — Pure  water 
is  becoming  more  and  more  difficult  for  many  of  our 
towns  to  secure,  .so  that  the  best  that  some  of  them 
can  hope  to  obtain  is  a  polluted  water  wdiich  has  been 
cfliciently  purified  by  art.  It  is  a  question,  sometimes, 
whether  "it  would  not  bo  better  policy,  considering  the 
rapid  changes  in  the  density  of  population,  to  accept  a 
moderately  polluted  source  and  thoroughly  purify 
its  water,  "rather  than  go  to  large  expense  in  obtaining 
a  faultless  supply  which  might  have  to  be  purified  in 
its  turn  at  some  later  day. 

Further,  it  must  be  borne  in  mind  that,  outside  of 
any  question  of  wholesomeness,  the  water  wdiich  a 
part  of  our  people  are  content  to  use  at  present  will 
not  be  considered  suitable  in  a  few  years  to  come. 
The  tendency  is  toward  a  general  demand  for  a  clear 
and  colorless  water,  and  water  purveyors  must  be 
prepared  to  meet  it. 

Filtration  of  surface  water,  before  delivering  the 
same  for  public  consumption,  is  now  specifically 
ordered  by  the  laws  of  Germany,  and  rules  are  laid 
down  for  its  proper  accomplishment.  Such  legisla- 
tion is  not  improbable  in  this  country,  thus  still 
further  making  it  the  part  of  wisdom  to  anticipate 
a  demand  for  the  artificial  improvement  of  some 
waters  which  are  now  possibly  considered  beyond 
impeachment. 

The  method  of  purifying  water  on  the  large  scale 
which  deserves  first  attention  on  account  of  its  early 
u.se  and  wide  application  is  that  of  "slow  sand  filtra- 
tion," commonly  known  also  as 

The  English  Filter-bed  System. — Briefly  described, 
an  English  filter  bed  is  a  tight  reservoir,  suitably 
underdraincd,  and  containing  some  five  or  six  feet 
of  stratified  filtering  material,  of  progressive  degrees 
of  fineness,  beginning  at  the  bottom  with  broken 
stone  or  gravel,  and  ending  with  an  upper  layer  of  fine 
sand.  Through  the  fine-sand  layer  the  water  slowly 
and  evenly  passes,  leaving  the  bulk  of  its  suspended 
impurities  upon  the  surface  to  form  the  Schmutzdecke, 
or  "dirt  cover,"  of  the  Germans. 

Beyond  the  mere  gradual  accumulation  of  sus- 
pended matter  strained  from  the  water,  this  Schmutz- 
decke is  in  part  composed  of  slimy,  jelly-like  material, 
produced  through  bacterial  agency,  which  serves  to 
entangle  and  hold  bacteria  and  other  suspended 
substances  of  all  kinds. 

It  must  not  be  thought,  however,  that  the  extreme 
top  layer  of  sand,  with  its  cover  of  slime,  does  the 
entire  work,  so  far  as  purification  is  concerned. 
Each  grain  of  sand  of  the  body  of  the  bed  becomes 
covered  with  a  sticky  coating  of  the  zooglea  jelly, 
and  these  grains  collectively  are  to  be  credited  witha 
large  share  of  the  results  accomplished. 

A  filter  recently  disturbed  by  the  process  of  cleaning 
is  lower  in  efficiency  than  one  which  has  been  for 
some  time  in  operation.  Such  a  plant  might  be 
properly  described  as  "at  its  best  when  at  its  dirtiest;" 
and,  were  it  not  that  it  finally  becomes  almost  impervi- 
ous to  water,  it  w-ould  be  better  not  to  clean  it  at  all. 
A  new  filter  is  of  small  use  until  it  "ripens"  for  work; 
that  is,  until  the  "nitrifving"  organisms  have  firmly 
established  themselves  and  the  zooglea  jelly  envelops 
the  sand  grains. 

For  proper  working  the  thickness  of  the  fine-sand 
layer  should  be  made  not  less  than  thirty-six  inches, 
and  this  depth  should  not  be  permitted  greatly  to 
decrease,  by  reason  of  the  successive  removals  of 
layers  of  the  upper  surface  for  purposes  of  cleaning. 

Usually  filter  plants  are  entirely  open,  but  in  those 
localities  where  the  winters  are  severe  it  becomes 
necessary  to  throw  over  them  a  cover,  which  is  com- 
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rnonly  of  concrete,  resting  upon  columns  of  the  same 
material.  Thick  ice  renders  it  practically  impossible 
properly  to  clean  a  filter  by  the  ordinary  methods, 
and  should  imperfect  purification  of  the  filtrate  occur 
it  is  often  coincident  with  increase  in  the  death  rate. 
This  was  noted  in  Albany,  N.  Y,.  in  March,  191.3,  when 
the  filter  plant  was  put  out  of  commission  by  the 
freshet  and  raw  water  was  served  to  the  people. 
Epidemic  typhoid  developed  two  weeks  later. 

The  cost  of  constructing  a  filter  bed  must  neces- 
sarily greatly  vary,  in  direct  ratio  with  the  local  cost  of 
materials  and  with  the  difficulty  of  the  engineering 
problem  involved.  Thus  the  open  filters  at  Hamburg 
cost  about  $.30,500  per  acre,  while  the  covered  ones  at 
Albany,  N.  Y.,  amounted  to  .84.5,600  for  a  like  area. 

The  depths  of  water  permitted  upon  filters  of  the 
English  type  are  almost  as  various  as  the  composi- 
tions of  the  beds  themselves.  Three  and  a  half  to 
four  feet  of  water  may  be  taken  as  the  depth  most 
commonly  in  use,  and  it  is  important  that  this  depth, 
when  once  determined  upon,  should  be  maintained  a 
con.stant. 

With  reference  to  the  rate  of  filtration,  the  best  prac- 
tice places  about  three  million  United  States  gallons 
per  acre  per  day,  as  the  common  rate,  although  a 
somewhat  higher  value  is  used  for  some  waters. 

By  direction  of  the  Imperial  Board  of  Health,  the 
maximum  rate  of  filtration  has  been  fixed  in  Germany 
at  four  vertical  inches  per  hour. 

For  the  purpose  of  cleaning  a  filter  of  the  English 
type,  a  gang  of  laborers  is  set  to  work  upon  the  drained 
bed,  and  by  means  of  sh.arp  shovels  they  pare  off  the 
upper  half-inch  of  sand  and  pile  the  same  into  small 
heaps.  This  thin  upper  la}'er  of  sand  (the  Sehmulz- 
decke  of  the  Germans)  contains  the  greater  bulk  of 
the  material  separated  from  the  water  by  filtration. 
It  is  quite  compact,  and  is  so  distinctly  separated  from 
the  sand  below  as  to  make  the  work  of  its  removal  very 
simple.  It  is  liable  to  be  quite  membranous  in 
character,  and  its  imperviousness  to  water  is  what 
causes  the  filter  to  become  "dead"  and  rec|uire  clean- 
ing. The  dirty  sand  is  "ejected"  from  the  filter  in  a 
stream  of  water  carried  in  pipes  hung  from  the  filter 
roof  and  after  cleaning  in  a  "Nichols  washer"  is 
later  returned  to  the  filter  bed  to  be  again  used. 

The  frequency  with  which  filters  have  to  be  cleaned 
depends  upon  the  condition  of  the  water  being  filtered, 
and,  for  the  same  water,  this  condition  will  vary  greatly 
with  the  time  of  year  and  character  of  the  season. 
Roughly  stated,  it  may  be  said  that  a  filter  becomes 
"dead"  (i.e.  nearly  impervious  to  water),  and  con- 
sequently demands  cleaning,  once  every  three  or  four 
weeks  in  summer  and  about  half  as  frequently  in 
winter;  but  it  is  not  possible  to  lay  down  hard-and-fast 
general  rules  applicable  to  all  filters.  So  many  vari- 
able quantities  enter  the  consideration  that  the  ques- 
tion of  proper  time  for  scraping  must  be  answered  for 
each  filter  by  itself,  the  final  decision  being  based 
upon  intelligent  observation  of  the  rate  of  flow,  loss 
of  head,  and  the  obvious  general  efficiency.  The 
average  interval  between  scrapings  at  Albany  is 
about  thirty  days. 

It  is  not  customary  nor  desirable  to  have  the  newly 
scraped  filter  remain  out  of  service  until  the  sand 
removed  is  washed  and  returned  to  its  place;  the 
fine  sand  layer  should  be  thick  enough  to  permit  of  a 
number  of  successive  scrapings  without  impairment 
of  its  efficiency;  therefore,  the  sand  taken  off  during 
a  series  of  parings  is  all  washed  and  returned  at  one 
time. 

At  Albany  the  sand  layer,  which  is  forty-eight  inches 
thick,  has  been  reduced  as  much  as  seventeen  inches 
by  successive  parings  before  the  normal  thickness 
was  restored  by  replacing  the  cleaned  sand. 

As  to  what  may  be  expected  from  a  sand  filter  in  the 
way  of  bacterial  removal,  it  may  be  said  that  a  well 
designed  and  well  run  filter  should  remove  ninety- 
nine  per  cent,  of  all  germs  present  in  the  raw  water. 
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Equally  good  results  were  accomplished  by  the  beds 
at  Altona,  Germany,  during  the  great  outbreak  of 
cholera  at  Hamburg  in  1892.  What  such  efficiency 
meant  for  the  former  city  may  be  epitomized  in  the 
single  word  "safety." 

It  is  not  to  be  expected  that  municipal  filtration 
plants  will  furnish  the  public  with  sterile  water  nor 
are  we  to  look  for  perfect  uniformity  in  bacterial 
efficiency,  but  it  is  a  matter  of  fact  that  in  those 
cities  wliere  modern  filters  have  been  established  a 
very  noteworthy  reduction  in  the  number  of  cases 
of  tj^phoid  fever  has  been  observed.  Thus  in  the 
city  of  Albany,  where,  previous  to  the  introduction 
of  filtered  water,  the  average  number  of  deaths  from 
typhoid  amounted  to  eighty-five  per  year,  the  influence 
of  purified  water  is  shown  by  a  reduction  of  this 
number  to  less  than  twenty. 

Mechanical  Filtration. — -Roughly  outlined,  this 
system  consists  in  adding  to  the  water  to  be  filtered 
a  minute  dose  of  common  alum  or,  better,  aluminum 
sulphate,  averaging  nearly  one  grain  per  gallon,  and 
then  admitting  the  water  to  the  filter,  which  is  a 
tank  of  wood,  iron,  or  concrete,  about  half  full 
of  uniformly  fine  sand.  The  carbonates  present  in 
the  water  decompose  the  alum,  with  the  formation 
of  a  white  flocculent  precipitate  of  aluminum  hy- 
droxide, quite  jelly-like  in  appearance.  For  instance, 
the  carbonate  of  calcium  acts  as  follows: 

."VIjCSOs  +  .SCaCOs  +  3H2O 

=  2Al(OH)3  +  aCaSO,  -|-  3C0,. 

The  action  of  this  aluminum  hydroxide  is  much  the 
same  as  that  of  the  white  of  egg  in  clearing  coffee. 
It  entangles  all  suspended  matter,  germs  as  well  as 
inorganic  material,  and  deposits  the  same  on  the 
surface  of  the  sand,  whence  it  is  removed  and  driven 
into  the  waste  pipe  by  a  reverse  current  of  filtered 
water  at  the  time  of  cleaning  the  filter.  Thus,  it 
will  be  observed,  the  mechanical  filter  produces  an 
artificial  inorganic  jelly  to  replace  the  "bacterial 
jelly,"  already  alluded  to,  of  the  English  filter  bed. 

A  further  action  of  the  precipitated  aluminum 
hydroxide  is  to  unite  with  the  soluble  coloring  matter 
of  the  water,  whereby  the  filtrate  is  rendered  color- 
less. The  proper  "do.se"  of  alum  solution  is  admin- 
istered by  means  of  some  small  automatic  measuring 
apparatus  exterior  to  the  filter;  the  solution  flowing 
thereto  frorn  the  dissolving  tank,  where  the  coagulant 
is  jjrepared  in  the  proportion  of  twenty  parts  of  water 
to  one  part  of  aluminum  sulphate. 

For  small  establishments  it  is  a  convenience  to  make 
use  of  a  "closed"  or  "pressure"  filter,  for  the  reason 
that  it  can  be  placed  directly  upon  the  service  main, 
thus  allowing  no  interruption  in  the  line  of  the  supply. 
It  is  not  easy,  however,  properly  to  watch  such  a 
filter,  and  it  is  open  to  sundry  other  objections, 
notably  a  lack  of  uniformity  in  action.  For  purposes 
of  public  use  it  is  preferable  to  use  the  open  or 
"gravity"  type. 

The  rate  at  which  water  is  passed  through  these 
filters  is  very  great  when  compared  with  what  is 
furnished  by  the  English  filter  beds  already  considered. 
One  hundred  and  twenty-five  million  gallons  per 
acre  per  twenty-four  hours  may  be  taken  as  a  fair 
index  of  what  is  to  be  expected  of  them. 

It  has  been  already  said  that  alum  is  used  in  their 
operation.  The  necessity  for  the  use  of  this  or  some 
other  coagulant  is  imperative  and  should  be  im- 
pressed upon  the  mind,  for,  however  well  the  strain- 
ing action  of  the  sand  bed  may  clarify  the  water,  the 
great  rapiditv  of  flow  precludes  the  proper  removal 
of  bacteria  unless  they  be  entangled  in  the  alumina 
jelly  noticed  above. 

.•\lum  is  by  no  means  the  only  "coagulant"  that 
could  be  or  that  has  been  used  in  mechanical  filters. 
Sulphate  of  iron  has  been  employed  for  some  years 
as  a  cheap  substitute,  but  it  is  not  serviceable  for  all 
waters,  especially  those  having  much  color  and  it  I 


cannot  be  used  without  being  assisted  by  a  dose  of 
lime. 

What  amount  of  "coagulant"  should  be  used  is  a 
question  best  answered  by  the  attendant  in  charge; 
for  not  only  will  the  proper  "do.se"  varv  with  dif- 
ferent plants,  but  even  in  the  same  plant  it  may  differ 
from  day  to  day,  and  certainly  will  change  from  season 
to  season.  One  grain  per  gallon  is  a  fair  estimate  for 
a  rough  one. 

It  is  worth  remembering  that  theoretically  a  "dose  " 
of  one  grain  per  gallon  of  aluminum  sulphate  (con- 
taining seventeen  per  cent.  AU.O,)  will  require  about 
eight  parts  per  million  of  "alkalinity"  in  the  water 
for  its  complete  decomposition. 

Danger  to  health  from  the  u.se  of  alum  is  a  topic 
fruitful  of  di.scu.ssion  among  the  many  who  are  not 
posted  as  to  its  manner  of  action;  but" those  who  are 
better  informed  know  that  free  alum  never  reaches 
the  filtrate  in  a  well-ordered  plant. 

Alum  in  the  filtrate  means  a  useless  waste  of 
material,  not  to  be  excused.  Reference  to  the  equa- 
tion already  given  shows  that  in  order  to  produce 
the  aluminum  hydroxide  jelly,  upon  which  successful 
filtration  depends,  the  alum  admitted  to  the  water 
must  be  entirely  decomposed. 

The  method  of  testing  for  free  alum  is  verj'  simple, 
and  the  filter  attendant,  constantly  on  watch  for  it 
in  the  filtrate,  should  so  manage  the  "do.se"  employed 
as  never  to  allow  it  to  pass  beyond  the  sand  bed. 

The  amount  of  filtered  water  used  for  the  purpo.se 
of  cleaning  a  mechanical  plant  is  an  item  for  con- 
sideration, for  it  is,  of  course,  lost  to  the  regular 
volume  of  supply. 

At  Cohoes,  N.  Y.,  the  average  run  between  clean- 
ings is  about  twelve  hours,  and  the  filters  are  washed 
with  two  to  two  and  one-half  per  cent,  of  the  filtered 
water.  It  takes  seven  minutes  to  wash  each  "unit" 
or  separate  filter. 

It  is  essential  that  opportunity  be  given  for  sedi- 
mentation of  a  portion  of  the  heavy  magma  produced 
by  coagulation,  otherwise  the  sand  "bed  quickly  chokes 
and  the  labor  and  expense  of  cleaning  are  greatly 
increased. 

When  the  water  is  deficient  in  the  necessary  amount 
of  alkalinity  to  decompose  the  alum  added,  a  suitable 
dose  of  "soda  ash"  or  lime  is  added  to  the  raw 
water. 

The  cost  of  erecting  a  mechanical  filter  plant  is 
somewhat  diflicult  to  give,  for  the  reason  that  patent 
rights  enter  the  estimate.  Perhaps  the  fairest  general 
statement  that  can  be  made  is  to  place  .512,000 
per  million  gallons  daily  capacity  as  the  basis  price 
for  a  first-class  plant,  and  to  subtract  from  or  add  to 
that  such  an  amount  as  the  special  features  of  the  case 
may  demand. 

Filters  can  be  erected  for  half  the  above  amount, 
and  they  do  good  work  for  manufacturing  purposes; 
but  their  bacterial  efficiency  is  low  and  the  water 
used  for  washing  may  be  from  eight  to  ten  per  cent. 
of  the  delivery  instead  of  less  than  three  per  cent., 
as  found  in  the  best  forms  of  apparatus. 

Either  method  of  filtration  here  outlined,  to  be  of 
value,  requires  constant  attention. 

Household  filtration  on  the  domestic  scale  is  in  very 
general  operation,  yet  satisfactory  results  are  obtained 
in  but  a  small  percentage  of  cases. 

The  companies  manufacturing  mechanical  filters 
make  sizes,  mtended  for  domestic  use,  but  the  skilled 
labor  such  as  is  furnished  by  a  city  employee  whose 
sole  duty  is  to  attend  to  the  public  plant  is  very  rarely 
obtainable  in  the  average  household;  con,se"quently 
the  filter  is  neglected  or  mismanaged,  or  both.  la 
short,  filtration,  to  be  effectual,  should  be  muni- 
cipal. A  house  filter  that  has  come  widely  into 
use,  and  upon  which  verv  many  people  pin  their 
faith,  is  the  well-known  "Pasteur."  It  is  commonly 
operated  under  the  pressure  of  the  city  mains,  but 
may  also   be  arranged  to  work   without   additional 
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pressure  beyond  that  of  the  atmosphere.  For  those 
unacquainted  with  its  use,  it  may  be  said  thatit 
consists  of  a  cylinder  of  fine  unglazed  porcelain 
(called  "candle,'"'  on  account  of  its  size  and  shape) 
enclosed  by  one  of  metal;  and  that,  connection  having 
been  established  between  the  latter  and  the  supply 
pipe,  the  water  is  forced  through  the  pores  of  the 
porcelain  to  the  inside  of  the  cylinder  (the  so-called 
candle),  whence  it  drops  into  the  reservoir,  leaving  the 
suspended  matter  as  a  coating  upon  the  "candle's" 
exterior  surface  (Fig.  490S). 

Examination  of  the  efliciency  of  the  Pasteur  filter 
has  been  thoroughly  done  by  a  number  of  investiga- 
tors, with  results  that  may  be  summarized  as  follows: 
Water  can  be  completely  ster- 
ilized by  filtration  through  porce- 
lain, but  the  filtration  must  not 
be  continued  for  many  days  at  a 
time.  The  length  of  time  during 
which  a  sterile  filtrate  may  be  ob- 
tained will  depend  largely  upon 
the  temperature  of  the  water. 
Thus,  according  to  Freudenreich, 
at  a  temperature  of  59°  to  C4°  F. 
the  filtrate  was  sterile  for  from 
fifteen  to  twenty-one  days,  at  a 
temperature  of  72°  F.  it  was  sterile 
during  nine  days,  while  at  a  tem- 
perature of  95°  F.  it  remained 
.sterile  only  five  days. 

Water  pressure  is  not  a  factor 
in  causing  germs  to  pass  through 
the  porcelain,  for  their  method  of 
penetration  is  one  of  development 
_  rather  than  a  transporting  of  ini- 
Fia.  4908.— Pasteur-  tial  bacteria;  in  other  words,  they 
Chamberland  Filter.  ' '  grow ' '  through  the  filter.  Even 
when  the  pressure  is  nil  they  ac- 
complish the  passage  in  the  usual  length  of  time. 
This  power  of  growing  through  the  pores  of  the  porce- 
lain has  been  denied  by  a  recent  observer,  but  it  is 
on  the  side  of  safety  to  hold  to  the  earlier  records. 

From  a  consideration  of  these  facts  the  line  of 
management  for  a  "Pasteur"  becomes  plainly  evi- 
dent. The  "candle"  and  its  rubber  packing  must  be 
removed  at  least  once  a  week,  thoroughlj'  washed,  and 
then  boiled  for  half  an  hour  before  being  reset  in 
position. 

Especial  care  should  be  taken  that  the  rubber 
packing  make  a  tight  fit,  as  otherwise  the  water  may 
pa.ss  around  rather  than  through  the  porcelain.  The 
filter  should  not  be  located  in  too  warm  a  place. 

The  lateral  connecting  the  filter  with  the  supply 
main  should  be  of  tin  or  iron,  as  the  slow  action  of 
the  filter  allows  the  water  to  remain  for  a  considerable 
time  in  contact  with  the  metal,  thus  making  the  use 
of  lead  undesirable. 

Many  types  of  household  filters  are  of  such  char- 
acter as  to  preclude  the  possibility  of  sterilization, 
and  some  of  them  are  impossible  to  clean  without  the 
entire  removal  of  the  filtering  material.  The  stone 
filters  one  sees  at  times,  where  the  water  is  caused 
to  drip  through  fine-grained  sand  rock,  or  similar 
material,  act  as  mere  strainers  and  are  absolutely 
imreliable.  Currier  demonstrated  that  sponge  filters, 
after  use  for  even  a  single  day,  furnished  a  filtrate 
containing  500  times  as  many  germs  as  the  un- 
filtered  water.  Household  filters  of  many  types 
are  to  be  seen  so  seriously  contaminated  that  a  water 
cannot  but  be  rendered  worse  by  passage  through 
them,  and  yet  such  appliances  are  in  full  use  and 
greatly  trusted  on  account  of  the  apparent  clearness 
of  the  water  drawn  from  them. 

Much  stress  is  often  laid  upon  the  purifying  effects 
of  animal  charcoal,  and  the  great  quantity  of  occluded 
oxygen  the  fresh  charcoal  contains  fully  justifies  for 
a  time  the  high  prai.se  given  it,  but  such  material  is 
nearly   impossible  to   cleanse,   and   it   has   been   re- 
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peatedly  shown  that  a  more  objectionable  appliance 
could  scarcely  be  found,  from  a  sanitary  point  of 
view,  than  a  neglected  charcoal  filter. 

Aeration  of  water  has  always  held  in  the  public  mind 
a  position  of  prime  importance  as  a  means  of  purifica- 
tion. There  is  unquestioned  benefit  arising  from  the 
passage  of  water  over  falls  and  rapids,  and  from  its 
being  thrown  into  the  air  in  fountains,  but  the  benefit 
is  not  so  great  as  is  commonly  believed. 

Such  treatment  tends  to  prevent  the  abundant 
growth  of  alga;,  with  their  objectionable  tastes  and 
smells,  and  undoubted  improvement  in  the  quality 
of  the  water  results  from  the  establishing  of  a  foun- 
tain in,  or  otherwise  blowing  air  into,  a  too  quiet 
reservoir;  but  the  expectations  of  those  who  hope 
thus  easily  to  eliminate  pollution  of  a  more  serious 
character  will  not  be  realized. 

Aeration  is  of  especial  value  in  rendering  some  kinds 
of  ferruginous  well  waters,  which  are  otherwise  pure, 
fit  for  domestic  use.  The  iron  is  thereby  oxidized 
to  insoluble  ferric  oxide,  and  may  be  easily  removed 
by  filtration. 

"Chlorination"  of  water  is  practised  upon  a  very 
large  scale  at  present  when  use  has  to  be  made  of 
seriously  polluted  raw  waters.  Either  "bleaching 
powder"  or  liquid  chlorine  is  employed  and  in  either 
case  a  common  dose  is  0.3  part  of  available  chlorine 
per  million. 

To  "disinfect"  a  water  by  the  use  of  hypochlorites 
or  chlorine  does  not  appeal  to  one  as  a  suitable 
means  for  increasing  its  potability,  and  yet  very  wide 
experience  has  shown  that  the  minute  amount  required 
is  without  danger  to  the  water  consumer,  although 
acting  in  a  most  efficient  manner  upon  pathogenic 
organisms.  It  is  true  that  certain  critics  have  held 
that  chlorine  acts  as  a  temporary  "dope"  upon 
bacterial  life  rather  than  as  a  germicide;  but  the  fact 
remains  that  typhoid  fever  is  arrested  by  chlorina- 
tion of  the  water  supply.  As  an  emergency  treat- 
ment it  is  certainly  of  great  value  and  of  small 
expense. 

The  application  of  ozotie  in  the  form  of  ozonized 
air  to  the  purification  of  water  has  a  nimiber  of  earnest 
supporters,  and  we  await  with  interest  the  further 
development  of  the  process.  Up  to  the  present, 
however,  it  is  right  to  say  that  the  experimental 
stage  is  scarcely  passed,  although  the  flattering  results 
secured  by  experiments  permit  us  to  entertain  ex- 
pectations of  ultimate  success.  Expense  is  one  of 
the  weak  points  in  the  ozone  process,  and  another  is 
the  necessity  for  removing  color  and  turbidity  from 
the  water  before  applying  the  ozone.  Thus  "pre- 
filters"  become  a  part  of  the  plant  required. 

From  a  sanitary  standpoint,  the  method  for  puri- 
fication of  water  which  excels  all  others  in  efficiency 
is  (lislillation.  The  peculiar  taste  of  freshly  dis- 
tilled water  is,  however,  disagreeable  to  many,  and 
for  that  reason  the  process  is  not  likely  to  become 
speedily  popular,  even  if  the  expense  be  not  too 
great. 

It  would  seem  that  the  attention  of  the  public  has 
been  largely  drawn  of  late  to  the  question  of  the 
wholesomeriess  of  distilled  water  for  dietetic  purpo.sos, 
numerous  articles  having  issued  from  the  press  under 
such  captions  as  "Poisonously  Pure  Water"  and  the 
like.  Much  uneasiness  has  been  created  among  those 
who  have  used  such  water,  because  of  their  being 
told  that  "distilled  water  is  an  active  protoplasmic 
poison,  due  to  its  property  of  extracting  salts  from 
animal  tissues  and  causing  them  to  swell  up  by  imbi- 
bition." Stress  is,  of  course,  laid  upon  the  increased 
danger  arising  from  its  use  by  the  young,  whose 
tissues  are  in  process  of  formation. 

In  consideration  of  the  mixed  character  of  human 
food  and  the  amount  of  mineral  salts  naturally  occur- 
ring therein  and  added  thereto  as  condiments,  the 
withdrawal  of  a  few  grains  of  such  salts  per  day,  by 
the  substitution  of  distilled  water  for  that  drawn 
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from  some  natural  source,  would  be  a  matter  of  too 
small  importance  for  consideration. 

Distilled  water  is  used  for  drinking  purposes  on 
practically  every  vessel  in  the  United  States  navy, 
and  the  surgeon-general  says:  "It  may  be  stated 
that  the  medical  officers  of  the  navy  recognize  the 
great  value  of  distilled  water  in  the  improvement  in 
health  that  has  followed  its  introduction,  particularly 
on  certain  foreign  stations." 

Exposure  of  water  in  thin  layers  to  the  ullra- 
violet-ray  is  the  latest  method  offered  for  water 
purification.  The  light  used  is  a  mercury-vapor 
lamp  with  walls  of  quartz,  which  material  (unlike 
ordinary  glass)  permits  the  passage  of  the  ultra- 
violet light.  The  apparatus  is  so  designed  as  to  allow 
of  the  same  water  passing  the  lamp  several  times  so 
that  more  than  one  exposure  is  secured.  The  power 
of  penetration  of  the  ray  is  limited,  which  fact  de- 
mands that  the  water  be  presented  to  it  in  thin  layers, 
and  the  penetration  is  further  interfered  with  by 
turbidity  and  to  a  slight  degree  by  color  in  the  water. 
As  in  the  case  with  purification  by  use  of  ozone,  the 
ultraviolet-ray  process  demands  preparation  of  the 
water  by  removal  of  turbidity  before  the  use  of 
the  light  is  undertaken. 

The  bactericidal  action  of  the  ray,  when  properly 
applied,  is  unquestioned.  The  process  is  naturally 
more  expensive  than  some  of  the  longer  known 
methods  of  water  improvement. 

The  good  old  household  remedy  of  boiling  a  sus- 
picious water  is  always  available,  but  unfortunately 
it  is  but  seldom  applied.  As  an  illustration  of  its 
value  it  is  worth  noting  that  during  the  cholera  out- 
break at  Lucknow,  among  the  members  of  the  East 
Lancashire  Regiment,  there  was  no  cholera  what- 
ever in  company  E.  This  company  was  the  only 
one  which  boiled  the  drinking-water. 

Finally,  let  it  be  noted  that  there  is  no  way  of  puri- 
fying a  polluted  water,  as  some  people  would  have 
us  do,  by  throwing  a  remedy  into  the  well  or  cistern. 

Smmming  -pools  are  now  so  frequently  found  in 
gymnasia,  where  the  same  water  is  used  over  and  over 
again  for  months,  that  the  question  of  its  proper  con- 
dition becomes  important.  Experience  has  shown 
that  constant  filtration  through  mechanical  filters, 
using  alum,  at  such  a  rate  that  the  total  volume 
of  water  in  the  pool  passes  through  the  filter  in  a 
few  hours,  followed  by  chlorination  once  a  week,  will 
give  satisfactory  results.  The  "bleach"  dose  used 
should  be  such  as  to  furnish  one  part  of  available 
chlorine  per  million  parts  of  water. 

Water  Analysis. — A  great  deal  of  popular  mis- 
conception exists  upon  the  subject  of  the  analysis  of 
potable  water,  and  it  is  commonly  supposed  that  such 
an  examination  may  be  looked  upon  from  practically 
the  same  point  of  view  as  the  analysis  of  an  iron  ore. 
In  point  of  fact,  however,  it  is  a  very  different  matter. 

A  water  analysis  is  really  not  an  analysis  at  all, 
properly  so  called,  but  is  a  series  of  experiments  under- 
taken with  a  view  to  assist  the  judgment  in  deter- 
mining the  potability  of  the  supply.  Some  of  the 
substances  reported,  "albuminoid  ammonia,"  for 
instance,  do  not  exist  ready  formed  in  the  water, 
and  are  but  the  experimental  measures  of  the  ob- 
jectionable organic  constituents,  which  our  present 
lack  of  knowledge  prevents  our  estimating  directly. 

It  is  not  practicable  to  furnish  the  public  with  the 
means  of  fully  understanding  the  numerical  results  as 
stated,  nor  is  it  possible  to  supply  general  "standards 
of  purity"  whereby  a  water  may  be  rated  as  whole- 
some or  otherwise,  for  the  reason  that  figures  which 
would  condemn  a  water  in  one  locality  might  be 
entirely  without  objection  for  a  water  derived  from 
a  neighboring  county. 

The  examiner  must  be  in  full  possession  of  all  the 
facts  concerning  the  water  which  he  is  asked  to  test, 
in  order  that  his  opinion  as  to  its  purity  may  be  based 


upon  the  entire  breadth  of  his  past  experience,  for 
in  no  branch  of  analytical  work  are  experience  and 
good  judgment  better  exercised  than  in  the  interpre- 
tation of  a  water  analysis. 

It  is  a  great  mistake  to  suppose  that  the  proper  way 
to  consult  a  water  expert  is  to  send  him  a  sample  of 
the  water  in  a  sealed  vessel  with  no  hint  as  to  its 
source.  On  the  contrary,  he  should  be  thoroughly 
acquainted  with  the  history  and  source  of  the  water 
and,  if  possible,  he  should  take  the  samples  himself. 
For  so  important  a  matter  as  a  town  supply,  he  should 
unquestionably  personally  superintend  their  collection. 

Finally,  let  it  be  said  that  a  water  analysis  is,  for 
purposes  of  economy,  rarely  made  complete.  For 
ordinary  drinking-water  the  question  is  always  asked, 
"Is  it  wholesome?"  To  answer  this,  the  analysis 
of  the  mineral  residue  left  upon  evaporation  is  not 
usually  required,  so  that  much  time  and  expense  may 
be  saved  by  simply  reporting  this  as  "total  solids." 
On  the  other  hand,  analyses  of  mineral  waters  deal 
with  this  feature  of  the  examination  very  largely, 
and  usually  to  the  exclusion  of  those  portions,  such 
as  "albuminoid  ammonia,"  "required  oxygen,"  etc., 
which  are  important  in  the  "sanitary  analysis." 
The  .same  may  be  said  of  the  analyses  of  waters  for 
boiler  use. 

Large  glass-stoppered  bottles  are  best  for  sampling. 
After  a  thorough  rinsing  with  the  water  to  be  analyzed, 
fill  the  ves.sel  to  overflowing  so  as  to  displace  the  air, 
and  then  completely  empty  it. 

If  the  water  is  to  be  taken  from  a  tap.  let  enough 
run  to  waste  to  empty  the  local  lateral  before  sam- 
pling; if  from  a  pump,  pump  enough  to  empty  all  the 
pump  connections;  if  from  a  stream  or  lake,  take  the 
sample  well  out  from  the  shore,  and  sink  the  stoppered 
sampling  vessel  toward  mid-depth  before  removing 
the  stopper,  so  as  to  avoid  both  surface  scum  and 
bottom  mud.  In  every  ca.so  fill  the  vessel  nearly 
full,  leaving  but  a  small  space  to  allow  for  possible 
expansion,  and  close  securely.  Under  no  circum- 
stances place  sealing  wax  upon  the  stopper,  but  tic 
a  piece  of  cloth  firmly  over  the  neck  to  hold  the 
stopper  in  place.  The  ends  of  the  string  may  be 
afterward  sealed  if  neee.ssary.  Having  secured  the 
sample,  the  analysis  should  be  begun  at  once,  for 
the  reason  that  water  is  liable  to  rapid  changes  in 
character  during  laboratory  storage. 

The  results  of  the  chemical  examination  should  be 
stated  in  "parts  per  million"  in  weight.  Water 
should  not  be  filtered  before  analysis.  If  sediment 
be  present,  it  should  be  equally  diffused  by  thorough 
shaking  before  measuring.  The  reason  for  this  is 
that  a  water  analysis  should  represent  the  water  as 
the  consumer  uses  it,  and  not  in  a  condition  improved 
by  filtration. 

The  analysis  cannot  be  properly  conducted  in  a 
general  laboratory,  because  many  of  the  tests  would 
be  ruined  by  the  fumes  common  to  such  a  locality. 
.\  separate  room,  reserved  exclusively  for  water  work, 
is  the  best  arrangement. 

For  the  purpose  of  measuring  the  amount  of  tur- 
bidity of  a  water  a  standard  is  prepared,  consisting  of 
one  gram  of  exceedingly  fine  fuller's  earth  suspended 
in  one  liter  of  distilled  water.  Each  cubic  centimeter 
of  this  preparation  will  contain  one  milligram  of 
suspended  clay.  By  diluting  known  volumes  of  this 
standard  with  known  volumes  of  distilled  water  a 
series  of  "standard  turbidities"  may  be  made  with 
which  to  compare  the  water  under  examination.  The 
fuller's  earth  should  be  passed  through  a  200-mesh 
sieve. 

A  turbidity  rod  with  graduations  based  upon  this 
standard  is  prepared  for  field  use  and  is  very  con- 
venient for  use  m  the  field. 

When  variations  in  turbidity  are  being  watched 
in  a  locality  where  the  suspended  matter  is  colored, 
the  standards  should  be  prepared  from  local  material. 

The  reaction  of  natural  water  is  commonly  slightly 
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alkaline,  although  waters  holding  much  free  acid  in 
solution,  usually  sulphuric,  are  by  no  means  rare. 

Determination. — Place  100  c.c.  of  the  water  in  a 
casserole,  and  titrate  with  N/10  hydrochloric  acid, 
using  methyl  orange  as  an  indicator.  Should  the 
water  be  originally  acid,  make  it  slightly  alkaline 
with  a  known  amount  of  potassic  hydroxide  before 
titration.  It  is  convenient  to  report  alkalinity  as 
representing  so  many  parts  of  CaCOa  per  million  of 
water,  and  to  note  that  such  a  form  of  result  corre- 
sponds to  fifty  times  the  number  of  cubic  centimeters 
of  hydrochloric  acid,  used  in  the  titration. 

Acidity  is  best  stated  in  the  same  terms  using  a 
negative  sign. 

Color. — Dissolve  1,246  grams  potassic  platinic  chlor- 
ide and  one  gram  cobalt  chloride  in  100  c.c.  strong 
HCl  and  dilute  with  distilled  water  to  one  liter.  This 
solution  has  a  color  of  500. 

By  placing  one,  two,  three,  four,  etc.,  cubic  centi- 
meters of  such  solution  in  50  c.c.  Nessler  tubes 
and  diluting  to  the  mark  with  distilled  water, 
standard  colors  of  10,  20,  30,  40,  etc.,  are  obtained, 
and  with  these  is  compared  a  50  c.c.  Nessler  tube 
■filled  with  the  water  under  examination.  Turbid 
waters  should  be  filtered  before  reading  the  color. 

Total  SolUh. — Material  dissolved  or  suspended  in 
■water  is  naturally  derived  from  the  strata  through 
which  the  water  passes  or  the  surface  over  which  it 
flows.  Thus  are  obtained  waters  of  all  degrees  of 
hardness  and  of  great  variety  of  color  and  turbidity. 

Determination. — Thoroughly  shake  the  vessel  con- 
taining the  sample  and  then  measure  out  100  c.c.  of 
the  unfiltered  water  by  means  of  a  pipette  into  a 
weighed  platinum  dish.  Evaporate  to  dryness  on 
the  water  bath,  being  careful  to  place  a  filter-paper 
between  the  dish  and  the  water  in  the  bath  in  order 
to  prevent  any  deposit  of  impurities  on  the  under 
side  of  the  dish.  When  dry,  place  the  dish  and  con- 
tents in  an  air  bath  and  maintain  the  temperature  at 
105°  C.  for  half  an  hour.  Cool  in  a  desiccator  and 
weigh. 

Comparates. — Average  in  sundry  surface  waters 
known  to  be  pure,  74;  known  to  be  polluted,  194; 
average  in  sundry  ground  waters  known  to  be  pure, 
144;  known  to  be  polluted,  642. 

These  averages  are  really  of  but  small  sanitary 
value,  for  the  reason  that  a  polluted  water  may  be 
low  in  total  solids,  or  vice  versa,  according  to  the 
character  of  the  soil  through  or  over  which  the  water 
flows. 

Hardness. — -Before  entering  into  the  question  of 
quantitative  estimation,  let  it  be  premised  here  that 
"hardness"  may  be  classified  under  two  heads,  viz., 
"Permanent"  and  "Temporary."  The  former  is  oc- 
casioned by  the  presence  of  calcium  sulphate  and 
other  soluble  salts  of  calcium  and  magnesium,  not 
carbonates,  held  in  solution  by  the  solvent  action  of 
the  water  itself;  such  a  water  cannot  be  materially 
softened  by  boiling  under  ordinary  pressure. 

"Temporary"  hardness  is  caused  Ijy  carbonates  of 
calcium  and  magnesium  held  in  solution  by  carbonic 
acid  present  in  the  water.  Boiling  such  a  water  expels 
the  carbonic  acid,  whereupon  the  salts  separate  from 
solution. 

Hehiier's  method  for  determining  "permanent  hard- 
ness" is  very  convenient:  The  measured  water  is 
boiled  down  with  a  known  excess  of  NajCOs.  Pre- 
cipitated CaCOs  is  filtered  off,  and  the  remaining 
NaoCOa  determined  by  titration  with  standard  acid 
and  methyl  orange.  The  loss  in  NaoCOs  is  calculated 
to  a  corresponding  amount  of  CaS04. 

"Temporary  hardness"  is  usually  equal  to  the 
"alkalinity,"  previously  determined. 

Should  sodium  or  potassium  carbonates  be  present, 
the  acid  required  to  neutralize  the  water  residue,  after 
boiling  down  as  above,  will  be  greater  than  the 
amount  corresponding  to  all  of  the  standard  NasCOa 
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solution  added,  for  no  permanent  hardness  could  be 
present  in  such  a  case.  From  such  excess  of  acid  the 
carbonates  of  the  alkali  metals  can  be  calculated. 
Their  equivalent  in  terms  of  CaCOs  should  be  sub- 
tracted from  the  total  "alkalinity"  in  order  to  state 
correctly  the  "temporary  hardness." 

Comparates. — The  average  hardness  of  good  water.s 
as  given  by  the  British  Rivers  Pollution  Commission 
stands:  Rain,  3;  upland  surface,  54;  deep  well,  250; 
spring,  185. 

As  the  result  of  wide  inquiry  among  water  users  the 
fair  division  as  between  "hard"  and  "soft"  waters 
appears  to  be:  "Soft,"  below  fifty  parts  per  million; 
"hard,"  over  100  parts  per  million;  doubtful,  between 
these  figures. 

Chlorine. — Water  is  rarely  found  free  from  chlorine, 
yet,  notwithstanding  its  almost  constant  presence, 
there  is  hardly  a  factor  in  the  sum  total  of  water 
analysis  toward  which  attention  is  more  quickl}' 
turned  or  regarding  which  there  is  closer  scrutiny. 

In  most  instances  chlorine  is  present  in  the  form  of 
common  salt,  washed  from  the  air  or  soil,  or  added 
as  one  of  the  constituents  of  sewage.  Salt  itself  i.s, 
of  course,  unobjectionable  in  the  quantity  usually 
present,  but,  it  being  so  largely  used  in  our  food,  there 
is  always  warrant  for  suspecting  sewage  contamination 
where  the  figures  for  chlorine  run  high. 

True  it  is  that  tho.se  figures  are  at  times  mislead- 
ing, but  they,  like  other  data  in  water  analysis,  must 
be  considered  with  judgment,  and  due  weight  be 
accorded  the  character  of  local  surroundings. 

If  the  district  whence  the  water  comes  be  natu- 
rally rich  in  salt,  as  is  the  case  with  the  deep-seated 
waters  of  Central  New  York,  such  fact  must  be  borne 
in  mind  when  formulating  an  opinion  as  to  quality. 
Variation  in  the  chlorine  contents  of  rain  water  always 
occurs  inland,  although  not  to  the  same  degree  as 
upon  the  coast.  Ground  water  is  more  directly  in- 
fluenced than  rain  water  by  the  presence  of  human 
habitation. 

The  determination  of  chlorine  in  water  is  extremely 
simple.  It  depends  upon  the  fact  that  if  to  a  solu- 
tion of  a  chloride  which  has  been  colored  yellow  b}' 
addition  of  a  little  potassic  chromate  a  solution  of 
silver  nitrate  be  added,  white  silver  chloride  will  be 
produced  until  the  last  trace  of  chlorine  shall  have 
been  disposed  of,  whereupon  red  silver  chromate  will 
begin  to  appear. 

The  reagents  required  are: 

Standard  Silver  Solution. — Prepared  by  dissolving 
4.8022  grams  of  crystallized  silver  nitrate  in  one  liter 
of  water.  Each  cubic  centimeter  of  such  a  solution 
is  of  a  strength  sufficient  to  precipitate  one  milligram 
of  chlorine. 

Potassium  Chromate,  Indicator. — Dissolve  two  grams 
of  the  pure  salt  in  100  c.c.  of  distilled  water. 

Sodium  Carbonate  Solution. — Dissolve  fifty  grams  of 
the  pure  salt  in  300  c.c.  of  distilled  water. 

Determination. — One  hundred  cubic  centimeters  of 
the  water  to  be  examined  are  placed  in  a  large 
Nessler  tube;  1  c.c.  of  the  potassic  chromate  solu- 
tion is  added,  which  will  give  a  distinct  yellow  color, 
and  then  the  standard  silver  solution  is  run  in  from 
a  burette  until  the  red  tint  of  the  silver  chromate 
just  appears.  From  the  known  amount  of  silver 
.solution  used  the  amount  of  chlorine  present  is  ob- 
tained, and  this,  multiplied  bj'  ten,  will  give  the 
chlorine  in  milligrams  per  liter  or  parts  per  million. 

To  determine  with  accuracy  the  first  appearance 
of  the  red  tint,  it  is  best  to  make  the  examination  in 
yellow  light,  either  by  the  use  of  a  photographic 
"dark-room"  lantern  with  a  front  of  yellow  glass  or 
by  simply  looking  through  a  plate  of  such  glass. 
Reflection  from  a  porcelain  tile  will  throw  the  light 
through  the  length  of  the  Nessler  tube,  if  side  light 
is  cut  off  by  a  black  screen. 

For  the  sake  of  accuracy  it  is  better,  during  the 
titration,  to  have  a  second  tube  of  the  water,  also 
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colored  with  potassic  chromate,  in  order  that  the 
formation  of  the  red  tint  in  the  vessel  operated  upon 
may  be,  by  contrast,  more  readily  detected. 

Many  waters  possess  such  deep  color  or  such  tur- 
bidity as  to  interfere  with  proper  titration;  under  such 
circumstances  it  is  best  to  shake  the  water  with  re- 
cently precipitated  and  washed  aluminum  hydroxide 
and  then  filter  it,  or  allow  it  to  stand  twenty-four  hours 
in  a  tall  glass  cylinder,  whereby  the  coloring  matter  or 
turbidity  is  sedimented  and  the  water  cleared  for  use. 

Comparates. — Average  in  sundry  surface  waters 
known  to  be  pure,  3.57;  known  to  be  polluted,  6.06; 
average  in  sundry  ground  waters  known  to  be  pure, 
.3.2;  known  to  be  polluted,  91.7. 

Nitrites. — Whether  the  presence  of  nitrites  be  con- 
sidered due  to  reduction  of  pre-existing  nitrates  in 
the  presence  of  organic  matter  or  caused  by  direct 
oxidation  of  organic  nitrogen,  it  becomes  a  necessity 
to  estimate  their  quantity,  for  in  either  case  the  initial 
cause  is  possibly  contamination. 

Of  the  several  methods  used  for  the  determination 
of  nitrites,  the  second  one  suggested  by  Griess  seems 
to  be  the  most  deserving  of  favor.  It  depends  in 
principle  upon  the  red  coloration  ("azobenzolnaph- 
thylamine  sulphonic  acid")  produced  whenever  "sul- 
phanilic  acid"  and  "naphthylamine  hydrochloride" 
are  added  to  an  acidified  solution  of  nitrite.  The 
test  is  exceedingly  delicate  and  is  capable  of  dis- 
tinguishing one  part  of  nitrogen  as  nitrous  acid  in 
one  thousand  million  parts  of  water. 

The  reagents  are  prepared  as  follows: 

Sulphanilic  Acid. — Dis.solve  one  gram  of  the  salt  in 
100  c.c.  hot  water.     The  solution  keeps  well. 

N aphlhylamine  Hydrochloride. — Boil  0..5  gram  of  the 
salt  with  100  c.c.  water  for  ten  minutes,  keeping 
volume  constant.  Place  in  glass-stoppered  bottle. 
The  solution  tends  to  grow  slightly  pink  on  standing, 
but  not  sufficiently  so  to  interfere  with  its  use. 

Standard  Solution  of  Sodium  Nitrite. — Sodium 
nitrite  may  be  bought,  but  its  purity  is  always  to 
be  questioned,  and,  moreover,  it  is  too  deliquescent 
a  salt  to  be  weighed  with  ease  and  accuracy.  It  is 
better,  therefore,  to  prepare  the  silver  salt,  which 
may  be  readily  handled,  and  from  it  the  solution 
required  may  be  made. 

To  a  cold  solution  of  commercial  sodium  or  potas- 
sium nitrite  add  a  solution  of  silver  nitrate  as  long 
as  a  precipitate  appears.  Decant  the  liquid  and 
thoroughly  wash  the  precipitate  with  cold  water. 
Dissolve  in  boiling  water.  Concentrate  and  crys- 
tallize the  silver  nitrite  from  the  hot  solution.  Dry 
in  the  dark  at  the  ordinary  temperature  (using  vacuum 
is  better)  and  keep  it  in  a  black  bottle. 

Weigh  out  0.22  gram  of  the  dry  silver  nitrite.  Dis- 
solve in  hot  water.  Decompose  with  slight  excess 
of  sodium  chloride,  cool  if  necessary,  and  dilute  to  one 
liter.  Allow  the  precipitated  silver  chloride  to  settle, 
removes  c.c.  of  the  clear  solution,  and  dilute  the  same 
to  one  liter.  This  second  dilution  (which  is  the  stand- 
ard solution  to  be  used)  will  contain  an  amount  nf 
nitrite  per  cubic  centimeter  equivalent  to  0.0001 
milligram  of  nitrogen. 

Determination. — Place  100  c.c.  of  the  water  to  be 
examined  in  a  Nessler  tube.  Acidify  with  one 
drop  concentrated  HCl.  Add  1  c.c.  of  the  sulphanilic- 
acid  solution,  followed  by  1  c.c.  of  the  solution  of 
hydrochloride  of  naphthylamine,  mix,_  cover  with 
watch  glass,  and  set  aside  for  thirty  minutes.  Pre- 
pare at  the  same  time  other  Nessler  tubes  contain- 
ing known  amounts  of  the  standard  solution  of  sodic 
nitrite  and  diluted  to  the  100-c.c.  mark  with  pure 
distilled  water,  adding  the  reagents  as  above.  At  the 
end  of  the  time  stated  (thirty  minutes)  examine  the 
depth  of  the  pink  color  formed,  and  by  comi)aring 
the  unknown  with  the  known  an  accurate  determina- 
tion of  the  amount  of  nitrogen  present  as  nitrites 
may  be  made. 


If  much  gas  be  burning  in  the  room,  nitrites  will 
be  in  the  atmosphere.  Hence  cover  the  jars  or  remove 
them  from  the  room  during  the  half-hour  interval 
before  reading. 

Nitrites  are  sometimes  found  in  deep-well  waters  of 
good  quality,  but  in  ground  or  surface  waters  their 
presence  should  be  always  regarded  with  suspicion. 

CompnrateH. — .Average  in  sundry  surface  waters 
known  to  be  pure,  0.000;  known  to  be  polluted,  0.006; 
average  in  sundry  ground  waters  known  to  be  pure, 
0.000;  known  to  be  polluted,  0.00.3. 

Nitrates. — Nitrates  present  in  water  are  but  the 
further  step  in  the  oxidation  of  nitrogenous  organic 
matter.  They  are  associated  with  putrefaction  of 
animal  rather  than  vegetable  tissue,  because  of  the 
greater  quantity  of  nitrogen  present  in  the  former,  and 
its  more  ready  decomposition,  but  they  are  derived 
from  mineral  sources  as  well. 

Rain  water  washes  a  very  considerable  amount  of 
nitric  nitrogen  from  the  air,  while  in  the  .soil  the 
atmospheric  nitrogen  is  fixed  through  the  agency  of 
the  roots  of  certain  plants,  such  as  peas,  the  process 
being  aided  by  bacterial  action. 

Such  fi.xed  nitrogen  eventually  enters  the  ground 
water,  and  a  knowledge  of  the  local  "normal"  for 
nitric  nitrogen  is  consequently  of  advantage  when 
studying  the  ground  water  of  a  neighborhood. 

Surface  and  ground  waters  of  good  quality  are  low 
in  nitrates,  for  the  reason  that  such  material  is  quickly 
absorbed  by  growing  vegetation,  but  waters  from 
deep  wells  often  give  large  figures  for  that  item. 

When  phenolsulphonic  acid  is  brought  in  contact 
with  a  nitrate,  and  ammonia  is  afterward  added  to 
alkaline  reaction,  a  yellow  ammonium  salt  is  formed. 

The  intensity  of  this  yellow  color,  produced  in  the 
water  under  examination,  is  compared  with  colors  of 
known  strength,  and  the  quantity  of  nitrate  present 
thus  determined. 

The  interference  of  chlorides  with  this  process  re- 
sults in  readings  lower  than  the  truth,  but  if  the 
chlorine  be  below  thirty  parts  per  million  such  interfer- 
ence is  not  material. 

The  solutions  required  are: 

Phenolsulphonic  Acid. — Sulphuric  acid,  pure  and 
concentrated,  350  c.c. ;  pure  phenol,  twenty-five  grams. 
Mix  in  a  flask  and  keep  on  a  water  bath  for  about  six 
hours. 

Standard  Potassium  Nitrate  Solution. — Dissolve 
0.7221  gram  pure  KNO3  in  one  liter  distilled  water. 
Evaporate  10  c.c.  of  such  solution  just  to  dryness  on 
the  water-bath.  Thoroughly  moisten  with  2  c.c.  of  the 
phenolsulphonic  acid  and  dilute  to  one  liter.  This 
second  and  "standard"  solution  contains  0.001  milli- 
gram of  nitrogen  as  nitrate  in  each  cubic  centimeter. 

Determination. — Evaporate  100  c.c.  (or  less,  accord- 
ing to  nitrate  contents)  of  the  water  just  to  dryness 
on  the  water  bath,  having  previously  added  a  few 
drops  of  sodium  carbonate  solution  to  prevent  loss 
from  volatilization  of  nitric  acid.  Thoroughly  moisten 
the  residue  with  2  c.c.  of  the  sulphonic  acid.  .Add 
an  excess  of  ammonium  hydroxide.  Make  up  to 
100  c.c.  in  a  Nessler  tube,  and  compare  the  depth 
of  color  with  those  produced  by  taking  different 
amounts  of  the  standard  nitrate  solution  which  have 
each  been  made  alkaline  with  ammonium  hydroxide 
and  diluted  to  100  c.c. 

Before  evaporating  for  the  nitrate  determination 
it  is  best  to  remove  any  color  present  in  the  water 
by  using  aluminum  hydroxide  as  under  "chlorine." 
If  the  chlorine  in  the  w.ater  be  very  high,  nearly  neu- 
tralize the  alkalinity  with  dilute  sulphuric  acid  and 
then  add  enough  silver  sulphate  solution  to  precipitate 
nearly  all  the  chlorine  present. 

Comparates. — .Vverage  in  sundry  surface  waters 
known  to  be  pure,  0.130;  known  to  be  polluted.  0.749; 
average  in  sundry  ground  waters  known  to  be  pure, 
1.4;  known  to  be  polluted,  11.9. 
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Mallet  found  in  thirteen  samples  of  water  "known 
to  be  pure"  the  nitrogen  present  as  nitrates  averaged 
0.42  (the  extreme  limits  being  0  and  1.04),  while  in 
twenty  samples  of  water  believed  to  be  objectionable 
the  average  figures  ran  7.239  (the  extreme  limits 
being  0  and  28.403). 

Organic  Matter. — It  is  here  that  water  examination 
loses  its  analytical  features  and  becomes  experimental 
in  character.  Organic  matter  cannot  be  determined 
directly  and  we  are  forced  to  resort  to  certain  lines 
of  procedure  which  experience  has  taught  us  differen- 
tiate more  or  less  sharply  between  good  and  bad 
waters,  even  though  the  actual  composition  of  such 
waters  be  not  thereby  revealed. 

Organic  matter  containing  nitrogen,  when  breaking 
down  through  putrefaction,  liberates  its  riitrogen  as 
ammonia,  and  this  in  turn  changes  to  nitrites  and 
nitrates  of  the  bases  present.  The  ammonia  formed, 
as  above,  may  be  separated  from  the  water  by  simple 
distillation  and  when  determined  is  reported  as  "free 
ammonia."  Such  of  the  nitrogenous  organic  matter 
as  yet  remains  undecomposed  may  be  in  great  part 
broken  up,  and  its  nitrogen  given  off  as  ammonia, 
by  distillation  with  strongly  alkaline  potassium  per- 
manganate. This  second,  evolution  of  ammonia  is 
called  "albuminoid,"  for  the  reason  that  albumin 
acts  in  like  manner  when  similarly  treated.  Wank- 
lyn's  "albuminoid  ammonia  process"  is  based  upon 
the  foregoing  facts. 

The  reagents  necessary  are: 

Nessler's  Solution. — Dissolve  thirty-five  grams  po- 
tassic  iodide  (KI)  in  about  200  c.c.  pure  water.  Add 
a  strong  solution  of  mercuric  chloride  (HgClj)  until  a 
faint  show  of  excess  is  indicated.  Add  160  grams  solid 
potassium  hydroxide  (KOH).  Dilute  to  one  liter,  and 
finally  add  strong  solution  of  mercuric  chloride,  little 
by  little,  until  the  red  mercuric  iodide  just  begins 
to  be  permanent.  Do  not  filter  from  excess  of 
mercuric  iodide,  but  let  the  same  settle  to  the  bottom 
of  the  vessel.  The  finished  reagent  should  have  a 
pale  straw  color.     It  is  improved  by  age. 

Nessler's  solution  will  give  a  distinct  brownish-yellow 
coloration  with  the  most  minute  traces  of  ammonia  or 
ammonium  salts.  If  the  quantity  of  ammonia  be  at 
all  considerable,  a  brown  precipitate  will  appear. 

Pure  WalcT. — This  must  be  prepared  with  great 
care,  in  a  room  free  from  the  usual  laboratory  fimies. 
In  short,  the  entire  examination  of  potable  water 
should  be  undertaken  in  a  locality  other  than  a  general 
working  laboratory.  The  most  suitable  retort  for 
this  purpose  is  of  copper,  three  gallons  in  size,  and 
with  a  tin  condensing  worm.  Fill  it  with  good  spring 
water,  distil,  collect  distillate  in  50-c.c.  Nessler 
tubes,  and  to  each  successive  tubeful  so  collected 
add  2  c.c.  Nessler  solution.  After  waiting  five 
minutes,  should  a  brown  tint  be  observed  upon  look- 
ing through  the  liquid  (longitudinally)  at  a  white 
porcelain  tile  or  piece  of  white  paper,  the  presence  of 
ammonia  is  indicated. 

Continue  the  distillation  and  the  "nesslerizing"  of 
the  successive  50-c.c.  portions  of  the  distillate  until 
no  coloration  is  obtained  even  after  standing  for  five 
minutes.  When  ammonia  ceases  to  be  detected,  the 
distilled  water  may  be  collected  for  use.  The  dis- 
tillation should  not  be  pushed  too  far,  both  on  account 
of  danger  to  the  retort  and  of  possible  production  of 
ammonia  from  decomposition  of  the  organic  material 
remaining  in  the  bottom. 

Alkaline  Potassic  Permanganate. — Dissolve  200 
grams  solid  potassic  hydroxide  and  eight  grams  crys- 
tallized potassic  permanganate  in  1,2.50  c.c.  of  pure 
water.     Boil  down  to  one  liter  and  keep  for  use. 

Sodic  Carbonate  Solution. — Saturated  water  solution 
of  the  pure  salt. 

Standard  Ammonium  Chloride  Solution. — Dissolve 
1..5706  grams  of  pure  dry  ammonium  chloride  in  half 
a  liter  pure  water.     Dilute  5  c.c.  of  this  solution  to 
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half  a  liter  with  pure  water.  This  second  solution 
will  represent  a  strength  of  0.01  milligram  of  NH3  per 
cubic  centimeter,  and  is  the  standard  solution  used. 

Determination  of  Free  Ammonia. — Fit  a  one-quart 
glass  tubulated  retort  to  a  large  Leibig  condenser, 
letting  the  neck  of  the  retort  pass  well  into  the  con- 
densing tube  and  through  a  large-size  soft-rubber 
stopper.  This  connection  must  be  thoroughly  tight. 
Place  250  c.c.  pure  water  in  the  retort  and  add  10 
c.c.  of  the  sodic  carbonate  solution.  Distil  off  three 
50-c.c.  Nessler  tubes  of  water,  and  "nesslerizc" 
the  third  in  order  to  be  sure  that  no  ammonia  yet 
remains  in  the  retort.  Any  ammonia  that  may  have 
resulted  from  the  imperfect  cleaning  of  the  apparatus, 
or  that  may  have  been  present  in  the  sodic  carbonate 
solution,  will  usually  all  go  over  in  the  first  50  c.c. 
of  distillate,  but  the  same  quantity  (i.e.  1.50  c.c.) 
must  be  distilled  off  in  all  cases  in  order  that  when  the 
actual  analysis  of  the  unknown  water  is  started  upon 
the  condition  as  to  volume  may  be  constant. 

In  fact,  it  may  be  conveniently  stated  here  that 
perfect  uniformity  of  conditions  is  a  requisite  for  success 
in  water  analysis. 

To  the  contents  of  the  retort  is  now  added  half  a 
liter  of  the  water  to  be  examined. 

Distil  and  catch  the  distillate  in  50-c.c.  Nessler 
tubes.  The  rate  of  the  distillation  should  be  so  man- 
aged as  to  allow  about  ten  minutes  for  the  filling 
of  each  50-c.c.  tube.  .Add  2  c.c.  "Nessler"  reagent 
to  each  tubeful,  and  continue  the  operation  with 
each  successive  portion  of  the  distillate  until  no 
further  reaction  for  ammonia  is  apparent  after  wait- 
ing five  minutes.  Usually  four  tubes  will  be  suffi- 
cient to  carry  off  all  free  ammonia,  but  it  is  customary 
to  distil  off  six. 

From  a  small  burette  measure  definite  amounts  of 
the  standard  ammonium  chloride  solution  into  several 
clean  Nessler  tubes.  Dilute  each  to  the  50-c.c. 
mark  with  pure  water,  add  2  c.c.  Nessler  solution, 
and  after  standing  for  five  minutes  compare  as  to 
depth  of  tint  with  the  distillates  already  "nessler- 
ized."  With  a  little  practice  it  will  be  found  easy, 
by  varying  the  amounts  of  standard  ammonium 
chloride  solution  used,  to  produce  tints  correspond- 
ing to  those  existing  in  the  distillates,  and  thereby  a 
most  accurate  knowledge  of  the  cjuantity  of  ammonia 
actually  present  may  be  obtained.  Such  ammonia 
existed  ready  formed  in  the  water,  either  free  or  as 
an  ammonium  salt,  and  passed  over  unchanged  with 
the  steam;  it  is,  therefore,  technically  known  as  "free 
ammonia." 

To  make  clear  the  calculation  of  results  let  us  cite 
an  example:  Suppose  the  first  tubeful  to  have  re- 
cjuired  9  c.c.  standard  ammonium  chloride  solution 
(diluted  to  50  c.c.)  to  match  its  color  when  "nessler- 
ized,"  the  second  one  3  c.c.  and  the  third  1  c.c.  Then, 
since  each  cubic  centimeter  of  the  standard  ammonium 
chloride  solution  corresponds  to  0.01  milligram  NHj, 
the  whole  amount  of  "free  ammonia"  present  in  the 
original  half-liter  of  water  would  be:  First,  0.09 
milligram;  second,  0.03  milligram;  third,  0.01  milli- 
gram; fourth,  0.00  milligram — total,  0.13  milligram. 
Alultiplying  this  by  two  to  obtain  the  quantity  for 
an  entire  liter,  and  remembering  that  1  milligram  is 
the  millionth  part  by  weight  of  a  liter  of  water,  we 
find  the  total  "free  ammonia"  present  in  the  water 
to  be  0.26  part  per  million. 

Albuminoid  Ammonia. — Throw  out  the  residue  re- 
maining after  the  distillation  for  free  ammonia,  clean 
the  retort  thoroughly,  and  refit  it  to  the  condenser. 
Place  in  the  retort  200  c.c.  pure  water  and  50  c.c.  of 
the  alkaline  permanganate  solution.  Distil  off  three 
50-c.c.  tubes  and  "nesslerize"  the  third  one  in  order 
to  insure  freedom  from  ammonia.  Add  half  a  liter 
of  the  water  under  examination,  and  proceed  with 
the  distillation  and  the  "nesslerizing"  of  the  suc- 
cessive  50  c.c.  portions   of  the  distillate,  as  in  the 
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dotermination  oi  free  aimnoiiia.  The  distillation  is  to 
be  continued  until  four  SO-c.c.  tubes  are  filled.  The 
ammonia  determined  by  this  distillation  will  be  total 
H.e.  "free"  plus  "albuminoid");  therefore,  from  the 
Nessler  reading  of  each  tubeful  of  distillate  must  be 
subtracted  the  reading  for  the  corresponding  tubeful 
for  "free  ammonia:"  the  difference  will  give  the 
"albuminoid  ammonia"  for  that  tube. 

The  calculation  is  entirely  similar  to  that  for  free 
ammonia,  as  stated. 

Concerning  the  interpretation  of  results,  Wanklyn 
is  very  dogmatic,  and  says:  "The  analytical  char- 
acters, as  brought  out  by  the  ammonia  process,  are 
very  distinctive  of  good  and  bad  waters,  and  are 
quite  unmistakable."  This  statement  is  altogether 
too  strong.  Waters  of  high  organic  purity  or  those 
of  gross  pollution  are  undoubtedly  easy  to  classify, 
but  with  the  numerous  cases  which  lie  about  the 
boundary  line  between  "good"  and  "bad,"  the 
greatest  care  is  to  be  exercised  in  the  reading  of 
results  and  the  passing  of  judgment. 

As  an  illustration  of  variation  in  the  ammonias,  the 
following  data  are  offered: 


n  sundry  surface  waters  kn 

ure. 

n  sundry  surface  waters  kn 

lolluted. 

n  sundry  ground  waters  kn 

ure. 

n  sundry  ground  waters  kn 


0.063 
0.182 
0.009 
0.107 


0.066 
0.228 
0.007 
O.OSI 


The  "free  ammonia"  in  artesian  wells  is  often  e.\- 
cessive,  under  circumstances  that  make  animal  con- 
tamination an  impossibility,  and  even  rain  water, 
freshly  collected  after  periods  of  long  drought,  will 
often  exhibit  properties  calculated  to  mislead  the 
analyst. 

Free  ammonia  is  at  times  very  high  in  the  rain 
water  collected  near  large  cities,  and  is  liable  to  run 
higher  in  winter  than  in  summer.  Of  course  high 
figures  under  such  conditions  are  without  objection, 


assuming  a  clean  roof  and  a  clean  ci.stern ;  but  when 
dealing  with  a  rain  water  it  must  be  always  borne  in 
mind  that  storage  cisterns  are  often  very  foul. 

As  a  further  aid  to  judgment  the  following  analyses 
are  given  of  sundry  waters  in  different  parts  of  the 
country,  several  of  them  having  caused  disease.  Also 
a  few  instances  of  waters  of  reliable  quality. 

OxTGEN-coNSCxiiNG  CAPACITY ("  Required  O.xygen"). 
— This  method  for  estimation  of  organic  matter  is 
Kubel's  modification  of  the  old  permanganate  process 
of  Forschammer.     The  necessary  solutions  are: 

Standard  Potassic  Permanganate  .Solution. — Dissolve 
0..39.52  gram  of  the  salt  in  one  liter  of  distilled  water. 
Each  cubic  centimeter  of  such  solution  will  contain 
0.1  milligram  of  oxygen  available  for  oxidation.  The 
available  oxygen  of  the  permanganate  in  presence  of 
sulphuric  acid  may  be  represented  by  the  equation 

KjMn.Os  +  3H,S0,  =  KjSO,  +  2MnSO, 

+  3HOo  +  50, 

Dilute  Sulphuric  Acid. — One  part  of  the  strong  acid 
to  three  of  di-stilled  water. 

Solution  of  Oxalic  Acid  (Ht.C2O4.2H2O).— Dissolve 
0.7875  gram  of  the  crystallized  acid  in  one  liter  of  dis- 
tilled water.  This  solution  if  titrated  against  the 
permanganate  solution  (while  hot,  and  in  presence 
of  H2SO4)  should  correspond  to  it  cubic  centimeter  for 
cubic  centimeter.  In  practice,  however,  this  corre- 
spondence will  be  found  to  be  approximate  only. 

The  solution  tends  to  grow  weaker  quite  rapidly 
with  lapse  of  time,  and  must  be  restandardized  every 
time  it  is  used.  This  is,  however,  but  a  slight  incon- 
venience, and  is  accomplished  as  follows: 

Ten  cubic  centimeters  of  the  oxalic-acid  solution, 
diluted  with  200  c.c.  pure  water  and  10  c.c.  of  the 
dilute  sulphuric  acid,  are  titrated,  boiling,  with  the 
standard  potassic  permanganate  solution,  and  the 
amount  of  the  latter  required  to  produce  a  pink  tinge 
is  recorded. 

Determination. — Place  in  a  porcelain  ca.sscrole  200 
c.c.  of  the  water  under  examination,  and  add  10  c.c.  of 
the  dilute  sulphuric  acid.  Heat  rapidly  to  incipient 
boiling,  and  run  in  the  standard  permanganate  solu- 
tion from  a  burette  until  the  water  has  a  very  marked 
red  color.  Boil  ten  minutes,  adding  more  perman- 
ganate from  the  burette  from  time  to  time,  if  neces- 


>  nitrate,    as  Ditraite. 


Required 
oxygen. 


Total 
solids. 


Impxire. 

Shallow  city  well 

City  well  30  feet  deep  (caused  typhoid) . . . , 

Rock-drilled  city  well  57  feet  deep 

Spring-water(caiised  repeated  cases  of  dysen- 
tery). 

Well  near  city 

Country  well,  strong  salty  taste 

Town  well 

City  well  250  feet  deep 

City  well  255  feet  deep 

City  well  226  feet  deep 

Deep  well  in  large  stock-yard,  Kansas  City.. 

Hudson  River,  at  Troy,  during  freshet 

Deep  city  well,  in  "  made  ground  " 

Pure. 

Peaty  mountain  stream  (autumn) 

Same  stream  in  winter 

Mountain  spring 

Town  supply,  Elizabethtown,  N.  Y 

Large  well-situated  spring 

High  mountain  lake  (peaty) 

Lake  Erie  (middle  of  lake) 

Lake  Superior  (forty  miles  from  shore) 

Flowing  wells  (New  Jersey  coast) 

Driven  wells  (Hempstead,  N.Y.) 

Domestic  well  (Catskill  Mountains) 


0.025 
0.003 
2.025 
0.01 

0.005 
0  59 
0.815 
1.59 
0.31 
1.11 
1.725 
0.42 
Excessive. 

0.055 

O.055 

0.04 

0.04S 

0.027 

0.01 

0.045 

0  03 

0.023 

0.013 

0.016 


0.08 
0.035 
0.0 
0.025 

0.045 
0.245 
0.075 
0.395 
0.02 
0.08 
0.025 
1.0 
Excessive. 

0.23 

0.117 

0.048 

0.002 

0.006 

0.34 

0.112 

0.02 

0.05 

0.004 

0.007 


122.0 

146.0 

69.0 

6.0 

24.0 
2,803.0 
36.0 
102.0 
58.0 
199.0 
80.0 
3.0 
47.0 

2.4 
1.9 
4.0 
1.05 
2.2 
2.0 
3.5 
1.0 
9.0 
2.5 
0.75 


17.38 
10.0 

0  025 

7.0 

9.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
0.875 

0.0 
O.OS 
1.404 
0.05 
1.6 
0.0 
0.08 
0.1 
0.5 
1.25 
.175 


Trace. 
0.0 
0.0 
0.0 

0.0 

0.25 
Trace. 
Trace. 

0.0 

0  0 
Trace 
Trace. 

0.0 

0.0 

0.0 
Trace. 

0.0 

0.0 

0.0 
Trace. 

0.0 
Trace. 

0.0 

0.0 


1 

4 

1 

0 

0 

85 

0 

1 

8 

1 

6 

45 

1 

3 

::":: 

2 

5 

7 

4 

6 

6 

0 

3 

0 

35 

0 

0 

G 

6 

1 

23 

1 

15 

0 

4 

0 

35 

0 

35 

554.0 
769.0 
487  0 
35.0 

215.0 
5.225.0 
421  .0 
681.0 
635.0 
779.0 


34.0 
47.5 

228.0 

'106.0 

90  0 

43.0 

134.0 
34.0 
30.0 
22.0 
32.0 
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sary,  in  order  to  maintain  the  intensity  of  red  color 
observed  at  the  start.  Do  not  let  the  color  fade 
nearly  out,  and  then  add  the  permanganate  in 
quantity  at  once,  but  strive  to  keep  the  color  as  nearly 
constant  as  possible  by  gradual  addition. 

Remove  the  lamp,  add  10  c.c.  (or  more,  if  neces- 
sary) of  the  oxalic-acid  solution  to  destroy  the  color, 
and  tlien  add  the  permanganate  solution  from  the 
burette  until  a  faint  pink  tinge  again  appears.  From 
the  total  permanganate  used  deduct  that  correspond- 
ing to  the  10  c.c.  (or  more,  if  more  was  used)  o.xalic 
acid  employed,  and  from  tlie  remainder  calculate  the 
milligrams  of  "required  oxygen"  consumed  by  the 
organic  matter  present  in  the  water.  Correction  must 
be  made  for  nitrites,  ferrous  salts,  or  hydrogen  sulphide 
if  any  of  them  be  present. 

Example: 

Total  permanganate  solution  used 25.0  c.c. 

Less  that  required  for  the  oxalic  acid 9.7  c.c. 

Hence  that  required  to  oxidize  organic  matter.  .  .^  15.3  c.c. 

Corresponding  to  1.53  niilligranis  oxygen. 
Therefore  "required  oxygen**  is  1.53  X  5  =  7.65  per  million. 

Comparates. — As  this  determination  deals  princi- 
pally with  the  organic  carbon  present,  the  readings 
are  naturally  high  in  the  cases  of  brown  peaty  waters, 
and  surface  waters  carrying  organic  matter  in  sus- 
pension. (See  the  list  of  analyses  given  above.) 
Average  in  sundry  surface  waters  known  to  be  pure, 
1.5S;  known  to  be  polluted,  .3.00;  average  in  sundry 
ground  waters  known  to  be  pure,  0.31;  known  to  be 
polluted,  1.06. 

Le.\d  and  Copper. — It  at  times  becomes  necessary 
to  examine  water  for  these  metals,  and  the  ease  with 
wliieli  their  dark  sulphides  may  be  formed  provides  a 
ready  method  (Miller). 

Prepare  a  standard  solution  of  lead  nitrate,  Pb- 
(NO;)2,  by  dissolving  1.5990  grams  of  the  salt  in  one 
liter  of  distilled  water.  Each  cubic  centimeter  will 
contain  one  milligram  metallic  lead. 

Place  the  water  in  a  100-c.c.  Nessler  tube;  add  a 
few  drops  of  concentrated  HCl,  followed  by  a  little 
colorless  ammonium  sulpliide  (maintaining  the  re- 
action acid)  and  match  the  tint  by  operating  in  a 
similar  manner  with  measured  amounts  of  the  standard 
lead  solution  diluted  to  100  c.c.  This  will  not,  of 
course,  distinguish  between  copper  and  lead,  but  dis- 
tinguishing is  not  commonly  necessary. 

In  order  to  test  the  action  of  the  water  upon  lead 
pipe,  permit  it  to  remain  in  contact  with  both  bright 
and  dull  lead  (in  separate  vessels)  for  twenty-four 
hours,  and  then  examine  the  water  as  above. 

Iron. — This  metal  is  objectionable  if  in  consid- 
erable quantity  (say  over  0.5  part  per  million),  par- 
ticularly in  water  to  be  used  for  washing  white  goods 
arid  for  dyeing.  _  A  knowledge  of  the  presence  of  iron 
will,  moreover,  aid  in  guarding  against  an  invasion  of 
iron-secreting  organisms  such  as  crenothrix. 

To  determine  its  quantity  acidify  a  suitable  volume 
of  the  water  with  aqua  regia;  concentrate  to  100  c  c  ■ 
place  in  a  100-c.c.  Nessler  tube;  add*  2  c.c.  of 
ammonium  sulphocyanatc  solution,  and  compare  tlie 
depth  of  color  produced  with  known  amounts  of 
standard  iron  solution  diluted  to  100  c.c.  and  similarlv 
treated  with  ammonium  sulphocvanate  solution. 

The  slandarit  iron  snliiliim  is  prepared  bv  dissolving 
.  tS'^^'A^  I?"'''^  "■""  '"  "  ''"'^^  HCl  to  whicha  few  drops 
of  HNO3  have  been  added,  and  then  diluting  to  one 
liter. 

.'^LUM. — When  examining  the  eflluent  from  me- 
chanical filters,  it  becomes  essential  to  determine  if 
any  undecomposed  coagulant  {i.e.  alum)  passes 
into  the  filtrate.  For  such  purpose  tiie  "logwood 
test     IS  by  far  the  most  valuable. 

Boil  some  logwood  chips  in  a  little  water  for  a  few 
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minutes  and  drain  off  the  resulting  extract.  Repeat 
the  boiling  and  again  discard  the  extract.  Boil  for 
the  third  time  about  fifteen  minutes  and  keep  the 
e.xtract  for  use. 

Place  about  100  c.c.  of  water  in  a  porcelain  dish,  add 
a  little  of  the  logwood  extract,  followed  by  a  little 
acetic  acid.  If  even  a  trace  of  alum  be  present  in  the 
water  a  violet  tinge  will  be  obtained,  which  will  not 
be  discharged  upon  addition  of  the  acetic  acid.  A 
"blank"  should  always  be  run  for  comparison.  The 
logwood  extract  is  reliable  but  for  a  short  time, 
especially  if  exposed  to  air.  It  is  never  safe  to  trust 
it  when  more  than  a  day  old. 

Logwood  for  this  test  cannot  be  readily  purchased, 
that  obtainable  from  the  druggists  being  usually 
worthless.  The  best  method  of  obtaining  it  is. per- 
sonally to  bore  the  chips  from  the  center  of  tlie  log. 

When  examining  the  fitrate  from  a  mechanical 
plant  by  the  logwood  test,  it  would  be  well  to  take  the 
alkalinity  also. 

If  the  filtrate  be  alkaline  free  alum  cannot  be 
present,  and  the  logwood  reaction,  if  then  found,  is 
due  to  particles  of  A1(()H)3  passing  the  sand  bed  and 
becoming  dissolved  in  the  reagents  employed. 

Lacmoid  should  be  used  as  the  indicator,  as  methyl- 
orange  does  not  indicate  an  acidity  due  to  alum. 

Bacteriological  Examination  of  Water. — For  the 
accomplishing  of  the  determinations  that  are  here 
proposed,  the  following  culture  media  should  be 
carefully  prepared  and  kept  ready  at  hand. 

The  methods  given  are  practicallv  tho.se  recom- 
mended by  the  Committee  on  Standard  Methods  of 
Water  Analysis. 

Nxilrieril  Gelatin. —  Take  3  grams  of  Liebig's  meat 
extract,  100  grams  of  French  gelatin  and  5  grams  of 
Witte's  peptone;  add  to  1  liter  of  water;  place  in  a 
double-walled  "oatmeal-boiler"  at  a  temperature  be- 
tween 35°  and  40°  C.  until  all  is  dissolved.  Add  the 
white  of  one  egg,  previously  shaken  up  with  about  its 
own  bulk  of  water,  and  stir  thoroughly.  Make  up 
with  water  any  lost  weight. 

Filter,  with  the  use  of  the  hot-water  funnel. 

The  proper  reaction  of  the  finished  medium  should 
be  -I- 10  {i.e.  an  acidity  equal  to  what  would  be  pro- 
duced by  the  addition  of  10  c.c.  of  normal  hydro- 
chloric acid  to  one  liter  of  the  medium  made  neutral  to 
phenolphthalein). 

In  order  to  secure  such  a  reaction  place  5  c.c.  of  the 
medium  in  a  porcelain  dish,  add  45  c.c.  distilled 
water  and  1  c.c.  of  a  solution  of  phenolphthalein  (0.5 
gram  phenolphthalein  in  100  c.c.  of  fiftv-per-cent. 
alcohol). 

Titrate  to  the  neutral  point  with  N/20  NaOH 
and  from  these  data  calculate  the  amount  of  normal 
HCl  required  to  be  added  to  the  bulk  of  the  medium 
in  order  to  bring  it  to  the  desired  degree  of  acidity, 
namely,  -|-10. 

The  said  normal  acid  having  been  added,  the 
mediurn  is  placed  in  test-tubes  plugged  with  cotton, 
10  c.c.  in  each,  and  sterilization  is  accomplished  by 
heating  in  an  autoclave  to  fifteen  pounds  pressure  for 
fifteen  minutes. 

Lactose  Bile. — Fifty  grams  dry  ox-bile  (Kip's)  ten 
grams  peptone  (Witte's)  and  ten  grams  lactose. 
Dissolve  in  one  liter  of  water.  The  best  vessels  in 
which  to  store  itarethe  "Smith's  fermentation  tubes" 
in  which  it  is  to  be  used.  Sterilize  in  the  autoclave 
at  15  pounds  for  15  minutes. 

Nutrient  Agar. — Although  plate  cultures  for  water 
examination  are  best  made  by  the  use  of  "nutrient 
gelatin."  it  is  sometimes  convenient  to  employ  a 
medium  with  a  higher  melting-point.  It  must  be 
noted,  however,  that  "counts"  of  colonies  growing 
upon  agar  must  not  be  compared  with  those  upon 
gelatin;  the  latter  medium  being  more  favorable  to 
an  increased  growth. 

To  make  one  liter  of  agar-agar:  A.  Add  3  grams 
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of  Liebig's  beef  extract  and  5  grams  of  peptone 
(Witte's)  to  500  e.c.  water.  Heat  at  65°  C.  and  shake 
thoroughly.  B.  Dissolve  10  grams  of  agar  in  500  c.c. 
of  water,  using  a  hot  water-bath,  and  make  up  any 
loss  caused  by  evaporation.  Add  A  to  B;  cool  to  45° 
C.,  then  warm  to  65°  and  adjust  reaction  to  +10. 
Filter  through  cotton.  Place  in  test-tubes,  10  c.c.  in 
each,  and  sterilize  in  autoclave  at  15  pounds  for  15 
minutes. 

Litmus  Solution. — Prepare  a  2  per  cent,  water  solution 
and  sterilize  as  in  culture  media. 

Litmus-lactosc-agar. — Lactose-agaris  prepared  in  the 
same  manner  as  nutrient  agar  with  the  additon  of  1 
percent,  lactose.  Its  reaction  should  be  neutral.  The 
litmus  .solution  (1  c.c.)  is  added  immediately  before 
pouring  into  the  Petri  dish. 

Empty  glassware  is  best  sterilized  by  a  single  heat- 
ing for  one  hour  to  170°  C. 

The  pipettes  used  for  the  measurement  of  the  water 
should  be  plugged  witli  cotton  near  the  end  which  is 
placed  in  the  mouth.  They  are  then  placed  in  cop- 
per containers  provided  with  well-fitting  covers  and 
sterilized  by  heating  to  160°  C.  for  one  hour. 

Water  samples  for  bacteriological  purposes  are 
taken  in  glass-stoppered  bottles  of  about  100  c.c. 
capacity.  The  stoppers  are  surrounded  with  lead 
foil,  which  is  in  turn  protected  by  a  cover  of  cloth  held 
in  place  by  a  proper  cord.  These  protected  bottles 
should  then  be  each  placed  in  a  copper  container  with 
close  fitting  cover  and  the  whole  sterilized  by  heating 
at  160°  C.  for  one  hour.  During  the  transportation 
the  bottles  filled  with  water  samples  should  be  packed 
in  ice. 

Upon  arrival  at  the  laboratory  1  c.c.  or  less  of  the 
water,  after  thorough  agitation,  is  transferred,  by 
means  of  a  sterilized  pipette,  to  a  sterile  Petri  disli. 
A  tube  of  nutrient  gelatin  (the  jelly  having  been 
previously  liquefied  by  immersing  the  tube  in  warm 
water  at  35°  C,  and  the  open  end  of  the  tube  having 
been  held  for  a  moment  in  the  Bunsen  flame)  is  then 
quickly  poured  into  the  Petri  dish,  and  mixed  with  the 
water  by  tilting  the  dish  forward  and  back.  After  the 
jelly  has  again  hardened  the  dish  should  be  maintained, 
in  the  dark,  at  a  temperature  of  20°  to  22°  C. 

When  agar  is  employed  it  should  be  melted  at 
100°  C.  and  then  cooled  to  43°  C.  before  being  mixed 
witli  the  water. 

Each  individual  bacterium,  finding  itself  embedded 
in  material  supplying  abundance  of  food,  proceeds 
to  surround  itself  by  a  multitude  of  its  offspring,  until 
at  length  the  "colony"  so  produced  becomes  large 
enough  to  be  seen  by  the  naked  eye.  These  colonies, 
each  of  which  corresponds  to  one  original  bacterium, 
are  of  various  sizes  and  shapes.  Some  of  them  do, 
and  others  do  not,  liquefy  the  nutrient  gelatin. 
The  method  of  sowing  water  samples  as  given  above 
is  that  in  common  use,  but  prefer- 
ence is  sometimes  given  to  the  use 
of  conical  Miquel  flasks,  usually 
two  and  one-half  inches  in  diameter 
at  the  bottom,  with  a  tubulated 
glass  cap,  ground  at  the  joint  (Fig. 
4909).  The  tubulation  is  plugged 
with  cotton.  Such  flasks  receive 
10  c.c.  each  of  the  culture  jelly  when 
it  is  first  made,  and  are  kept  in 
stock  like  the  test-tubes.  Taken 
i-iasK.  ^^   jjjg  field,   the}-  receive,   on   the 

spot,  the  measured  amount  of  water, 
and  the  chances  of  contamination  during  transfer  to 
the  Petri  dish  and  of  multiplication  during  the  journey 
of  the  water  sample  to  the  laboratory  are  thereby 
avoided. 

When  the  number  of  bacteria  present  is  large, 
the  "dilution  method"  conduces  to  greater  accuracy. 
One  cubic  centimeter  of  the  water  is  diluted  to  100 
c.c.  or  to  1,000  c.c.  with  sterilized  wafer  and  tlien  1 
c.c.  of  the  mixture  is  sowed  in  tlic  medium.     This 
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is  Miqucl's  favorite  method.  Of  course  this  dilu- 
tion must  be  done  with  great  care,  as  any  error  is 
multii)licd. 

Counting  the  colonies  of  bacleria  is  undertaken  forty- 
eight  hours  after  the  sowing,  according  to  the  official 
German  regulations,  but  it  is  well  to  delay  it  longer  or 
to  count  sooner,  according  as  the  danger  may  be  less  or 
greater  of  the  colonies  growing  into  each  other  and 
thus  confusing  the  count. 

Of  course,  what  is  required  is  the  maximum  count 
and  good  judgment  must  be  exercised  as  to  when  is 
the  best  time  to  secure  it.  For  purjjoses  of  com- 
parison (and  usually  comparison  examinations  arc 
the  most  important  form  of  water  investigations) 
two  days  will  be  found  a  proper  interval  between  the 
sowing  and  the  final  counting  of  the  colonies.  When 
the  number  of  the  colonics  is  large,  counting  must  be 
done  with  the  aid  of  a  ruled  glass  plate,  and  the  eye 
should  be  aided  by  a  small  hand  lens  magnifying  SJ 
diameters. 

Sundry  bacteria  are  capable  of  inducing  a  fermen- 
tative action,  with  evolution  of  gas  (principally 
CO2  and  H),  when  sown  in  a  medium  containing  one 
per  cent,  of  lactose.  The  Bacillus  coli  comniunis  is  a 
prominent  member  of  this  group,  and  the  persistent 
presence  of  many  of  these  organisms  in  a  water  is 
strong  evidence  of  its  contamination  by  intestinal 
products  from  man  or  the  higher  animals. 

Tests  for  B.  coli  communis. — To  each  of  ten  Smith's 
"fermentation  tubes,"  charged  with  sterile  lactose 
bile  add  1  c.c.  of  the  water.  Mix  by  tilting  the  tube, 
and  place  in  the  incubator  at  37°  C.  for  forty-eight 
hours. 

If  any  gas-forming  bacteria  be  present,  gas  will 
collect  in  the  closed  limb  of  the  tube,  and  some 
knowledge  of  the  numbers  of  such  organisms  present 
may  be  gained  by  observing  how  many  of  the  ten 
tubes  show  the  reaction. 

The  amount  of  gas  produced  is  stated  in  percentages 
of  the  length  of  the  closed  limb.  B.  coli  comttiunis 
wiU  fill  this  closed  limb  about  half  full  of  gas.  and  will 
do  so  rapidly,  usually  forming  that  much  gas  by  the 
end  of  the  first  day.  Sundry  other  "gas-formers  "  act 
more  slowly.  Therefore,  note  the  volume  of  gas 
formed  during  each  of  the  two  days. 

The  total  gas  will  often  on  the  second  day  be  dimin- 
ished in  volume,  due  to  solution  of  COj  in  the  liquid 
present. 

To  determine  the  CO2,  fill  the  bulb  to  overflowing 
with  solution  of  KOH;  close  the  orifice  with  the 
thumb  and  tilt  the  tube  a  number  of  times  to  cause 
the  KOH  to  absorb  the  CO^.  The  remaining  gas  is 
rated  as  hydrogen,  although  it  contains  also  a  little 
nitrogen  and  methane,  as  shown  by  Pennington  and 
Kiisel. 

Sowings  from  pure  cultures  gave  the  following 
averages:  Total  g.is,  35  per  cent.;  gas  formed  during 
first  day  (as  percentage  of  total  gas),  100  per  cent.; 
ratio  of  H  to  CO.,  71  to  29. 

The  liquid  in  the  bulb  of  the  fermentation  tube 
must  be  distinctly  acid  to  indicate  B.  coli. 

Gas  formation  amounting  to  10  per  cent,  or  more  by 
the  end  of  the  first  day  is  sufficient  proof  of  the  pres- 
sence  of  B.  coli.  If  no  gas  has  formed  at  the  end  of  48 
hours  there  is  sufficient  i)roof  of  the  absence  of  B.  coli. 

If  at  the  end  of  4S  hours  gas  is  present  in  any  amount, 
make  a  sowing  from  the  fermentation  tube  showing  gas 
to  a  litmus-lactose-agar  plate  and  incubate  at  37°  C.  for 
48  hours.  At  the  end  of  this  time  fish  from  such  plate 
the  two  most  typical  colonies  and  transfer  to  agar 
slants  and  to  lactose-bile  fermentation  tubes  and  incu- 
bate all  at  37°  C.  for  48  hours.  Examine  the  growths  on 
agar  for  spores.  The  absence  of  gas  formation  in  the 
lactose-bile  or  failure  to  demonstrate  non-spore-form- 
ing bacilli  on  the  agar  slants,  even  if  gas  is  formed  in 
the  bile  tubes,  shows  absence  of  B.  coli. 

\  moment  can  be  properly  spent  here  upon  the 
often  broached  topic  of  the  recognition  of  the  typhoid 
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germ  in  water,  and  also  a  word  added  with  reference 
to  the  diagnostic  value  of  the  demonstration  of  the 
presence  of  Bacilhis  coli  communis. 

Laws  and  Andrcwes,  in  their  report  to  the  London 
County  Council,  show  that  the  chance  of  discovering 
B.  typhosus  in  sewage  is  exceedingly  small.  They 
entirely  failed  to  find  it  in  London  sewage.  Finally, 
they  examined  the  sewage  flowing  (without  disinfec- 
tion) from  the  Eastern  Hospital  at  Homeston,  which 
same  received  the  dejections  of  forty  tj-phoid  patients. 
Out  of  a  whole  series  of  samples  examined  from  this 
latter  source,  only  two  colonies  of  B.  typhosus  were 
differentiated  with  certainty. 

A  similar  experience  has  been  recorded  by  prac- 
tically all  the  recent  observers,  and  consequently 
search  for  the  typhoid  germ  in  water  is  becommg 
unusual. 

The  present  position  of  this  question  is  tersely  sum- 
med up  by  Dr.  W.  H.  Welch,  of  Johns  Hopkins  Uni- 
versitv:  "The  most  which  can  be  expected  is  the 
determination,  not  of  the  actual  presence  of  the 
typhoid  bacillus,  but  of  the  possibility  or  probability 
of  its  presence.  Our  principal  guide  at  present  in 
drawing  conclusions  as  to  the  possible  presence  of  the 
tyi)hoid  baciflus  in  suspected  drinking-water  is  the 
recognition  of  fecal  bacteria,  and  more  particularly 
of  members  of  the  colon  group." 

With  regard  to  the  diagnostic  value  of  the  colon 
group  as  supplying  the  much-needed  "index  of  fecal 
pollution,"  it  must  be  stated  that  the  group  is  widely 
distributed,  and  is  often  found  in  waters  that  a 
"sanitarv  survey"  would  unquestionably  pronounce 
pure;  but  it  cannot  be  denied  that  its  persistent 
presence  in  large  numbers  is  an  indication  of  pollu- 
tion that  must  not  be  overlooked;  and,  moreover,  the 
proof  of  its  absence  serves  materially  to  aid  in  for- 
mulaitng  an  opinion  favorable  to  the  purity  of  a 
water. 

It  is,  of  course,  possible  to  proceed  much  further 
than  has  been  here  outlined  in  the  bacteriological 
examination  of  water,  but  for  routine  work  it  is  doubt- 
ful if  it  pays  to  go  beyond  the  tests  already  given. 
Moreover,  "it  should  be  said  that  to  rnake  such  tests 
of  real  value,  they  should  be  comparative  in  character; 
and  the  interpretation  of  results  should  be  based 
upon  data  furnished  by  closely  related  local  standards. 
For  more  detailed  directions  concerning  this  subject 
see  the  writer's  book  on  "Water  Examination." 

"Microscopical"  examination  of  water  has  for  its 
object  the  study  of  such  suspended  material,  whether 
organized  or  not,  as  may  be  examined  directly  without 


the  intervention  of  the  "culture"  methods  required 
for  bacteria.  Plants  and  animals,  dead  or  alive, 
amorphous  organic  material  and  inorganic  particles 
of  all  kinds,  are  classified  and  their  numbers  estimated 
by  this  form  of  investigation.  It  is  of  especial  value 
in  determining  the  cause  of  those  disagreeable  odors 
and  tastes  which  occur  in  stored  water  from  the 
abundant  growth  of  certain  small  aquatic  organisms. 
Concentration  of  the  water  sample  is,  of  course, 
necessary  in  order  to  make  a  proper  examination 
possible,  and  this  end  is  accomplished  by  a  modifica- 
tion of  the  original  Sedgwick-Rafter  apparatus. 

This  is  a  glass  cylinder  two  inches  in  diameter, 
terminating  in  a  conical  base.  The  small  cylindrical 
prolongation  of  the  cone's  apex  is  two  and  one-half 
mches  long  and  one-half  inch  in  diameter.  A  per- 
forated rubber  stopper,  with  its  hole  covered  by  a 
disc  of  fine  bolting-cloth,  is  fitted  to  the  smaller  end 
of  the  funnel  and  about  three-fourths  inch  of  carefully 
screened  fine  sand  (about  sixty  mesh)  is  poured  into 
the  narrow  tube  and  wet  down  with  distillled  water. 
From  2.50  to  500  c.c.  of  the  water  under  examination 
are  now  permitted  to  filter  through  the  sand.  After 
the  water  has  run  through,  the  sand  with  the  material 
strained  off  by  it  is  washed  into  a  test-tube  by  5  c.c. 
of  distilled  water  delivered  from  a  pipette.  The 
organisms,  sinking  in  the  test-tube  much  more  slowly 
than  the  sand  grains,  may  be  decanted,  with  the  water 
in  which  they  float,  into  a  second  test-tube.  From 
this  decanted  portion,  after  agitation,  1  c.c.  is  delivered 
by  a  pipette  to  a  covered  "counting  cell,"  which  it 
completely  fills.  The  objects  discovered  in  this  count- 
ing cell  will,  if  multiplied  by  five,  give  the  total  number 
originally  existing  in  the  entire  volume  of  water 
filtered. 

It  is  manifestly  impossible,  in  an  article  such  as  this, 
to  dwell  at  length  upon  the  very  extensive  subject  of 
microscopic  examination  for  plankton;  therefore  for 
purposes  of  general  differentiation  recourse  must  be 
had  to  the  writings  of  biologists  who  have  made  such 
work  a  specialty.  William  P.   Mason. 


Waukesha  Mineral  Springs. — Waukesha  County, 
Wisconsin. 

Post-office.  —  Waukesha.  Hotels,  sanatoriums, 
and  boarding-houses. 

Access. — Via  Chicago  and  Northwestern,  Chicago, 
Milwaukee,  and  St.  Paul,  and  Wisconsin  Central  Rail- 
road.    An  electric  line  connects  with  Milwaukee. 


Waokesha  Spri 

VGs— Grain 

s  IN  One  United  States  Gallon 

Bethesda. 

C.  F. 
Chandler. 

Clysmic. 

Fountain. 
Blaney. 

Hygeia. 
A.  Thiel. 

Silurian. 
W.  S. 
Haines. 

SoUdB. 

1 
Rathbone. 

2 
R.  O. 

Doremus. 

3 

R.  0. 
Doremus. 

Vesta. 
G.   Bode. 

1.26 

1.26 

4.31 

0.80 

1.02 

2.36 

0.30 
9.93 

0  41 

17.02 

16.04 

16.15 

15.90 

13.78 

16.73 

6.83 

12.39 

13.56 

9.22 

8.54 

9.20 

13.14 

0.13 

0.04 

0  04 

0.57 

0.69 

0.05 

0.58 

Trace. 
0.29 
Trace. 

0.19 
0..59 

0.70 
Trace. 

Sodium  sulphate 

0.54 

0  56 

0.69 

1.68 

0  36 

0,52 

0,55 

0.46 

0.46 
0.03 
1.17 
Trace. 

0  50 
0.43 
0.35 

0.-20 
0.45 
0.55 

0.82 
0.04 
1.25 
0.72 

0.15 
Trace. 

1.16 
0.12 

Trace. 
0.09 

0    13 

Alumina 

Trace. 
0.80 
Trace. 

Trace. 
0.81 
Trace. 

Silica 

0.94 
1.98 

0.72 
1.62 

0.85 
0.31 

0   85 

35.91 

35.46 

33.02 

29.02 

25.36 

36.21 

18.69 
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Waukesha,  the  county  seat  of  Waukesha  County, 
is  located  sixteen  miles  west  of  Milwaukee,  and  ninety- 
eight  miles  northwest  of  Chicago.  The  elevation  here 
is  about  800  feet  above  tide-water.  The  surrounding 
country  is  of  a  rolling  character,  well  wooded  and  has  a 
sandy,  gravelly  soil.  The  natural  advantages  of  the 
place  have  made  it  a  general  society  center  of  the 
Northwest  during  the  summer  season.  The  usual 
population,  of  about  6,400,  is  increased  during  the 
hot  months  to  more  than  10,000.  In  the  year  189.5 
there  were  143  clear  days,  1.30  partly  cloudy,  and 
ninety-two  cloudy  days.  The  summer  weather  is 
usually  of  a  delightful  character,  and  quite  free 
from  days  of  oppressive  heat.  The  average  an- 
nual rainfall  from  1892  to  1895,  inclusive,  was 
28.02  inches.  The  village  contains  various  hotels 
and  boarding-houses.  In  addition,  the  houses  of 
private  citizens  are  often  thrown  open  to  visitors. 
Among  the  best-known  hotels  are  the  Fountain  Inn, 
Resthaven  Hotel,  Hotel  Waukesha,  Terrace  Hotel, 
Schlitz  Hotel,  and  .\rlington  Hotel.  Most  of  the 
hotels  maintain  bands  during  the  .season.  Open-air 
public  concerts  are  also  given  morning  and  evening. 
There  is  one  theater  in  the  place  besides  two  public 
halls.  The  Fox  River  runs  through  Waukesha,  and 
is  large  enough  for  row  boats.  This  is  a  region  of 
lakes,  there  being  no  less  than  thirty-six  in  Waukesha 
County,  the  most  remote  being  only  eighteen  miles 
distant.  The  lakes  are  surrounded  by  hotels  and 
cottages,  and  during  the  summer  they  constitute  a 
vast  picnic  ground.  The  prime  attraction  of  Wau- 
kesha, however,  is  found  in  the  great  group  of  mineral 
springs  located  here.  The  waters  of  these  springs  are 
chiefly  alkaline  and  chalybeate.  They  have  become 
known  throughout  the  United  States.  Analyses  of 
some  of  the  most  important  are  given  on  p.  492. 

Other  well-known  springs  at  Waukesha  are  the 
White  Rock,  Glen  Rock,  Horeb,  Gibson,  Siloam, 
Mineral  Rock,  Vitaqua,  Arcadian,  Henk,  Roxo,  and 
Silurian.  It  will  be  observed  that  the  principal 
ingredient  of  all  these  waters  is  bicarbonate  of  mag- 
nesium. Their  action  in  the  system  is  antacid,  mildly 
laxative  after  continuous  use,  and  diuretic.  They 
have  a  useful  application  in  dyspepsia,  abdominal  en- 
gorgement, Bright's  disease,  diabetes,  and  bladder 
troubles.  Some  of  them  are  excellently  adapted  for 
table  use.  E.uiiA  E.   Walker. 


Webster  Springs. — Webster  County,  West  Vir- 
ginia. 

Post-office. — Webster  Springs. 

AccE.ss.— Via  West  Virginia  Midland  Railroad, 
connecting  with  the  Baltimore  and  Ohio  Railroad  at 
HoU}'  Junction.  Direct  connections  are  made  with 
through  trains  from  the  east.  Hotels  and  boarding- 
houses. 

The  springs  here  formerly  called  Addison  Sulphur 
Springs,  include  two  natural  fountains  and  one  bored 
well. 

The  following  analysis  is  of  water  from  the  "Old 
Spring." 

U.  S.  Experimental  Station.  Morpantown,  West  Va. 

James  H.  Stew.\bt,  Director. 

C.  D.   Howard,  Chemist. 

May  1.  1904 

Grains 
per  U.S. 
Gallon. 

Ammonium  chloride 0.290 

Potassium  chloride 1 .282 

Lithium  chloride 0.417 

Sodium  chloride 343.217 

Cesium  chloride .absent. 

Rubidium  chloride Absent. 

Magnesium  chloride 12.167 

Calcium  chloride 17.798 

Sodium  bromide 0.210 


Sodium  iodide 0 . 0.58 

Sodium  bisulphate 0.762 

Sodium  thiosulphatc 0..'J66 

Sodium  thioarsenite Trace. 

Sodium  metaborate 0 . 0.S7 

Ferrous  bicarbonate 0  .051 

Manganese  bicarbonate 0  .021 

Calcium  bicarbonate 17.606 

Strontium  bicarbonate 0.626 

Barium  bicarbonate 0 .  777 

Calcium  fluoride Trace. 

Calcium  phosphate 0 .  007 

Alumina 0.002 

Silica. 0 .454 

Albuminoid  ammonia .\bsent. 

Sulphur  dissolved  as  persulphate 0.053 

Total 396.258 

Cubic 
Gases.  inches  per 

gallon. 

Free  carbonic  acid 1 .  64 

Half  bound  carbonic  acid 10. 22 

Dissolved  oxygen 0 .  17 

Nitrogen Undetermined. 

Sulphureted  hydrogen 0 .  S5 

Carbureted  hydrogen Considerable. 

Temperature 56°  F. 

The  water  has  a  strong  salty  flavor,  but  most 
persons  find  it  quite  palatable: 

Following  is  an  analysis  of  the  Salt  Lithia  Water, 
made  by  Penniman  and  Brown,  analytical  chemists  of 
Baltimore.  Maryland; 

Grains 
per  U.  S. 
gallon. 

Silica 0  86 

Alumina 1    20 

Oxide  of  iron 0.27 

Calcium  carbonate 13.44 

Strontium  carbonate 3.24 

Sodium  phosphate 1 .  04 

Sodium  sulphate Trace. 

Calcium  chloride 105.56 

Magnesium  chloride ,  ,  45.76 

Manganous  chloride Trace. 

Potassium  chloride 3.41 

Lithium  chloride 5.69 

Sodium  chloride 989.56 

Ammonium  chloride. .    0.35 

Total 1.070  38 

Webster  Springs  is  picturesquely  located  in  a 
beautiful  valley  of  the  Allegheny  Mountains.  The 
Springs  are  about  2,000  feet  above  the  sea-level,  and 
the  surrounding  country  is  of  a  mountainous  char- 
acter with  a  variety  of  pleasing  scenery,  noted  for  its 
wild  grandeur.  Statements  appear  to  agree  that  the 
waters  here  possess  value  in  disorders  of  the  alimen- 
tary tract,  liver,  and  kidneys.  They  are  of  undoubted 
benefit  in  cases  of  chronic  constipation  and  abdominal 
congestion;  in  rheumatic  disorders,  gout,  and  skin 
diseases.  Emma  E.  Walker. 


Weigert,  Karl. — Born  at  Munsterberg,  in  Silesia, 
March  19,  1845.  He  studied  medicine  at  the  uni- 
versities of  Breslau,  Berlin,  and  Vienna.  From  1808 
to  1870  he  was  one  of  Waldeyer's  laboratory  assistants 
in  Breslau;  from  1871  to  1874  he  held  a  similar  posi- 
tion under  Lebert  in  the  same  university;  and  then, 
for  a  period  of  nearly  ten  years,  he  assisted  Cohnheim, 
first  in  Breslau  and  afterward  in  Leipzig.  In  1884, 
after  Cohnhcim's  death,  he  accepted  the  position  of 
Professor  of  Pathological  .\natomy  at  Frankfort  on 
the  Main.  In  1899  he  w.as  made  an  Honorary  Mem- 
ber of  the  Institute  for  Ex-perimental  Therapeutics, 
and  in  the  same  year  the  title  of  Geheimer  Medizinal- 
Rat,  was  conferred  upon  him.     He  died  in  1905. 

The  following  are  among  the  more  important  of  his 
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published  writinps:  "Erste  Farbung  von  Bacterien- 
haufcn,"  1S71;  "Farbung  der  Bacterien  mit  Anilin- 
farbi'n,"  1S75;  and  "Entdeckung  der  Venentubercu- 
iosc  und  ihrer  Beziehung  zur  acuten  Miliartubcr- 
culo.se,  etc."  A.   H.  B. 


Weights  and  Measures. — There  are  several  .sys- 
tems of  weights  and  measures  used  by  Englisli- 
speaking  peoples,  viz.,  avoirdupois,  apothecaries', 
and  troy  weights,  the  United  States  and  the  Imperial 
measures  of  quantity,  the  United  States  and  English 
linear,  square,  and  cubic  measures,  and  the  metric 
system  of  both  weights  and  measures. 

The  system  of  weights  and  measures  used  in  this 
country  "in  the  compounding  of  prescriptions  is  that 
which  was  in  force  in  England  prior  to  1826  and  is 
known  as  the  apothecaries'  system.  Since  1826 
the  British  Pharmacopoeia  has  employed  the  avoir- 
dupois system  of  weights  and  the  Imperial  liquid 
measures.  In  both  the  avoirdupois  and  the  apothe- 
caries' systems  the  weight  of  the  grain  is  the  same, 
but  the  "higher  units  differ.  The  minim,  dram,  and 
ounce  of  the  Imperial  system  are  slightly  smaller  than 
these  units  in  the  United  States  system  of  measures, 
but  the  pint,  quart,  and  gallon  of  the  Imperial  have 
a  greater  capacity  than  the  units  of  the  same  name  in 
the  United  States  svstem. 


Pound 

(lb.) 


Scruples 
^3) 

(gr.) 

7.000 
437.5 
27.343 

The  troy  system  is  used  in  weighing  precious  metals, 
jewels,  and  coins.  The  pound,  ounce,  and  grain  are 
the  same  as  in  the  apothecaries'  system,  but  the 
intermediate  unit  is  the  pennyweight  (24  grains), 
20  of  which  make  an  ounce. 


LiQLi 


Galloi 
(C) 


Im/ierinl. 

Pints 

Fluid 

Fluid 

Minilr 

(O) 

ounces 

drams 

(■tt) 

(fl.5) 

Cfl.3) 

8 

160 

1.280 

76,800 

2 

40 

320 

19,200 

1 

20 

160 

9,600 

1 

8 

1 

480 
60 

UnUed 

States. 

8 

128 

1.024 

61,440 

2 

32 

256 

15,360 

1 

16 

128 

7,680 

Linear  Measu 

ElES. 

Rods     Yards 

Feet 

Inches 

Lines 

320       1.760 

5,280 

63,360 

760,320 

40          220 

660 

7,920 

94.040 

1               5.5 

16.5 

198 

2.376 

1 

3 

36 

432 

1 

12 

144 

The  Metric  Svstem. — The  metric  or  decimal  sys- 
tem of  weights  and  measures,  devised  in  ifoi,  is 
based  upon  the  length  of  the  terrestrial  meridian, 
the  unit  of  measure,  the  meter,  being  one  forty- 
millionth  part  of  this,  or  one  ten-millionth  of  the 
meridian  quadrant,  or  the  distance  from  the  pole  to 
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the  equator;  this  is  the  theoretical  meter,  the  actual 
standard  meter  being  the  length  of  a  platinum  rod 
(at  0°C.)  called  the  tnttre  des  archives,  constructed  by 
Borda  and  kept  in  Paris.  It  is  variously  computed 
to  be  equivalent  to  39.37027  or  39.36085  inches. 

Upon  the  meter  is  based  the  entire  system  of  weights 
and  measures.  Thus  the  mcler  is  the  unit  of  linear 
measure;  the  are  (which  is  the  square  of  ten  meters) 
the  unit  of  land  measure;  the  liter  (the  cube  of  a  tenth 
of  a  meter,  or  a  cubic  decimeter)  is  the  unit  of  ca- 
pacity; the  gram  (the  weight  of  one  one^thousandth  of 
a  liter  of  water  at  4°  C.  in  vacuo)  is  the  unit  of  weight 
for  small  quantities,  the  kilogram  (1,000  grams)  for 
large  quantities.  Multiples  and  fractions  of  the  meter, 
liter,  and  gram  are  expressed  by  prefixes  derived  from 
Greek  numerals  for  multiples  and  from  Latin  numerals 
for  fractions.     These  prefixes  are  as  follows: 

Myria-,  meaning  ten  thousand. 
Kiln-,  meaning  one  thousand. 
Heklo-,  meaning  one  hundred. 
Deka-,  meaning  ten;  and 


Greek 


f  Deci-, 

Latin  -I  Centi- 

[  Milli- 


meaning  one-tenth, 
meaning  one  one-hundredth, 
meaning  one  one-thousandth. 


Of  these  onlv  kilo-,  centi-,  and  milli-  are  in  com- 


mon use. 


Line 
1  Myriameter 
1  Kilometer 
1  Hektometer 
1  Dekameter 
1  Meter 
1  Decimeter 
1  Centimeter 
1  Millimeter 


10.000 

1,000 

100 


meters, 
meter, 
meter. 


In  addition  to  the  above,  microscopists  employ 
the  micron  (formerly  improperly  called  micromilli- 
meter)  which  is  the  millionth  part  of  a  meter,  or  the 
thousandth    of   a   millimeter,  practically  -jiSffn  inch. 


1  Kiloliter 

= 

1,000 

liters 

1  Hektoliter 

= 

100 

liters 

1  Dekaliter 

= 

10 

liters. 

1  Liter 

= 

1 

liter. 

1  Deciliter 

= 

1       liter. 

1  Centiliter 

= 

01     liter. 

1  Milliliter 

= 

001  liter. 

The  only  volume  units  employed  by  chemists, 
pharmacists,  and  physicians  are  the  liter  and  the  cubic 
centimeter.  The  cubic  centimeter  is  practically 
identical  with  the  milliliter.  The  abbreviation  of 
cubic  centimeter  is  c.c,  but  the  U.  S.  Pharma- 
copoeia of  1910  has  directed  that  this  volume  be  indi- 
cated by  mil  (milliliter). 


1  Kilogram 
1  ilektogran 
1  Dekagram 
1  Gram 
1  Decigram 
1  Centigram 
1  Milligram 


Weights. 
=  1.000 
=     100 


grams. 

grams. 

grams. 

gram. 
.  1  gram. 
.01  gram. 
.001  gram. 


The  kilogram,  gram,  and  centigram  are  the  most 
commonly  employed  units  of  w^eight.  The  abbrevia- 
tion of  gram  is  gm.,  often  written  with  a  capital — Gm. 

Equivalents.* — Tables  of  exact  equivalents  of 
metric  and  apothecaries'  and  avoirdupois  weights, 
and  metric  and  English  and  American  measures  are 
given  below,  but  for  rough  calculations  the  following 
will  suffice: 

Linear  Measures. — One  kilometer  =  I  mile  or 
3,281    feet;    8   kilometers  =  5   miles;    1    meter  =  39 

•  From  "  A  Practical  Medical  Dictionary,"  William  Wood  and 
Company,  New  York. 
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inches;    1    centimeter  =  5    inch;    1    niilHmeter  =  ^ 
inch  or  |  line;  1  micron  =  jsJi^ij  inch. 

One  mile  =  1|  kilometers;  1  yard  =  92  centi- 
meters; 1  foot  =  30.5  centimeters;  1  inch  =  25 
millimeters;  1  line  =  2  millimeters. 

To  convert  kilometers  to  miles,  multiply  by  5 
and  divide  by  8;  to  convert  miles  to  kilometers 
multiply  by  8  and  divide  bj-  5. 

To  convert  meters  to  yards,  multiply  by  70  and 
divide  by  64;  to  convert  yards  to  meters  multiply 
by  64  and  divide  by  70. 

To  convert  centimeters  to  feet,  multiply  by  10 
and  divide  by  307;  to  convert  feet  to  centimeters 
multiply  by  307  and  divide  by  10. 

To  convert  millimeters  to  inches,  multiply  by  10 
and  divide  by  254;  to  convert  inches  to  millimeters 
multiply  by  254  and  divide  by  10. 

Weights. — One  kilogram  =  2J  pounds,  or  35J 
ounces,  avoirdupois;  1  gram  =  loJ  grains. 

One  pound  avoirdupois  =  453.6  grams;  1  ounce 
avoirdupois  =  28.4  grams;  1  dram  =  3.89  grams;  1 
grain  =  0.005  gram. 

To  convert  kilograms  to  pounds  avoirdupois 
multiply  by  1,000  and  divide  by  4.54;  to  convert 
pounds  avoirdupois  to  kilograms,  multiply  bv  454 
and  divide  by  1,000. 

To  convert  grams  to  ounces  avoirdupois,  multiply- 
by  20  and  divide  by  567;  or  simply  divide  by  30; 
to  convert  ounces  avoirdupois  to  grams,  multiply  by 
567  and  divide  by  20;  or  simply  multiply  by  30. 

To  convert  grams  to  drams,  divide  by  4;  to  convert 
drams  to  grams  multiply  by  4. 

To  convert  grams  or  fractions  of  a  gram  to  grains, 
multiply  by  155  and  divide  by  10,  or  simply  multiply 
by  15;  to  convert  grains  to  grams,  multiply  by  10 
and  divide  by  155,  or  simph'  divide  by  15. 

To  convert  centigrams  to  grains,  divide  by  6;  to 
convert  grains  to  centigrams,  multiply  by  6. 

To  convert  milligrams  to  grains,  divide  by  60;  to 
convert  grains  to  milligrams,  multiply  by  60. 

Fluid  Measures. — One  liter  =  1.76  imperial  pints 
or  2.1  U.  S.  pints;  1  cubic  centimeter  =  17  minims 
(B.  P.)  or  16i  minims  (U.  S.  P.). 

One  imperial  gallon  =  4.55  liters;  1  U.  S.  gallon  = 
3.79  liters;  1  imperial  pint  =  568  cubic  centimeters; 
1  U.  S.  pint  =  473  cubic  centimeters;  1  fluidounce 
(B.P.)  =  28.4  cubic  centimeters;  1  fluidounce  (U.  S.  P.) 
=  29.5  cubic  centimeters;  1  fluid  dram  (B.  P.) 
=  3.5  cubic  centimeters;  1  fluid  dram  (U.  S.  P.)  = 
3.7  cubic  centimeters;  1  minim  =  0.065  cubic 
centimeter. 

To  convert  liters  to  imperial  gallons,  multiply  by 
22  and  divide  by  100;  to  convert  liters  to  V.  S.  gallons, 
multiply  by  265  and  divide  by  1,000  (by  moving  the 
decimal  point  three  places  to  the  left);  to  convert 
imperial  gallons  to  liters,  divide  by  22  and  multiply 
bv  100;  to  convert  U.  S.  gallons  to  liters  divide  by 
265  and  multiply  by  1,000. 

To  convert  liters  to  imperial  pints,  multiply  by 
88  and  divide  by  50;  to  convert  liters  to  U.  S.  pints, 
multiply  by  21  and  divide  by  10;  to  convert  imperial 
pints  to  liters,  multiply  by  50  and  divide  by  88; 
to  convert  U.  S.  pints  to  liters,  multiply  by  100  and 
divide  by  21. 

To  convert  cubic  centimeters  to  fluid  drams 
(B.  P.),  multiply  by  2  and  divide  by  7;  to  convert 
cubic  centimeters  to  fluid  drams  (U.  S.  P.),  multiply 
by  20  and  divide  by  74;  or  in  both  cases  simply 
divide  by  4;  to  convert  fluid  drams  (B.  P.)  to  cubic 
centimeters,  multiply  by  7  and  divide  by  2;  to 
convert  fluid  drams  (U.  S.  P.)  to  cubic  centimeters, 
multiply  by  74  and  divide  by  20;  or  in  both  cases 
simply  multiply  by  4. 

To  convert  cubic  centimeters,  or  fractions  thereof, 
to  minims,  multiply  by  100  and  divide  by  6;  to 
convert  minims  to  cubic  centimeters,  multiply  by  6 
and  divide  by  100  (by  moving  the  decimal  point 
two  places  to  the  left). 


Metric  BqutvaUnta 

of  Apothecaries' 

Wct'jhls. 

Grains 

Grams. 

Grains 

Grams. 

lio 

0.000.539 

7 

0.4.53586 

lis 

0.000648 

8 

0.518384 

b'o 

0.001079 

9 

0.. 583 1 82 

.■. 

0.001296 

10 

0.647980 

A 

0.002159 

1.5 

0.971970 

A 

0 . 002592 

20 

1.295960 

A 

0.003237 

30 

1.943940 

A 

0.005399 

Drams. 

Grams. 

A 

0.000479 

1 

3.88788 

i 

0.008098 

2 

7.77576 

i 

0.010798 

3 

11.66364 

i 

0.016197 

4 

15.55132 

i 

0.021.597 

Ounces 

Grams. 

i 

0.032.39.5 

1 

31.10394 

1 

0.064798 

2 

62.20788 

2 

0.129596 

3 

93.31182 

3 

0.194.394 

4 

124.41.576 

4 

0.259192 

6 

186.62364 

5 

0.323990 

12 

373.24728 

6 

0.388788 

MeiTi 

c  Equivntenta 

of  Av 

oiTdupoia  Weightg. 

The  equivalents  for  grains  and  frartiona  of 

1  grain  are  the  same 

those  of  apothe 

caries"  weight 

Drams. 

1 

Grams. 
1.77182 

Ounces. 

1 

Grams. 
28.34912 

2 

3.54364 

2 

56.69824 

3 

5.31546 

8 

226.79296 

4 

7.08728 

16 

453.58592 

S 

14. 17456 

Equivalents  of  Metric  in  Apothe 


■  Avoirdupois  Weight* 


Grams. 

Grains. 

Grams. 

Grains. 

O.OUl 

0.01543 

0.2 

3.08678 

0.002 

0.03086 

0.3 

4.63017 

0.003 

0.04629 

0.4 

6.17369 

0.004 

0.06173 

0.5 

7.71899 

0.005 

0.07716 

0.6 

9.26039 

0.006 

0.09261 

0.7 

10.80379 

0.007 

0. 10803 

0.8 

12.34719 

0.008 

0.12347 

0.9 

13.89059 

0.009 

0.13891 

1.0 

15.43399 

0.01 

0.1.5433 

2.0 

.30.86798 

0.02 

0.. 30806 

3.0 

46.30197 

0.03 

0.46.301 

4.0 

61.73598 

0.04 

0.61735 

5.0 

77.16995 

0.05 

0.77169 

fi.O 

92.60394 

0.06 

0.92603 

7.0 

108.03793 

0.07 

1.08037 

8.0 

123.47196 

0.08 

1.23471 

9.0 

138.90.591 

0.09 

1.38905 

10.0 

154.33991 

0.1 

1.54339 

Kilograms. 

Pounds 

Ounces 

{avoirdupois) 

( 

avoirdupois). 

1 

2 

2048 

35.27 

2 

4 

4096 

70.55 

5 

11 

0240 

176.37 

10 

22 

0480 

352.74 

Metric  Etjuivalenta  of  U.  S.  Apothe< 


inims. 

Cubic 
centimeter 

rfn 

0.000513 

,i^ 

0.000616 

■■o 

0.001027 

.'. 

0.001232 

A 

0.002054 

A 

0.002464 

J^ 

0.00.3081 

i"" 

0.005133 

A 

0.000161 

i 

0.007703 

i 

0.010271 

i 

0.015405 

i 

0.020542 

i 

0.030809 

Cubic 
centimeters. 
0.001618 
0.123236 
0.184854 
0.246472 
0.308091 
0.309708 
0.431326 
0.492944 
0.334.562 
0.616181 
0.924272 
1 . 232362 
1.848343 
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Fluid 

Cubic 

Fluid 

Cubic 

drams. 

centimeters. 

ounces. 

ccntimetcra 

1 

3.697086 

1 

29.570680 

2 

7.394172 

2 

59.153372 

3 

11.091258 

3 

88.730058 

4 

14.788344 

4 

118.300744 

5 

18.485431 

0 

177.400116 

6 

22.182516 

12 

354.920232 

7 

25.870602 

10(pt.) 

473.226976 

Metric  Equivalents  of  Imperial  Apothecaries 

Measures. 

Minims. 

Cubic 
centimeters. 

Minims. 

Cubic 
centimeters. 

I>0 

0.000493 

1 

0.059205 

lie 

0.000592 

2 

0.118410 

^0 

0.000985 

3 

0.177615 

.'o 

0.001184 

4 

0.236820 

,\ 

0.001971 

5 

0  296025 

A 

0.002368 

6 

0.355230 

A 

0.002961 

7 

0.414435 

A 

0.004934 

8 

0.473640 

A 

0.005920 

9 

0.532845 

i 

0.007395 

10 

0.592050 

i 

0.009859 

15 

0.888075 

i 

0.014790 

20 

1.184100 

i 

0.019718 

30 

1.776150 

i 

0.029601 

45 

2.664225 

Fluid 

Cubic 

Fluid 

Cubic 

drams. 

centimeters. 

ounces. 

centimeters 

1 

3.5523 

1 

28.4184 

2 

7.1046 

2 

56.8368 

3 

10.6569 

3 

85.2552 

4 

14.2092 

4 

113.6736 

5 

17.7615 

5 

142.0920 

6 

21.3138 

6 

170.5104 

7 

24.8661 

10 

284.1840 

20(pt.) 

568.3680 

Equivalents  of  Metric  in  IJ . 

.S.  Apothecaries 

Measures. 

Cubic 

Cubic 

Centimeters 

Minims. 

centimeters. 

Minims. 

0.001 

0.01623 

0.2 

3.24682 

0.002 

0.03246 

0.3 

4.87023 

0.003 

0.04871 

0.4 

6.49364 

0.004 

0.06493 

0.5 

8.11706 

O.OO.'J 

0.08117 

0.6 

9.74047 

0.006 

0.09741 

0.7 

11.36388 

0.007 

0.11363 

0.8 

12.98729 

0.008 

0.12987 

0.9 

14.61071 

0.C09 

0.14611 

1.0 

16.23412 

0.01 

0.10234 

2.0 

32.46824 

0.02 

0.32468 

3.0 

48.70236 

O.Oli 

0.48702 

4.0 

64.93648 

0.04 

0.64936 

5.0 

81.17001 

0.0.5 

0.81171 

6.0 

97.40473 

0.08 

0.97404 

7.0 

113.63885 

0.07 

1.13638 

8.0 

129.87297 

O.OS 

1.29872 

9.0 

146.10709 

0.0!) 

1.46107 

10.0 

162.34122 

0.1 

1.02341 

Liter. 

Fluid  ounces. 

Pints. 

1 

33.82108 

2.11381 

EQuitalents 

of  Metric  in   Imp 

■rial  Apothecaries*   Measures. 

Cubic 
centimeters. 

Minims. 

Cubic 
centimeters. 

Minims. 

0.001 

0.01689 

0.2 

3.37822 

0.002 

0.03378 

0.3 

5 . 06733 

0.003 

0.05067 

0.4 

6.75644 

0.004 

0.06756 

0.5 

8.44.556 

0.005 

0.08445 

0.6 

10.13467 

0.006 

0.10134 

0.7 

11.82378 

0.007 

0.11823 

0.8 

13.51289 

0.008 

0.13512 

0.9 

15.20200 

0.009 

0.15202 

1.0 

16.89112 

0.01 

0.16891 

2.0 

33.78224 

0.02 

0.33782 

3.0 

50.67336 

0.03 

0.50673 

4.0 

67.56448 

0.04 

0.07564 

5.0 

84.45560 

0.0.5 

0.84455 

6.0 

101.34672 

0.00 

1.01346 

7.0 

118.23784 

0.07 

1.18237 

8.0 

135.12896 

0.08 

1.35128 

9.0 

152.02008 

0.09 

1.52020 

10.0 

168.91123 

0.1 

1.68911 

Fluid. 
35.19691 


Pints. 
1.76984 


AppROxbiATE  Liquid  Measures. — In  America  a  tea- 
spoonful  is  reckoned  as  1  fluid  dram,  or  4  c.c;  a 
dessertspoonful  as  2  fluid  drams,  or  8  c.c;  a  fable- 
spoonful  as  half  an  ounce,  or  10  c.c.  Elsewhere  a 
teaspoonful  is  regarded  as  approximately  the  equiva- 
lent of  5  c.c.  (85  minims  B.  P.);  a  tablospoonful  as 
three  teaspoonfuls  or  15  c.c.  (255  minims  B.  P.). 

A  wineglassful  is  2  fluid  ounces,  or  64  c.c;  a  tea- 
cupful  =  2  wineglassfuls,  4  fluid  ounces,  125  c.c;  a 
tumblerful  =  4  wineglassfuls,  8  fluid  ounces,  half  a 
pint,  250  c.c. 

A  drop  is  a  measure  of  very  uncertain  quantity, 
varying  in  size  not  only  according  to  the  nature  of 
the  liquid  but  also  according  to  the  shape  of  the 
container,    and    its    aperture,    from    which    it    falls. 

In  some  of  the  Pharmacopoeias  the  size  of  the  drop 
is  standardized  by  means  of  a  pipette  with  a  diameter 
of  three  millimeters  giving  twenty  drops  of  distilled 
water  per  gram.  Thomas  L.  Stedman. 


Well's  Disease. — Synonyms. — S]iirnch(slo.sis  Icie- 
rohcemorrhagica,  Acute  Infective  Jaundice. — An  acute 
infectious  disease  characterized  by  muscular  pain, 
fever,  jaundice,  enlargement  of  the  liver  and  spleen, 
gastrointestinal  disturbances,  and  albuminuria.  It 
appears  to  be  rare  in  the  United  States  but  occurs 
sporadically  in  Europe  and  is  described  as  being 
endemic  and  epidemic  in  the  western  part  of  .lapan. 
It  was  first  described  by  Weil  in  1886  although  it  had 
been  long  previously  recognized  that  jaundice  ac- 
companied by  fever  might  appear  in  an  epidemic  of 
eitlier  narrow  or  wide  proportions.  Following  Weil's 
description  of  it,  the  disease  began  to  be  generally 
recognized  and  studied  and  was  set  apart  as  one  of 
the  group  of  infectious  diseases.  It  has  been  confused 
at  times  with  yellow  fever  and  what  has  been  called 
"bilious  typhoid  fever."  A  definite  predisposition 
to  Weil's  disease  has  been  noticed  in  butchers  cooks 
miners,  and  workers  in  sewers  and  drains. 

Parasitology. — A  number  of  organisms  have  been 
suggested  as  the  cause  of  this  disease  and  the  results 
of  cultural  investigations  have  been  very  disappoint- 
ing. But  in  1915,  Inada,  Ido,  Hoki,  Kaneko,  and 
Ito,  studying  the  disease  in  portions  of  Japan  where 
it  was  prevalent,  detected  a  spirochete  in  the  liver 
of  a  guinea-pig  which  had  been  injected  with  the  blood 
of  a  patient  suffering  with  this  infection.  From  that 
time  progress  was  rapid.  They  were  able  to  detect 
the  Spirochceta  ictcrohmmorrhagice,  as  they  named  it, 
in  the  blood  and  urine  of  a  majority  of  their  patients 
and  were  able  to  produce  typical  symptoms — con- 
junctival congestion,  jaundice,  hemorrhage,  and  albu- 
minuria in  guinea-pigs  injected  with  the  blood  of 
l)atients  in  thirteen  out  of  seventeen  cases.  No 
positive  results  were  obtained  when  the  blood  was 
taken  later  than  the  twelfth  day  of  the  disease  and  the 
results  were  best  when  the  injection  was  made  on  the 
fourth  or  fifth  day.  In  the  guinea-pig  the  changes 
found  consisted  in  marked  general  jaundice,  hemor- 
rhages into  various  parts  of  the  body,  cloudy  swell- 
ing of  the  liver  parenchyma  and  acute  parenchyma- 
tous nephritis.  The  spirochetes  are  found  in  the 
greatest  numbers  in  the  liver.  While  this  organism 
can  enter  the  body  through  the  alimentary  canal  it  is 
significant  that  these  investigators  were  able  to 
inoculate  guinea-pigs  merely  by  dropping  an  emulsion 
of  an  infected  liver  on  the  shaved  but  unbroken  skin. 
It  is  further  of  importance  that  they  found  the  same 
organism  in  the  kidneys  of  rats  which  were  captured 
in  coal  mines  in  which  many  of  the  miners  suffered 
from  Weil's  disease.  They  noted  that  there  were 
many  cases  in  wet  mines  and  few  in  dry  mines  and 
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that  clerks  working  outside  the  mines  did  not  contract 
the  disease.  When  one  remembers  that  the  spiro- 
chetes are  found  in  the  urine  of  patients  and  that  in- 
oculation can  take  place  througli  the  healthy  skin,  the 
manner  of  infection  seems  to  be  quite  obvious 

Pathology. — There  is  no  satisfactory  description 
of  postmortem  findings.  Cloudy  swelling  of  the 
cells  of  the  liver,  kidney  and  spleen,  splenic  hyper- 
trophy, and  acute  nephritis  have  been  noticed.  The 
obstruction  to  the  outflow  of  bile  is  said  to  be  due  to 
obstruction  of  the  smaller  ducts  by  desquamated 
epithelium.  Acute  gastroenteritis  and  destructive 
changes  in  the  liver  resembling  those  of  acute  yellow 
atrophy  have  been  described.  Spirochetes  were 
found  in  the  kidneys,  within  the  uriniferous  tubules, 
and  in  the  liver,  spleen  and  lymph  nodes  in  fairly 
large  numbers.  They  were  also  found  at  times  in 
practically  all  the  organs  and  tissues  of  the  body. 

Symptoms. — The  onset  is  characteristically  sudden, 
often  with  a  chUl,  severe  headache,  vomiting,  diar- 
rhea, and  abdominal  pain.  The  fever  rises  promptly 
to  103°  or  10.5°  and  persists  for  from  six  to  ten  days 
when  it  falls  by  lysis.  Jaundice  appears  by  the 
second  or  third  day  and  though  well-marked  is  not  as 
intense  as  in  manj-  cases  of  obstructive  jaundice.  The 
stools  may  be  clay-colored  during  the  first  few  days. 
The  spleen  is  usually  palpable  by  the  fourth  day 
in  the  majority  of  cases  while  the  liver  is  noticeably 
enlarged  in  about  one-half  of  the  patients  with  this 
disease.  An  acute  nephritis  is  one  of  the  frequent 
characterisitcs.  The  urine  often  contains  very  large 
amounts  of  albumin  and  frequently  blood.  Casts 
are  numerous  and  bile  is  always  present.  The  hemor- 
rhagic condition  may  evidence  itself  by  the  presence 
of  blood  in  the  urine  or  stools  while  at  autopsy  hemor- 
rhages may  be  found  in  many  of  the  organs.  The 
conjunctival  congestion  which  is  often  a  striking 
feature  of  the  disease,  rarely  is  so  severe  as  to  result 
in  more  serious  changes.  With  the  fall  of  the  tem- 
perature the  symptoms  subside  rapidly  so  that  by 
the  time  the  jaundice  has  disappeared,  that  is  from 
the  ninth  to  the  thirteenth  day,  the  other  symptoms 
have  practically  disappeared.  The  prostration  from 
the  attack  is,  however,  very  great  and  the  period  of 
convalescence  is  therefore  prolonged. 

Prognosis. — The  statements  made  as  to  prognosis 
vary  greatly.  Originally  it  was  said  that  it  was 
generally  favorable  but  the  Japanese  authors  men- 
tioned above,  report  a  mortality  of  thirty-two  per 
cent.  On  the  other  hand,  Italian  authors  have  re- 
ported a  series  of  1,627  cases  with  but  three  deaths. 
It  would  seem  as  though  the  location  and  the  climatic 
conditions  had  a  good  deal  of  influence  upon  the 
virulence  of  the  infection. 

Diagnosis. — The  discovery  of  the  spirochete  as  the 
causative  agent  has  simplified  the  question  of  diag- 
nosis. The  blood  of  the  patient  when  injected  into 
a  guinea-pig  will  generally  produce  a  spirochetosis 
provided  it  is  taken  early  in  the  disease.  The  finding 
of  the  spirochetes  in  the  urine  has  also  been  confirmed 
by  several  investigators  and  should  be  a  valuable  aid 
in  diagnosis.  This  disease  has  acquired  a  great  im- 
portance during  the  present  European  war,  probably 
because  of  the  impossibility  of  keeping  trenches  clean 
and  dry  and  because  of  the  groat  prevalence  of  rats 
in  the  trenches.  The  finding  of  the  spirochetes  has 
been  confirmed  by  a  number  of  observers  in  Europe 
and  the  cjuestion  of  their  causative  relation  to  the 
disease  seems  to  be  fairly  well  established.  An  im- 
mune reaction  has  also  been  demonstrated  in  the 
blood  of  patients  suffering  with  Weil's  disease.  The 
Japanese  investigators  have  been  able  to  prove  the 
presence  of  a  spirochetolytic  body  which  develops 
after  t  he  first  week  of  the  disease,  and  its  demonstration 
is  apparently  a  reliable  diagnostic  measure.  The 
most    reliable   and  earliest  means,   however,   is   the 
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inoculation  of  guinea-pigs  with  the  blood  of  the  patient 
and  the  subsequent  demonstration  of  spirochetes  in 
the  animal. 

TnEATMENT. — The  treatment  should  first  of  all  be 
prophylactic.  Trenches  and  mines  should  be  drained 
and  kept  dry,  or  if  this  be  impossible,  the  men  should 
be  provided  with  waterproof  foot  coverings  for  their 
protection.  The  ground  when  drained  mav  be  dis- 
infected with  lime.  All  possible  measures  s"hould  be 
taken  to  rid  the  place  of  rats.  Proper  disposal  of 
excreta  should  be  made  so  as  not  to  infect  the  ground. 
The  subject  of  carriers  has  not  yet  been  sufficiently 
investigated.  The  excreta  of  a  patient  suffering 
with  the  disease  should  be  carefully  disinfected  for 
a  period  of  from  forty  to  sixty  days  from  the  onset. 

The  treatment  of  Weil's  disease  has  been  largely 
symptomatic.  With  the  discovery  of  a  spirochetal 
cause,  recourse  was  naturally  had  to  salvarsan  as  a 
remedy  but  the  results  of  its  use  were  not  verv  con- 
vincing. It  seemed  at  times  to  cause  a  reduction  of 
the  organisms  in  the  blood  but  its  effects  were  not  last- 
ing or  striking.  Successful  attempts  then  were  made 
to  irnmunize  horses  and  later  reports  tell  of  the  pro- 
duction of  an  immune  serum  of  high  protective  value. 
This  serum  is  administered  in  large  doses  and  is  fol- 
lowed by  immediate  reduction  in  the  number,  or  total 
disappearance,  of  the  spirochetes  in  the  blood,  with 
improvement  in  the  clinical  condition.  The  mor- 
tality has  apparently  been  reduced  by  thirty  or 
forty  per  cent,  although  the  use  of  the"serum  "is  so 
recent  and  the  number  of  cases  so  small  that  the 
figures  are  not  very  impressive.  Aside  from  the 
serum,  treatment  is  symptomatic  and,  if  necessary, 
stimulating.  The  period  of  convalescence  is  often 
very  prolonged  because  of  the  great  prostration  which 
accompanies  the  attack.  Ralph  G.  Stillman. 
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Wells,  Sir  Thomas  Spencer. — Born  at  St. 
Alban's,  Hertfordshire,  England,  Feb.  3,  1818. 
In  1841  he  became  a  member  of  the  Royal  College 
of  Surgeons,  and  shortly  afterward  entered  the  Royal 
Marine  as  an  Assistant  Surgeon.  In  184S  he  waa 
promoted  to  the  rank  of  full  Surgeon.  In  1853  he 
settled  in  London  as  a  general  practitioner,  and  in  the 
following  year  he  was  elected  a  Surgeon  at  the  Samari- 
tan Hospital,  an  Institution  devoted  to  the  treatment 
of  women's  diseases.  In  1857  he  performed  his  first 
ovariotomy,  with  a  fatal  result.  In  1858,  however, 
several  of  his  operations  proved  successful.  In 
the  meantine.  Wells  himself  kept  on  improving  his 
technique  until  he  obtained  such  a  large  percentage  of 
cures  that  the  medical  world  was  fairly  astonished  at 
his  success.  Patients  requiring  an  ovariotomy  were 
sent  to  him  from  every  part  of  England,  and  surgeons 
came  from  all  over  tlie  world  to  witness  the  manner  in 
which  he  performed  the  operation.  In  1SS2  he  was 
appointed  Surgeon  to  the  Queen's  Household,  and  in 
1883  he  was  made  a  Baronet.     He  died  Jan.  31.  1897. 

Of  Sir  Thomas  Spencer  Wells'  published  writings 
the  following  two  deserve  to  receive  special  mention: 
"Diseases  of  the  Ovaries,"  1865;  and  "Xote-book 
for  Cases  of  .\bdominal  Tumors,"  6th  edition  in  1881. 
(In  the  biographical  sketch  of  MacDnwell  will  be 
found  a  brief  account  of  the  first  successful  perform- 
ance of  ovariotomy  in  1809.)  A.  H.  B. 
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Werlhof,  Paul  Qottlob.— Born  at  Helmstadt 
Germany,  March  24,  1009.  In  1723  he  received 
the  degree  of  Doctor  of  Medicine  from  the  University 
of  Helmstadt.  Two  years  later  he  was  called  to 
Hanover,  where  he  soon  acquired  considerable 
celebrity  and  built  up  a  correspondingly  large  prac- 
tice. A  professorship  was  offered  to  liim,  but  he 
was  not  disposed  to  accept  the  position,  preferring 
to  devote  himself  exclusively  to  the  work  of  a  practi- 
tioner. In  1740  he  was  chosen  First  Physician  of 
the  King  of  England,  at  the  Court  of  Hanover.  He 
was  also  elected  a  member  of  the  Royal  Society  of 
London,  and  of  various  German  societies.  He  died 
July  26,  1767. 

Of  Werlhof's  published  writings  the  following 
deserve  to  receive  special  mention:  "Auserlesene 
Aufsiitze  und  Schriften  ueber  die  Fieber  und  andere 
wichtigc  Gegenstiinde  der  praktischer  Aerzte,"  trans- 
lated from  tlie  Latin,  Copenhagen,  1785;  "De  febre 
maligna  contagiosa  ex  pisciculis  putridis;"  "Observa- 
tiones  de  usu  camphora;  interno,  cumprimis  in  febribus 
acutis;"  "De  leucophlegmatia  post  purpuram  et 
febrem  scarlatinam,  per  lac  sulphuris  curata;"  "De 
morbo  maculoso  ha-morrhagico  singulari"  (describing 
"Werlhof's  disease,"  or  purpura  ha^morrhagica);  and 
"De  camphorx  usu  in  purpura  et  inflammationibus 
internis."  A.  H.   B. 


Wernicke,  Karl. — A  distinguished  German  neurolo- 
gist. Born  at  Tarnowitz,  Upper  Silesia,  May  1.5, 
1848.  He  studied  in  Breslau,  mainly  at  the  Depart- 
ment for  the  Insane  in  the  AUerheiligen  Hospital 
of  that  city,  under  the  direction  of  H.  Neumann. 
From  1875  to  1878  he  was  on  duty  as  First  Assistant 
in  the  Clinic  for  Psychiatry  and  Diseases  of  the 
Nervous  System  in  Berlin.  In  1885  he  was  appointed 
Professor  Extraordinary,  and  in  1890  Professor-in- 
Ordinary,  of  this  class  of  diseases  in  the  University 
of  Breslau.      He  died  in  1905. 

The  following  are  among  the  more  important  of 
his  contributions  to  medical  literature :  "Ueber  den 
wissenschaftl.  Standpunkt  in  der  Psychiatrie,"  Kassel, 
1880;  "Lehrbuch  der  Gehirnkranklieiten  fiir  Aerzte 
und  Studirende,"  3  vols.,  Kassel,  1881-83;  "  Grund- 
riss  der  Psychiatrie  in  klinischen '  Vorlesungen," 
Leipzig,  1900;  and  "Atlas  des  Gehirns,"  Part  I, 
publisiied  under  the  auspices  of  the  Konigliche 
Akademie  der  Wissenschaften.  A.  H.  B. 

West  Baden  Springs. — Orange  County,  Indiana. 
Post-office. — West  Baden.     Hotel. 

Access. — Via  New  York  Central  Line  to  Green 
Castle,  Indiana,  thence  via  Monon  Route  to  the 
Springs;  via  Southern  Railway;  from  Cincinnati  via 
Baltimore  and  Southwestern  Railroad  to  Mitchell, 
Indiana,  thence  via  Monon  Route  to  the  Springs; 
from  Philadelphia,  via  Pennsylvania  Lines  to  Lime- 
dale  or  Gosport,  thence  via  Monon  Route  to  the 
Springs. 

The  hotel  is  a  fireproof  building.  A  hospital  fuUy 
equipped  is  maintained  as  an  annex  to  the  hotel. 

The  four  springs  of  West  Baden  contain  the  same 
minerals,  but  in  widely  varying  proportions.  They 
fall  under  the  great  head  of  salines,  and  this  is  sub- 
divided into  sulphated  salines  and  muriated  salines, 
according  to  whether  the  sulphates  or  chlorides 
predominate.  No.  1  spring,  from  the  large  amount 
of  alkaline  ingredients,  is  an  alkaline-saline  water. 
All  the  springs  are  also  calcic. 

These  waters  are  used  in  diseases  of  the  kidneys 
and  bladder;  in  anemia,  insomnia,  sick  headache, 
neuralgia,  hysteria,  in  diseases  peculiar  to  women, 
in  disorders  of  the  liver,  and  in  constipation. 

The  following  tables  are  the  analyses  of  the  West 
Baden  Mineral  Waters: 
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One  U.  S.  Gallon  con- 
tains in  grains: 

No.  1. 

No  3. 

No.  5. 

No  7. 

0.1050 

13.4190 
3.7296 
1.6436 

43.3881 
5.4096 

49.6601 
1.3356 
0.7497 

47.0036 

43.027  130.074 
14.406|   38.127 

53.570    33! 335 

Potassium  sulphate 

0.843 

2  573 

31.240 
10.520 

22.350 
11.640 

9.687 

Magnesium  carbonate 

53.570 
2.124 

7.257 
3.607 

32.784 

8.7346 
93.6026 
13.6878 

7.854 

127.810 
7.753 
12.415 

97.456 
11.037 
7.358 

Trace. 

282. 9939 '357. 03.5 '302.  241 

1                 1 

383.747 

Gaseous  contents  in  cubic  inches; 


Carbonic  acid 

Sulphuric  acid 

Oxygen 

Nitrogen 

Sulphureted  hydrogen 


7.447 
6.821 
6.027 
20.271 


6.124 
3.215 
5.465 
16.137 


11.110 
2.505 
6.347 

19.174 


6.147 
18.274 
9.987 


The  baths  of  various  kinds  should  be  advised 
for  the  individual  by  his  physician. 

West  Baden  because  of  its  sheltered  location  is  an 
admirable  all-the-year-round  resort.  There  are  many 
beautiful  walks  and  drives  in  the  vicinity.  Golf  and 
other  sports  are  enjoyed  by  the  guests. 

Emma  E.   Walker. 


Westphal,  Karl  Friedrich  Otto.— A  leading 
German  psychiatrist,  specially  distinguished  by  his 
strong  advocacy  of  no-restraint  methods  of  caring 
for  the  insane,  and  for  the  contributions  which  he 
made  to  our  knowledge  of  the  pathology  of  the  spinal 
cord  and  nerves.  Born]  in  Berlin,  March  23,  1833. 
He  studied  medicine  at  the  universities  of  Berlin, 
Heidelberg,  and  Ziirich,  and  in  1861  was  appointed 
Instructor  in  Psychiatry  at  the  University  of  Berlin. 
In  1874  he  was  promoted  to  the  position  of  Professor- 
in-Ordinary,  and  at  about  the  same  time  the  title 
of  Geheimer  Medizinal-Rat  was  conferred  upon  him. 
He  died  Jan.  28,   1890. 

The  following  deserve  to  be  mentioned  as  among 
the  more  important  of  Westphal's  published  writings: 
"  Ueber  combinirte  (primiire)  Erkrankung  der  Rucken- 
markstriinge,"  Berlin,  1879;  "Ueber  prim.are  Erkran- 
kung der  Seitenstrangbahnen;"  and  "Ueber  eine  dem 
Bilde  der  cerebro-spinalen  grauen  Degeneration,  etc., 
ahnliehe  Erkrankung  ohne  anat.  Befund."  From 
1868  onward  Westphal  edited  the  Archiv fur  Psychiatrie 
und  Nerven-Krankheiten.  A.  H.  B. 


West   Springs. — Union   County,  South   Carolina. 

Post-office. — Pauline.     Hotel  and  cottages. 

Access. — From  Spartanburg  via  Glenn  Springs 
RaUroad,  twelve  miles  southeast  to  Glenn  Springs, 
thence  four  miles  southeast  to  West  Springs.  West 
Springs  are  located  about  2,000  feet  above  the  sea- 
level,  and  are  surrounded  by  picturesque  hills  covered 
by    extensive    forests    of    spruce,    pine,    cottonwood, 
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beech,  oak,  and  other  trees.  The  soil  is  very  fertile 
and  many  varieties  of  fruits  and  vegetables  grow  in 
great  profusion.  Several  gold  mines  are  in  opera- 
tion among  the  near-by  hills.  There  are  several 
springs  in  the  neighborhood,  but  only  one  is  in 
use.  It  yields  about  400  gallons  of  water  per  hour. 
The  temperature  of  this  water  is  62°  F.  According  to 
an  analysis  made  by  M.  B.  Hardin,  analytical  chemist, 
one  United  States  gallon  of  the  water  contains  (solids) : 
Calcium  sulphate,  gr.  1G.26;  potasium  sulphate,  gr. 
1.33;  sodium  sulphate,  gr.  2.75;  calcium  carbonate,  gr. 
6.35;  magnesium  carbonate,  gr.  1.17;sodium  chloride, 
gr.  0.21;  iron  sesquioxide  and  alumina,  gr.  0.03;  silica, 
gr.  2.78;  organic  matter,  a  trace.  Total,  30.88  grains. 
The  water  is  used  considerably  by  South  Carolina 
physicians  in  diarrhea  and  dyspeptic  troubles.  It  is 
said  to  be  beneficial  in  chronic  catarrhal  conditions 
of  the  genitourinary  tract.  E.mma  E.   \V.\lker. 


Wet-nurses. — As  education  and  experimental 
knowledge  is  increased  in  the  valuation  of  artificial 
infant  feeding,  one  is  forced  to  admit  that  many  types 
of  babies,  otherwise  denied  the  maternal  milk,  must 
be  supplied  with  breast  feeding  since  no  modification 
of  artificial  feeding  will  lend  itself  to  their  needs.  For 
these  children  the  wet-nurse  is  the  only  solution  of 
the  problem.  The  cleverer  the  pediatrist,  the  sooner 
does  he  acknowledge  the  rightful  value  of  this  means 
of  saving  infant  life. 

The  average  American  woman  has  quickly  learned 
to  develop  along  economic  and  intellectual  lines,  but 
it  has  been  at  the  expense  of  her  natural  profession, 
motherhood.  Nature,  striking  the  balance,  with- 
holds from  many  women  of  mental  and  social  activity 
the  physical  capacity  to  nurture  their  young.  Neu- 
rotic temperaments  and  healthy  mothers'  milk  are 
rarely  companions.  Again  it  has  been  shown  that 
heredity  may  be  a  strong  factor  in  this  condition,  for 
the  inability  to  nurse  their  children  entirely  or  in 
part,  has  been  transmitted  through  generations  from 
mother  to  daughter.  Systemic  conditions,  other 
than  neurasthenia,  and  ofttimes  a  lack  of  desire  on 
the  part  of  the  mother,  who  sees  no  reason  for  such 
interference  with  the  old  life  and  has  no  comprehen- 
sion of  the  value  of  the  new  role,  may  tend  to  produce 
a  nonactivity  of  the  lacteal  glands  with  inability 
to  furnish  either  a  sufficient  quantity  of  breast  milk 
or  mUk  of  proper  quality. 

Whatever  the  cause,  the  solution  may  have  to  be 
found  in  the  employment  of  a  wet-nurse,  who  should 
be  a  woman  free  from  systemic  taint  of  any  nature, 
such  as  tuberculosis,  syphilis,  gonorrhea,  the  strep- 
tococcic infections,  carious  teeth,  indigestion,  etc.; 
many  physicians  consider  exophthalmic  goiter  a 
barrier  to  this  work.  In  America  wet-nurses  are 
usually  recruited  from  women  of  the  lower  ranks,  the 
servant  class,  and  are  so  often  foreigners,  ignorant, 
and  little  used  to  the  t}-pe  of  life  to  which,  by  virtue 
of  their  work,  they  are  transplanted,  that  they  need 
care  and  watching  on  the  part  of  both  the  physician 
and  the  mother  in  order  that  their  habits  be  kept 
simple  and  active  in  the  midst  of,  to  them,  unusual 
luxury.  If  allowed  to  become  indolent  and  lazy  the 
quality  of  the  milk  and  sometimes  the  quantity  is 
changed  and  the  purpose  for  which  they  were  engaged 
is  defeated.  In  foreign  countries  wet-nurses  are  to 
be  found  among  women  of  better  class  than  here,  they 
are  better  trained,  and  are  much  more  frequently 
employed  than  is  the  case  in  America.  As  a  matter 
of  fact,  this  class  of  women  should  be  placed  under 
municipal  control  in  order  th.at  a  high  standard  of 
health  and  right  condition  of  milk  could  be  maintained, 
and  the  women  easily  procured.  At  present,  they 
are  to  be  procured  from  the  lying-in  hospitals  and 
here  and  there  an  agency  in  the  larger  cities.  The 
salary  ranges  from  S35  to  S50  a  month. 

Naturally,  most  women  prefer  a  woman   who   is 


married  for  a  wet-nurse  for  their  babies,  but  to  certain 
types  of  illegitimate  mothers  the  occupation  of  wet- 
nursing  has  been  both  a  boon  and  a  salvation,  so  there 
is  soniething  to  be  considered  on  both  sides  of  the 
situation.  While  it  is  preferable  to  have  a  woman 
whose  own  child  is  about  the  age  of  the  baby  to  be 
nursed,  it  is  not  necessary,  as  the  older  milk  furnishes 
as  beneficial  diet  as  the  younger  milk. 

A  woman  to  be  employed  as  a  wet-nurse  must  be 
given  a  most  thorough  physical  examination  by  the 
physician  in  charge  and  the  breasts  should  be  care- 
fully milked  in  order  to  ascertain  the  degree  of  flow; 
the  quantity,  and  general  character  of  the  milk.  For 
chemical  and  microscopical  examination,  the  middle 
milk  gives  better  indication  for  results.  Milk  con- 
taining colostrum  should  not  be  used  and  the  wet- 
nurse  should  not  be  engaged  until  the  milk  has  be- 
come of  normal  quality.  The  quality  and  the  quan- 
tity of  the  milk  may  be  successfuliy  regulated  by 
attention  to  the  woman's  diet.  Too  much  fat  and 
protein  in  the  milk  are  the  most  frequent  offenders 
in  cases  where  indigestion  is  produced  in  the  nursling. 
Expression  of  the  milk  from  the  breasts  should  pro- 
duce no  pain;  it  should  flow  easily  and  sufficiently  so 
as  to  allow  about  twenty  minutes  for  each  feeding. 
The  pear-shaped  breasts  with  strong,  prominent 
nipples  are  the  most  satisfactorj-  type.  No  woman 
with  inverted  nipples  should  be  ernployed  as  a  wet- 
nurse  as  the  feedings  are  then  made  too  difficult  for 
the  child.  Erosions  or  fissures,  if  benign,  are  not 
considered  obstacles  in  the  employment  of  a  wet- 
nurse.  Usually  menstruation  occurring  in  a  wet- 
nurse  offers  no  barrier  to  her  work.  Finally,  every 
wet-nurse  must  have  a  Wassermann  test  taken  for 
the  protection  of  the  child,  and  further  prophjdaxis 
could  be  extended  by  the  u.se  of  the  complement- 
fixation  tests  for  the  streptococci,  gonorrhea,  tubercu- 
losis, etc. 

Certain  of  these  women  employed  as  wet-nurses 
often  lend  themselves  to  tricks  in  order  to  obtain 
employment,  such  as  feeding  their  own  babies  from 
the  bottle  when  the  breasts  do  not  furnish  sufficient 
quantity,  and  the  transference  of  babies  by  passing 
off  a  neighbor's  baby,  who  is  healthy,  for  their  own 
child,  who  may  be  weak  and  sickly. 

Rotch,  years  ago,  found  that  certain  conditions 
in  the  diet  influenced  woman's  milk;  condensed,  they 
are  given  as  follows:  The  total  quantity  may  he  in- 
creased by  increasing  the  liquids  in  the  woman's  total 
diet,  especially  milk  (malt  extracts  may  be  beneficial). 
The  total  quantity  may  be  decreased  by  a  reduction 
in  the  total  twent3--four  liquids.  Total  solids  in  the 
milk  may  be  increased  by  shortening  the  time  between 
the  bre<ist  feedings,  reclucing  the  total  liquids,  with 
an  increase  in  the  total  solids  of  the  diet.  A  reduc- 
tion of  total  solids  may  be  obtained  by  lengthening 
the  time  between  the  breast  feedings,  increa.^ing  the 
woman's  exercise,  and  also  increasing  the  total  liquids 
in  the  diet.  The  proportion  of  fat  in  the  milk  may 
be  increased  by  adding  more  meat  to  the  diet :  while 
it  may  be  reduced  by  a  reduction  of  meat.  The  pro- 
tein in  the  milk  may  be  raised  by  having  the  woman 
exercise  to  the  point  of  fatigue.  Every  woman, 
whether  wet-nurse  or  child's  mother,  should  be  made 
to  realize  the  great  importance  of  calmness  and  poise 
during  the  months  of  lactation,  and  shown  a  proper 
sense  of  proportion  of  values  as  to  her  life  during  this 
period,  with  due  regard  on  her  part  toward  a  strong 
effort  to  nurse  her  offspring,  real  or  adopted.  The 
better  the  nursing  woman  is  understood,  the  more  the 
medical  profession  comes  to  a  comprehension  of  the 
great  role  maternal  psychology  can  be  made  to  play 
in  the  feeding  of  babies  if  properly  applied. 

Esther  L.  Jefferis. 


Whann     Alkaline     Lithia     Springs. — Venango 
County,  Pennsylvania. 
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Post-office. — Franklin. 

Access. — Via  Pennsylvania  Railroad  to  Franklin. 
These  springs  issue  from  the  rocky  bluffs  200  foot 
above  tlie  .\ilegheny  River,  at  a  spot  which  commands 
a  fine  view  of  the'  charming  little  city  of  Franklin. 
Their  high  altitude  and  spacious  woodland  surround- 
ings preclude  the  dangers  of  surface  contamination. 
The  outflow  is  abundant  and  the  water  clear,  bright^ 
and  sparkling.  Its  temperature  at  the  springs  is  50° 
F.  all  the  year  round.  The  following  analysis  was 
inade  by  Merck  &  Co.,  chemists,  of  New  York: 

One  United  States  gallon  contains  (solids):  Lithium 
chloride,  gr.  3.68;  sodium  chloride,  gr.  3.77;  calcium 
carbonate,  gr.  3.09;  magnesium  carbon.ate,  gr.  0.75; 
magnesium  sulphate,  gr.  1.17;  sodium  sulphate,  gr. 
O.Ui;  potassium  sulphate,  gr.  0.30;  aluminum  sul- 
phate, gr.  0.07;  silica,  gr.  0.69.  Total  solids,  13.68 
grains.  Total  residue  by  evaporation,  gr.  15.09; 
organic  matter  and  loss  on  ignition,  gr.  3.68;  carbon 
dioxide,  free,  gr.  1.37;  nitrites  and  nitrates,  traces. 

The  an.alysis  shows  a  light  alkaline-saline  water 
which  on  habitual  use  ought  to  possess  useful  proper- 
ties as  an  antacid,  diuretic,  and  possibly  laxative. 
It  has  been  highly  praised  by  physicians,  who  have 
become  acquainted  with  its  use,  in  rheumatic  disorders, 
gout,  dyspepsia,  and  gastrointestinal  disorders,  and 
in  the  so-called  uric-acid  diathesis. 

Emma  E.  Walker. 


Wharton,  Thomas. — Born  in  Yorkshire,  England- 
in  1610.  After  he  had  received  his  collegiate  train- 
ing, partly  at  Cambridge,  partly  at  Oxford,  he  began 
the  studyof  medicine  in  London.  In  1646  he  returned 
to  Oxford  and  received  from  that  university,  in  1647, 
the  degree  of  Doctor  of  Medicine.  He  then  settled 
in  London  and  soon  built  up  a  large  clientele  of 
patients.  He  acquired  considerable  fame  by  the 
publication  of  a  work  on  glands,  and  his  discovery 
of  the  submaxillary  duct  ("Wharton's  duct")  has 
secured  for  his  name  a  permanent  place  in  the  history 
of  medicine.     Wharton  died  Nov.  14,  1673. 

The  title  of  the  book  to  which  we  have  just  referred 
is  as  follows:  "  Adenographia,  sive  glandularum 
totius  corporis  descriptio,"  London,  1656  (Amsterdam, 
1659;  Nimeguen,  1665;  and  Wesel,  1671). 

A.  H.  B. 


Wheeler  Hot  Mineral  Springs. — Ventura  County, 
California. 

Post-office. — Wheeler   Springs.    Hotel.    Cottages. 

Access. — Via  Southern  Pacific  Railroad  to  Nordhoff, 
California,  thence  seven  and  one-half  miles  by  auto- 
stage  to  the  springs.  The  resort,  100  miles  from  Los 
Angeles,  is  situated  in  the  Ventura  Mountains  at  an 
elevation  of  1,560  feet.  There  are  both  the  natural 
hot  mineral  and  cold  mineral  water  springs.  The  hot 
■water  flows  from  the  springs  in  the  mountain  side  at 
a  temperature  of  102°  F.  This  is  piped  to  the  bath- 
house. Below  are  the  analyses  of  the  hot  and  cold 
mineral  waters  made  by  Wade  and  Wade,  analytical 
chemists  of  Los  Angeles. 

The  waters  are  said  to  be  beneficial  in  diseases  of 
the  stomach,  bowels,  kidneys,  and  liver;  in  catarrh, 


dyspepsia,  and  rheumatic  affections;  and  in  conditions 
resulting  from  addiction  to  drugs  or  alcohol.  The 
accommodations  are  up  to  date. 

The  mountain  scenery  is  rugged  and  beautiful. 
A  mountain  stream  flows  through  the  resort,  and 
giant  live  oak  trees  afford  an  abundance  of  shade. 
The  air  is  cool  and  pure. 

Hunting,  fishing,  swimming  in  the  open-air  plunge 
filled  with  water  at  a  temperature  of  88°  F.,  tennis, 
croquet,  and  dancing  are  among  the  amusements 
offered  to  the  guests. 

Run  in  connection  with  this  resort  is  Wheeler's 
Cold  Springs  Camp  on  the  Sespe  River,  3,450  feet 
above  sea-level.  The  camp  is  reached  by  saddle 
horses  over  a  beautiful  nine  mile  mountain  trail. 

Emma  E.  Walker. 


White  Sulphur  Springs,  Iowa. — Scott  County, 
Iowa. 

PosT-OFFiCB. — Davenport. 

Access. — Via  Chicago,  Rock  Island  and  Pacific 
Railroad,  and  Chicago,  Burlington  and  Quincy  Rail- 
road to  Davenport. 

The  springs  are  about  eight  miles  from  the  city  of 
Davenport.  There  is  no  hotel  or  pleasure  resort  at 
the  Springs. 

The  waters  of  these  springs  are  now  used  com- 
mercially. The  following  analysis  was  made  by 
Emory  Rush,  of  Buffalo,  N.  Y.  One  United  States 
gallon  contains  (solids):  Sodium  chloride,  gr.  92.79; 
calcium  chloride,  gr.  33.56;  magnesium  chloride, 
gr.  23.26;  sodium  bicarbonate,  gr.  40.57;  iron  bicar- 
bonate, gr.  27.37;  potassium  sulphate,  gr.  6.13; 
sodium  phosphate,  gr.  5;  silica,  gr.  30.56;  magnesium 
sulphate,  gr.  16.23;  carbonic  acid  (by  weight),  gr. 
31.57.  Total  solids  upon  evaporation,  307.04  grains. 
Temperature,  66°  F.  Emma  E.  Walker. 


White  Sulphur  Springs,  Montana. — Meagher 
County,  Montana. 

Post-office. — White  Sulphur  Springs.     Hotel. 

Access. — Via  Chicago,  Milwaukee  and  St.  Paul 
Railway  to  Ringling,  thence  by  White  Sulphur  Springs 
and  Yellowstone  Park  Railway  to  White  Sulphur 
Springs. 

The  springs  are  located  at  an  eleviition  of  5,012 
feet  above  the  sea-level,  in  a  valley  seventy-five  miles 
long  by  ten  or  fifteen  wide,  watered  by  numerous 
streams  where  trout  and  other  fish  are  abundant. 
Game  is  also  plentiful  in  the  surrounding  mountains. 
An  analysis  by  R.  B.  Riggs,  of  the  United  States 
Geological  Survey,  shows  the  presence  of  the  car- 
bonates of  sodium,  calcium,  and  magnesiurn,  sulphate 
of  sodium,  chlorides  of  sodium  and  potassium,  silica, 
and  a  trace  of  sulphureted  hydrogen.  The  water  is 
of  the  alkaline-saline-thermai  type.  The  tempera- 
ture of  the  water  varies  from  95°  F.  to  125°  F. 
The  temperature  of  the  plunges  is  from  108°  F.  to  112° 
F.  When  warm,  the  water  has  a  strong  sulphur  smell 
and  taste,  but  when  it  is  chilled  it  loses  in  a  large 
degree  tlie  unpleasant  smell  and  becomes  an  excellent 
drinking   water.     It   is   recommended   for   affections 
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of  the  liver,  for  skin  diseases,  and  for  syphilis.     Ex- 
tensive improvements  at  the  resort  are  being  planned. 
Emma.  E.  Walkeh. 


White  Sulphur  Springs,  West  Virginia. 

Post-office. — White  Sulphur  Springs.  Greenbrier 
Hotel,  Tlie  White,  and  cottages. 

Access. — Via  main  line  of  the  Chesapeake  and  Ohio 
Railroad  direct  to  Springs.  This  celebrated  watering- 
place  is  located  on  the  western  slope  of  the  Appala- 
chian Mountains,  at  an  elevation  above  tide-water  of 
more  than  2,000  feet.  The  situation  is  well  within 
the  famous  spring  region.  Within  a  radius  of  thirty 
miles  are  the  Rockbridge  Alum,  tlie  Hot,  the  Warm, 
the  Healing,  the  Sweet,  and  other  well-known  springs, 
while  the  Natural  Bridge,  Millboro,  the  Alleghany, 
and  other  resorts  are  near  by.  For  many  years  past 
the  White  Sulphur  Springs  has  been  regarded  as  a 
representative  summer  resort  of  the  South,  and  it 
has  lost  none  of  its  ancient  and  well-deserved  prestige 
by  the  development  of  other  springs.  As  in  ante- 
bellum days,  here  will  still  be  found  the  best  elements 
of  the  social  life  of  tlie  South  and  North,  drawn  thither 
by  the  numerous  attractions  of  the  place.  There 
are  authentic  records  of  persons  treated  here  as  early 
as  1778.  The  surrounding  scenery  typifies  the 
picturesque  beauty  and  grandeur  of  the  Alleghanies. 
The  visitor  from  the  heated  and  dusty  city  is  at  once 
attracted  by  the  vast  lawn  of  green,  velvety  turf, 
shaded  by  noble  forest  oaks,  luxuriant  sugar  maples, 
and  venerable  pines.  Under  these  monarchs  of  the 
forest  wild  flowers  are  seen  in  profusion  and  in  great 
variety.  Among  the  surrounding  mountains  are 
"Kate's"  and  "Greener,"  each  a  mile  distant  and 
reaching  an  altitude  of  .3,500  feet,  and  the  mountains 
known  as  "  Wliite  Rock,"  three  miles  distant,  the 
summits  of  which  form  a  figure  of  gigantic  size,  known 
as  the  old  "Titan,"  which,  in  solitary  grandeur, 
keeps  guard  like  a  giant  over  the  Wliite  Sulphur. 
What  has  been  said  of  other  Alleghany  resorts  applies 
in  full  measure  to  this.  The  mean  summer  tem- 
perature from  April  15  to  November  15  is  about 
63°  F.,  or  about  the  same  as  the  mean  annual  tem- 
perature of  Naples,  Nice,  and  the  Madeira.  The 
atmosphere  is  salubrious  and  invigorating,  and  at  no 
time  excessively  warm.  The  new  Greenbrier  Hotel, 
aiisolutely  fireproof,  is  built  in  the  Georgian  style  of 
architecture,  and  is  luxurious  in  every  detail.  It  is 
in  a  park-like  valley  surrounded  by  beautiful  trees  of 
various  kinds,  and  with  picturesque  roads,  and  bridle 
paths. 

Tlie  White,  a  charming  and  spacious  colonial  build- 
ing, is  famous  for  its  true  southern  hospitality  and 
old-fashioned  Virginia  cooking.  Both  hotels  are 
connected  with  the  baths  by  an  inclosed  loggia. 
There  are  between  fifty  and  sixty  cottages  surround- 
ing the  hotels,  and  thus  accommodation  is  given  to 
an  immense  number  of  visitors. 

There  are  several  springs  at  White  Sulphur,  the 
waters  of  whicli  vary  considerably.  The  best  known 
and  the  one  that  first  established  White  Sulphur  as  a 
mineral  water  resort  is  the  old  White  Sulphur  Spring. 
a  very  valuable  water.  The  following  analysis 
of  this  water,  as  well  as  the  analyses  of  the  water  from 
the  Radio-Chalybeate  Spring,  and  the  .\lum  Spring, 
were  made  by  Froehling  and  Robertson. 

This  water  is  classified  as  sulpho-alkaline.  The 
water  as  it  flows  from  the  mountain  side  is  perfectly 
clear,  of  an  agreeable  taste,  and  has  a  constant 
temperature  of  60°  F.  The  spring  yields  1 ,800  gallons 
of  water  an  hour.  This  qviantity  does  not  vary 
even  during  the  longest  periods  of  wet  or  dry  wcatlier. 

Tlie  water  is  heated  to  any  desired  temperature 
and  in  such  a  manner  as  to  retain  all  the  natural 
properties.  It  is  mildly  laxative,  diuretic  and 
alterative,  and  is  employed  chiefly  in  diseases  of  the 


stomach,  liver,  intestines,  kidneys,  and  in  nutritional 
disorders.  No  general  directions  can  be  given  for 
the  internal  use  of  the  water.  The  hours,  the  quan- 
tity, and  the  period  for  which  the  water  should  be 
drunk  depend  upon  the  individual  requirements  of  the 
case,  and  should  be  ascertainerl  by  consulting  a  phy- 
sician experienced  in  the  use  of  such  waters. 

White  Sulphur  Spring. 
The  water  contains  per  U.  S.  gallon  of  231  cubic  inches: 

Solids.  Grains. 

Calcium  bicarbonate 9.7809 

Magnesium  bicarbonate 3.2445 

Strontium  bicarbonate 1.3300 

Iron  bicarbonate 0. 1982 

Manganese  bicarbonate ; . . .      Trace. 

Calcium  sulpliate 81.1202 

Magnesium  sulphate 33.8570 

Potassium  sulphate 0.4083 

Sodium  sulphate 2.5660 

Sodium  chloride 0.8527 

Lithium  chloride 0.0128 

Calcium  phosphate 0.0047 

Sodium  nitrate Trace. 

Silica 0.8400 

Alumina 0.0585 

Total 134 .  2738 

Free  carbon  dioxide  gas 1 .  l.S  cu.  in. 

Sulphureted  hydrogen  gas 0.  53  cu.  in. 

Radio-Cbaltbeate  Spring. 
The  water  contains  per  U.  S.  gallon  of  231  cubic  inches: 
Solids.  Grains. 

Calcium  bicarbonate 1 .  1803 

Magnesium  bicarbonate 0.4023 

Calcium  sulphate 2.6631 

Magnesium  sulphate 0.9917 

Strontium  sulphate 0.0675 

Iron  (ferrous)  sulphate 1.3315 

Macnesium  sulphate 0.1140 

Sodium  sulphate 0.1667 

Potassium  sulphate 0.063S 

Sodium  phosphate 0.0577 

Sodium  chloride 0.3412 

Sodium  iodide 0.0005 

Lithium  chloride Trace. 

Silica 1.3417 

Alumina 0.1166 

Total 8.8576 

This  water  is  markedly  radioactive,  and  contains 
iron  in  a  readily  assimilable  form.  It  is  of  especial 
benefit  in  anemia,  certain  nervous  conditions,  gout, 
and  rheumatic  affections. 

Alum  Spring. 
The  water  contains  per  U.  S.  gallon  of  231  cubic  inches: 

Solids.  Grains. 

Aluminum  sulphate , 17.434 

Iron  persulphate 0.660 

Manganese  sulphate 3.004 

Nickel  sulphate 0.933 

Cobalt  sulphate Trace. 

Copper  sulphate Trace. 

Calcium  sulphate 11.608 

Magnesium  sulphate 34.100 

Potassium  sulphate 0 .  700 

Lithium  sulphate Trace. 

Sodium  sulphate 0. 175 

Sodium  iodide 0 .  002 

Sodium  chloride 0.930 

Sodium  nitrate 0.210 

Sodium  phosphate 0.0:i7 

Silica 1.780 

Free  sulphuric  acid 2 .  273 

Total T3.S65 

This  water  differs  considerably  from  that  of  the 
other  springs.  It  is  very  useful  in  conditions  in  which 
an  astringent  or  sedative  effect  is  indicated.  The 
waters  of  all  the  springs  here  are  radioactive. 
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Other  diseases  treated  at  this  resort  are  neuritis, 
neurasthenia,  diseases  of  the  heart,  blood,  and  blood- 
vessels (arteriosclerosis),  diseases  of  the  nose, 
throat,  and  lungs,  diseases  of  the  skin,  and  conditions 
resulting  from  acute  illnesses.  The  water  is  contra- 
indicated  in  organic  heart  disease,  advanced  arterial 
degeneration,  diseases  of  the  kidneys  and  liver,  with 
marked  edema;  carcinoma  of  the  stomach,  and 
phthisis  pulmonalis.  The  water  never  proves  bene- 
ficial when  it  persistently  excites  the  frequencj-  of 
the  pulse.  The  water  used  for  bathing  flows  from  the 
sulphur  spring.  The  new  bath  establishment  is 
said  to  be  the  most  complete  and  lu.xurious  of  any 
institution  of  its  kind  in  America.  Its  equipment 
provides  for  all  approved  forms  of  hj'drotherapy. 
Only  skilled  attendants  are  employed. 

Here  are  found  an  emanatorium,  inhalatorium, 
Zander  institute,  and  swimming  pool  and  gymnasium. 

The  "Cure"  includes  treatment  by  electricity  in  its 
various  forms,  and  the  most  elaborate  provision  for 
special  diets.  Graduate  nurses  are  in  constant 
attendance  under  the  supervision  of  the  medical 
department,  and  special  rooms  are  arranged  for  those 
who  are  sick  or  in  need  of  rest. 

The  opportunity  is  afforded  for  various  forms  of 
exercise  and  amusement.  Walks,  drives,  and  bridle 
paths  wind  in  every  direction.  There  is  a  fine 
eighteen-hole  golf  course,  and  four  tennis  courts. 
And  the  neighboring  streams  are  well  stocked  with 
fish.  Emm.\  E.  Walker. 


Whooping=cough. — Synonym:  Pertussis.  This  is 
an  acute,  specific,  contagious  disease  of  the  upper 
respiratory  tract,  occurring  chiefly  in  children,  mani- 
fested usually  by  typical  attacks  of  paroxysmal  cough- 
ing characterized  by  a  sudden  contraction  of  the 
glottis  followed  by  a  deep  inspiration  producing  the 
well-known  "whoop"  and  accompanied  by  vomiting. 

History. — Ancient  medical  literature  contains  no 
record  of  this  disease.  Not  until  1578  is  there  to  be 
found  any  definite  description  of  it,  when  Guillaume 
de  Baillou  reported  it  as  occurring  in  Paris.  He 
termed  it  quinles  or  quintana  on  account  of  the  sup- 
posed regular  occurrence  every  five  hours  of  the 
paroxysms  of  coughing.  From  this  time  on  descrip- 
tions of  the  disease,  together  with  the  treatments, 
appeared  from  practically  all  over  continental  Europe, 
England,  and  later  America. 

The  first  epidemic  appeared  in  London  in  1658  and 
in  1667  Willis  wrote  the  first  English  account  under 
the  title  of  iussis  ipuerorum  convulsiva;  while  Townsend 
states  that  the  first  report  of  death  from  this  disease 
in  the  mortality  returns  of  London  was  made  in  1668 
under  the  name  of  chia  cough.  Baldwin  in  London 
wrote  of  it  in  1774  as  the  kink  cough,  as  did  also 
Butter  a  year  earlier.  In  1881  Thomas  M.  Dolan 
wrote  an  essay  on  whooping-cough :  its  pathology  and 
treatment,  for  which  he  received  the  FothergUlian 
gold  medal  awarded  by  the  Medical  Society  of 
London. 

Germany  has  made  a  comprehensive  study  of  its 
epidemics,  Schenck  giving  probably  the  first  German 
report  of  this  disease.  Likewise  Platz  in  Holland 
made  a  report  in  1726;  while  Rosen  v.  Rosenstein 
reported  the  epidemic  which  swept  Sweden  from  1749 
to  1764.  de  Haen  described  the  epidemics  in  the 
Hague  in  1746  and  1747. 

Epidemiology. — This  disease  has  been  both  pan- 
demic and  epidemic,  but,  due  no  doubt  to  a  more  com- 
prehensive knowledge  of  the  condition,  whooping- 
cough  as  an  epidemic  has  appeared  less  often  since 
the  middle  of  the  nineteenth  century,  until  at  the 
present  time  it  almost  may  be  considered  as  an  en- 
demic and  sporadic  disease,  since  epidemics  when 
occurring,  cover  but  very  small  areas  and  are  quickly 
controlled. 
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It  is  to  be  found  in  all  civilized  countries  and  while 
it  may  occur  at  all  seasons,  statistics  from  the  New 
York  State  Department  of  Health  show  that  the 
greatest  number  of  cases  occur  in  New  York  City  in 
spring  and  summer.  This  may  be  explained  in  part 
by  the  fact  that  it  is  the  beginning  of  the  outdoor 
play  season  when  children  naturally  are  in  closer  con- 
tact with  their  playmates,  and  less  under  the  surveil- 
lance of  their  parents.  The  death  rate,  according  to 
Luttinger,  is  highest  in  the  same  city  during  July, 
August,  and  September.  Herbert  Chalmers  states 
that  during  1916,  whooping-cough  was  second  only 
to  measles  in  the  mortality  rate  in  the  State  of  New 
York,  taking  almost  as  many  lives  as  tj-phoid  fever 
(593)  and  scarlet  fever  (176)  together  had  destroyed — 
745.  In  the  registration  area  of  the  United  iStates,  the 
annual  mortality  rate  from  this  disease  since  1900  has 
been  on  an  average  between  ten  and  twelve  per  10,000 
children,  with  but  little  tendency  to  fluctuate. 

Whooping-cough  is  decidedly  a  condition  of  child- 
hood but  like  nearly  every  other  childhood  disease 
inaj'  be  contracted  by  adults — probably  more  fre- 
quently than  is  commonly  supposed.  The  writer 
has  met  several  cases  of  so  diagnosed  bronchitis  in 
adults,  without  the  characteristic  "whoop,"  but 
which,  by  periodicity  of  attacks  of  paroxysmal  cough- 
ing, length  of  course  of  disease  and  prostration  of  the 
patient,  with  definite,  typical  disappearance  of  symp- 
toms, proved  to  be  whooping-cough.  It  is  frequently 
contracted  by  adults  to  have  not  been  in  contact  with 
children.  The  female  sex  shows  a  lower  degree  of 
immunity  and  a  higher  rate  of  mortality  than  the 
male  sex,  while  pregnancy  seems  to  favor  the  con- 
traction of  this  disease  in  women.  Creighton  attrib- 
utes this  difference  of  immunity  in  the  sexes  to  the 
differences  in  the  formation  and  development  of  the 
larynx.  Chalmers  notes  that  this  difference  has 
received  confirmation  in  the  mortality  statistics  of 
the  registration  area  of  the  United  States,  since  the 
death  rate  of  whooping-cough  among  females  is 
marked  during  the  first  and  second  years  of  life,  and 
becomes  more  pronounced  in  this  sex  with  each  suc- 
ceeding year  as  the  sex  characteristics  differ.  While 
the  disease  is  to  be  met  with  in  the  new-born,  it  is 
most  common  and  fatal  among  infants  and  children 
under  two  years  of  age.  Holt  reports  a  case  in  a  baby 
twelve  days  old. 

That  a  high  degree  of  immunity  exists  for  whooping- 
cough  is  shown  in  the  results  obtained  by  von  ShoUy 
and  Luttinger  in  their  investigations  among  exposed 
families  in  New  York  City.  Of  700  children  so  ex- 
posed to  the  disease  in  their  families,  but  who  had 
never  had  whooping-cough,  from  twenty-five  to 
thirty  per  cent,  escaped  the  condition.  Acquired 
immunity  protects  against  a  second  attack.  The 
symptoms  are  difficult  of  diagnosis  in  children  under 
two  years  of  age  as  the  whoop  is  usually  not  developed 
and  the  cases  resemble  bronchitis  in  so  many  respects. 
It  is  interesting  to  note  that  whooping-cough  is  easily 
contracted  by  pregnant  women,  showing  a  low  degree 
of  immunity  on  their  part  and  that  it  is  being  more 
frequently  diagnosed  in  the  new-born  and  is  especially 
contagious  up  to  five  years  of  age,  with  the  greatest 
period  of  contagion  up  to  two  years. 

Luttinger  states  that  about  eighty  per  cent,  of  all 
cases  occur  in  children  under  five  years  of  age;  while 
Williams  found  that  ninetj' -seven  per  cent,  of  all  the 
deaths  occur  under  five  years  of  age,  fifty  per  cent,  in 
those  under  two  years  of  age,  and  over  one-half  of  this 
number  were  in  children  under  one  year  of  age.  Chal- 
mers found  that  during  the  five-year  period  from  1910 
to  1914,  over  fifty-five  per  cent,  of  the  total  number  of 
deaths  from  whooping-cough  in  New  York  State  was 
in  babies  during  their  first  year.  After  the  fifth  year 
the  immunity  in  children  seems  to  be  increased,  and 
the  disease  assumes  the  character  of  a  mild  infection; 
of  the  total  number,  but  four  per  cent,  of  deaths 
occurred  after  five  years  of  age,  and  hardly  one  per 
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cent,  after  ten  years  of  age  (Chalmers).  This  age 
limitation  appears  to  be  uniform  from  year  to  year 
and  is  found  to  be  the  same  among  other  States  and 
countries.  On  the  average,  it  was  found  that  the 
death  rate  was  lower  in  New  York  City,  being  6.3  per 
100,000,  than  in  the  rural  districts  of  the  State,  which 
maintained  a  mortality  rate  of  6.9  per  100,000  for  the 
past  three  years. 

Etiology. — It  has  been  established  that  whooping- 
-cough is  a  specific  disease  due  to  a  bacillus.  In  1900 
Bordet  and  Gengou  reported  their  investigations, 
which  resulted  in  1900  in  their  finding  the  B.  pertussis. 
They  used  potato,  glycerin,  and  blood  agar  for  culture 
media  and  obtained  cultures  from  the  sputum  of 
three  cases  of  whooping-cough  (Bordet's  own  chil- 
dren). The  bacillus  is  more  easily  obtained  from  the 
sputum  during  the  late  catarrhal  and  the  beginning 
of  the  paroxysmal  stage,  when  the  whoop  is  present. 

Williams  gives  the  method  of  procedure  as  follows: 
The  sputum  is  collected  from  the  patient  at  the 
end  of  a  coughing  attack.  The  thick  grayish  portion 
selected  for  the  culture  is  streaked  over  the  surface  of 
a  plate  of  Bordet-Gengou  medium.  The  plates  are 
incubated  at  35°  C.  to  37°  C.  In  forty-eight  hours  to 
three  days  very  minute,  discrete,  elevated  colonies 
appear.  When  these  colonies  occur  in  abundance,  an 
area  of  lightened  blood  may  be  seen  at  their  periphery. 
In  pure  cultures  this  lightening  is  marked.  Of  the 
minute  delicate  colonies  the  majority  prove  to  be 
pertussis  bacilli.  As  the  disease  advances  it  is  diffi- 
cult to  obtain  the  bacillus,  due  probably  to  overgrowth 
by  other  saprophytic  germs,  especially  the  influenza 
bacillus. 

B.  pertussis  is  a  minute  rod  with  rounded  ends, 
immobile,  aerobic,  and  gram-negative.  It  stains  well 
with  ordinary  aniline  stains,  but  especially  so  with 
carbol-methyl  blue  or  carbol-toluidin  blue.  Polar 
staining  is  characteristic. 

Many  other  investigators  have  worked  on  the  germ 
theory  of  whooping-cough,  and  verification  of  the  re- 
sults of  the  work  of  Bordet  and  Gengou  have  since 
been  given.  In  190.5  WoUstein  confirmed  the  presence 
of  a  bacillus  in  thirty  cases  of  pertussis  at  the  Babies' 
Hospital,  New  York,  and  in  1909  succeeded  in  obtain- 
ing a  characteristic  agglutination  reaction  with  the 
blood  of  children  suffering  from  whooping-cough. 

Williams  states  that  there  is  but  small  evidence  that 
the  disease  is  contracted  by  other  means  than  by 
direct  contact  with  minute  particles  of  infected  mucus, 
which,  however  must  be  fresh  in  order  to  carry  the 
infection.  The  bacilli,  as  far  as  is  known,  disappear 
from  the  sputum  of  the  infected  child  after  the  third 
week  of  the  presence  of  the  whoop.  Luttinger  found 
that  the  disease  is  carried  by  direct  contact  in  about 
sixty  per  cent,  of  the  cases,  and  can  be  carried  by  a 
third  individual. 

Symptomatology. — The  disease  may  be  considered 
as  running  a  course  covering  four  stages.  Many 
cases,  however,  present  an  atypical  attack,  or  an 
abortive  course.  Vomiting,  after  an  attack  of  cough- 
ing usually  occurs,  while  the  whoop  may  be  heard 
but  seldom  in  these  cases.  These  are  the  cases  which 
defy  diagnosis.  In  a  typical  case  the  first  stage,  or 
period  of  incubation,  lasts  about  three  to  eight  days 
and  presents  no  symptoms.  The  second,  or  catar- 
rhal stage,  may  last  from  three  to  fourteen  days  and 
the  symptoms  begin  as  in  an  ordinary  cold  with  head- 
ache, coryza,  sneezing,  perhaps  slight  watering  of 
the  eyes,"  due  to  conjunctivitis.  There  is  loss  of 
appetite  and  difficulty  in  swallowing.  Fever  is 
usually  present,  either  mild,  remittent  or  intermit- 
tent. The  younger  the  patient  the  sliorter  the  length 
of  this  stage,  while  the  severity  of  the  attack  may  also 
influence  by  shortening  the  length  of  this  period 
through  the  intensity  of  the  symptoms.  There  is 
involvement  of  the  larynx  and  trachea,  the  condition 


assumes  the  character  of  a  subacute  bronchitis  and 
the  cough  develops  during  the  latter  part  of  this 
period.  Unless  there  is  knowledge  of  exposure  to 
whooping-cough,  or  its  presence  is  known  in  the 
neighborhood,  the  real  cause  of  the  condition  will 
hardly  be  suspected  at  this  time.  If  the  case  is 
typical,  the  symptoms  increase  and  the  cough  be- 
comes more  paroxysmal,  increasing  in  intensity  and 
number  of  paroxysms. 

Williams  states  that  B.  pertussis  may  be  found  in 
pure  culture  in  specimens  of  the  sputum  more  often 
during  the  latter  part  of  this  stage  and  the  beginning 
of  the  next,  or  third  stage,  than  at  any  other  time 
during  the  course  of  the  disease. 

This  stage  passes  either  gradually  or  abruptly 
into  the  third  or  paroxysmal  stage,  which  is  character- 
ized chiefly  by  the  increased  number  and  the  decided 
type  of  the  paroxysms  of  coughing.  A  typical  attack 
of  coughing  is  recognized  by  repeated,  explosive, 
expiratory  efforts  or  coughs,  following  each  other  so 
rapidly  that  the  patient  is  unable  to  take  an  inspira- 
tory breath  between  them.  These  are  followed  by 
a  pause,  then  the  patient  takes  a  deep  inspiratory 
breath  which  usually  gives  the  typical  crow  or  whoop 
as  the  air  passes  through  the  suddeiJy  contracted 
larynx  with  narrowed  rima  glottidis.  These  par- 
oxysms may  be  repeated  several  times  until  there  is 
brought  up  a  thick,  tenacious,  glairy  mucus,  followed 
in  most  cases  by  vomiting.  Often  during  or  at  the 
termination  of  an  attack  the  urine  and  feces  are  passed 
involuntarily.  Epistaxis  frequently  occurs.  Fever 
is  absent  during  this  stage.  The  patient  during  the 
attack  becomes  red,in  the  face,  at  times  purple,  the 
eyes  protrude  from  the  sockets,  the  muscles  of  the 
neck  and  chest  are  contracted  and  at  times  move 
spasmodically,  while  the  skin  is  often  bathed  in 
sweat.  The  vomiting  following  is  one  of  the  chief 
diagnostic  signs  of  whooping-cough,  especially  in 
cases  where  the  whoop  may  absent.  Older  children 
complain  of  a  tickling  sensation  in  the  nose  or  throat 
just  before  the  attack  comes  on,  or  a  feeling  as  if  a 
foreign  body  were  lodged  in  the  region  of  the  larynx. 
It  has  not  been  definitely  settled  whether  the  mucus 
expelled  at  the  end  of  a  paroxysm  comes  from  the 
nose,  throat,  or  larynx,  but  the  consensus  of  opinion 
as  the  result  of  investigation  is  that  it  collects  on  the 
posterior  wall  of  the  pharynx  or  larynx,  acts  as  a 
foreign  body  and  the  efforts  to  dislodge  it  produce  the 
typical  attacks.  Albumin  and  sugar  have  been  found 
in  the  urine  of  pertussis  cases. 

In  infants  and  children  under  two  years  of  age  the 
whoop  is  seldom  if  ever  present,  while  the  course  is 
shorter,  although  the  effects  of  the  disease  are  in 
most  cases  very  severe.  This  has  been  shown  by  the 
frightful  loss  of  life  due  to  the  effects  of  whooping- 
cough  at  this  age. 

Often  the  patient  is  able  to  apprehend  the  approach 
of  an  attack  of  coughing  and  braces  himself  either 
against  a  piece  of  furniture  or  another  person  for 
support.  He  becomes  very  pale  and  quiet  and  ap- 
parently has  a  definite  premonitory  sensation  of  the 
impending  trouble.  There  is  conii)lete  exhaustion 
after  the  attacks  are  over,  but  as  the  course  of  the 
disease  progresses  the  sufferer  learns  how  to  save  his 
strength  and  many  children  assume  a  business-like 
manner  about  the  attacks,  and  after  a  short  rest  pro- 
ceed with  their  playing  until  the  warning  is  repeated, 
when  they  again  become  quiet,  brace  them.sclves  and 
repeat  the  process.  The  attacks  are  increased  when 
the  child  lies  down,  and  are  more  frequent  during  the 
night  and  early  morning,  as  the  patient  may  be 
aroused  from  a  sound  sleep  to  go  through  the  par- 
oxysms.    This  is  typical  of  whooping-cough. 

This  stage  may  last  from  three  to  eight  weeks 
unless  conquered  by  treatment,  and  the  patient  be- 
comes weak,  sometimes  in  severe  c.ises,  emaciated 
from  the  constant  vomiting  and  subsequent  loss  of 
nourishment   and   strength.     In   cases   which   run   a 
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milder  course  the  paroxysms  may  be  comparatively 
few  in  number  and  gentle  in  character. 

As  the  third  stage  progresses  toward  the  fourth 
stage,  or  period  of  decline,  the  attacks  become  less 
severe  and  fewer  in  number,  the  patient  gradually 
regains  strength  and  weight,  and  the  condition  goes 
on  to  recovery.  This  takes  usually  about  two  to 
three  weeks. 

One  of  the  lasting  effects  of  whooping-cough  is  that 
the  cough  and  whoop  may  return  long  after  the  con- 
dition is  supposed  to  have  been  cured.  In  fact,  any 
ordinary  bronchitis,  following  in  an  individual  who 
has  had  whooping-cough,  may  assume  the  character- 
istic paroxysm  and  whoop  for  a  year  afterward. 
Untreated  cases  of  whooping-cough  may  run  a  course 
of  tliree  months  or  more,  with  after-conditions  last- 
ing as  long  as  six  months.  Since  the  advent  of  the 
vaccine  therapy,  the  length  of  the  course  has  ap- 
l>arently  been  almost  cut  in  two. 

Pathology. — This  consists  in  a  catarrhal  condition 
of  the  mucous  membranes  of  the  nose,  pharynx,  larynx, 
trachea,  and  bronchi.  If  complications  have  fol- 
lowed, there  will  be  present  the  lesions  typical  of  the 
condition. 

Complications. — The  most  common  and  dangerous 
complication  of  whooping-cough  is  bronchopneu- 
monia. Williams  states  that  the  general  bronchitis 
accompanying  whooping-cough  is  produced  by  other 
microorganisms  than  B.  pertussis,  such  as  the  in- 
fluenza bacilli,  pneumococci,  and  streptococci.  An 
unusual  feature  with  relation  to  whooping-cough  is 
that  when  a  complication,  such  as  pneumonia  or 
diphtheria,  occurs,  the  paroxysmal  whooping-cough 
disappears,  to  be  resumed  when  the  symptoms  of  the 
complication  have  subsided. 

In  obtaining  a  history  of  a  child  ill  with  whooping- 
cough,  the  experience  of  the  writer  has  been  that  in 
the  majority  of  cases,  the  disease  has  apparently 
immediately  followed  an  attack  of  measles.  Oc- 
casionally, too,  it  has  been  found  that  in  cases  re- 
covered from  both  diseases,  measles  has  succeeded 
the  whooping-cough.  Whether  in  the  first  instance, 
the  catarrhal  stage  of  both  conditions  was  about  the 
same,  and  the  whooping-cough  suffered  abatement 
during  the  progress  of  measles,  is  a  matter  still  of 
investigation.  That  measles,  whooping-cough  and 
pulmonary  tuberculosis  form,  as  it  were,  a  vicious 
circle,  is  a  fact  well  known  to  those  having  the  medical 
care  of  children.  Tuberculous  lymph  nodes  are  a 
common  sequel  to  this  condition.  Since  the  diges- 
tive tract,  especially  in  very  young  children,  is  in- 
volved and  weakened  during  the  course  of  whooping- 
cough  and,  added  to  this,  the  effect  of  the  heat  of  the 
spring  and  summer,  it  is  not  to  be  wondered  at  that 
intestinal  conditions  either  complicate  or  follow  this 
disease. 

Pulmonary  vesicular  emphysema,  interlobular,  and 
lobular  emphysema  may  result  either  temporarily 
or  permanently  from  the  effects  of  the  strain  of 
whooping-cough. 

Hemorrhages,  either  from  the  nose,  eyes,  mouth, 
or  ears,  may  occur,  but  are  more  common  from  the 
nose,  mouth,  and  eyes.  These  hemorrhages  are  the 
result  of  the  mechanical  force  of  the  coughing  and 
vomiting.  Cerebral  hemorrhage,  usually  meningeal, 
may  occur,  producing  the  various  types  of  pressure 
symptoms  and  paralysis  according  "to  the  location 
of  the  e.xtravasation.  Convulsions  may  occur  as 
a  result  of  the  specific  poison,  or  may  be  purely  reflex. 
A  child  with  a  neurotic  temperament  or  "with  a 
systemic  condition,  such  as  rickets,  syphilis,  etc., , 
will  usually  show  more  nervous  disturbance  than 
children  with  a  normal  systemic  basis.  Hernia  has 
been  noted  as  a  sequel  in  some  cases. 

Dlagnosis. — Since  it  is  practically  impossible  to 
detect  the  presence   of  whooping-cough   during   the 
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first  stage,  or  incubation  period,  as  soon  as  the  catar- 
rhal symptoms  of  any  ordinary  cold  appear,  especially 
in  children  under  five  years  of  age,  the  patient  should 
be  isolated  for  a  week  or  ten  days,  after  which  the 
typical  cough,  if  not  the  whoop,  appears.  If  there 
is  a  history  of  whooping-cough  in  the  neighborhood 
this  procedure  is  even  more  urgent.  Whooping- 
cough  in  the  early  stage  and  until  the  appearance  of 
the  paroxysms  or  whoop  is  difficult  of  diagnosis,  and 
especially  so  in  cases  of  infants  where  the  whoop  is 
always  absent.  The  time  of  year,  age  of  patient, 
attack  of  coryza,  followed  by  gradually  increasing 
paroxysmal  cough  should  put  the  diagnostician  on 
guard  for  presence  of  this  disease. 

Williams  states  that  as  yet  there  is  no  definite 
evidence  as  to  the  prevalence  of  the  light  atypical 
cases.  Some  investigators  claim  that  diagnosis 
may  be  made  during  the  catarrhal  stage,  and  also 
through  the  paroxysmal  and  convalescent  stages  by 
the  complement-deviation  test.  Olmstead  and  Povit- 
sky  of  the  Bureau  of  Laboratories  of  the  New  York 
City  Health  Department  have  made  a  careful  study 
of  the  value  of  the  complement-fixation  and  of  ag- 
glutination in  the  early  diagnosis  of  whooping-cough, 
and  their  results  showed  that  about  forty  per  cent. df 
the  cases  gave,  early  in  the  disease,  a  definite,  but  not 
a  marked  reaction  at  any  time  with  the  B.  pertussis. 
The  tests  may  give,  however,  additional  help  in 
clearing  up  doubtful  cases.  From  the  same  source  it 
was  found  that  during  the  first  week  of  the  whoop, 
specific  antibodies  appear  in  the  serum  in  small 
amounts. 

Complement-deviation  Test. — Fischer  outlines  this 
test  as  follows:  About  fifteen  to  twenty  drops  of 
blood  are  taken  from  either  the  ear,  finger,  or  toe  of 
the  patient  and  collected  in  small  test-tubes  or  in  the 
Wright  capillary  tubes.  These  are  then  placed  in 
the  incubator  until  coagulation  has  taken  place,  when 
the  serum  is  separated  more  completely  from  the  clot 
in  the  centrifuge.  So  far  only  fresh  active  serum  has 
been  used.  Two  drops  of  the  serum  are  used  in  each 
test. 

Hemolytic  System. — The  Noguchi  system  is  used 
because  of  its  extreme  delicacy,  and  because  of  the 
small  amount  of  material,  especially  serum,  required. 
Washed  human  corpuscles,  one  drop  to  4  c.c.  of  salt 
water  are  employed. 

Amboceptors  are  prepared  according  to  the  Noguchi 
method,  the  serum  being  dried  on  filter-paper.  The 
complement  is  obtained  in  the  usual  guinea-pig  dilu- 
tion 1 :  40. 

Antigen  is  the  most  important  factor  in  the  test. 
Subcultures  are  made  on  Bordet's  medium  (see  the 
section  on  Etiology)  and  on  ascitic  fluid  agar  exclu- 
sivcl_y  and  the  antigens  are  made  as  follows:  seventy- 
two-hour  growths  are  taken.  The  colonies,  which 
are  tenacious,  are  scraped  off  the  agar  with  a  glass 
hook  into  sterile  salt  water.  An  emulsion  is  made 
and  the  bacteria  are  again  washed  in  salt  water. 
This  second  washing  is  important  in  order  to  rid  the 
emulsion  of  any  particles  of  agar.  From  this  washed 
emulsion  a  standard  suspension  is  made,  and  0.1 
to  0.2  c.c.  of  this  is  used  in  the  tests.  Throughout  the 
test  live  bacteria  are  used. 

Controls. — In  each  test  known  normal  and  known 
positive  controls  are  used,  and  in  each  series  of  tests 
the  hemolytic  system  is  tried  out  in  the  usual  manner, 
a  water-bath  at  37°  C.  being  used  for  incubation. 
.Xfter  primary  incubation  for  half  an  hour  the  amount 
of  amboceptor  indicated  by  the  preliminary  test  is 
added  to  the  final  test-tubes  and  the  tubes  are  again 
incubated  in  the  water-bath.  The  reaction  is  not 
present  in  bronchitis. 

Prognosis. — Children  who  have  no  systemic,  under- 
lying condition  usually  recover  from  this  disease, 
although  care  as  to  general  hygiene  and  upbuilding 
is   needed   long   after  the   whooping-cough   has   dis- 
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appeared.  The  younger  the  patient  the  more  serious 
the  prognosis.  Children  with  underlying  conditions 
such  as  rickets,  sypliilis,  tuberculosis,  and  neurotic 
temperaments  stand  less  chance  of  successfully  com- 
bating the  disease.  Prognosis  in  any  given  case  is 
difficult  as  the  tremendous  death  rate  attests. 

Prophylaxis. — A  child  with  a  cold  or  cough,  until 
it  can  be  diagnosed  definitely,  should  not  be  allowed 
to  mingle  with  other  children.  When  the  case  is 
recognized  as  whooping-cough,  the  patient  should 
be  kept  at  a  distance  of  about  six  feet  from  other 
people,  especially  children,  while  complete  isolation 
from  other  children  is  even  better  prophylaxis. 

When  the  paroxysms  occur,  the  person  caring  for 
the  child  should  put  on  a  surgical  apron  until  all  signs 
of  the  paroxysm  are  over.  This  wUl  prevent  the 
transference  of  the  droplets  of  sputum  through  which 
the  germs  are  carried  to  others  in  the  family.  The 
sputum  should  be  caught  in  a  piece  of  muslin  or  a 
paper  napkin  and  burned.  It  need  hardly  be  stated 
that  these  infected  children  must  be  kept  from  school 
and  places  of  amusement. 

Many  physicians  are  attempting  to  have  built 
hospitals  for  the  care  and  study  of  whooping-cough. 
This  scheme  if  carried  out  would  in  a  short  time  lessen 
the  incidence  of  the  disease  and  lower  the  terrible 
death  rate. 

Treatment. — There  are  four  cardinal  methods  of 
treatment  of  whooping-cough:  Fresh  air,  sunshine, 
medication,  and  vaccine  therapy. 

Every  case  of  whooping-cough  requires  all  the 
general  hygienic  measures  possible  in  order  to  sustain 
strength  and  endurance.  A  small  infant  cannot  be 
placed  out  in  the  open  air  on  a  raw  spring  day,  but  it 
can  be  kept  in  a  room  in  which  the  windows  are  wide 
open,  provided  the  patient  is  properly  dressed  antl 
kept  warm.  Sunshine,  as  in  the  majority  of  diseases, 
Is  of  inestimable  benefit.  Older  children  may  be 
allowed  to  play  out  in  the  open,  unless  the  day  is 
windy  but  not  in  contact  with  other  children  by  any 
means. 

Medication  has  resolved  itself  into  a  common  sense 
use  of  sedative  and  antispasmodic  drugs,  of  which  the 
most  efficacious  are  antipyrine  and  bromide  of  sodium. 
Quinine  seems  to  be  beneficial  in  many  cases,  but  as  a 
rule  has  to  be  given  in  such  powerful  doses  that  it  is 
contraindicated  in  small  children. 

Kerley  has  been  successful  with  drug  medication  in 
the  following  form:  No  drug  treatment  is  begun  until 
the  paroxysmal  stage  is  at  its  height;  for  if  begun  be- 
fore this  time,  there  is  apt  to  be  both  a  derangement 
of  the  system  from  the  drugs  and  the  effects  of  a  given 
drug  or  drugs  wears  off  before  the  height  of  the  disease 
has  been  reached.  He  employs  what  he  terms  as  an 
"interrupted  medication."  For  the  first  five  days  a 
prescription  containing  antipyrine  one  dram,  bromide 
of  soda  two  drams,  syrup  of  raspberry  five  drams,  with 
water  .sufficient  to  make  four  ounces,  may  be  used,  in 
doses  of  one  teaspoonful  every  two  hours  for  six  doses 
to  a  child  of  three  years  of  age.  The  next  week  full 
doses  of  quinine,  as  mentioned  above,  eight  to  twelve 
grains  in  the  twenty-four,  hours  may  be  given  if 
agreeing  with  the  patient.  The  next  week  the  seda- 
tive medicine  is  emplo.yed,  followed  the  next  week  by 
the  quinine.  This  is  continued  for  a  month  or  six 
weeks,  when  the  time  of  the  severe  symptoms  is  then 
usually  over. 

In  younger  children,  Holt  has  found  that  antipyrine 
is  more  beneficial  in  allying  the  paroxysms  of  cough 
than  any  other  drug.  He  gives  it  in  an  initial  dose 
of  one  grain  repeated  every  three  hours  to  a  child  of 
six  months,  later  this  may  be  given  every  two  hours. 
For  a  child  of  two  years  two  grains  may  be  given  at 
the  first  dose  and  repeated  every  four  or  six  hours, 
gradually  to  be  increased  up  to  two  grains  every  two 
hours. 

Codeine  has  been  proved  to  give  relief  in  the  night 


attacks.  A  dose  of  one-tenth  grain  given  at  bedtime, 
if  necessary,  and  repeated  twice  during  the  night  if 
paroxysms  occur,  will  be  found  sufficient  to  control 
the  cough  in  a  child  from  two  to  three  years  of  age. 
As  high  as  one-sixth  grain  may  bo  given  "to  a  child  of 
five  years  of  age,  and  repeated. 

Inhalations  of  steam,  especially  at  night,  offer 
great  relief  to  the  sufferer.  The  crib  top  is  covered 
with  a  blanket  or  sheet  and  the  steam  is  admitted  to 
the  child  by  pl.acing  the  nozzle  of  a  steam  kettle 
through  an  opening  in  the  tent,  made  by  the  blanket, 
at  the  foot  of  the  crib.  The  water  in  the  kettle  may 
be  kept  boiling  by  placing  the  kettle  over  a  small 
nursery  stove  or  an  electric  heater. 

No  one  medication  or  system  of  medication  will 
prove  beneficial  in  every  case  of  whooping-cough. 
The  remedies  here  given  have  the  approval  of  long 
usage  by  well-known  authorities.  There  is  no  one 
drug  cure  for  whooping-cough. 

Care  and  attention  to  the  feeding  of  these  cases  will 
do  much  to  mitigate  the  condition.  Food  should  be 
offered  in  small  quantities  and  often.  After  an  attack 
of  coughing  when  there  has  been  vomiting,  food  may 
be  given  as  it  is  more  apt  to  be  retained.  The  diet 
should  be  as  simple  and  nourishing  as  possible. 

Experience  has  shown  that  the  support  obtained 
from  an  abdominal  belt  does  much  for  the  relief  of 
the  sufferer.  These  belts  are  made  of  heavy  muslin 
with  two  or  three  bones  inserted  if  necessary  in  the 
case  of  a  larger  child,  and  fastened  at  the  back  by 
lacing  securely  as  in  the  ordinary  corset.  The  belt 
should  extend  from  just  below  the  armpits  to  below 
the  hips,  completely  including  the  abdomen. 

Vaccine  Therapy. — Much  contention  has  been  raised 
as  to  the  merits  of  this  method  of  treatment.  It  has 
been  successful  in  the  hands  of  many  physicians,  while 
others  claim  to  have  derived  no  benefit  from  its  use. 
To  obtain  beneficial  results,  the  vaccine  must  be  given 
early  in  the  course  of  the  disease,  as,  according  to 
Williams,  after  the  third  week  of  the  whoop  the  condi- 
tion is  not  influenced  by  this  means  of  treatment. 

The  Bureau  of  laboratories.  New  York  City  Depart- 
ment of  Health  gives  the  following  directions  for 
the  use  of  the  vaccine. 

Prophylactic. — Three  subcutaneous  injections  are 
usually  given,  one  everv  third  dav.  .Amount  used — 
children,  500  million,  1,000  million,  and  2,000  million; 
adults,  1,000  million,  2,000  million,  and  3,000 
million. 

Curative. — Four  to  five  injections  are  usually  given, 
one  every  second  or  third  day.  Amount  injected — 
children  under  one  year,  250  million,  500  million, 
1,000  million,  1,500  million,  2,000  million.  Patients 
over  one  year,  500  million,  1,000  million,  2,000  million, 
and  repeat  last  dose.  As  a  rule  this  is  sufiicient,  but 
if  no  result  is  obtained,  further  injection  may  be  tried 
as  well  as  larger  doses. 

Reaction. — A  local  reaction  may  occur  and  it  is 
without  significance,  disappearing  in  twenty-four 
hours.  A  general  reaction,  which  is  rare,  would  indi- 
cate that  the  intervals  between  injection  should  be 
lengthened  and  dose  more  gradually  increased. 

Henry  L.  K.  Shaw  used  the  vaccine  as  a  prophy- 
lactic measure  in  an  infant's  institution  in  which  KU 
children  were  exposed  in  four  different  epidemics  to 
whooping-cough.  His  results  showed  that  eleven 
children  or  seven  per  cent,  developed  the  disease.  He 
states  that  heretofore  when  whooping-cough  devel- 
oped in  this  institution,  about  eighty  per  cent,  of  the 
children  contracted  the  disease. 

When  used  as  a  curative  measure,  whooping-cough 
vaccine  seems  to  have  the  power  of  shortening  both 
the  number  and  severity  of  the  paroxysms.  The 
night  paroxysms  are  fewer,  and  vomiting  is  dimin- 
ished, hence  the  general  condition  of  the  patient^  is 
much  improved  and  loss  of  weight  is  stopped.  Not 
until  we  have  hospitals  for  the  care  of  whooping-cough 
cases,  however,  can  there  be  any  certainty  as  to  the 
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absolute  benefit  to  be  derived  from  any  one  treat- 
ment of  this  disease,  especially  one  which  is  compara- 
tively still  new  and  requires  much  more  study  and 
investigation  before  positive  statements  can  be  made 
as  to  its  benefit  in  each  and  every  case.  Too  many 
factors  now  enter  in,  which  will  have  to  be  eliminated, 
but  the  hope  is  that  the  vaccine  treatment  of  whoop- 
ing-cough will  eventually  prove  to  be  the  one  reliable 
cure  for  this  terrible  scourge. 

Esther  L.  Jefferis. 


Widmer,  Christopher. — Often  designated  as  the 
"Father  of  Surgery  in  Upper  Canada."  He  was 
born  in  England  about  the  year  1780,  and  m  early 
manhood  entered  upon  the  study  of  medicine.  He 
was  a  Fellow  of  the  Royal  College  of  Surgeons,  and, 
as  Staff  Surgeon  attached  to  the  14th  Light  Dragoons, 
he  served  through  nearly  the  whole  of  the  Peninsu- 
lar Campaign  (1808-14);  receiving  afterward  the 
medal  with  five  clasps— viz.,  for  Vittoria,  Salamanca, 
Fuentes  de  Oiioro,  Busaco,  and  Talavera.  He  came 
to  Canada,  with  his  regiment,  toward  the  end  of 
the  war  of  1812  (1812-15).  He  probably  com- 
menced practice  in  Toronto  (at  that  period  and  up 
to  the  year  1834  known  as  York)  in  1815  or  1816, 
and  during  the  following  ten  years  he  was  probably 
the  only  qualified  medical  man  in  settled  practice 
in  that  locality. 

Dr.  Widmer  occupied  a  most  prominent  place  in 
the  history  of  the  Medical  Profession  of  the  Province, 
equally  as  a  practitioner,  as  a  member  of  the  Upper 
Canada  Medical  Board,  and  as  a  surgeon  of  the 
Toronto  General  Hospital.  His  public  and  private 
worth  was  recognized  in  many  ways.  Thus,  in 
1826,  he  was  appointed  Medical  Referee  to  the  United 
Empire  Life  Association  at  Toronto;  in  1831  he  was 
gazetted  as  a  Director  of  the  Bank  of  Upper  Canada 
by  the  Lieutenant  Governor;  in  1832  he  was  similarly 
gazetted  as  a  Trustee  of  the  General  Hospital  of 
Upper  Canada;  in  1834  he  and  Dr.  Grant  Powell  were 
chosen  members  of  the  Committee  of  Management 
of  the  United  Service  Club  for  Upper  Canada;  he 
was  commissioned  a  member  of  the  University  of 
King's  College,  on  May  18,  1842;  and  in  1849  he  was 
appointed  a  member  of  the  Legislative  Council  of 
Upper  Canada.  In  everything  relating  to  matters 
that  affected  the  well-being  of  the  Medical  Profession 
Dr.  Widmer  was  ever  foremost.  He  died  May  2, 
1858,  at  the  age  of  seventy-eight.  (From  data  kindly 
furnished  by  Dr.  A.  Primro.se,  of  Toronto.) 

A.  H.  B. 


Wilbur  Springs. — Colusa  County,  California. 
Post-office. — Wilbur  Springs.     Hotel.      Cottages. 

Access. — Via  Southern  Pacific  Railroad  to  Williams, 
thence  by  automobile  or  stage  twenty-five  miles 
southwest  to  the  springs. 

Wilbur  Springs  is  delightfully  situated  in  the  Coast 
Range  Mountains,  at  an  elevation  of  1,250  feet  above 
sea-level,  sheltered  from  the  cold  winds  of  the  coast 
and  the  hot  winds  of  the  valley.  There  are  numerous 
springs  both  hot  and  cold,  among  them  being  Hot 
White  Sulphur,  Hot  Black  Sulphur,  Cold  White 
Sulphur,  Cold  Black  Sulphur,  Magnesia,  Iron,  and 
Warm  Salt  Water. 

The  hot  sulphur  water  pours  from  the  mountain 
side  with  large  quantities  of  sulphur  and  salt  in  solu- 
tion. It  is  naturally  heated  to  140°  F.  Hot  mud 
baths  are  a  feature  of  the  resort.  The  heat  and 
strength  of  the  waters  are  uniform  throughout  the 
year. 

Professor  W.  H.  Sloan  of  Leland  Stanford  Junior 
University  has  recently  analyzed  a  number  of  the 
Springs : 
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WiLBOR  Spring  No.  10 
Hot  Black  Sulphur  Water.     Temperatu 


120°  F. 


UDS 


per  U.  S. 
gallon 

Sodium  nitrate : 8 .  664 

Potassium  iodide 0.762 

Potassium  bromide 0.231 

.Sodium  biborate  (borax),    ,                              .  33.581 

Ammonium  chloride 21.242 

Lithium  chloride 2.432 

Potassium  chloride 20.978 

Sodium  chloride 492  .  870 

Sodium  sulphate 2.677 

Sodium  bicarbonate .  .  271 .  .'j90 

Magnesium  bicarbonate 23  .  100 

Magnesium  silicate 6.935 

Calcium  silicate 0.663 

Iron  and  Alumina 0163 

Carbon  dioxide 3.! .  060 

Hydrogen  sulphide 2  .  703 

Total 921.0.57 

Carbon  dioxide  by  volume — 66.64  cubic  inches  per  gallon. 
Hydrogen  sulphide  by  volume — 7.031  cubic  inches  per  gallo 


Rainbow  Spring.      Temperature  70°  F. 

Grains 
per  U.  S. 
gallon 

Sodium  nitrate 23 .  545 

Potassium  iodide - 1.280 

Potassium  bromide 1.163 

Sodium  biboratc  (borax)  66.450 

Ammonium  chloride.  .  .  28.440 

Lithium  chloride 3.594 

Potassium  chloride 50.253 

Sodium  chloride 901 .060 

Sodium  sulphate 19.920 

Sodium  bicarbonate 470.  940 

Magnesium  bicarbonate 21 .  793 

Calcium  bicarbonate 0.842 

Silica 3.791 

Iron  and  alumina 0.292 

Carbon  dioxide 14.182 

Hydrogen  sulphide 3.955 

Total 1611.500 

Carbon  dioxide  by  volume — 56.18  cubic  inches  per  gallon. 
Hydrogen  sulphide  by  volume — 10.28  cubic  inches  per  gallon. 


Wilbur  Spri.no   No.  22 

Hot  Sulphur  Water.     Temperature  140°  F. 

Flowing  30,000  gallons  per  day. 

Grains 

per  U.  S. 

gallon 

Sodium  nitrate Trace. 

Potassium  iodide 1 .  151 

Potassium  bromide 0.927 

Sodium  biborate  (borax) 57.350 

Ammonium  chloride   BO .  787 

Lithium  chloride 4.585 

Potassium  chloride 44.799 

Sodium  chloride 841.310 

Sodium  sulphate 14 .  851 

Sodium  bicarbonate 51 1 .  670 

Magnesium  bicarbonate 18 .  566 

Calcium  bicarbonate 1 .  822 

Silica 10.217 

Iron  and  alumina 0.190 

Carbon  dioxide 11.480 

Hydrogen  sulphide 9.611 

Total 1579.316 

Carbon  dioxide  by  volume— 23.14  cubic  inches  per  gallon. 
Hydrogen  sulphide  by  volume — 24.994  cubic  inches  per  gallon. 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Willis,  Thomas 


WiLBnB  Sprinq  No.  24 
fold  Magnesia  Water.     Temperature  60°  F. 

Grains 
per  U.  S. 
Gallon. 

Sodium  nitrate 0  .  052 

Sodium  biborate  (borax) Trace. 

Ammonium  chloride 0 .  273 

Lithium  chloride Trace 

Potassium  chloride 0 .  349 

Sodium  chloride 3.049 

Sodium  sulphate 0 .  653 

Sodium  bicarbonate 2  .  709 

Magnesium  bicarbonate 73.977 

Calcium  bicarbonate 3.581 

Calcium  silicate 2 .  520 

Iron  and  alumina 0.064 

Silica 0.619 

Carbon  dioxide 1  -166 

Total 89.018 

Carbon  dioxide  by  volume — 2.33  cubic  inches  per  gallon. 


Wilbur  Spring  No.  34 

Jackson  Spring.     Temperature  69°  F. 

Grains 

per  U.  S. 
Gallon. 

Potassium  iodide Slight  Trace. 

Lithium  chloride .' Slight  Trace. 

Potassium  chloride Trace. 

Sodium  chloride 10 ,  026 

Magnesium  chloride 4.549 

Magnesium  sulphate 2.853 

Magnesium  bicarbonate 48.615 

Calcium  bicarbonate 10 .  627 

Silica 4.410 

Iron  and  alumina 0  ■  070 

Carbon  dioxide 0.941 

H.vdrogen  sulphide 2 .  306 

Total 84.397 

Carbon  dioxide  by  volume — 1.900  cubic  inches  per  gallon. 
Hydrogen  sulphide  by  volume — 6.000  cubic  inches  per  gallon. 

The  waters  are  used  both  internally,  and  for 
bathing.  They  have  proved  of  great  benefit  in 
rheumatic  conditions,  liver,  and  kidney  disorders, 
dyspepsia,  eczema,  malaria,  and  nasal  catarrh. 

Emma  E.  Walker. 


Wilde,  Sir  William  Robert  Wills.— Born  at 
Castlereagh,  Ireland,  in  1815.  He  studied  medicine 
at  the  University  of  Dublin,  and,  after  graduation, 
visited  London,  Berlin,  and  Vienna  for  the  purpose 
of  acquiring  special  knowledge  in  the  treatment  of 
diseases  of  the  eye  and  ear.  Upon  his  return  to 
Dublin  in  1841  he  began  the  practice  of  his  profession, 
and  soon  afterward  (1844)  reopened  the  old  St. 
Mark's  Hospital  as  an  Ophthalmic  Dispensary. 
Then,  for  a  period  of  several  years,  ho  gave  some  very 
popular  lectures  on  ophthalmology  and  otology  at 
the  Park  Street  School,  Dublin.  "In  1853  he  was 
honored  with  the  title  of  Surgeon  Oculist  to  the  Queen 
of  Ireland,  and  still  later  he  was  knighted  in  recogni- 
tion of  the  valuable  services  which  he  rendered  as 
Assistant  Commissioner  of  the  Census  of  Ireland. 
He  died  April  19,  1876. 

Of  his  published  writings  the  following  deserve 
to  receive  special  mention:  "Contributions  to 
Ophthalmic  Surgery;  the  Causes  and  Treatment  of 
Entropium  and  Trichiasis,"  Dublin,  1844.  "Con- 
tributions to  the  History  of  Medicine  in  Ireland," 
Dublin,  1846.  "Contributions  to  Aural  Surgery; 
Inflammatory  Affections  of  the  Membrana  Tympani 
and  Middle-ear,"  Dublin,  1848.  "Observations  on 
the  Epidemic  Ophthalmia,  which  has  prevailed  in 
the  Workliouses  and  Schools  of  the  Tipperary  and 


Athlone  Unions,"  Dublin,  1851.  "Practical  Obser- 
vations on  Aural  Surgery,  and  the  Nature  and 
Treatment  of  Diseases  of  the  Ear,"  Philadelphia, 
1853.  A.  H.  B. 


Wilhoit  Springs. — Clackamas  County,  Oregon. 
Post-office. — Wilhoit.     Hotel. 

Access. — Via  Southern  Pacific  Railroad  to  Molalla, 
Oregon.     An  autostage  meets  all  trains. 

The  springs  are  locatofi  in  the  foothills  of  the  Cas- 
cades, in  a  very  beautiful  valley,  thirty- seven  miles 
from  Portland,  thirty-nine  from  Salem,  and  twenty- 
five  from  Oregon  City. 

These  springs  are  seven  in  number  and  flow  about 
700  gallons  per  hour.  An  analysis  by  J.  A.  Veatch, 
M.  D.,  gave  the  following  results:  One  United  States 
gallon  contains  (solids):  Sodium  carbonate,  gr. 
87.57;  magnesium  carbonate,  gr.  85.32;  calcium  car- 
bonate, gr.  32.23;  iron  carbonate,  gr.  6;  sodium 
sulphate,  gr.  3.40;  magnesium  sulphate,  gr.  6.48; 
sodium  chloride,  gr.  201;  iodine,  a  trace.  Total 
solids,  422.00  grains.  Carbonic  acid  gas,  22.56  cubic 
inches. 

The  water,  as  it  flows,  is  said  to  have  a  temperature 
of  35°  F.  This  is  a  very  valuable  water,  combining 
as  it  does  a  number  of  unportant  chemical  ingredients. 
It  is  not  unpleasant  to  the  palate,  and  acts  as  a  laxa- 
tive and  diuretic.  It  contains  a  considerable  percent- 
age of  iron,  which  gives  it  tonic  and  reconstructive 
properties. 

It  is  used  with  benefit  in  various  forms  of  dyspepsia, 
liver,  kidney  and  bladder  troubles,  catarrh,  rheumatic 
conditions,  and  in  diseases  peculiar  to  women. 

Emma  E.  Walker. 


Wilian,  Robert. — Born  at  Hill,  in  Yorkshire, 
England,  in  1757.  He  received  the  degree  of  Doctor 
of  Medicine  from  the  University  of  Edinburgh  in 
1780.  After  practising  for  a  short  time  at  Darlington, 
in  Durham  County,  he  settled  in  Edinburgh.  In 
1800,  he  was  appointed  Physician  of  the  Fever 
Hospital.  He  was  a  hard  worker,  and,  being  natu- 
rally not  very  strong,  he  soon  broke  down  under  the 
strain,  and  was  obliged  to  go  to  the  Island  of  Madeira, 
in  the  hope  that  the  better  climate  of  that  locality 
might  restore  him  to  health.  He  died  there  April 
17,  1812. 

Wilian  was  in  his  day  the  most  celebrated  of 
English  dermatologists.  He  introduced  a  new  method 
of  describing  and  cla.ssifying  skin  diseases,  and  brought 
some  degree  of  order  out  of  the  chaotic  condition  in 
which  dermatology  then  existed.  His  chief  work  is 
that  which  bears  the  title:  "Description  and  Treat- 
ment of  Cutaneous  Diseases,  etc.,"  London,  2  vols., 
1805-07.  A.   H.  B. 


Willis,  Thomas. — Born  at  Great  Bedwin,  Wilt- 
shire, England,  Jan.  27,  1621.  In  1646  he  received 
from  the  University  of  Oxford  the  degree  of  Bachelor 
of  Medicine.  He  began  the  practice  of  his  profession 
in  that  city  and  was  soon  succi-.-isful  in  gaining  a  suffi- 
ciently large  clientele.  In  UUKi  he  removed  to  London 
and  in  a  verj-  short  time  became  one  of  the  most 
famous  and  popular  phvsicians  of  the  metropolis. 
He  died  at  London  Nov".  21,  1675,  and  was  buried 
in  Westminster  Abbey. 

Willis  made  a  number  of  contributions  to  our  stock 
of  anatomical  knowledge,  and  his  name  is  still  con- 
nected with  these  discoveries  in  the  regular  text- 
books; the  "circle  of  Willis"  being  more  familiar 
than  any  of  the  others  to  the  medical  men  of  to-day. 
Of  his  isublished  writings  the  following  deserve  to 
receive    special    mention:     "Diatribse    dua;:    I.    de 
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fermentatione,  scu  do  motu  intestino  particularuni 
in  quocumque  corporc;  II.  de  febribus,  seu  de  luotu 
earumdem  in  sanguine  aniniali,"  The  Hague,  lGo9 
and  London,  1000  (several  later  editions);  "Cerebri 
anatome,  cui  accessit  nervorum  descriptio  et  usus, 
London,  1664  (several  later  editions) ;  and  "  Pathologia 


Fig.  4910. — Thomas  Willis. 

cerebri  et  nervosi  generis,  in  qua  agitur  de  morbis 
convulsivis  et  scorbuto,"  Oxford,  1667  (several  later 
editions).  A.  H.  B. 


Wilson,  William  James  Erasmus.  —  Born  in 
Scotland,  in  1S09.  He  studied  medicine  at  St. 
Bartholomew's  Hospital,  London,  under  Abernathy, 
and  was  made  a  member  of  the  Royal  College  of 
Surgeons  in  18.31.  Shortly  afterward  he  was  ap- 
pointed Assistant  to  Professor  Jones  Quain,  the  dis- 
tinguished anatomist,  at  the  University  College;  and, 
later  still,  he  was  chosen  Prosector  under  Richard 
Quain,  a  younger  brother  of  the  former.  These 
appointments  gave  him  ample  opportunities  for  per- 
fecting his  knowledge  of  anatomy,  and  thus  opened 
the  way  for  his  being  chosen  Instructor  in  Anatomy 
at  Middlesex  Hospital.  Shortly  afterward  he  pub- 
lished some  anatomical  treatises  which  added  largely 
to  his  reputation.  These  bear  the  following  titles: 
"Anatomist's  Vademecum,"  London,  1840;  and 
"  Anatomical  Plates,"  4  volumes  (in  association  with 
Jones  Quain).  From  this  time  forward  Wilson 
devoted  himself  almost  exclusively  to  the  study  of 
diseases  of  the  skin.  In  1809  he  gave  to  the  Royal 
College  of  Surgeons  the  sum  of  £.5,000  for  the  purpose 
of  endowing  a  Chair  of  Dermatology,  and  at  the  same 
time  he  presented  to  the  Museum  of  that  institution 
his  very  large  collection  of  dermatological  prepara- 
tions. In  1S70  he  gave  to  the  University  of  Aberdeen 
the  sum  of  £10,000  for  the  endowment  of  a  Chair  of 
Pathology,  to    be  known  as  the  "Erasmus   Wilson 


Professorship" — in  memory  of  his  father.  A  little 
later  he  was  made  a  Baronet.  He  died  at  Bungalow, 
Westgate-on-See,  Aug.  S,  1884. 

Sir  Erasmus  Wilson — by  which  name  he  was 
commonly  known — was  not  only  an  able  practitioner 
and  an  admirable  teacher,  but  also  a  man  of  most 
kindly  disposition.  In  addition  to  the  two  endow- 
ments already  mentioned  he  built  the  new  wing  of 
the  Sea-bathing  Infirmary  at  Margate,  in  1880,  and 
the  "Master's  House"  at  the  Epsom  ^ledical  College 
in  1872. 

Of  his  published  writings  on  dermatological  sub- 
jects the  following  deserve  to  receive  special  mention: 
"Lectures  on  Diseases  of  the  Skin  and  Syphilis," 
1847;  "Atlas  of  Portraits  of  Diseases  of  the  Skin;" 
and  Quarterly  Journal  of  Cutaneous  Medicine  and 
Diseases  of  the  Skin,  founded  by  him  in  1807. 

A.  H.  B. 


Winnipeg. — This  city,  the  capital  of  the  province 
of  Manitoba,  is  situated  at  the  junction  of  the  Red 
River  of  the  North  and  the  Assiniboine,  485  miles 
south  of  Lake  Winnipeg  and  1,424  miles  west  of 
Montreal.  From  the  boundary  of  the  United  States 
it  is  about  sixty  miles  north,  Nortli  Dakota  and  Minne- 
sota forming  the  southern  boundary  of  the  province. 
It  is  a  city  of  136,035  inhabitants,  the  metropolis  of 
all  this  region,  and  is  constantly  growing.  It  is  well 
laid  out  with  broad  streets,  and  has  many  public 
buildings — colleges,  handsome  churches,  a  general 
hospital,  banks,  etc.  It  is  reached  via  the  Canadian 
Pacific  Railroad  from  the  east,  or  the  Northern  Pacific 
from  St.  Paul. 

The  province  of  Manitoba,  embracing  73,956  square 
miles,  is  a  level  prairie,  about  800  feet  above  the 
sea-level,  and  contains  three  important  lakes:  Winni- 
peg, Manitoba,  and  Winnipegoosis.  Like  the  neigh- 
boring Dakotas  and  Minnesota,  Manitoba  is  noted  for 
its  wheat,  which  is  the  staple  product.  The  rivers 
and  lakes  abound  in  fish,  and  large  and  small  game  is 
plentiful. 

The  climate  of  this  region  is  healthy,  but  the  ex- 
tremes of  temperature  are  great,  as  is  also  the  annual 
range.  The  winters  are  long  and  cold.  Accordmg 
to  Hann  ("Handbuch  der  Klimatologie")  the  tem- 
perature falls  almost  every  winter  as  low  as  40° 
below  zero  F.,  while  in  summer  it  may  rise  to  100°  F. 
Owing  to  the  comparative  dryness  of  the  air,  however, 
the  cold  is  said  not  to  be  severely  felt.  The  average 
annual  mean  temperature  of  Winnipeg  is  33.8° 
F.,  which,  according  to  Hinsdale,  is  lower  than  that  of 
any  other  large  city  in  America. 

The  following  table  of  the  monthly  and  annual 
temperature  and  precipitation  was  kindly  furnished 
by  Prof.  R.  F.  Stupart,  director  of  the  Meteorological 
Service,  Toronto. 

The  average  daily  maximum  temperature  for  July 
is  78.3°  F.,  and  the"  minimum,  53.8°  F.     The  annual 


Table  showing. 


Winnipeg.   Manitoba. 


Average  mean  highest  tem- 
perature  

Average  mean  lowest  tem- 
perature  

Average  mean  monthly  and 
annual  temperature 

Average  daily  range  of  tem- 
perature  

Absolute  highest  temperature. 

Absolute  lowest  temperature . 

Average  rainfall  in  inches. . . . 

Average  snowfall  in  inches. . . 


21.6 
40.0 
-46.0 


23.0 

46.0 

-46.0 


24.6°       46.6° 

7.4         25.3 

16.2 

16,7 

64.0 

-38.0 

0.25 


63.1° 
39.0 


74.5° 

49.7 

62.1 

24.8 
96.0 
21.0 
3.53 
0.3 


78.3° 

53.8 

66.1 

24.5 
98.0 
36.0 


75.9° 

50.5 

63.2 

25.4 
103.0 
30.0 
2.63 


39.7 

20.9 

85.0 

-3.0 

1.52 

1.3 


27.8° 
10.0 
18.9 

ir.s 

64.0 

-34.0 

0.17 

9.8 


4.6 

19.9 
47.0 
-53.0 
0.14 
7.6 


103 . 0 

-53.0 

16.73 

51.5 
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range  of  temperature  is  from  130°  to  140°  F.  The 
average  total  annual  precipitation  for  Manitoba  is 
17.43  inches,  but  of  this  12.87  inches  falls  in  tlie  si.x 
months  from  April  1  to  October  1.  Tlie  mean 
relative  humidity  is  about  seventy-five  per  cent. 
The  wind  velocity  is  very  considerable,  averaging 
about  eleven  miles  per  hour,  the  prevailing  direction 
being  from  the  north  and  northwest. 

The  most  notable  features,  then,  of  the  climate  of 
this  region  are  the  great  extremes  of  temperature,  the 
great  daily  and  monthly  ranges,  and  the  excessive 
cold  of  winter.  From  the  fact,  however,  that  spring 
rapidly  advances  during  the  latter  part  of  April,  and 
that  the  day  temperatures  in  summer  are  high,  with 
a  good  deal  of  sunshine,  the  wheat  matures  quickly. 
There  is  no  malaria,  and,  as  has  been  said,  the 
climate  is  a  wholesome  one  for  the  robust,  and  immi- 
gration is  rapidly  filling  up  this  great  fertile  region. 
Edward  O.  Otis. 


Winslow,  Forbes. — Born  in  London,  England, 
in  1810.  In  1849  he  received  the  degree  of  Doctor 
of  Medicine  from  King's  College,  at  Aberdeen,  Scot- 
land. In  18.59  he  became  a  Member  of  the  Royal 
College  of  Physicians,  in  London.  For  years,  while 
he  was  practi.sing  medicine  in  that  city,  he  edited 
the  Psychological  Journal,  and  also  acted  as  reporter 
for  The  Times  in  Parliament.  He  died  March  3, 
1874,  at  Brighton. 

Forbes  Winslow  made  numerous  contributions  to 
medical  literature,  particularly  in  the  department  of 
psychology.  For  manj'  years  he  was  frequently 
called  upon  to  testify  as  an  expert  witness  in  the 
couits  of  justice,  and  his  opinion  carried  great  weight. 
He  believed  thoroughly  in  "moral  insanity."  All  his 
published  writings  reveal  a  con.stant  effort  on  his 
part  to  better  the  conditions  of  the  insane  as  regards 
their  treatment  by  measures  of  restraint. 

A.  H.  B. 


Winslow,  Jacobus  Benignus. — Born  at  Odense, 
Denmark,  on  April  2,  1(3(39.  .\t  first  he  studied 
theology,  both  his  father  and  his  grandfather  having 
been  Lutheran  pastors;  but  before  long  he  discovered 
that  he  had  a  strong  leaning  toward  the  study  of 
anatomy  and  no  inclination  whatever  to  pursue  the 
study  of  theology.  He  accordingly  abandoned  the 
latter  and  devoted  all  his  time  and  energy  to  the  ac- 
quirement of  medical  knowledge;  the  King  of  Den- 
mark furnishing  him  with  all  the  money  needed  for  a 
thorough  course  of  instruction  imder  the  best  foreign 
teachers.  In  pursuance  of  this  plan  Winslow  .spent 
the  first  year  (1697)  in  Holland,  and  then  went  to 
France.  On  the  4th  of  October,  1705,  he  received 
the  degree  of  Doctor  of  Medicine  from  the  University 
of  Paris.  Winslow  died  April  3,  1760,  at  the  age 
of  ninety-one. 

Of  the  large  number  of  Winslow's  contributions 
to  medical  science  the  following  deserve  to  receive 
special  mention:  "Exposition  anatomique  de  la 
structure  du  corps  humain,"  Paris,  1732  (also  English, 
German,  and  Italian  versions);  "Dissertation  sur 
I'incertitude  des  signes  de  la  mort,"  Paris,  1742; 
"Observations  sur  les  fibres  du  coeur,  et  sur  les 
valvules,  avec  la  maniere  de  la  preparer  pour  le 
dcmontrer,"  Memoire  de  I'acad.  des  sc,  1711; 
"Nouvelles  observations  anatomiques  sur  la  situa- 
tion et  la  conformation  de  plusieurs  visc6res,"  ihitl., 
1715;  "Description  d'une  valvule  singuliere  de  la 
veine  cave,  et  nouveau  sentiment  sur  la  fameuse 
question  du  trou  ovale,"  iUd.,  1717;  and  "Observa- 
tions anatomiques  sur  la  rotation,  la  pronation,  la 
supination,  et  d'autres  mouvements  en  rond,  '  ibid., 
1729.     A    number    of    anatomical  terms — Winslow's 


foramen,   ligament,   stars,   etc. — serve  to  perpetuate 
his  name.  A.  H.  B. 


Wirsung,  Johann  Qeorg. — A  German  physician 
who  flourished  in  the  early  part  of  the  seventeenth 
centurj',  and  who  is  universally  acknowledged  to  be 
the  discoverer  of  the  pancreatic  duct.  According  to 
Dezeimeris  (Diet.  Hist,  de  la  Med.)  this  discovery 
came  about  in  the  following  manner:  Moritz  Hoff- 
mann, who  at  a  later  date  was  appointed  Professor 
of  Medicine  at  the  University  of  Altdorf,  Germany, 
obtained  a  large  part  of  his  medical  training  (1642- 
45)  at  Padua,  Italy;  and  during  his  residence  in 
that  city  he  lodged  at  the  house  of  Johann  Georg 
Wirsung,  a  celebrated  anatomist.  One  day,  while 
he  was  dissecting  a  turkey-gobbler,  he  discovered  the 
existence  of  the  pancreatic  duct,  a  structure  up  to 
that  time  unknown;  and  he  communicated  the  fact 
of  his  discovery  to  Wirsung,  who  speedily  made  a 
search  for  this  part  in  the  human  being,  and  was 
successful  in  finding  the  duct.  Since  then  it  has  been 
called  Wirsung's  canal  or  duct.     He  died  in  1643. 

A.  H.  B. 


Wistar,  Caspar. — Born  in  Philadelphia,  Pa.,  on 
Sept.  13,  1761.  He  studied  medicine  at  the  Uni- 
versity of  Pennsylvania,  and  received  from  it  the 
degree  of  Bachelor  of  Medicine  in  1782.  Immediately 
after  graduation  he  went  to  Europe  for  the  purpose 
of  perfecting  himself  further  in  the  knowledge  of 
medicine.  He  spent  the  first  year  of  his  absence  from 
home  in  London,  and  the  following  two  in  Edinburgh. 
At  the  end  of  this  time  he  received  from  the  latter 
university,  in  1786,  the  degree  of  Doctor  of  Physic. 
In  1791,  after  his  return  from  abroad,  he  was  ap- 
pointed Adjunct  Professor  of  Anatomy  and  Mid- 
wifery in  the  Medical  Department  of  the  University 
of  Pennsylvania.  In  these  his  first  lectures.  Dr. 
Wistar,  according  to  the  testimony  of  Dr.  Hosack,  was 
distinguished  by  the  fluency  of  utterance,  the  unaf- 
fected ease  and  simplicity  of  manner,  the  perspicuity 
of  expression,  the  animation  and  earnestness  arising 
from  the  conviction  of  the  truths  he  was  delivering, 
that  characterized  his  public  in.struction  in  the  later 
stages  of  his  career.     He  died  Jan.  18,  1818. 

The  treatise  on  anatomy  which  Wistar  published 
was  unrivalled  for  clearness  and  conciseness  of 
description;  and  for  years  it  was  the  accepted  text- 
book in  all  the  medical  schools  of  the  country.  So 
far  as  now  appears,  this  was  the  only  work  of  any 
special  importance  that  came  from  his  pen. 

A.  H.  B. 


Witter 

California. 


Mineral       Springs. — Lake        County, 


Post-office. — Witter    Springs.     Hotel.     Cottages. 

Access. — Via  Northwestern  Pacific  Railroad  to 
Ukiah;  thence  by  automobile  or  stage  twenty-one 
miles  to   Witter  Springs. 

These  springs  are  pleasantly  located  about  one  mile 
ea.st  of  Pearson's  Springs,  five  miles  from  Upper  Lake, 
and  tliree  miles  from  Blue  Lake.  The  altitude  is 
2,000  feet.  The  resort  is  a  growing  one,  and  is  very 
picturesquely  located,  having  excellent  views  of  the 
lakes,  valleys,  and  mountains  in  the  vicinity.  The 
hotel  is  built  on  the  side  of  a  hill  overlooking  beautiful 
Clear  Lake.  There  are  fine  bathing  facilities  for  hot 
and  cold  mineral  b.aths.  The  springs  are  all  cold  and 
flow  about  sixty  gallons  an  hour.  There  are  cold 
soda  and  iron  springs,  and  cold  sulphur  springs. 
Following  is  the  analysis  of  the  principal  spring 
made  by  Curtis  and  Tompkins  of  San  Francisco: 
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Hypothetical  Form  of  Combination. 

Grains  Parts 

per  U.S.  per 

gallon.  million. 

Animomum  chloride Trace.  Trace. 

Lithium  chloride 0.018  0.32 

Potassium  chloride 9-305  159.6 

Sodium  chloride 55.099  944.8 

Sodium  sulphate 0.144  2.5 

Strontium  bicarbonate   (with  spectroscope)       —Strong  Test— 

Sodium  metaborate 0,061  10 

MsKncsium  sulphate 0.502  8.0 

Calcium  phosphate 0.033  O.o7 

Sodium  nitrate Trace.  Trace. 

Sodium  bicarbonate S7S.S00  992o.0 

Barium  bicarbonate  (with  spectroscope)  — Strong  Test — 

Calcium  bicarbonate 34.970  599.7 

Magnesium  bicarbonate 332 .  990  5709 . 9 

Ferrou.s  bicarbonate 0 .  778  13.3 

Mancanous  bicarbonate 0.2S9  4.9 

gilj^j 4.873  83.5 

Total 1017.862       17453.69 

Gases. 

Free  carbon  dioxide 590  c.c.  per  L 

Hydrogen  sulphide None. 

Sanit.\ry  Analysis. 

Parts  per 
million. 

Free  ammonia Trace. 

Albuminoid  ammonia 0.0456 

Nitrogen  in  nitrates Trace. 

Nitrogen  in  nitrites None. 

Oxygen  consumed 0.9 

This  spring  ha,s  received  tlie  very  emphatic  if  not 
euphoniou.s  title  of  Dead  Shot  Spring,  having  reference 
to  the  action  of  the  water  on  the  diseases  for  which  it 
is  recommended.  The  water  is  said  to  be  highly 
efficacious  in  liver,  kidney,  stomach  and  bowel 
disorders,  and  in  rheumatic  affections. 

Emma  E.  Walker. 

Wolfer  Mineral  Spring. — Marion  County,  Ore- 
gon. 

Post-office. — Hubbard.     Hotels. 

AccEs-s. — Via  Southern  Pacific  Railroad  to  Hub- 
bard, thirty-two  miles  from  Portland  and  twenty 
miles  from  Salem.  The  spring  is  within  five  minutes' 
walk  of  the  depot. 

Tliis  spring  is  mentioned  as  "Lehman's  Spring" 
in  the  (lieological  Reports  for  1895.  Hubbard  is 
situated  in  the  Willamette  valley,  in  the  midst  of  a 
fine  fruit  and  garden  country.  The  spring  (artesian) 
is  located  on  the  hillside,  at  a  level  of  212  feet  above 
the  sea.  It  is  surrounded  by  an  arbor  of  wild  willows, 
and  forces  its  way  to  a  height  of  four  feet  above  the 
surface,  forming  a  beautiful  fountain.  It  yields 
about  six  thousand  gallons  of  water  per  hour.  There 
are  beautiful  grounds  about  the  springs,  well  adapted 
for  outdoor  sports  and  picnics.  Following  is  the 
analysis  as  given  by  M.  Stillman,  engineer  of  tests  of 
the  Southern  Pacific  Railway  Company: 

Solids.  Grains  per 

U.  S.  gallon. 

Sodium  and  potassium  chloride 27 .  74 

Calcium  bicarbonate 6.82 

Sodium  bicarbonate 16. 10 

Magnesium  bicarbonate 4 .  20 

Iron  bicarbonate 2  10 

Silica 2.39 

Sodium  sulphate ._ 0.58 

Manganese .' Traces. 

Total •  •  ■ 59 .  99 

The  water  contains  enough  iron  to  give  it  a  decided 
taste  and  classify  it  as  a  chalybeate  water.  It  is  said 
to  be  a  valuable  tonic  and  laxative. 

Emma  E.  Walker. 
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Wolffian  Body,  Pathology  of. — In  mammalian 
embrj-os  the  mesonephros  or  Wolffian  body  is  a, 
rather  pyriform  body  symmetrically  placed  in  the  ab- 
dominal cavity.  In  very  young  embryos  it  is,  next 
to  the  liver,  the  largest  abdominal  organ.  It  was 
first  observed  by  Wolff  in  1759.  The  exact  origin 
of  the  Wolffian  body  is  not  yet  determined;  some 
authors  hold  that  it  is  ectodermal,  others  that  it  is 
mesodermal,  while  others  still  ascribe  to  it  both  an 
ectodermal  and  a  mesodermal  origin.  It  is  developed 
from  the  pronephric  or  Wolffian  duct  and  from  the 
mesonephric  cords.  The  origin  of  the  latter  has  not 
yet  been  wholly  worked  out  in  the  case  of  the  human 
body.  In  the  lower  mammals  they  arise  through 
aggregations  of  the  cells  of  the  Wolffian  ridge  into 
solid  cords  which  at  first  are  not  connected  with  the 
Wolffian  duct  or  the  celomic  epithelium.  These 
cords  acquire  a  lumen  and  connect  at  one  end  with 
the  duct,  while  at  the  other  end  there  is  a  condensa- 
tion of  the  mesoderm,  forming  the  glomeruli,  into 
which  vessels  from  the  aorta  penetrate.  The  tubules 
increase  in  length  rapidly  and  in  the  human  embryo 
assume  an  S-shape.  Secondary  and  tertiary  tubules 
develop  in  connection  with  each  of  the  primary  ones, 
but  the  mode  and  origin  of  these  have  not  yet  been 
determined,  some  writers  holding  that  they  arise  as 
buds  of  the  primary  tubules,  others  that  they  have  an 
independent  origin.  Through  the  development  of 
these  additional  tubules  and  the  progressive  elonga- 
tion of  all  the  tubules,  the  Wolffian  ridge  becomes  a 
voluminous  body  attached  to  the  dorsal  wall  by  a 
distinct  mesentery  and  projecting  into  the  celomic 
cavity.  Embedded  in  its  substance  on  its  lateral 
portion  is  the  Wolffian  duct;  and  on  its  mesial  sur- 
face anteriorly  is  the  developing  genital  ridge.  In 
the  human  embryo  the  Wolffian  body  reaches  its 
greatest  development  at  about  the  sixth  or  seventh 
week,  after  which  time  it  begins  to  degenerate.  The 
tubules  undergo  retrogression  and  the  glomeruli  be- 
come occluded,  so  that  by  the  sbcteenth  week  the  organ 
has  nearly  entirely  disappeared.  Portions  of  the 
tubules,  however,  persist  in  both  sexes.  In  general 
the  tubules  of  the  Wolffian  body  consist  of  secreting 
and  collecting  portions,  the  epithelium  varying  in  the 
two,  being  low  and  cubical  in  the  collecting  portion 
and  columnar  in  the  secreting.  In  1824  Jacob.son 
discovered  that  the  organ  excreted  uric  acid  which 
was  carried  into  the  allantois.  He  therefore  called 
it  the  primordial  kidney.  According  to  Lorsel  the 
Wolffian  body  liberates  and  accumulates  fatty  sub- 
stances in  its  cells.  It  therefore  plays  the  part  of  an 
embryonic  organ  and  at  the  same  time  that  of  an 
excretory  organ. 

In  the  male  the  upper  or  genital  portion  of  the 
Wolffian  body  persists  as  a  whole  in  the  efferent  ducts 
of  the  testis,  forming  the  globus  major  of  the  epi- 
didymis. By  some  writers  the  seminal  tubules  are 
al.so  regarded  as  arising  from  the  Wolffian  body. 
The  excretory  portion  almost  wholly  disappears,  only 
a  small  part  remaining  as  the  paradidymis  or  organ  of 
Giraldes.  A  single  elongated  tubule  arising  from 
that  portion  of  the  Wolffian  duct  which  forms  the 
globus  minor  of  the  epididymis  persists  as  tlie  vas 
aberrans.  The  hydatid  of  Morgagni  is  believed  by 
Roth  to  stand  in  close  relation  to  the  Wolffian  body. 
The  Wolffian  duct  is  retained  entire,  a  portion  form- 
ing the  body  and  globus  minor  of  the  epididymis,  the 
remainder  becoming  converted  into  the  vas  deferens 
and  the  ejaculatory  duct.  In  the  female  the  genital 
portion  of  the  Wolffian  body  persists  as  a  group  of 
from  ten  to  fifteen  tubules  lying  betw-een  the  two  layers 
of  the  broad  ligament  near  the  ovary,  and  known  as 
the  epoophoron.  or  parovarium,  or  organ  of  Rosen- 
miiller.  Toward  the  ovary  the  tubules  possess  blind 
ends,  but  at  the  other  end  they  are  somewhat  coiled 
and  open  into  a  collecting  duct  representing  the 
upper  end  of  the  Wolffian  duct.  Kolliker  holds  that 
the  environing  cells  of  the  Graafian  follicle  probably 
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arise  from  the  Wolffian  body.  The  excretory  portion 
persists  as  the  paroophoron,  a  rudimentary  body  com- 
posed of  tubules  lying  in  the  broad  ligament  near  the 
tube.  In  about  one-third  of  adult  females  remains  of 
the  Wolffian  duct  are  found  in  the  form  of  a  straight 
tube  lined  by  cylindrical  epithelium  surrounded  by 
muscle,  or  of  a  muscle  bundle  without  epithelium, 
lying  anteriorly  and  to  the  side  of  the  uterus  and 
vagina  (duct  of  Gartner).  According  to  Aichcl  the 
cortex  of  the  suprarenals  is  also  derived  from  the 
Wolffian  body,  the  medullary  portion  coming  from 
the  sympathetic  system.  Tlie  origin  of  suprarenal 
tissue  from  the  Wolffian  body  is  made  very  probable 
from  the  fact  that  accessory  suprarenal  tissue  (ad- 
renals of  Marchand)  is  found  in  the  broad  ligament 
in  the  female,  and  along  the  spermatic  cord  and  near 
the  epididymis  in  1Iip  ninlr. 


Fia.  -lUl  1  A^:.  ...;i...:  L:.^  ::l -.ami  ,j1  lliu  Wulffian  Body,  with- 
in the  Uttriiii;  .Muaculature  Uomialin,  alcohol,  henmtoxylin. 
eosin).     X    100.     (.\fter  Ziegler.) 

Of  the  pathological  conditions  directly  affecting  the 
Wolffian  body  we  know  nothing  at  present.  Hyper- 
plasia of  the  primitive  Wolffian  body  has  been  as- 
sumed, but  not  yet  demonstrated.  It  is,  however, 
very  probable  that  disturbances  in  the  development 
and  retrogression  of  this  organ  are  responsible  for  a 
number  of  important  pathological  conditions  which 
are  either  apparent  at  birth  or  develop  later  in  life. 
From  the  rudimentary  structures  which  represent 
persisting  portions  of  the  Wolffian  body  and  duct  there 
may  develop  tumors  of  great  clinical  importance. 
Of  the  factors  concerned  immediately  in  the  genesis 
and  development  of  these  tumors  nothing  is  yet  known. 
In  general  the  pathological  conditions  which  may  be 
referred  back  to  disturbances  in  the  normal  develop- 
ment and  retrogression  of  the  Wolffian  body,  or  which 
have  their  origin  in  rudimentary  or  persisting  struc- 
tures derived  from  this  organ  or  duct,  may  be  classed 
as  follows : 

Malfortnations. — The    fact    that     both    male    and 


female  sexual  organs,  internal  and  external,  develop 
from  anlagea  which  are  at  first  identical  makes  it  o 
priori  very  probable  that  disturbances  in  the  dif- 
ferentiation of  the  sexual  apparatus  might  be  brought 
about  through  an  asymmetrical  development  of  the 
anlagen  of  the  right  and  left  sides,  or  through  the  for- 
mation of  organs  peculiar  to  both  sexes,  or  to  a  lack 
of  harmony  in  the  development  of  the  internal  and 
external  sexual  organs.  The  close  relations  between 
the  Wolffian  body  and  the  developing  sexual  glands, 
and  the  part  which  the  genital  portion  of  the  former 
plays  in  the  development  of  the  genital  tract  give 
strong  support  to  the  view  that  anomalies  and  dis- 
turbances in  the  development  of  the  mcsonephros  are 
responsible,  at  least  in  part^  for  some  of  the  malforma- 
tions of  the  internal  sexual  apparatus.  Landau  and 
Pick  have  described  a  congenital  atresia  of  the  cervix 
and  uterus,  which  they  explain  as  due  to  a  hj-per- 
plastic  adenomyoma  of  mesonephric  origin.  Per- 
sistence of  portions  of  the  Wolffian  body  and  duct  are 
not  infrequently  found  in  cases  of  pseudohermaphrod- 
ism.  In  pseudohermaphrodismus  feminineus  internu.s 
such  structures  are  found  in  the  broad  ligament  and 
uterovaginal  wall,  sometimes  extending  to  the 
clitoris.  At  an  early  period  of  development  the  uro- 
genital tract  is  represented  by  the  Wolffian  body,  the 
Wolffian  duct,  the  Mullerian  duct,  and  the  develop- 
ing ovary  or  testis.  There  exists  therefore  at  this 
time  an  indifferent  stage  from  which  the  development 
proceeds  either  in  one  direction  to  become  an  ovary 
or  in  the  other  to  form  a  testis.  During  this  differen- 
tiation the  Wolffian  body  in  part  undergoes  degenera- 
tion and  in  part  persists  in  the  form  of  certain  rudi- 
mentary organs,  as  already  mentioned.  In  the  male 
the  MiiUerian  duct  degenerates,  in  the  female  only 
rudiments  of  the  Wolffian  duct  are  preserved.  Theo- 
retically it  is  easily  seen  how  disturbances  of  this 
normal  differentiation  of  the  sexual  glands  and  duets 
might  arise,  but  the  actual  occurrence  of  such  dis- 
turbances remains  to  be  demonstrated,  although 
pathological  findings  are  not  wanting  to  prove  the 
possibility  of  such. 

Teraiomata  and  Dermoid  Cysts.— The  teratomata 
and  dermoid  cysts  of  the  ovary  and  testis  are  believed 
by  a  number  of  writers  to  arise  from  the  Wolffian  body 
and  duct.  Handler  in  particular  has  defended  this 
view.  He  holds  that  in  the  development  of  the  retro- 
peritoneal dermoid  cysts  and  the  retrorectal  tumors 
the  Wolffian  body,  the  Wolffian  duct,  and  the  caudal 
intestine  play  the  important  role.  The  ovarian  der- 
moids, he  believes,  contain  only  ectodermal  and  meso- 
dermal products,  and  these  arise  as  the  result  of  the 
displacement  of  ectodermal  and  mesodermal  tissues 
in  the  formation  of  the  Wolffian  duct  and  Wolffian 
body.  Regarding  the  duct  as  of  ectodermal  origin, 
and  holding  the  view  that  the  Wolffian  body  arises 
from  the  duct,  he  therefore  regards  the  derivatives  of 
the  Wolffian  body  as  ectodermal.  While  Handler's 
views  are  not  generally  accepted  (see  Teratoma), 
Wilms  regards  the  simple  dermoid  cysts  of  the  retro- 
peritoneal region  and  of  the  broad  ligament,  and  also 
the  mixed  tumors  of  the  cervix  and  vagina,  as  due  to 
a  displacement  of  ectodermal  and  mesodermal  cells 
by  the  Wolffian  duct.  Von  Recklinghausen  found  in 
one  cyst  of  the  ovary  a  formation  which  he  regarded 
as  resembling  in  structure  the  Wolffian  body.  The 
cysts  which  arise  from  the  remains  of  the  Wolffian 
body  and  duct  found  in  the  broad  ligament,  uterine 
wall  and  tubes,  and  also  those  arising  in  the  cervix, 
portio  vaginalis,  vagina,  and  hymen  from  the  duct  of 
Gartner  may  also  be  classed  with  the  teratomata. 
Remains  of  the  Wolffian  body  may  also  take  part  in 
the  formation  of  the  mixed  tumors  of  the  kidney.  If 
the  view  that  adrenal  tissue  is  also  derived  from  the 
Wolffian  body  be  accepted  the  tumors  (hypernephro- 
mata)  arising  in  the  kidney  and  elsewhere  should  also 
be  classed  as  teratomata  derived  from  the  Wolffian 
body. 
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Tumors  Derived  from  Wolffian  Body  Rests. — During 
the  last  decade  much  has  been  written  upon  tlie  origin 
of  tlic  adcnocvstomata  and  adenomyomata  of  the 
ovary,  broad  ligament,  tube,  uterine  -nail,  cervix,  and 
vagina.  These  tumors  play  a  role  of  great  clinical 
importance  in  gvnccological  pathology,  and  in  recent 
vears  much  attention  has  been  paid  to  their  histogene- 
sis and  eliologv.  As  a  result  of  the  discussion  con- 
cerning the  histogenesis  of  these  tumors  the  writers 
upon  this  subject  mav  Vie  divided  into  two  schools: 
the  one  aflirming  the  origin  of  these  growths  from  re- 
mains of  the  Wolffian  bodv,  the  other  holding  that 
they  arise  from  misplaced  epithelium  of  Miiller's  duct. 
Soiiie  writers  have  compromised,  in  so  far  as  the 
adcnocystomata  and  adenomyomata  of  the  uterine 
wall  are  concerned,  by  the  hypothesis  that  they  arise 
from  a  combination  of  remains  of  the  Wolffian  body 
and  the  Miillcrian  duct.  The  majority  of  writers, 
however,  agree  with  von  Recklinghausen,  who  holds 
that  the  adenomyomata  of  the  uterine  wall  may  be 
divided  into  t.vo  groups: those  arising  in  the  peripheral 
layers  of  the  myometrium  and  those  arising  centrally 
or  presenting  themselves  as  submucosal  tumors,  the 
latter  being  characterized  by  the  fact  that  the  ade- 
nomatous portions  unite  to  form  ducts  which  empty 
into  the  uterine  cavity.  The  possibility  of  the  second 
group  arising  from  the  Miillerian  duct  is  admitted. 
According  to  Neumann  the  intramural  and  subserous 
adcnocystomata  of  the  uterus  and  tubes  arise  most 
probably  from  embryonal  remains  of  the  Wolffian 
body  in  connection  with  remains  of  Miiller's  duct  or 
froiii  a  combination  of  the  two.  The  pathological 
glands  and  cyst  formations  found  in  the  ovary  arise 
from  the  epo6phoral  portion  of  the  Wolffian  body  and 
correspond  to  the  medullary  cords.  The  tumors  of 
the  tubes  are  of  pure  paroophoral  origin.  The  struc- 
tural resemblances  existing  between  the  adenomyo- 
mata of  the  ovary,  tubes,  broad  ligament,  inguinal 
region,  round  ligament,  and  cervix,  make  it  very  prob- 
able that  all  of  these  are  derived  from  the  Wolffian 
body,  and  they  may,  therefore,  be  classed  as  mesone- 
phric  adenomyomata.  The  various  arguments  ad- 
vanced in  support  of  this  view  may  be  found  in  the 
literature  cited  below. 

The  adenosarcomata  of  the  kidney  have  also  been 
explained  as  arising  from  inclusions  of  portions  of  the 
Wolffian  body.  A  similar  origin  has  been  ascribed  to 
the  adenosarcomata,  adenomata,  and  adcnocystomata 
of  the  testis  and  epididymis.  Some  writers  have  de- 
scribed glandular  structures  included  within  pelvic 
lymph  glands,  and  have  explained  such  inclusions  as 
remains  of  the  Wolffian  body  or  duct.  From  such 
inclusions  adenomata,  cystadenomata,  and  carcino- 
mata  might  arise. 

To  Aichel  belongs  the  credit  of  demonstrating  that 
adrenal  tissue  (cortex)  is  found  in  the  closest  relations 
with  derivatives  of  the  Wolffian  body  (epoophoron, 
paroophoron,  epididymis,  paradidymis,  broad  liga- 
ment, etc.).  From  such  accessory  adrenal  tissue 
(classed  by  Aichel  as  adrenals  of  Marchand)  tumors 
similar  to  those  arising  from  the  adrenals  themselves 
may  come.  Pick  has  reported  the  occurrence  of  a 
hypernephroma  of  the  ovary,  and  a  number  of  other 
writers  have  found  adrenal  tissue  associated  with 
adenomyomata.  If  the  adrenals  of  Marchand  are 
derived  from  the  Wolffian  body,  as  according  to 
Aichel,  such  hypernephromata  must  be  regarded  as 
mesoncphric.  It  is  very  probable  that  the  hyperne- 
phroma represents  mesonephric  anlagen  that  have  de- 
veloped along  adrenal  lines  rather  than  along  the  lines 
of  the  normal  differentiation  into  kidney-tissue,  etc. 
They  represent  teratomas  caused  by  defects  or  fail- 
ures in  differentiation.       Aldred  Scott  Warthin. 


Wood,  George  B. — Born  at  Greenwich,  Cumber- 
land County,  New  Jersey,  March  1.3,  1797.  He 
studied  medicine  at  the  University  of  Pennsylvania, 


and  received  the  degree  of  Doctor  of  Medicine  from 
that  institution  in  1S18.  _  From  1S22  to  1S31  he  was 
Professor  of  Chemistry  in  the  Philadelphia  College 
of  Pharmacy.  From  1831  to  1 835  he  held  the  Chair 
of  Materia  Medica  in  the  same  institution.  From 
1835  to  1850  he  was  Professor  of  Materia  Medica  in 
the  University  of  Pennsylvania;  and  in  the  latter 
year  he  exchanged  this  chair  for  that  of  the  Theory 
and  Practice  of  Medicine — a  position  which  he  held 
during  the  following  ten  years.  For  a  period  of 
twenty-four  years  (1835-59)  he  was  one  of  the 
Attending  Phvsicians  of  the  Pennsylvania  Hospital. 
He  died  March  30,  1879. 

Dr.  W^ood  was  one  of  the  most  widely  known  and 
most  distinguished  members  of  the  Medical  Profes- 
sion in  Philadelphia.  His  contributions  to  medical 
literature  are  very  numerous  and  are  of  great  practical 
value.  The  following  are  the  titles  of  the  more 
important  of  his  published  writings:  "The  Dispen- 
satory of  the  United  States,"  written  in  conjunction 
with  Dr.  Franklin  Bache,  in  1833;  "A  Treatise  on  the 
Practice  of  Medicine,"  1847  (six  editions  up  to  the 
year  1867);  "A  Treatise  on  Therapeutics  and 
Pharmacology,"  1856  (2  subsequent  editions);  and 
"  History  of  the   Pennsylvania   Hospital." 

A.  H.  B. 


Wootan  Wells. — Robertson  County,  Texas. 

Post-office. — Wootan  Wells.  Hotel.  Cottages. 
Sanatorium. 

Access. — Via  Houston  and  Texas  Central  Railroad 
to  Wootan  Junction;  thence  two  miles  to  springs. 

The  location  is  145  miles  north  of  Houston,  and  125 
miles  south  of  Dallas.  These  wells  are  located  on  a 
picturesque  eminence  about  500  feet  above  the  level 
of  the  gulf.  The  first  well  was  dug  in  1877  by  Mr.  F. 
M.  Wootan,  an  emigrant  from  Alabama,  who  found  the 
water  useful  only  for  cooking  or  washing  purposes. 
Later  Mr.  Wootan  rented  the  farm  on  which  the  well 
was  situated  to  a  neighbor,  whose  health  was  bad  and 
who  also  had  a  puny  wife  and  children.  They  found 
it  necessary  to  use  the  "bad"  water  for  drinking  pur- 
poses, and  the  sickly  family  all  recovered  and  remained 
well.  This  was  the  beginning  of  a  health  resort  which 
has  now  become  widely  and  favorably  known.  Per- 
sons with  means  became  interested.  More  wells  were 
dug,  and  at  this  time  about  all  the  attractions  of  any 
first-class  interior  watering  place  will  be  found  here. 
These  include  beautiful  groves  and  camp  grounds. 
The  hotel  and  bath-house  were  recently  destroyed  by 
fire,  but  plans  are  being  made  for  reJauilding.  The 
place  is  naturally  well  adapted  for  good  drainage, 
and  no  pains  are  spared  by  the  management  to  keep 
the  surroundings  in  a  sanitary  condition.  The  resort 
is  open  the  year  round.  Analyses  of  the  different 
wells  show  very  little  difference  in  their  chemical 
ingredients.  Following  is  the  analysis  of  one  of  the 
wells,  by  Dr.  W.  M.  New,  chemist  of  the  United 
States  Naval  Department,  Washington,  D.  C: 

One  United  States  gallon  contains  (solids):  Chlorine 
in  chloride,  gr.  36.36;  magnesium,  gr.  22.75;  calcium, 
gr.  28.18;  iron  sesquioxide,  gr.  1.3.60;  aluminum  ses- 
quioxide,  gr.  3.45;  magnesium  oxide,  gr.  0.57;  sulphuric 
acid  in  sulphate,  gr.  86.41;  sodium,  gr.  18.10;  silica, 
gr.  4.69.     Total  solids,  213.57  grains. 

These  waters  show  about  the  same  general  charac- 
teristics, the  one  just  quoted  being  somewhat  richer  in 
mineral  ingredients,  especially  in  iron,  than  the  one 
first  dug.  It  will  be  observed  that  the  chemists  have 
not  worked  out  in  full  the  combinations  of  the  various 
elements  present.  There  can  be  no  doubt,  however, 
that  the  most  important  compounds  contained  in  the 
waters  are  the  sulphates  of  magnesium  and  sodium, 
and  probably  the  sulphate  of  iron.  These  ingredients, 
in  the  proportions  here  probably  present,  should  im- 
part to  the  water  mild  cathartic  properties,  and  make 
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it  also  a  strong  ferruginous  tonic.  The  waters  are 
highly  prized  by  Texas  physicians  in  the  treatment  of 
tlie  various  forms  of  nephritis  and  in  diabetes  and 
rheumatic  affections.  They  are  of  undoubted  efficacy 
in  some  cases  of  dyspepsia  and  in  catarrhal  jaundice 
and  other  disorders  of  the  Hver  and  alimentary  tract. 
Tlie  water  is  used  commercially,  and  is  shipped  to 
various  parts  of  the  United  States. 

EvuiA  E.  Walker. 


Workmen's  Compensation  Laws. — Of  the  many 
branches  of  labor  legislation,  workmen's  compensa- 
tion is  probably  the  most  universal.  In  the  cruder 
forms  it  had  its  beginning  over  a  century  ago  in  the 
mining  and  navigation  industries  of  some  of  the  Euro- 
pean countries.  Now  it  is  on  the  statute  books  of 
every  civilized  nation  the  world  over.  Germany  was 
the  first  country  to  adopt  workmen's  compensation 
on  a  comprehensive  scale  and  to  make  its  application 
nation-wide.  Three  years  later,  in  1887,  Austria 
followed  Germany's  example  and  since  that  time  the 
progress  of  accident  insurance  legislation  has  been 
uninterrupted.  Although  the  laws  vary  in  many 
particulars  from  country  to  country,  the  fundamental 
principles  underlying  this  form  of  protective  legisla- 
tion have  gained  general  acceptance  throughout 
the  civilized  world. 

Prior  to  the  year  1910,  workmen's  compensation 
was  a  matter  only  of  academic  interest  in  this  country, 
a  subject  for  discussion  in  economic  circles  or  of  an 
occasional  report  by  a  bureau  of  labor.  It  was 
generally  considered  inapplicable  under  our  form  of 
government  and  loathsome  to  the  American  spirit  of 
personal  freedom.  In  1910,  however,  the  Legislature 
of  the  State  of  New  York,  following  the  recommenda- 
tions of  a  special  commission  appointed  by  Governor 
Hughes  a  year  previously,  disregarded  the  unfounded 
prejudices  against  social  legislation  and  enacted  a 
law  making  accident  compensation  compulsory  in 
certain  hazardous  occupations  and  amended  the 
existing  law  relative  to  employers'  liability.  The 
enactment  of  this  law  created  a  great  stir  not  only  in 
the  state  but  throughout  the  country,  and  very 
soon  after  endorsement  by  the  Governor  it  was 
brought  up  in  a  test  case  before  the  courts.  The 
judges  expressed  their  full  sympathy  with  the  purpose 
of  the  law,  but  declared  it  to  be  unconstitutional 
because  of  its  compulsorj'  features  which  were 
considered  to  be  contrary  to  "freedom  of  contract' 
and  incompatible  with  tlie  constitutional  concept  of 
"due  process  of  law."  It  became  apparent  that  the 
State  of  New  York  could  have  no  workmen's  com- 
pensation without  a  change  in  the  constitution.  An 
amendment  was  proposed  and  carried  at  the  polls  in 
1913.  In  the  year  following,  a  law  of  wider  scope 
than  that  of  1910  was  enacted.  Since  that  time  it  has 
been  further  amended  and  it  is  now  considered  one  of 
the  best  compensation  laws  in  the  Union. 

While  progress  was  being  made  in  New  York,  other 
states  were  similarly  taking  active  interest  in  the 
subject,  and  commissions  were  at  work  studying  the 
proljlems  involved  and  devising  legislation.  In 
every  instance  the  reports  favored  the  idea  of  com- 
pensation, with  the  result  that  at  the  present  time  the 
principle  has  been  enacted  into  law  in  thirty-two 
or  more  states.  In  addition,  there  is  a  Federal  com- 
pensation law  relating  to  all  civilian  employees  of  the 
United  States  Government.  The  .\merican  terri- 
tories of  Porto  Rico,  Alaska,  and  Hawaii  have  like- 
wise enacted  workmen's  compensation  laws. 

The  Need  of  Workmen's  Compensation  Laws. — 
The  number  of  accidents  happening  in  the  various 
industries  is  considerable.  As  workmen's  com- 
pensation for  accidents  in  this  country  is  of  recent 
date,  as  yet  there  are  no  accurate  and  comprehensive 
statistics    on    the    subject.     Countries    where    com- 
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pensation  has  been  in  force  for  years  possess  accurate 
and  full  information  about  the  number  and  nature 
of  accidents  occurring  in  industry,  as  all  cases  are 
reported  to  the  compensation  authorities.  Laws 
requiring  reporting  of  accidents  in  countries  where  no 
compensation  law  exists  haveprovefl  tobcof  I  it  t  lea  vail. 
Several  of  our  States  required  reporting  before  they 
enacted  compensation  legislation.  The  Massachu- 
setts law  on  the  subject,  dating  back  to  1886,  requires 
factory  owners,  building  operators,  traction  companies 
and  physicians  to  report  certain  types  of  accidents. 
Other  States  have  similar  requirements  which  vary 
from  State  to  State.  Nowhere  have  they  been 
properly  enforced  and  nowhere  have  we  had  adequate 
accident  statistics  before  the  enactment  of  work- 
men's compensation.  In  view  of  that  we  cannot 
ascertain  with  accuracy  the  extent  of  the  problem. 
We  can  arrive  at  only  certain  approximations  on  the 
basis  of  foreign  experience  and  the  data  which 
have  recently  become  available  in  some  of  our  states. 
Estimates  made  several  years  ago  placed  the  number 
of  industrial  accidents  at  one  million  annually.' 
Recently  a  careful  study  based  upon  insurance  ex- 
perience with  nearly  thirty-eight  million  lives  places 
the  number  of  fat.al  accidents  at  2.5,000  and  the 
number  of  injuries  involving  disability  of  more  than 
four  weeks'  duration  at  700,000.- 

A  very  large  proportion  of  these  accidents  is  pre- 
ventable. Some  are  due  to  the  negligence  or  ignor- 
ance of  the  workmen,  and  others  are  due  to  criminal 
neglect  on  the  part  of  employers  to  equip  their  shops, 
factories  and  mines  with  the  various  safety  devices 
which  are  available.  The  application  of  these  devices 
is  required  by  law  in  most  of  the  European  countries  as 
well  as  in  some  of  our  states.  The  law  specifies  that 
certain  conditions  must  be  observed  in  connection 
with  cleaning  and  guarding  machinery  and  in  con- 
nection with  operating  elevators  and  hoistways. 
The  enforcement  of  the  labor  laws  varies  from  state 
to  state  but  experience  has  shown  that  no  matter  how 
strictly  the  safety  laws  may  be  enforced,  there  will 
alwaj's  be  an  irreducible  minimum  of  accidents  ir- 
respective of  all  the  precautions  observed  by  employees 
and  the  care  taken  by  employers  to  insure  to  their 
workmen  a  safe  place  to  work.  These  accidents  are 
due  to  the  uncontrollable  hazards  inherent  in  the 
work  of  most  industries. 

On  the  basis  of  European  experience,  it  has  been 
estimated  that  about  forty  per  cent,  of  all  industrial 
accidents  come  within  this  category.  A  careful 
classification  of  fatal  accidents  which  occurred  in  the 
mines  of  South  Africa  during  a  period  of  two  and  a 
half  years,  fixes  the  responsibility  for  fifty-six  per 
cent,  of  the  cases  on  the  unforeseen  hazards  of  the 
industry.  The  following  is  a  summary  of  causes  of 
fatal  accidents  which  occurred  in  the  South  African 
mines,  in  a  percentage  table:' 

1.  Danger  inherent  to  work  or  misadventure 56.03 

2.  Defective  plant  or  material 3 .  93 

3.  Fault  of  injured  person:  Caretcssnesa 8. 17 

Ignorance 2 .  24 

Disobedience  of  order.  6.69 

4.  Fault  of  management 2.24 

5.  Fault  of  gangers  (foremen) 1 1 .  33 

6.  Fault  of  others 3.93 

7.  Joint  fault  of  3,  4,  5,  and  0...  ^ 3.44 

In  view  of  such  conditions  it  is  grossly  unfair  that 
the  workman  should  bear  all  the  unfortunate  con- 
sequences caused  by  accidents,  forty  per  cent,  of 
which  are  due  to  theunavoidable  hazards  of  industrj\ 
It  is  only  proper  that  compensation  for  this  class,  as 
well  as  other  classes  of  industrial  accidents,  excepting 
those  caused  intentionally,  should  be  made  a  part  of 
the  cost  of  production  in  the  same  way  as  insurance 
of  plant  and  machinery  is  a  proper  charge  under  cost 
of  production.  The  suffering  entailed  by  accidents 
and  the  often  crippling  consequences  must  necessarily 
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be  borne  by  the  victim,  but  neither  he  nor  those 
dependent  upon  him  should  be  further  penalized  by 
the  misfortune  which  he  had  not  wilfully  brought 
about.  Yet  this  was  the  situation  in  this,  as  well  as 
in  other  countries  before  compensation  laws  were 
enacted.  The  injured  workman  who  brought  his 
case  to  court  stood  a  very  poor  chance  of  obtaining 
relief  in  the  face  of  the  peculiar  legal  concepts  apply- 
ing to  the  relations  between  employer  and  employee 
at  common  law. 

According  to  these  legal  principles,  an  employer  was 
liable  for  damages  for  injuries  sustained  by  the  em- 
ployee wliile  at  work,  only  when  the  negligence  of 
the"  employer  was  established,  and  when  it  could  be 
proved  that  the  accident  was  a  direct  result  of  this 
neglect.  Difficult  as  is  the  ascertainment  of  tliis 
relationship  of  cause  and  effect,  it  is  rendered  almost 
insurmountable  by  the  several  additional  legal  de- 
fenses which  hedge  in  the  position  of  the  employer. 
The  first  of  these  is  the  "assumption  of  risk"  doc- 
trine which  holds  that  an  employee  entering  employ- 
ment .assumes  the  ordinary  and  obvious  risks  incident 
to  the  employment,  and  if  he  fall  victim  to  them  he 
cannot  claim  damages  from  his  employer.  The  second 
legal  defense  of  the  employer  is  known  as  "contribu- 
tory negligence."  By  this  phrase  it  is  meant  that 
if  the  injured  employed  failed  to  exercise  care  at  work, 
and  if  his  neglect  contributed  to  the  injury  sustained, 
he  has  no  claim  on  the  employer,  no  matter  how  neg- 
ligent the  employer  might  have  been  in  precipitating 
the  accident.  The  third  defense  was  the  "fellow 
servant"  doctrine  which  bars  an  injured  employee 
from  recovering  damages  from  his  employer  if  the 
accident  were  caused  by  a  fellow  servant  even  if  he 
were  the  superintendent  of  the  factory  or  an  em- 
ployee whose  duties  have  but  the  remotest  connection 
with  the  work  of  the  injured  employee.  It  is  evident 
that  the  ancient  common  law  was  inadequate  for 
the  protection  of  employees  working  under  the 
Iiresent  conditions  of  industrial  life  and  organization. 
Here  and  there  a  jury,  touched  by  the  suffering  of  an 
accident  victim,  would,  out  of  compassion,  render  a 
verdict  awarding  compensation  entirely  out  of  pro- 
portion to  the  loss  of  earning  capacity  caused  by  the 
accident.  The  favorable  jury  awards  were,  however, 
sporadic  and  uncertain  and  the  court  procedure 
invariably  protracted.  Many  months  would  elapse 
in  litigation  proceedings  before  cases  were  tried  and 
then,  in  the  event  of  a  verdict  in  favor  of  the  injured 
person,  his  actual  monetary  gains  would  be  a  small 
portion  of  the  award;  the  lion's  share  would  go  to  the 
lawyer  who  undertook  the  case  for  that  very  reason, 
and  who  made  the  necessary  initial  outlays,  the  injured 
workman  usually  being  unable  to  advance  money  or 
to  retain  a  lawyer  on  any  other  than  a  division-of- 
award  basis. 

The  New  York  State  Commission  on  Workmen's 
Compensation  summarized  the  shortcomings  of  the 
system  of  employers'  liability  in  the  following  four 
statements:''  (1)  Only  a  small  proportion  of  the  work- 
men injured  by  accidents  of  employment  get  sub- 
stantial compensation,  and,  therefore,  as  a  rule, 
they  and  their  dependents  are  forced  to  a  lower 
standard  of  living  and  often  become  burdens  upon  the 
State  through  public  or  private  charity.  (2)  The 
system  is  wasteful,  being  costly  to  employers  and  the 
State,  and  of  small  benefit  to  the  victims  of  accidents. 

(3)  The  system  is  slow  in  operation,  involving  of 
necessity,    great   delay   in   the   settlement   of    cases. 

(4)  The  operation  of  the  law  breeds  antagonism  be- 
tween employers  and  employees.  It  was  to  do  away 
with  all  of  the  above-mentioned  evils  and  injustices 
of  the  old  system  that  compensation  legislation  was 
devised. 

Advantages  Accruing  from  Compensalion  Laics. — 
The  results  obtained  from  the  workings  of  the  com- 
pensation laws,  in  the  .States  which  have  adopted 
compulsory  legislation,   have  been  uniformly   satis- 
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factory.  Minor  defects  of  administration  and  or- 
ganization have  become  apparent  and  are  being 
remedied  gradually.  In  some  of  the  States  there  is  a 
great  deal  of  dissatisfaction  on  the  part  of  physicians 
and  hospitals  with  the  bill  of  fees.  Complaints 
are  also  made  against  insurance  companies,  which 
have  assumed  the  liabilities  of  employers  under  the 
compensation  laws,  and  their  methods  of  payment. 

The  control  of  malingering,  also,  has  not  been 
worked  out  properly  as  yet.  Some  compensation 
laws  are  deficient  in  that  tliey  do  not  provide  medical 
benefits.  As  time  goes  on  many  of  the  defects  will 
undoubtedly  be  remedied  on  the  basis  of  experience. 

The  largest  benefit  of  the  compensation  laws  has 
been  the  stimulation  of  employers  to  introduce  safety 
devices.  An  excellent  summary  of  the  advantages 
of  compensation  legislation,  based  on  the  experience 
of  the  several  States,  is  given  in  the  report  of  the 
Industrial  Accidents  Commission  of  the  State  of 
Pennsylvania,  as  follows:'  "The  experience  of  these 
States  shows  that  the  expectations  of  the  advocates 
of  the  Acts  there  in  force  have  been  more  than  ful- 
filled in  at  least  four  important  ways:  (1)  Litigation 
between  employer  and  employe  has  practically  disap- 
peared, thus  not  only  saving  waste  incident  to  such 
litigation,  but  removing  a  constant  source  of  friction 
between  employer  and  employe.  (2)  Except  in  those 
States  where  tlie  payment  of  compensation  is  required 
to  wait  the  action  of  a  Commission,  the  sufferers  from 
industrial  accidents  have,  within  a  very  short  period 
after  the  injury  has  been  sustained,  received  compen- 
sation when  their  distress  was  most  acute,  and  have 
not  been  forced  to  endure  the  long  delay  that  dis- 
graces our  present  system.  (3)  Most  important  of 
all — liability  to  compensation  for  industrial  accidents 
has  led  employers  to  improve  immensely  the  safety 
conditions  of  their  plants.  As  a  result  in  Michigan 
the  first  year  of  operation  of  the  Act  showed  a  decrease 
of  over  thirty-five  per  cent,  in  the  number  of  fatal  acci- 
dents, a  corresponding  decrease  in  the  number  of  acci- 
dents entailing  serious  disablement,  and  a  substantial 
decrease  in  the  number  of  minor  accidents.  (4)  The 
expense  to  the  emplo\'er  has  been  surprisingly  small. 
The  cost  of  insurance  has  shown  a  constant  downward 
tendency  as  experience  has  reduced  the  number  of 
uncertain  factors  to  a  minimum.  This  has  been  par- 
ticularly true  in  those  .States  in  which  the  employer 
has  been  given  a  wide  choice  between  various  methods 
of  insurance.  The  competition  thus  created  has  led 
to  a  reduction  of  operation  and  procurement  of  new 
business  in  the  expense  and  so  to  a  very  material 
lessening  in  the  premium  rates.  The  experience  of 
Massachusetts  is  particularly  instructive,  where  the 
report  presented  by  its  Commission  shows  that  the 
burden  put  upon  the  manufacturers  of  that  State  and 
by  them  transferred  to  the  consumers  in  the  enhanced 
cost  of  the  product  has  been  exceedingly  small,  amount- 
ing to  less  than  one  mill  for  every  dollar  thereof." 

Standards  of  WoRK\rEN's  Compensation. — While 
the  compensation  acts  of  the  various  states  have 
abolished  the  glaring  iniquities  of  the  old  system  and 
have  resulted  in  many  advantages,  they  vary  a  great 
deal  from  state  to  state  and  deviate  in  a  lesser  or 
greater  degree  from  standards  which  have  been  set  up 
for  model  compensation  laws.  Such  standards  have 
been  formulated  by  the  American  Association  for 
Labor  Legislation  on  the  basis  of  a  close  and  thorough 
study  of  the  subject.  A  similar  set  of  standards  was 
published  in  1915  by  a  Committee  on  Social  and  In- 
dustrial Justice  of  the  Progressive  National  Service, 
now  no  more  in  existence. 

According  to  these  standards,  compensation  should 
be  compulsory  and  should  include  all  employments 
with  the  possible  exception  of  casual  employees  in 
the  service  of  employers  who  have  only  such  casual 
employees  and  who  cannot  very  well  be  required  to 
carry  compensation  insurance  policies.     There   is   a 
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difTerencc  of  opinion,  however,  as  to  whether  farm 
labor  and  domestic  service  should  be  included. 

Compensation  should  be  allowed  for  all  eases  of 
disability  resulting  from  injury  sustained  in  the  course 
of  employment  and  in  cases  of  death  resulting  from 
an  injury  so  sustained.  Accidents  caused  by  wilful 
intent  should  not  be  compensated. 

Occupational  diseases  should  be  compensated  on 
the  same  basis  as  if  the  disabilities  caused  by  them 
were  caused  by  accident.  This  has  been  recognized 
in  California,  and  in  Massachusetts  where  the 
Supreme  Court  has  ruled  that  the  term  "personal 
injury"  includes  not  only  injury  arising  through 
accident  but  all  injuries  whether  arising  from  accident 
or  disease.  In  some  of  the  other  .States  the  Industrial 
Accident  Boards  have  taken  the  same  view,  but  in 
the  cases  of  Connecticut,  Ohio,  and  New  Jersey  the 
Supreme  Courts  have  overruled  this  decision.' 

The  period  of  disability  immediately  following  an 
accident,  during  which  no  compensation  is  paid, 
should  not  be  longer  than  three  days.  A  longer 
"waiting  period,"  whDe  it  may  prove  more  effective 
in  checking  malingering,  imposes  an  undue  hardship 
on  the  seriously  disabled  workmen. 

Most  compensation  acts  provide  for  compulsory 
insurance  of  compensation  liability  through:  (1) 
mutual  insurance  associations  authorized  by  the 
State;  (2)  private  casualty  companies,  which  should 
be  carefull}'  supervised  by  State  accident  boards  as 
to  charges  paid  and  compensation  awarded;  (3) 
establishment  insurance  funds,  also  authorized  by  the 
State;  or  (4)  a  State-administered  fund. 

In  most  of  the  States  a  great  degree  of  latitude  is 
given  in  selecting  the  insurance  carrier.  The  ex- 
perience of  some  of  the  States,  in  which  the  various 
forms  of  insurance  have  been  made  use  of,  seems  to 
point  to  the  conclusion  that  the  mutual  employers' 
companies  are  the  most  satisfactory  from  the  financial 
point  of  view.  In  Wisconsin  about  twenty-five  per 
cent,  of  the  total  workmen's  compensation  insurance 
in  the  state  during  1915  was  carried  by  the  six 
Wisconsin  mutual  companies.  The  management 
expenses  of  these  companies  are  only  20.7  per  cent. 
of  the  total  earned  premiums,  while  stock  casualty 
companies  and  interinsurers  each  used  approximately 
forty  per  cent,  for  this  purpose.  In  191.5,  taking 
all  companies  together,  every  100  cents  paid  by  the 
employers  to  insurance  carriers  was  used  as  follows:" 

Returned  to  injured  workmen SO. 58 

Expenses  of  insurance  management 0.  35 

Surplus  to  insurance  companies 0.07 

Stock  Companies. 

Returned  to  injured  workmen 0.  56 

Expenses  of  insurance  management 0.40 

Surplus  to  insurance  companies 0.04 

Wisconsin  Mutual  Companies. 

Returned  to  injured  workmen 0,60 

Expenses  of  insurance  management 0.21 

Surplus  to  insurance  companies 0. 19 

Without  going  into  any  further  analysis  of  the 
figures,  it  seems  that  well-managed  mutual  companies 
evidently  can  give  cheaper  service.  Casualty  stock 
companies  have  to  incur  the  expenses  of  soliciting 
business,  and  to  make  profits  for  their  stockholders. 
A  special  legislative  commission  reported  to  the 
Massachusetts  legislature  early  in  1917  advising  the 
total  exclusion  of  commercial  insurance  companies  in 
favor  of  the  state  mutual  insurance  companies.  The 
report  of  a  special  investigation  commission  of  the 
Province  of  British  Columbia,  presented  on  March  1, 
1916,  similarly  argues  against  the  "economic  waste" 
of  allowing  casualty  companies  to  carry  on  work- 
men's compensation  insurance. 

Compensation  laws  should  make  the  payments  of 
compensation  awards  prompt  and  secure.  A  recent 
report  of  the  California  Industrial  Accident  Commis- 


sion emphasizes  the  fact  that  even  compulsory  in- 
surance by  the  employer  is  not  a  complete  protection 
for  the  emploj'ee  unless  the  carriers  are  .safely  man- 
aged. The  report  says  that "  the  failure  of  ill-man- 
aged insurance  carriers  resulted  in  widespread  loss 
throughout  the  state,  not  only  loss  to  employers,  bom 
of  the  necessity  of  paying  premiums  to  their  carriers 
to  protect  them  for  the  unexpired  terms  of  policies 
in  force,  but  a  very  serious  loss  suffered  by  injured 
workmen  and  dependents  of  the  killed,  for  whose 
benefit  the  compensation  system  was  designed,  and 
whose  claims  for  indemnity  were  left  unpaid."  The 
report  cites  some  pathetic  instances.*  Absolute 
security  of  awards  can  be  obtained  through  either 
state  insurance  or  a  guarantee  fund  which  would  pay 
the  awards  in  cases  where  the  employer  or  the 
insurance  carrier  becomes  in.solvent.  There  is  only- 
one  State  in  the  union — Ohio — which  provides  for  a 
guarantee  fund  and  only  three  states — Oregon, 
Ohio  and  Washington — which  have  adopted  exclusive 
state-managed  insurance.  Competitive  State  in- 
surance funds  have  been  established  in  a  number  of 
States — California,  New  York,  Maryland,  Wyoming, 
Nevada — and  in  spite  of  the  fact  that  they  have  no  paid 
solicitation  the  amount  of  their  business  gradually 
increases.  Nova  Scotia  has  an  exclusive  State  in- 
surance fund  and  recently  the  Committee  on  Investi- 
gation on  Workmen's  Compensation  Laws  of  the 
Province  of  British  Columbia  reported  in  favor  of  a 
non-competitive  state  fund. 

Compensation  acts  should  be  administered  by 
specially  created  boards  composed  of  members 
appointed  by  the  governor,  well  qualified  for  their 
duties,  and  who  would  devote  their  whole  time  and 
attention  to  the  discharge  of  this  duty.  Their 
salaries  should  be  made  adequate  and  they  should 
possess  full  powers  necessary  for  a  successful  adminis- 
tration of  the  law. 

The  scale  of  compensation  for  total  disability  should 
be  sixty-six  and  two-thirds  per  cent,  of  wages.  This 
compensation  should  not  exceed  .S20  a  week  and 
should  not  be  less  than  .So  a  week.  Compensation 
for  partial  disability  should  be  equal  to  sixty-six  and 
two-thirds  per  cent,  of  the  difference  between  the 
wages  earned  by  the  injured  person  before  the  acci- 
dent and  his  wage-earning  capacity  after  the  injury. 
In  case  of  death,  the  employer  should  paj-  the  burial 
expenses,  not  to  exceed  S75.  The  widow  should  be 
granted  thirty-five  per  cent,  of  the  weekly  wages  of 
her  husband  until  her  death  or  remarriage.  If  the 
deceased  person  is  a  woman  and  if  she  were  support- 
ing her  husband  who,  because  of  infirmity,  was  de- 
pendent upon  her  for  support,  the  widower  should 
receive  a  similar  compensation. 

In  addition  to  the  compensation  provided  for  the 
widow  or  widower,  ten  per  cent,  additional  should 
be  allowed  for  each  child  under  eighteen  years  of 
age,  not  to  exceed  a  total  of  sixty-six  and  two-thirds 
per  cent,  of  the  wages  of  the  deceased  for  the  widow 
or  widower  and  the  children.  If  the  deceased  should 
have  supported  parents  or  other  relatives  who  were 
living  with,  and  entirely  dependent  upon  him  for 
support,  additional  compensation  should  be  provided 
for  them.  Alien  non-resident  dependents  should  be 
treated  in  the  same  way  as  other  dependents. 

One  of  the  very  important  provisions  of  a  workmen's 
compensation  act  is  that  relating  to  medical  attend- 
ance. In  some  of  the  States,  however,  a  short-sighted 
policy  dictated  the  omission  of  medical  aid  from  the 
law.  It  is  generally  recognized  that  proper  immediate 
medical  attention  reduces  the  period  of  disability 
and  at  times  forestalls  serious  complications  or 
permanent  impairment.  It  is,  therefore,  a  wise 
policy  to  provide  adequate  medical  and  hospital  care 
to  the  injured  worker,  not  only  from  the  humanitarian 
point  of  view,  but  as  a  cold-blooded  practical  proposi- 
tion. The  Judicial  Council  of  the  .\merican  Riedical 
Association  cites  a  case  of  one  Bavarian  employers' 
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SnMM.lRT  OP  THE  PhoVISION  OF  WORKMEN'S 

Compensation  Laws  in  the  Various  States. 

Stftto. 

In 
effect. 

Per  cent,  of 

wages  paid  for 

temporary  total 

disability   and 

time. 

ll 

°  g 

Medical  and 
surgical  aid. 

Administered  by 

Insurance:  employer  must    be  secured  by 

1915 
1912 
1913 
1915 
1914 
1915 
1913 
1915 
1914 
1912 
1916 
1915 
1916 
1914 
1912 
1912 
1913 
1915 
1913 
1913 
1912 
I9I1 
1914 
1912 
1915 
1913 
1916 
1916 
1912 
1913 
1915 
1911 
1913 
1911 
1915 

50     -26     weeks 
.50     -26     weeks 
65    -240  weeks 
50    -life 
50    -520  weeks 
60    -312  weeks 
50     -416  weeks 
55     -500  weeks 
50     -300  weeks 
50     -41G  weeks 
05     -414  weeks 
50     -300  weeks 
50     -312  weeks 
50     -312  weeks 
60  J  -500  weeks 
50    -500  weeks 
50     -300  weeks 
50     -300  weeks 
50     -life 
.50     -433  weeks 
50     -300  weeks 
50     -300  weeks 
60J  -life 
66j  -312  weeks 
50    -300  weeks 

$30  per  month 
50    -500  weeks 
75     -104  weeks 
50    -500  weeks 
60     -400  weeks 
50     -26     weeks 

S20  per  month 
50    -26     weeks 
65     -780  weeks 

S15  per  month 

14 
14 
14 
21 
10 
14 

7 
14 
14 
14 
14 
14 
14 
14 
10 
14 
14 
14 
14 

7 
14 
14 
14 

7 
14 

0 
14 

0 
14 

7 
14 

0 

7 

7 
10 

None 

If  no  dependents 

90  days 

SI 00  for  30  days 

Reasonable 

S50  for  14  days 

8200  for  56  days 

30  days 

$100  for  14  days 

If  no  dependents 

$100  for  90  days 

$100  for  14  days 

830  for  14  days 

$150 

14  days 
21  days 

$100  for  90  days 
$50  for  14  days 
$200  for  21  days 
4  months 
If  no  dependents 
$50  for  14  days 
60  days 
$200 

15  days 
$250 

825  for  14  days 

8  weeks 

14  days 

7  days 

$75  for  14  days 

6  months 

SI  50 

90  days 

none 

Courts 

Courts 

Accident  Board 

Industrial  Commission 

Commissioners 

County  Board 

Accident  Board 

Industrial  Commission 

Commissioner 

Courts 

Accident  Board 

Courts 

Accident  Board 

.Occident  Board 

Accident  Board 

Accident  Board 

Courts 

.Occident  Board 

Courts 

Industrial  Commission 

Courts 

Courts 

Industrial  Commission 

Industrial  Commission 

Accident  Board 

Accident  Board 

Accident  Board 

Commission 

Courts 

Accident  Board 

Accident  Board 

Insurance  Department 

Commissioner 

Industrial  Commission 

Courts 

(No  insurance  required) 

(No  insurance  required) 

(No  insurance  required) 

Casualty,  mutual,  state  or  self-insu 

Casualty,  mutual,  state  or  self-insu 

Casualty,  mutual,  state  or  self-insu 

Casualty,  mutual,  state  or  self-insu 

Casualty,  mutual,  state  or  self-insu 

Casualty,  mutual,  state  or  self-insu 

(No  insurance  required) 

Casualty,  mutual,  self  or  state  mut 

(No  insurance  required) 

Casualty,  mutual  or  self-insurance 

Casualty,  mutual,  state  or  self-insu 

Casualty,  mutual,  or  state  mutual 

Casualty,  mutual  state,  or  self-insu 

(No  insurance  required) 

Casualty,  state  or  self-insurance 

(No  insurance  required) 

State  fund 

Bond  or  self-insurance 

(No  insurance  required) 

(Casualty,  mutual,  state  or  self-insi 

Mutual,  state  or  self-insurance 

Casualty,  mutual,  or  self-insurance 

State  fund 

Casualty,  mutual,  state  or  self-insu 

State  fund 

Casualty,  mutual,  or  self-insurance 

Casualty,  mutual,  or  state  mutual 

Casualty  or  self-insurance 

State  fund 

State  fund  or  self-insurance 

Casualty,  mutual,  state  or  self-insu 

State  fund 

California 

Colorado 

Connecticut 

ance 

Illinois 

ance 

Iowa 

ance 

Kentucky 

Louisiana 

jal 

Alaryland 

Massachusetts.. . 

Michigan 

Minnesota 

Montana 

Nebraska 

nsurance 

New  Hampshire. 

New  Jersey 

New  York 

Ohio 

irano. 

Oklahoma 

Pennsylvania.. . . 

Porto  Rico 

Rhode  Island... 

Vermont 

Washington 

West  Virginia .  . . 

Wisconsin 

Wyoming 

ranee 

as.sociation  which  established  to  its  own  satisfaction 
the  fact  that  the  expenditure  of  approximately  88,000 
in  prompt  and  expert  medical  care  to  the  injured 
employees  saved  them  about  $160,000  in  compensa- 
tion expcn.scs.'  In  .States  where  medical  attendance  is 
l)rovided  for,  the  total  amount  allowed  for  it  or  the 
time  during  which  it  is  to  be  given  gratuitously  varies 
considerably.  Some  of  those  wlio  had  intimate 
experience  with  the  situation  advocate  that  "reason- 
able medical  and  surgical  care  should  be  furnished  by 
the  industry  while  the  disability  lasts.  .  .  .  Anything 
which  would  [;revent  a  complete  cure  or  prevent  the 
best  medical  attention  tends  to  defeat  the  very  object 
of  the  law  itself."'"  The  cost  of  it,  as  the  cost  of  all 
the  other  benefits  of  compensation,  should  be  borne 
by  society  at  large  on  the  theory  that  "the  consumer 
of  economic  goods  should  bear  all  the  expenses  in- 
curred in  the  production  of  such  goods.""  It  should 
not  be  left  to  the  physicians  alone  to  bear  the  heavy 
burden  of  a  liberal  compens.ation  law.  The  medical 
b'lls  of  fees  should  be  computed  on  a  fair  and  reason- 
able appraisal  of  the  worth  of  adequate  and  careful 
medical  or  surgical  attendance.  Without  such  a 
satisfactory  basis  the  hearty  cooperation  of  the  phy- 
sicians cannot  be  expected. 

The  law  should  also  endeavor  to  control  malinger- 
ing as  rigidly  as  possible  and  to  enlist  the  cooperation 
of  the  medical  profession.  Feigning  sickness  has 
proven  to  be  a  stumbling  block  to  the  entirely  satis- 
factory administration  of  compensation  laws  in 
foreign  countries.  By  providing  the  Industrial 
.•\ccidents  Board  with  special  medical  examiners  or 
with  an  expert  medical  commission  a  great  amount 
of  malingering  can  be  detected  and  discouraged. 
Finally,  the  laws  should  contain  strict  prohibition  of 
private  settlement  between  employer  and  employee. 

When  the  importance  of  the  various  requirements  is 
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recognized  in  the  several  states  of  the  Union,  we  may 
expect  to  have  a  greater  degree  of  uniformity  than 
exists  at  the  present  time. 

E.  H.  Lewinski-Corwin. 
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Worm,  Olaus. — The  physician  who  first  de- 
scribed the  small  cranial  bones  which  now  are  uni- 
versally called  the  Wormian  bones.  Born  at  Arhusen 
in  North  Jutland,  Denmark,  on  May  13,  15S8,  he 
studied  philosophy  and  medicine  in  Giessen,  Marburg, 
Strassburg,  Basel,  Padua,  Montpellier  and  Paris, 
and  then  visited  Holland  and  England.  Upon  his 
return  to  Denmark  he  was  chosen  Professor  of  Greek 
and  of  Physics  in  the  University  of  Copenhagen,  and 
in  1629  he  succeeded  Gaspard  Bartholinus  as  Pro- 
fessor of  Medicine.  Not  long  afterward  he  was 
appointed  phvsician  to  liing  Christian  IV.  He  died 
on  Aug.  31,  1654. 
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Wormian  Bones 


Of  his  published  writings  these  two  deserve  to 
receive  special  mention:  "Institestionum  medicarum 
epitome,"  Copenhagen,  1640;  and  "  Disscrtatio  de 
renum  officio  in  re  medica  et  venerea,"  Copenhagen, 
1670.  A.   H.   B. 


Wormian  Bones. — Wormian  bones  take  their 
name  from  Olaus  Worm,  Danish  anatomist,  1588- 
1654,  who  wrote  a  detailed  description  of  them. 
These  bones  have  been  defined  as  "detached  centers 
of  ossification  in  the  marginal  area  of  growing  mem- 
brane bones,  which  they  aid  in  occupying  interven- 
ing spaces  among  the  bones  themselves."  Some 
writers  regard  them  as  evidence  of  retarded  ossifica- 
tion; while  others  believe  them  to  be  the  result  of 
excessive  ossification.  Probably  both  theories  are  true. 
It  is  believed  that  the  most  usual  cause  of  the  forma- 
tion of  these  bones  "is  the  .stretching  of  the  membran- 
ous envelope  of  the  cranial  cavity  which  occurs  in 
hydrocephalus,  assistance  in  the  completion  of  the 
cranial  cavity  being  supplied  by  Wormian  bones." 

The  formation  and  situation  of  the  fontanels 
are  explained  by  the  fact  that  during  development 
they  first  touch  and  unite  at  points  nearest  to  their 
ossification  centers.  As  an  example,  the  parietal 
bone  becomes  united  to  the  contiguous  bones  first 
at  the  middle  of  the  four  sides,  later  at  the  four  angles. 
In  consequence,  membranous  covered  spaces  remain 
at  the  angles.  During  the  first  years  of  life,  rarely 
later,  the  fontanels  become  closed  by  the  progress- 
ive ossification  of  the  flat  bones  of  the  vault  of  the 
cranium.  The  last  to  close  is  the  frontal  fontanel 
at  the  end  of  the  first  or  in  some  instances  at  the 
beginning  of  the  second  year.  In  this  period  the 
sutures — coronal,  sagittal,  and  lambdoid — develop, 
and  small  bony  areas,  called  Wormian  bones  often 
remain  independent.  These  irregular  ossifications 
do  not  often  occur  in  the  face. 

Tlie  Wormian  bones  are  most  frequent  in  the  course 
of  the  lambdoidal  suture;  now  and  then  they  are  ob- 
served at  the  fontanels,  more  often  the  posterior. 
One,  called  the  pterion  ossicle,  sometimes  occurs 
between  the  sphenoidal  angle  of  the  parietal  and  the 
great  wing  of  the  sphenoid. 

In  some  instances  the  interparietal  part  of  the 
occipital  bone  remains  separate  throughout  life  and 
forms  the  so-called  Inca  bone.  In  relation  to  "the 
bone  of  the  Incas"  which  has  been  the  theme  of  so 
much  ethnological  discussion,  the  question  among 
scholars  has  arisen  as  to  whether  this  is  a  mere 
anomaly  or  a  reversal  to  a  lower  typo,  since  the 
interparietal  bone  occurs  in  rodents,  ruminants,  dogs, 
and  cats.  In  other  instances  the  interparietal  part 
of  the  occipital  bone  is  made  up  of  numerous  detachc<l 
ossicles. 

Wormian  bones,  called  also  sutural  bones,  epactal 
bones,  ossa  triquetra,  as  a  rule  are  of  small  size. 
However,  now  and  then  one  of  large  size  occurs,  for 
example  the  so-called  preinterparietal  bone.  This 
partly  replaces  the  interparietal  bono.  This  pre- 
interparietal bone  occurs  in  some  mammals  and  once 
in  a  while  has  been  found  in  the  human  fetal  .skull. 
A  bit  of  bone,  scale-like,  is  frequently  seen  between 
the  anteroinferior  angle  of  the  pariet.al  and  the 
great  wing  of  the  sphenoid — the  epipteric  bone. 
This  occurrence  is  much  rarer  in  the  other  sutures. 
Dorsey  makes  some  interesting  observations  on 
Wormian  bones  in  artificially  deformed  Kwakiutl 
crania.  He  finds  an  unusual  frequency  of  Wormian 
bones  in  the  coronal  suture  of  the  Kwakiutl  skulls  in 
the  Field  Columbian  Museum,  and  believes  that  this 
condition  is  due  to  the  bandaging  of  the  heads  in 
childhood.  To  remedy  the  resulting  abnormal  con- 
dition, "stop-gaps"  as  they  are  called  by  Humphry, 
are  developed  in  the  coron.al  suture. 

Gosse  who  holds  the  theory  of  arrest  of  ossification, 
attributes   the   formation    of    Wormian   bones   to   a 


rachitic  or  scrofulous  condition,  to  the  effects  of  violent 
pressure,  or  to  hereditary  transmission.  Barclay- 
Smith  reports  an  interesting  in.stance  of  true  Wormian 
bones  in  the  anterior  or  bregmatic  fontanel  of  a 
fetus.  Chambellan  found  only  two  examples  of  this 
condition  in  198  Parisian  skulls. 

It  is  remarkable  that  Wormian  bones,  though  so 
common  in  the  asterion  and  not  unusual  at  the 
pterion,  are  so  rare  in  the  largest  and  most  persistent 
of  all  the  fontanels. 

Barclay-Smith  demonstrates  from  two  skulls  that 
such  ossifications  may  occur  in  the  bregmatic  fon- 
tanel, at  or  before  the  period  of  birth.  At  least 
thirteen  ossicles  occupy  the  membrane  filling  in  the 
bregmatic  fontanel  of  one  of  these  skulls.  This 
skull  is  markedly  dolichocephalic.  In  the  same  skull 
is  an  OS  epactale  or  os  suprainterparietale,  situated 
at  the  hinder  end  of  the  sagittal  suture  and  taking  the 
place  of  the  normal  occipital  fontanel.  A  second 
fetal  skull  shows  a  single  median  Wormian  bone 
shaped  like  an  elongated  splinter  in  the  extreme 
anterior  extremity  of  the  bregmatic  fontanel.  If 
this  condition  persisted  to  adult  age  it  would  be  an 
example  of  a  Wormian  bone  occupying  the  metopic 
suture  (Simon  and  Chambellan).  Smith  also 
describes  an  adult  skull  in  which  multiple  Wormian 
bones  occur  in  the  region  of  the  bregma.  Wormian 
bones  tend  to  be  more  or  less  symmetrical  on  the  two 
sides  of  the  skull. 

There  are  not  often  more  than  two  or  three,  but  in 
one  case  reported  (Parker)  they  numbered  172, 
the  entire  membranous  part  of  the  cranium  behind 
the  coronal  suture  being  composed  of  them.  In 
front  of  this  suture  were  a  few  in  the  orbital  plates 
and  one  measuring  5X9  centimeters  occupied  the 
upper  part  of  the  right  half  of  the  frontal  bone.  In 
the  squamopariet.al  region  they  were  most  numer- 
ous. Here  their  slender  interlacing  processes  entirely 
obliterated  the  usual  sutures. 

In  injuries  of  the  skull  Wormian  bones  have  been 
displaced  so  that  the  resulting  condition  was  analogous 
to  the  pressure  of  bone  fragments  on  the  meninges, 
and  in  certain  instances,  the  edge  of  a  Wormian 
bone  has  been  mistaken  for  a  fracture. 

Dr.  Grace  Peckham  Murray  in  the  article  on  this 
subject  in  the  former  edition  of  this  H.\ndbook,  calls 
attention  to  the  effects  of  Wormian  bones  on  child- 
birth. "The  possibility  that  such  bones,  if  of  con- 
siderable size  and  if  they  occurred  in  the  posterior 
fontanel,  might  exert  a  detrimental,  if  not  fatal, 
influence,  was  suggested  by  three  cases  which  came 
under  observation  at  the  ho.spital  of  the  New  York 
Infirmary  for  Women  and  Children.  The  histories 
of  the  three  cases  were  almost  identical.  The 
mothers  were  all  primipara;.  There  w.is  nothing 
abnormal  in  the  measurements,  either  of  the  pelves  of 
the  mothers,  or  of  the  heads  of  the  infants.  The 
presentations  were  all  of  them  the  usual  left  anterior 
occipito-iliac.  The  labors  progressed  slowly  but 
normally  through  the  first  stage,  but  the  second  stage 
was  very  slow,  lasting  between  two  and  three  hours  in 
each  case.  Instruments  were  not  used  in  any  in- 
stance, as  there  was  a  constant  expectation  that  the 
labors  would  terminate  naturally.  The  irregularity 
of  the  fontanel  could  be  very  easily  detected.  In  the 
first  two  eases  it  gave  rise  to  confusion  in  determining 
the  position;  but  in  the  third  and  last  case,  the  attend- 
ant, having  had  the  experience  with  the  two  others, 
easily  discovered  that  the  posterior  fontanel  con- 
tained Wormian  bones.  Each  child  w.as  stillborn. 
The  skulls  of  two  were  preserved,  but  the  family 
would  not  permit  an  autopsy  to  be  made  upon  the 
third  child,  which  was  taken  away  for  bvirial.  It 
could,  however,  be  easily  felt  that  Wormian  bone.s 
were  present  and  that  their  shape  and  number  were 
the  same  as  in  the  other  two  cases,  there  being  two 
triangular  pieces,  one  larger  than  the  other." 

Dr.  Murray  believes  it  to  be  possible  that  during 
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labor  these  bones  may  prevent  the  usual  overlapping 
of  the  sutures  of  the  skull,  and  that  during  the  second 
stage  they  may  even  inflict  serious,  possibly  fatal, 
injury  upon  the  contents  of  the  cranium. 

Emma  E.  Walker. 


VVrisberg,  Heinrich  August. — Born  at  St. 
Andreasberg,  in  the  Harz  mountains,  Germany,  on 
June  20,  1739.  lie  studied  medicine  at  the  Uni- 
versity of  Goettingen,  and  received  his  doctor's  degree 
from  that  institution  in  17(53.  He  then  visited  France 
and  the  Low  Countries,  and,  upon  his  return  home, 
was  made  a  full  Professor  in  the  University  of  Goet- 
tingen. At  first,  he  lectured  on  midwifery,  but 
afterward  he  was  given  the  Chair  of  Anatomy,  as 
Roederer's  successor.  To  the  majority  of  modern 
physicians  he  is  known  only  as  the  discoverer  of  the 
nerve  which  bears  his  name;  his  other  anatomical 
discoveries  being  of  minor  importance.  He  died  on 
March  29,  1808. 

Of  his  published  writings  the  following  deserve  to 
receive  special  mention:  "Programma  de  respiratione 
prima,  nervo  phrenico,  et  calore  animali,"  Goettingen, 
1763;  "Observationes  anatomicse  de  quinto  pase 
nervorum  encephali,"  Goettingen,  1777;  "De  testicu- 
lorum  ox  abdomine  in  scrotum  descensu,"  Goettingen, 
1778;  "  Observationum  anatomicarum  de  nervis 
viscerum  abdominalium  particula  I,  quje  de  ganglio 
plexuque  seminali  agit,"  Goettingen,  1780;  and 
"Observationum  anatomico-nevrologicarum  de  nervis 
viscerum  abdominalium  particula  III;  de  nervis  sys- 
tematis  eoeliaci  sectio  II.  De  nervis  hepaticis  et 
splenicis,  C]ua;  est  observationum  de  ganglio  plexuque 
semilunar!  continuatio  II,"  Goettingen,  1800. 

A.  H.  B. 


Wrist,  Joints  of  the. — The  skeleton  of  the  wrist, 
composed  of  a  series  of  small  bones  essentially  similar 
in  character,  may  be  considered  as  a  whole,  and  we 


Fig.  4912. — The  Wrist-joints. 

may  hence  conceive  a  superior  radiocarpal  or  wrist- 
joint  proper,  between  the  bones  of  the  forearm  and  the 
carpus,  and  an  inferior  or  carpometacarpal  joint,  be- 
tween the  carpus  and  the  metacarpus.  We  may  also 
consider  separately  the  two  rows  of  carpal  bones,  and 
regard  the  somewhat  irregular  union  between  them 
as  an  intercarpal  or  mediocarpal  joint.  Finally,  we 
may  consider  each  bone  as  a  separate  unit  and  its 
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union  with  each  of  those  which  it  touches  as  so  many 
carpal  joints  of  a  secondary  degree. 

Of  the  three  transverse  joints  formed  by  the  rows 
of  carpal  bones,  the  proximal  is  the  only  one  that  has 
any  very  marked  mobility,  the  middle  one  has  some- 
what less,  and  the  distal  or  carpometacarpal  joint 
has  the  least  of  all.  It  is,  indeed,  instructive  and 
logical  in  regarding  the  movements  to  follow  the  plan 
adopted  by  Meyer,  and  consider  the  distal  row  of 
bones  as  combined  for  practical  purposes  with  the 
metacarpal  bones  with  which  they  articulate  and 
the  proximal  row  as  an  articular  integer  or  meniscus 
which  is  the  essential  interposed  element  between  the 
forearm  and  the  hand.  Viewing  the  form  of  the  sur- 
faces, the  articulation  between  the  meniscus  and  the 
forearm  is  a  pommel  or  ovoidal  joint.     Movement  is 


Fia.  4913.— The  Carpal  Caoal. 

necessarily  freest  in  the  direction  of  the  axes  of  the 
ovoid,  but  still  a  certain  amount  of  rotation  is  possible. 
The  surfaces  involved  are  those  of  the  articular  disk 
and  the  radius  above,  and  the  navicular,  lunate  and 
triquetral  bones  below.  The  ulna  dose  not  enter  into 
the  articulation,  nor  does  the  pisiform  bone.  Many 
comparative  an.atomists  are  of  the  opinion  that  the 
articular  disk  represents  a  carpal  clement  which  in  its 
complete  form  long  ago  vanished  from  the  mammalian 
carpus  and  that  the  pisiform  bone  is  another  vestige 
of  the  same  kind.  Certain  facts  of  abnormal  varia- 
tion seem  to  support  this  view  and  to  show  that  the 
pentadactylate  form  of  the  human  hand  is  not  the 
primitive  one,  firmly  fixed  though  it  now  is,  but  that 
a  seven-digit  hand  was  probably  the  original  mam- 
malian  type.     Odd    cases    of   supernumerary   wrist- 


Fio.  4914. — Articular  Surface  of  the  Wriat-joint.  (Cunningham.) 
1,  Head  of  ulna;  2,  styloid  process  of  ulna;  3,  apex  of  articular  disk; 
4,  articular  disk;  5.  surface  for  lunate  bone;  6,  groove  for  tendon  of 
extensor  longus  pollicis  muscle;  7,  surface  for  navicular  bone. 


bones  and  fingers,  which  are  occasionally  seen,  are, 
according  to  this  view,  instances  of  atavism. 

The  midcarpal  joint  is  of  a  mixed  character,  hav- 
ing, like  the  midtarsal  joint  of  the  foot,  a  wavy  out- 
line, the  comparatively  large,  convex  upper  surfaces 
of  the  capitate  and  hamate  bones  making  together  a 
sort  of  ball-like  head  which  fits  into  the  hollow  socket 
made  by  the  under  surfaces  of  the  combined  navicu- 
lar, lunate  and  triquetral  bones;  while  a  compara- 
tively small  surface  of  the  navicular  articulates  with 
the  multangular  bones  to  make  a  curve  in  the  opposite 
direction.  This  assists  considerably  in  twisting  move- 
ments of  the  hand,  such  as  pronation  and  supination, 
which  are  very  necessary  to  that  nicety  in  the  manage- 
ment of  tools  which  characterizes  the  hand  of  man. 
The  hand  of  the  ape  is  by  no  means  so  delicately 
adjusted  in  this  particular. 
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It  has  been  well  pointed  out  by  Professor  Humphry, 
in  liis  classical  treatise  on  the  "Human  Skeleton,"  that 
the  wrist  owes  the  security  of  its  joints,  not  so  much  to 
the  interlocking  shape  of  the  joint  surfaces,  or  to  the 
strength  of  its  ligaments,  as  to  the  strong  tendons 
which  pass  over  it,  tend  to  protect  it,  and  render  it 


C  oUateral  radiocarpal 


the  pisiform  and  hamate  bones  on  the  inner  side  and 
the  tubercle  of  the  navicular  and  the  ridge  of  the 
multangulum    majus   on   the   outer   side.     It  passes 
under  the   tendon   of  the  palmaris   longus   and   the 
ulnar  vessels  and  nerve.     Beneath  it  pass  the  great 
flexor  tendons  and  the   median  nerve,  confined  by 
several  strong  sheaths  which  blend  with  each  other 
and  send  fascial  processes  to  the  ligament  above 
and  the  attachments  of  the  special  bones  below. 
It  is  to  this  arrangement,  combined  with  prona- 
tion, that  we  owe  the  surprising  flexibilitj'  and 
strength  which  characterizes  the  wrist,  which  per- 
mits the   extraordinary  twists  so   famous  in  the 
pitching  of  a  ball,  the  handling  of  a  tennis  racket, 
and  the  parrying  of  the  thrust  of  a  foil.     A  thin- 
ligament   "sr  ^nd  more  superficial  band,  the  volar  carpal 
ligament,  passes  over  the  tendon  of  the  palmaris 
lubcrcle  of  navicular       longus  and  the  ulnar  vessels  and  nerve.     It  also 
"   is  attached  to  the  carpal  eminences  and  is  contin- 
Ritlge  on  greater   uous  on  either  side  with  the  dorsal  carpal  ligament. 


ultangular  bo, 


Fig.  4915. — Ligaments  on  Anterior  Aspect  of  Radiocarpal,  Carpal,  and 
Carpometacarpal  Joints.     (Cunningham.) 


at  the  same  time  flexible.  A  short  examination  of 
the  lower  end  of  the  radius  will  show  that  its  dorsal 
aspect  is  deeply  grooved  for  the  extensor  tendons 
which  pass  over  the  back  of  the  hand  and  are  bound 
closely  down  in  their  grooves  by  a  strong  band  of  the 
deep  fascia  called  the  dorsal  carpal  ligament,  which 

rat^io  ulnar 


Fig,  4910. — Corpnal  Section  through  the  Radiocarpal,  Carpal, 
Carpometacarpal,  and  Intermetacarpaljoints,  to  show  Joint  Cavities 
and  Interosseous  Ligaments  (diagrammatic),     (Cunningham.) 

thus  becomes  one  of  the  most  powerful  protecting 
structures  of  the  radiocarpal  joint.  In  a  similar 
manner,  on  the  p.almar  surface  of  the  wrist,  strong 
bands  of  fascia  confine  the  flexor  tendons  in  a  sort 
of  subway,  and  therefore  properly  designated  as  the 
ligamentum  carpi  volare  proprium. 

The  principal  one  of  these  bands  is  the  transverse 
carpal  ligament,  a  strong,  firm  band,  attached  on 
either  side  to  the  carpal  eminences — that  is  to  say, 


The.se  bands  (dorsal  carpal,  volar  carpal,  and 
transverse  ligaments)  are  all  specializations  of  the 
deep  fascia  of  the  forearm  and  are  usually  described 
as  the  annular  ligaments  of  the  wrist.  Considering 
their  effect  upon  the  joint  as  a  whole  they  may, 
however,  be  properly  described  here. 

Viewing  the  wrist-joint  with  reference  to  its 
synovial  cavities,  we  find  that  the  radiocarpal  joint 
has  its  own  cavity,  the  midcarpal  and  carpometa- 
carpal having  a  common  cavity,  there  being 
excluded  two  bones,  the  pisiform  and  the  meta- 
carpal bone  of  the  thumb,  each  of  which  has  its 
own  special  articulation — the  first  with  the  trique- 
trum,  the  second  with  the  greater  multangular. 

The  intrinsic  ligaments  of  the  carpus  are  of  two 
classes:  one  being  external  strengthening  bands, 
the  others  internal,  interosseous,  serving  as  close  inter- 
ties  to  keep  the  whole  system  firm.  On  the  palmar  sur- 
face a  somewhat  irregular  mass  of  fibers,  stretching 
from  the  radius  to  the  navicular,  lunate,  triquetral  and 
capitate  bones,  has  received  the  name  of  the  volar 
radiocarpal  ligament.  The  sides  are  strengthened  by 
bands  that  pass  from  the  styloid  process  of  the  radius 
to  the  navicular  (ligamentum  coUaterale  radiale)  and 
from  the  styloid  process  of  the  ulna  to  the  Itriquerta 
bone  (lig.  collaterale  ulnare). 

Bands  from  the  pisiform  bone  to  the  unciform  and 
to  the  fifth  metacarpal  (ligamentum  piso-hamatum, 
ligamentum  piso-metacarpeimi)  are  regarded  as  ex- 
tensions of  the  insertion  of  the  flexor  carpi  ulnaris. 
A  series  of  short  bands  connecting  the  os  magnum  with 
the  contiguous  bones  is  known  as  tiie  radiate  ligament. 
Finally,  the  most  distal  bands,  connecting  the  bases  of 
the  metacarpal  bones,  are  known  as  the  carpometacar- 
pal and  basal  metacarpal  ligaments. 

The  investment  on  the  dorsal  surface  is  not  usually 
so  complete.  The  strengthening  bands  are  mainly 
the  dorsal  radiocarpal  ligament,  passing  downward 
and  inward  from  the  lower  end  of  the  radius  to  the 
bones  of  the  distal  row  and  the  dorsal  intercarpal 
ligaments,  uniting  the  bones  of  the  two  rows. 

The  only  other  joint  requiring  especial  mention  is 
that  of  the  metacarpal  bone  of  the  thumb  with  the 
greater  multangular  bone.  This  is  an  excellent 
example  of  the  joint  by  reciprocal  reception,  sometimes 
termed  a  saddle-joint.  Its  motions  are  freest  in  two 
directions,  which  correspond  to  the  motions  of  adduc- 
tion and  abduction  on  the  one  hand,  and  of  the 
various  adjustments  of  opposition  on  the  other. 

Frank  Baker. 


Xanthine,  or  2-6-dioxvpurine 
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Xanthine  belongs  to  the  group  of  purine  bases  and 
occurs  in  small  quantities  as  a  urinary  constituent. 
It  may  be  amorphous  or  form  granular  masses  of 
crystals.  It  is  very  slightly  soluble  in  water  and  is 
insoluble  in  alcohol  and  other  but  is  dissolved  roiulily 
by  alkalies  and  with  difficulty  by  acids.  Witli  am- 
moniacal  silver  nitrate  it  forms  amorphous  ins(>lul)lc 
salts.     See  Purines.  F.  P.  U. 

Xanthorrhea  Resin. — Resina  lutea;  AcaroidGum 
or  Ref:in;  lioUmy  Bay  Gum  or  Resi7i.  By  these  names 
are  designated  .several  closely  related  solid  balsams, 
obtained  in  Australia  from  species  of  Xanlhnrrhea 
(fam.  lAliacea:). 

The  resinous  sap  exudes  spontaneously,  and  hard- 
ens upon  the  stem  in  tears  or  masses.  Two  principal 
varieties  of  the  "gum"  are  distinguished:  the  red,  in 
deep  red  lumps  or  fragments  resembling  lumpy 
specimens  of  dragon's  blood,  having  a  weak  odor  of 
benzoin,  and  a  spicy  cinnamon-like  taste;  the  yellow, 
in  orange-yellow  pieces  or  tears,  having  a  strong  ben- 
zoin odor."  The  balsam  contains,  besides  some  bas- 
sorin  and  uninteresting  ingredients,  a  large  proportion 
of  cinnamic  acid  and  some  benzoic  acid. 

The  xanthorrhea  resins  have  long  been  used  in 
Australia  as  a  remedy  for  gastric  troubles,  intestinal 
catarrhs,  diarrheas,  etc.,  and  are  occasionally  pre- 
scribed in  this  country  for  similar  conditions;  but  their 
principal  uses  are  in  the  arts  as  a  source  of  picric  acid, 
and  in  the  manufacture  of  lacs  and  varnishes. 

Dose.  gr.  viij  xvi  (0..5-1.0).  It  may  be  given  in 
alcoholic  solution.  W.  P.  Bolles. 

Xanthoxylum,  U.  S.  P. — Prickly  Ash.  The 
dried  bark  of  Xanthoxylum  americanum  Miller  and 
of  Xanthoxylum  clava-herculis  L.  (fam.  Ruiacece). 
Prickly  ash  derives  its  name  from  its  armature  of 
thorn-like  prickles  and  its  superficial  resemblance, 
when  in  flower,  to  the  true  ash  {Fraxinus),  to  which  it 
is  not  related.  The  genus  Xanthoxylum  L.,  as  recog- 
nized by  Bentham  and  Hooker,  contains  nearly  100 
species,  di.stributed  widely  in  both  temperate  and  trop- 
ical regions  of  both  hemispheres.  In  most  of  these 
regions,  one  or  more  species  are  used  as  ours  is,  and 
many  of  them  are  employed  also  in  fish  poisoning. 
Of  the  two  species  luimed  above,  the  former  is  the 
northern,  the  latter  the  southern  prickly  ash. 

The  fruits  of  both  the  northern  and  southern 
species,  which  are  also  recognized  in  the  National 
Formulary,  have  composition  and  properties  gen- 
erally similar  to  those  of  the  bark,  and  are  used 
similarly,  but  in  rather  smaller  doses.  Southern 
prickly  ash  becomes  a  small  tree,  and  its  spines,  at 
least  upon  the  older  portions,  are  elevated  upon  large 
conical  corky  excrescences.  The  bark  of  the  former  is 
in  small  quills  or  pieces  of  them,  very  thin  (rarely 
exceeding  one  twentieth  of  an  inch  in  thickness), 
brown  or  purjjle  with  light  gray  patches,  very  rarely 
entirely  gray,  and  usually  with  minute  black  spot"s 
resembling  fly  specks.  Its  inner  surface  is  smooth 
and  whitish,  becoming  yellow,  and  with  a  greenish 
tinge.  It  has  a  sharp,  br'ttle  fracture,  exhibiting  an 
outer  green  and  an  inner  yellowish-white  layer.  The 
southern  bark  is  even  thinner  in  quills  of  the  same  size, 
though  the  older  pieces  become  twice  as  thick,  and  it 
is  more  uniformly  gr.ay.  The  spine  characters  assist 
in  the  differentiation.  Both  barks  have  a  very  bitter 
and  pungent,  afterward  acrid  taste. 

Corn-position. — As  to  their  general  nature  the  con- 
stituents agree  in  the  two  barks,  though  the  com- 
pounds are  different.  There  are  two  resins,  one  very 
acrid.  The  oil  is  also  very  acrid.  The  bitter  taste 
is  due  to  a  di-stinct  substance,  xanthoxyUn.  A  small 
amount  of  tannin  is  also  present. 

Properties. — The  action  of  prickly  ash  is  that  of  an 
aromatic  bitter,  but  it  has  other  characteristic  proper- 
ties.    Its  locally  stimulating  powers  are  very  marked. 
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Externally  it  is  an  active  counterirritant  and  relieves 
neuralgia  and  rheumatism.  It  excites  profuse  .secre- 
tion in  the  mouth  and  stomach,  and  apparently  in  the 
intestine.  Henry  H.  Rdsby. 

Xeroform .  —  Tribromphenol-bismuth ,  CeHjBr,.- 
O.BiO,  is  a  fine  yellow,  almost  tasteless  powder  of 
slight  carbolic  odor.  It  is  insoluble  in  water,  alcohol, 
chloroform,  and  the  oils,  but  dissolves  in  two-per- 
cent, hvdrochloric  acid.  It  is  unimpaired  by  heat 
below  120°  C.  (248°  F.),  and  so  may  be  sterilized. 

Reynders  states  that  in  the  gastric  juice  this  sub- 
stance splits  into  bismutli  oxide  and  tribromphenol. 
It  would  seem,  therefore,  to  be  a  serviceable  gastric 
and  intestinal  sedative  and  antiseptic.  It  has  boon 
recommended  especially  in  the  fermentative  diarrheas. 
The  dose  is  fifteen  grains  (1.0)  three  times  a  day.  It 
may  be  found  in  the  urine  for  twenty-four  hours  after 
ingestion,  and  one  of  Reynders'  patients  showed  the 
carbolic  reaction  with  brown  urine. 

The  chief  use  of  the  remedy,  however,  is  as  an  ex- 
ternal application.  There  is  much  clinical  evidence 
showing  it  to  be  an  antiseptic,  deodorizing  dusting 
powder  of  great  value,  stimulant  to  granvdation, 
analgesic,  and  preventing  the  form.ation  of  pus.  It 
has  also  been  much  employed  in  the  treatment  of 
eczema,  furuncles,  tuberculous  vdcerations,  chancroids, 
etc.  In  ophthalmic  work  it  has  been  applied  as  a 
five-  or  ten-per-cent.  ointment  in  conjunctivitis, 
eczema  of  eyelids,  and  corneal  ulcers;  in  nasal,  pharyn- 
geal, and  laryngeal  catarrh,  and  in  suppurative  otitis 
media  as  an  insufflation;  in  gynecological  and  venereal 
disease  as  a  local  application.  There  is  also  on  the 
market  a  ten-per-cent.  xeroform  gauze,  which  has  the 
advantage  of  being  sterilizable  by  heat. 

W.   A.  Bastedo. 
R.  J.  E.  Scott. 

Xylol. — Xylene,  a  hydrocarbon,  or  mixture  of 
isomeric  hydrocarbons  of  the  composition  C6H4(CH3)2, 
occurs  as  a  constituent  of  coal-tar,  and  is  known  as 
xylol  or  xylene.  This  substance  is  principally  metoxy- 
lene  {metadimethylhcmcne),  with  a  certain  proportion 
of  paraxylene  {paradimethylbenzene),  and  possibly 
some  other  hydrocarbons.  Xylol  is  a  thin,  colorless 
fluid  of  a  faint  odor,  reminding  somewhat  of  that 
of  benzene,  and  of  a  burning  taste.  It  is  insoluble  in 
w.iter,  but  soluble  in  alcohol.  Medicinally,  xylol 
has  been  used  in  the  treatment  of  smallpox,  and  had 
at  one  time  an  ephemeral,  but  undeserved,  repiit.ation 
as  a  remedy  for  the  disease.  Edward  Curtis. 

R.  J.  E.  Scott. 

Xylose  is  a  pentose  carbohydrate.  Xyloses  have 
been  isolated  from  the  pancreas  nucleoproteins,  and 
also  from  wood  gums.  Xylose  is  cry.stalline,  melts  at 
150-153°  C.  easily  soluble  in  water,  difficultly  soluble 
in  alcohol,  has  a  dextrorotation  of  (a)D  =  -|-iS.l,  and 
forms  a  phenvlosazone  that  melts  at  15.5-158°  C. 
See  Aliment.    '  F.  P.  V. 

Yale,  Leroy  Milton. — Born  at  Martha's  Vineyard, 
M.assachusetts,  Feb.  12,  1841.  He  studied  medicine 
at  Bellevue  Hospital  Medical  College,  New  York 
City,  and  received  the  degree  of  Doctor  of  Medicine 
from  that  institution  in  1866.  Immediately  after 
graduation  he  established  himself  in  New  York  City 
as  a  general  practitioner.  Early  in  his  career,  how- 
ever, he  devoted  considerable  time  to  orthopedic 
surgery,  and  for  several  years  he  held  the  position  of 
-Vdjunct  Lecturer  on  this  branch  of  surgery  in  Bellevue 
Hospital  Medical  College,  and  that  of  Attending  Sur- 
geon at  both  the  Charity  and  the  Presbyterian  Hos- 
pitals. Dr.  Yale  was  also  one  of  the  leading  amateur 
etchers  in  the  United  States.  During  the  later  years 
of  his  life  he  did  a  great  deal  of  literary  work,  and  was 


REFERENCE   HANDBOOK   OF   THE    MEDIC.VL   SCIENCES 


Tawnlng 


held  ia  high  esteem  for  the  clearness  of  his  manner  of 
expressing  his  thoughts  and  the  purity  of  his  English. 
He  died  Sept.  14,  1906. 

All  who  had  the  privilege  of  knowing  Dr.  Yale 
somewhat  intimately,  remember  him  as  a  skilful  and 
wise  physician,  a  most  charming  companion,  a  man 
of  high  ideals,  and  a  staunch  and  generous  friend. 

A.  H.  B. 


Yarrow. — Achillea,  Milfoil.  Achillea  L.  (fam. 
Composilw)  is  a  genus  of  more  than  one  hundred 
species,  several  of  which,  from  ancient  times,  have 
been  used  in  domestic  and  professional  medicine. 
The  most  important  of  these  is  A.  millefolium  L., 
the  herb  of  which  is  used.  It  is  a  perennial  plant, 
indigenous  to  Asia  and  Europe  and  largely  naturalized 
(or  perhaps  native)  in  North  America.  Its  active 
principles  are  a  very  small  amount  of  a  volatile  oil, 
and  the  bitter  glucoside  achillein.  Aconitic  acid  also 
occurs,  with  considerable  tannin,  a  little  gum  and  resin. 
The  drug  is  to  be  classed  as  an  ordinary  aromatic 
bitter,  somewhat  like  chamomile.  The  dose  varies 
from  0.3  to  2  grams  (gr.  v  to  xxx). 

Henry  H.  Rdsbt. 


Yawning. — Si/nonyms:  Gaping,  Oscitation. 

Definition. — Yawning  is  a  physiological  modifica- 
tion of  respiration  by  which  the  act  is  intensified.  It 
consists  in  an  involuntary,  forcible,  and  profound 
inspiration,  followed  by  a  pause  and  a  prolonged  expi- 
ration. When  developed  to  its  extreme  degree  it  is 
accompanied  by  a  wide  opening  of  the  mouth,  an 
elevation  of  the  velum  palati,  and  depression  of  the 
larynx,  a  roaring  sound  and  sometimes  a  click  in  each 
ear,  a  flow  of  saliva,  a  suffusion  of  the  e.yes  with  tears, 
and  a  more  or  less  imperative  impulse  to  extend  the 
limbs,  especially  the  arms  (pandiculation),  to  bow 
and  twist  the  trunk,  and  to  throw  back  the  head. 
The  inspiratory  act  is  frequently  audible,  and  the 
expiration  usually  acquires  a  distinct  blowing  sound. 
The  elevation  of  the  palate  closes  the  posterior  nares 
and  causes  the  air  to  be  admitted  wholly  through  the 
mouth.  In  the  same  way  the  Eustachian  tubes  are 
closed,  causing  momentary  obtunding  of  hearing.  The 
contraction  of  the  palatal  muscles  often  precedes  the 
opening  of  the  mouth,  and  tends  to  persist  for  a  mo- 
ment after  its  closure.  The  commencement  of  their 
contraction  is  not  infrequently  accompanied  by  a 
rapid  succession  of  three  or  four  short,  broken  inspira- 
tory efforts. 

Physiology. — Yawning  is  a  physiological  expression 
of  fatigue  and  a  disposition  to  sleep.  It  may,  how- 
ever, arise  from  a  retardation  of  the  respiration,  or 
from  any  influence  which  will  impair  the  oxygenation 
of  the  blood.  It  is  frequently,  therefore,  a  product  of 
melancholy,  languor,  ennui,  torpor,  or  debility,  or  of 
the  malaise  which  precedes  the  onset  of  disease.  It 
is  liable  to  follow  prolonged  abstraction  of  mind  or 
concentration  of  thought.  It  is  sometimes  the  result 
of  feeble  or  laborious  digestion,  of  gastralgia,  or  of 
other  disorder  of  the  digestive  organs;  or  it  may  occur 
in  response  to  a  demand  for  increased  activity  of  cir- 
culation. It  may  be  sympathetic.  To  some  indi- 
viduals it  is  habitual,  occurring  without  fatigue,  and 
being  but  the  outgrowth  of  the  lassitude  or  indolence 
of  their  natures. 

That  yawning  may  be  the  response  to  a  demand  for 
increased  activity  of  oxygenation  in  the  lungs  is  dem- 
onstrated by  placing  an  animal  in  an  irrespirable 
atmosphere.  Repeated  yawning  occurs  shortly  before 
the  animal  succumbs  to  asphyxia.  The  phenomenon 
is,  therefore,  usually  explained  on  the  suppositioi\  that 
it  is  due  to  a  stimulus  transmitted  from  the  central 
nervous  system  in  response  to  a  peripheral  impression, 
in  most  eases  arising,  in  part  at  least,  from  the  respira- 


tory apparatus.  Longet  has  attributed  it  to  the  ac- 
cumulation of  too  great  a  quantity  of  venous  blood  in 
the  right  side  of  the  heart,  whence  the  peripheral  im- 
pression is  supposed  to  proceed.  From  whatever 
source  we  derive  the  peripheral  impression,  however, 
the  act  is  generally  admitted  to  be  reflex  in  character. 
Of  the  reflex  nature  of  the  stimulus  which  produces 
the  muscle  contractions  in  the  extremities,  there  can 
be  no  doubt;  for  it  is  a  matter  of  repeated  ob.servation 
that  the  hand  which,  owing  to  paralysis,  has  been  for 
years  beyond  control  of  the  will,  will  often  become 
distended  during  yawning. 

The  mechanism  of  yawning  is  the  same  as  that  of 
normal  respiration;  the  same  muscles  are  called  into 
action,  but  their  movements  are  more  extended.  The 
diaphragm,  the  scaleni,  the  sternocleidomastoids,  the 
clavicular  portions  of  the  lesser  pectorals,  the  sub- 
claviculars, the  external  intercostals,  the  serrati 
magni,  the  rhomboids — in  fact,  all  the  muscles  which 
normally  act  as  direct  or  as  auxiliary  forces  in  the  full 
expansion  of  the  chest,  take  part  in  the  inspiratory 
movement;  and  all  the  muscles  of  forced  expiration 
are  called  into  action  in  the  expiratory  stage.  In  the 
fully  developed  yawn  there  is  the  action  also  of  the 
muscles  of  the  face,  the  depressors  of  the  lower  jaw.  the 
dilators  of  the  nostrils  and  upper  lip,  the  orbiculares 
palpebrarum,  the  zygomatics,  and  of  the  depressors 
of  the  hyoid  bone  and  larynx. 

Yawning  is  involuntary.  It  begins  without  the 
sanction  of  the  will,  and,  once  begun,  it  cannot  be 
arrested.  In  this  it  resembles  sighing,  sneezing, 
hiccough,  and  other  modifications  of  respiration, 
without,  however,  possessing  their  full  spasmodic 
quality.  Yet  the  will  is  not  entirely  deprived  of 
influence  over  it;  for  a  yawn  may  be  often  in  a  meas- 
ure concealed  by  a  forcible  effort  at  closure  of  the 
jaws,  and  the  mouth  may  be  closed  before  the  yawn 
has  subsided.  Carpenter  says,  "this  act  may  be  per- 
formed by  the  will,  though  not  completely;  and  is  one 
that  is  particularly  excited  by  an  involuntary  tendency 
to  imitation,  as  every  one  must  have  experienced  who 
has  ever  been  in  company  with  a  set  of  yawners." 

After  yawning  there  is  usually  a  momentary  pause 
in  the  respiratory  movements,  followed  by  normal, 
tranquil  breathing.  The  forced  respiration  has  not 
only  supplied  the  blood  with  its  needed  oxygen,  but, 
aided  by  the  muscular  contractions,  has  removed 
venous  engorgement  and  accelerated  the  sy.stemic 
circulation.  At  the  same  time,  a  moment's  relaxation 
has  been  given  to  the  fatigued  body,  and  a  sense  of 
relief  is  usually  afforded. 

Symptomatology. — The  value  of  yawning  as  a 
symptom  has  been  at  different  times  very  differently 
estimated.  Hippocrates  recognized  it  as  a  precursor 
of  a  fever,  particularly  of  intermittent  fever.  F'rom 
its  frequency  and  intensity  he  prognosticated  the 
severity  and  duration  of  the  disease.  Yawning  was 
in  early  times  counted  among  the  factors  in  the  diag- 
nosis of  the  eruptive  fevers,  and  when  occurring  dur- 
ing parturition,  it  was  of  evil  omen.  The  yawning  of 
the  infant  was  also  a  cause  for  solicitude. 

It  is  now  comparatively  seldom,  however,  that  we 
think  of  yawning  as  more  than  an  indication  of  fatigue 
and  a  precursor  of  sleep,  or  of  lassitude  and  a  lazy  dis- 
position. But  that  it  may  denote  a  diseased  state  of 
the  system  is  a,  well-recognized  fact.  As  indicative  of 
fatigue,  it  may  be  a  symptom  of  profound  mental  or 
physical  exhaustion.  It  may,  in  fact,  of  itself  consti- 
tute a  morbid  condition  of  spasmodic  nature  and  of 
grave  import.  It  is  not  infrequently  indicative  of  a 
deficient  oxygenation  of  the  blood,  especially  when  it 
is  associated  with  the  dyspnea  which  results  from 
the  lung  consolidation  of  pneumonia,  the  lung  com- 
pression of  hvflrothorax  or  pneumothorax,  or  after 
profuse  and  exhausting  hemorrhages.  In  the  latter 
connection,  it  is  at  times  an  indication  of  concealed 
hemorrhage. 
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Modern  experience  has  but  confirmed  tlic  observa- 
tions of  the  ancients  with  regard  to  the  occurrence  of 
yawning  in  the  prodromal  stage  of  fevers,  particularly 
of  the  intermittents.  In  these,  as  also  in  such  neurotic 
affections  as  eijilepsy,  hysteria,  catalepsy,  and  som- 
nambulism, frequent  gaping  often  signifies  the  imme- 
diate supervention  of  a  seizure.  When  it  occurs 
during  the  course  of  a  disease  it  not  seldom  indicates 
the  approach  of  resolution  or  of  a  crisis.  It  is  so 
fre(|uently  observed  during  parturition,  however,  as 
a  consequence  merely  of  fatigue,  that  no  great  signi- 
ficance is  now  attached  to  it. 

It  is  probable  that  many  of  the  reported  cases  of 
spasmodic  yawning  have  been  of  hysterical  origin. 
Nevertheless,  cases  have  been  reported  in  which 
yawning  of  a  spasmodic  character  developed  without 
hysteria  and  resembled  whooping-cough,  spasmodic 
hiuKliing,  crying,  sneezing,  etc.  As  a  reflex,  the  affec- 
tion may  be  indicative  of  various  disorders  of  the 
central  "nervous  system,  particularly  of  cerebral 
anemia  or  of  circulatory  disturbances  in  the  medulla 
oblongata,  or  it  may  occur  in  the  wake  of  cerebral 
hemorrhage. 

To  the  surgeon  yawning  is  of  interest  chiefly  on 
account  of  its  occasionally  producing  luxation  of  the 
lower  jaw.  Jajies  M.  French. 


Yaws. — Framboesia  tropica,  plan,  bubas,  gattoo, 
dubi,  framosi,  parangi,  puru,  patek,  coco,  galis 
pateros,  polypapilloma  tropicum — a  widespread  in- 
fectious disease  of  the  tropics  caused  by  the  Trepo- 
nema perlrnue  (Castellani)  and  characterized  by  a 
primary  lesion,  a  peculiar  frambetic  granulomatous 
eruption,  followed  by  deep  ulcerations  and  gummatous- 
like  nodosities. 

History. — '\\Tiile  it  has  been  suggested  that  the 
disease  existed  in  the  old  world  since  remote  times, 
the  study  of  yaws  was  not  seriously  undertaken 
by  European  physicians  prior  to  the  discovery  of 
America.  It  is  described  by  Oriedo  j'  Valdez  (1478- 
1557)  in  his  "  Historia  General  e  Natural  de  las  Indias" 
and  Piso  speaks  of  yaws  in  his  work  "De  Medicina 
Brasiliensi.  Rochefort,  Breton  and  Labat  mention 
it  as  occurring  in  the  West  Indies  and  many  outbreaks 
are  reported  as  having  occurred  on  the  crowded  and 
insanitary  slavers  carrying  unfortunate  blacks  to  the 
new  world.  Yaws  was  epidemic  in  Scotland  in  1694, 
in  Ireland  in  the  eighteenth  and  nineteenth  centuries 
and  in  Sweden  and  Norway  in  1710.  It  is  not  at  all 
improbable  that  many  reported  outbreaks  of  yaws 
were  in  reality  syphilis. 

Geogr.\phical  Distribution. — The  disease  is  pretty 
generally  confined  to  the  tropics,  throughout  which  it 
is  widely  distributed,  although  outbreaks  have  from 
time  to  time  occurred  in  the  temperate  zone.  Even 
at  the  present  time  many  other  diseases  are  doubtless 
confused  with  it,  as  was  the  case  with  gangosa.  The 
disease  is  known  to  be  more  or  less  common  in  the 
tropical  portions  of  the  continents  of  Africa  and  Asia 
and  in  the  following  countries  and  islands:  Ceylon, 
China,  Java,  Borneo,  the  Malay  Peninsula,"  the 
Samoan  and  Fiji  groups,  Guam,  "and  in  the  West 
Indian  Islands  where  jit  is  particularly  prevalent. 
Much  discussion  has  been  had  as  to  the  "origin  of  the 
disease  in  the  latter  situation,  it  being  contended 
by  many  that  the  original  habitat  of  yaws  was  the 
West  Coast  of  Africa  from  whence  it  was  introduced 
into  the  new  world  in  the  persons  of  African  slaves. 
The  disease  has  been  also  reported  in  the  Philippine 
Islands  but  is  less  frequent  there  than  would  naturally 
be  supposed. 

Etiology. — Various  observers  have  reported  dif- 
ferent kinds  of  bacilli,  cocci,  and  yeasts  as  the  causal 
agents  of  tlie  disease,  but  it  is  now  pretty  generally 
accepted  that  the  Treponema  pertenue  discovered  by 
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Castellani  in  February,  1905,  is  the  cause  of  yaws. 
This  spirochete  bears  a  close  morphological  re- 
semblance to  the  Treponema  pallidum.  It  is  found 
in  the  cutaneous  papules  and  ulcerations,  the  spleen, 
lymphatic  glands,  and  bone  marrow  in  a  large  per- 
centage of  cases.  It  is  constant  in  the  pruiiary  lesion. 
WhQe  the  blood  is  undoubtedly  infectious,  the  Trep- 
onema pertenue  has  not  been  demonstrated  in  it 
microscopically.  The  microorganism  is  from  seven  to 
twenty  micralong  and  presents  numerous  undulations. 
It  usually  has  pointed  ends,  is  very  slender  and 
actively  motile.  While  the  extremities  are  usually 
pointed,  either  one  or  both  may  occasionally  be  blunt. 
The  number  of  coils  varies  from  six  to  twenty  or  more. 
The  organism  does  not  stain  easily,  but  Giemsa's 
stain  and  Leishman's  stain  give  a  purplish  color  if  the 
alcoholic  solution  is  applied  for  five  minutes  and  the 
subsequent  admixture  with  distilled  water  from  one 
half  to  several  hours.  The  organism  is  then  seen  as  a 
delicate  spiral  having  from  six  to  twenty  coils.  Oc- 
casionally a  delicate  terminal  flagellum  is  seen. 
Associated  with  this  organism  in  the  open  ulcerating 
lesions  various  spirochetes  and  innumerable  bacteria 
are  frequently  found.  The  disease  is  spread  by  skin 
contact  through  a  solution  of  continuity.  It  is  not 
impossible  that  some  suctorial  insect  may  act  as  the 
vector.  It  is  neither  hereditary  nor  congenital  and 
does  not  appear  to  be  conveyed  by  the  mother's  milk 
and  according  to  Manson,  "A  suckling  suffering  from 
yaws  does  not  necessarily  infect  its  nurse."  There 
is  no  age,  occupation  or  racial  immunity  or  predis- 
position. Three  males  are  infected  to  every  female 
attacked.  In  the  West  Indies  about  two-thirds  of  the 
cases  occur  prior  to  pubertj-  but  this  ratio  is  not  con- 
stant elsewhere.     One  attack  protects. 

COIIMTJNICABILITT      OP      THE       DiSEASE. Paulet      in 

1848  and  Charlouis  in  1881  transmitted  the  disease  to 
non-immunes  by  inoculation  with  crusts  and  scrap- 
ings from  frambetic  lesions.  Syphilis  does  not 
immunize  against  it  nor  does  frambesia  immunize 
against  syphilis.  Monkeys  are  susceptible  to  the 
disease. 

Predisposing  Causes. — Insanitary  surroundings 
and  conditions  begetting  promiscuity  for  the  spread 
of  the  disease. 

Pathology. — This  is  largelj'  confined  to  the  fram- 
betic lesions  themselves,  changes  in  the  other  organs 
being  secondary  and  not  characteristic.  The  surface 
epithelium  is  thickened,  the  deeper  layers  showing 
swelling  with  vacuoles  and  degeneration.  The 
corion  is  edematous  and  there  is  diffuse  small-celled 
infiltration.  The  entire  change  is  granulomatous  but 
differs  from  that  of  syphilis  in  that  the  epithelium 
rather  than  the  cutis  is  affected. 

Symptoms. — Incuhation  stage. — This  varies  con- 
sider.ably,  and  seems  to  be  longer  when  naturally 
acquired  than  when  received  by  experimental  inocu- 
lation. Thus,  Paulet  inoculated  fourteen  healthy 
persons  with  the  disease  and  observed  the  first  lesion 
from  twelve  to  twenty  days  later.  In  twenty-eight 
inoculations  performed  by  Charlouis  the  initial  lesion 
was  observed  as  a  papule  at  the  site  of  inoculation 
fourteen  days  later.  In  the  naturally  acquired  form 
the  stage  of  incubation  may  last  as  long  as  six  months. 

Initial  Symptoms. — The  disease  is  ushered  in  by  a 
pre-eruptive  stage  which  is  sometimes  called  the 
"stage  of  initial  fever."  The  symptoms  at  this  time 
are  extremely  variable.  Ofttimes  they  are  so  slight 
as  to  be  scarcely  noticed  whOe  at  others  there  may  be  a 
sharp  constitutional  disturbance.  Usually  there  is 
marked  malaise  and  considerable  joint  pain  followed 
by  a  sharp  rise  in  temperature,  preceded  by  a  chill. 
The  pain  becomes  worse,  particularly  at  night,  and  is 
distributed  to  the  long  bones  and  joints.  Much 
backache  is  complained  of  at  this  time.  All  of  these 
symptoms  subside  as  the  eruption  takes  place. 
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Stage  nf  Eruption. — The  skin  is  at  first  rough  and 
dry  and  covered  with  crescentic  patches  of  f  urf  uraceous 
desquamation  studded  with  areas  of  healthy  skin. 
This  condition  maj'  continue  throughout  the  disease 
or  may  disappear  to  recur  with  the  eruption  of  fresh 
lesions. 

Stage  of  Papulation. — The  papules  now  appear  in 
the  center  of  the  desquamated  patch.  The  initial 
lesion  is  conical  from  the  first,  the  cone  terminating 
in  a  yellow,  cheesy,  necrotic  apex.  The  cone  becomes 
flattened  and  studded  with  additional  necrotic  points. 
Ulceration  follows  with  the  discharge  of  a  thin 
yellowish,  very  offensive  fluid.  Crusts  then  form 
which  when  removed  give  to  the  nodules  beneath  the 
characteristic  raspberry  appearance.  These  are  the 
so-called  "yaws,"  which  when  fully  developed,  vary 
in  size  from  one-quarter  to  three-quarters  of  an 
inch  in  diameter  and  are  generally  hemispherical  with 
a  flattened  center.  Several  yaws  may  coalesce  and 
form  irregular,  fissured,  crusted  areas.  They  may  be 
distributed  widely  over  the  body  or  they  may  be 
localized  in  a  relatively  small  area.  The  mucous 
membranes  are  rarely  attacked,  the  face,  extremities, 
hands,  feet,  and  limbs  and  the  genital  region  being 
most  often  the  seat  of  the  lesions.  The  formation  of 
the  yaws  Is  attended  with  considerable  itching  but  the 
yaw  itself  is  anesthetic.  About  two  weeks  is  required 
for  the  complete  development  of  the  yaw.  It  then 
remains  stationary  for  several  weeks  when  it  begins 
to  shrink,  the  crust  thins,  shrinks,  becomes  nearly 
black,  separates  around  the  edges  and  drops  off.  The 
skin  beneath  is  pale  at  first  but  later  becomes  pig- 
mented. Deeper  ulceration  may  occur  as  the  result 
of  infection  with  pus  organisms.  When  the  nails  are 
attacked  or  the  soles  of  the  feet  are  the  seat  of  lesions 
troublesome  complications  may  follow.  In  healthy 
subjects  the  disease  may  disappear  in  six  weeks  but  in 
the  debilitated  it  may  persist  for  years,  one  crop  of 
yaws  no  sooner  being  finished  until  another  develops. 
In  the  robust,  the  general  health,  except  during  the 
stage  of  fever  and  joint  pain,  may  be  little  affected  but 
there  may  be  great  debility  and  cachexia. 

Sequel.!;. — Various  authors  have  described  lupus- 
like ulcerations  and  a  destructive  ulcerous  rhino- 
pharyngitis in  connection  with  this  disease,  but  it  is 
now  generally  considered  that  all  such  phenomena 
are  the  result  of  a  coincident  infection  with  syphilis, 
leprosy,  or  gangosa. 

IMoRT.\LiTT. — The  disease  itself  is  rarely  fatal  but 
intercurrent  infections  and  the  debilitation  succeeding 
upon  phagedenic  ulceration  are  accountable  for  most 
of  the  reported  deaths  from  yaws. 

DiAoxosis. — The  typical  painless,  anesthetic,  cres- 
centic or  circular  granulomatous  eruption  is  sufficient 
evidence  in  many  eases  on  which  to  make  a  tentative 
diagnosis  of  yaws.  The  microscopical  examination  of 
the  scraping"  of  yaws  tissues  furnishes  confirmatory 
data.  It  should  not  be  forgotten  that  both  3'aws  and 
syphilis  may  exist  in  the  same  individual.  In  view 
of  the  great  confusion  which  at  present  exists  with 
regard  to  the  infectious  granulomata  of  the  tropics, 
more  careful  diagnosis  of  this  disease  is  necessary  than 
in  the  past.  Nichols  is  of  the  opinion  that  the  surest 
way  of  differentiating  yaws  from  sj'philis  is  by  con- 
sidering the  lesions  produced  by  both  yaws  and  sjTihi- 
lis  in  the  monkey.  He  found  that  in  yaws  the  incuba- 
tion period  is  two  or  three  weeks,  the  lesion  is  elevated, 
slightly  scaly  and  very  edematous.  In  s%-philis  the 
incubation  period  is  nearer  four  weeks  and  the  lesion 
is  flat,  dry,  and  scaly. 

Tre.\tment. — Many  different  remedies  both  in- 
ternal and  external"  have  been  used.  Atoxyl  0.2 
gram  every  other  day,  the  iodides  in  large  doses,  and 
antimoniai  preparations  have  all  been  used  witli 
good  results.  As  a  rule,  mercury  is  of  very  little  use. 
It  should  not  be  forgotten  that  frambesia  patients 


occasionally  recover  spontaneously.  Evidence  is 
rapidly  accumulating  to  show  the  marked  efficacy  of 
saivarsan  in  yaws.  Intramuscular  injections  of  0.6 
gram  for  adults  and  from  0.2  to  0.3  for  children  bring 
about  rapid  improvement  and  speedv  cure.  In  a 
series  of  twenty-two  cases  treated  by  Cockin  at  Gre- 
nada, W.  I.,  only  one  case  required  a  second  injection 
to  effect  a  cure.  The  indications  for  local  treatment 
are  to  maintain  cleanliness,  prevent  secondary  in- 
fections, allay  itching,  and  promote  healing.  The 
eruption  may  be  washed  twice  daily  with  bichloride 
solution  1-1,000  and  du.sting  powder  applied  to  the 
ulcerated  surfaces.  All  measures  of  external  treat- 
ment are  merely  palliative  pending  the  results  of  the 
internal  medication. 

Preventive  and  Eradicative  Measures. — In  the  ab- 
sence of  definite  epidemological  data  regarding  this 
disease  accurate  prophylactic  measures  cannot  be 
laid  down.  The  disease  should  be  reportable  and 
health  officials  should  enforce  prompt  and  proper 
treatment  in  the  case  of  the  indigent  in  hospitals  at 
public  expense.  The  lesions  themselves  should  be 
kept  carefully  dressed  to  prevent  the  access  of  flies 
and  other  insects.  Persons  residing  in  frambctic 
endemic  centers  should  treat  promptly  even  the  slight- 
est skin  abrasion.  W.   C.   RtTKER. 


Yeast. — (CerevisitB  Fermentum;  Leaven.)  The  fun- 
gus Saccharomyces  cerevisiw  Meyer  (fam.  Saccharomy- 
celes),  in  its  commercial  forms  more  or  less  mixed  with 
vegetable  substances  constituting  its  nutrient  medium. 

The  alcohol  ferment  so  well  known  under  the  name 
brewers'  yeast,  consists  chiefly  of  living  cells  of  the 
plant  named  above,  mixed  according  to  convenience 
with  starch,  sugar,  malt,  meal,  or  similar  substances, 
and  sometimes  with  hops. 

This  little  plant  consists,  in  its  usual  form,  of  single 
ovoid  cells  containing  turbid  protoplasm  and  vacuoles 
about  the  TijijiTy  of  an  inch  in  length.  These  cells,  in 
active  yeast,  increase  in  numbers  to  an  incredible  ex- 
tent by  budding,  usually  separating  almost  as  fast  as 
the  new  cells  attain  any  considerablesize,  but  also  often, 
especially  upon  the  surface  or  where  the  fermentation 
is  slower,  cohering  for  awhile  in  colonies;  under  rare 
circumstances,  mother  cells  (asci  ?)  are  formed  m  which 
two  or  several  cells  are  differentiated,  and  finally 
liberated  by  the  disappearance  of  the  original  cell 
wall;  these  then  grow  and  bud  in  the  same  way  as 
the  preceding.  During  the  growth  and  multiplica- 
tion of  these  little  cells  starch  and  the  different  sugars 
are  ultimately  disintegrated  into  alcohol  and  carbon 
dioxide. 

As  a  commercial  product,  yeast  exists  in  three  prin- 
cipal forms:  (1)  Brewer's  yeast  (formerly  official  in 
England),  the  skimmings  of  the  fermenting  beer  vats, 
containing  the  plant  in  a  state  of  high  activity,  of 
which  the  following  was  the  official  description: 

"Viscid,  semi-fluid,  frothy,  exhibiting  under  the  mi- 
croscope numerous  isolated,  roundish,  or  oval  cells, 
or  short -branched  filaments  composed  of  united  cells; 
odor  peculiar,  taste  bitter;"  (2)  cake  yeast  (dry) 
consists  of  the  above  mixed  with  starch  flour  or,  usually, 
in  this  country,  Indian  meal,  rolled  and  cut  into  Uttle 
biscuits  and  dried;  and  finally,  (3)  superseding  both  the 
above  forms  for  domestic  use  in  cities  and  towns, 
CerevisiceFcrmetitum  Comprcssum  (N.F.),  the  German 
or  compressed  yeast  in  little  moist  cakes  enclosed  in 
tinfoil,  which  consists  of  an  almost  solid  mass  of  yeast 
cells  with  a  minimum  of  starch  or  sugar.  This  is  made 
by  taking  the  beer  skimmings  and  repeatedly  washing 
and  straining  them,  and  allowing  the  cells  to  settle, 
and  finally  pressing  nearly  dry  between  cloths;  or  by 
propagating  them  in  a  definite  mixture  of  barley-malt, 
rye  flour,  and  barley,  and  collecting,  washing,  and  press- 
ing in  the  same  way.  "Compressed"  yeast  is  a  very 
concentrated  and  active  form  of  yeast.  In  its  moist 
state,  however,  it  does  not  keep  very  well,  and  should 
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be  obtained  fresh  every  clay  or  two,  and  laid  in  the 
ice  chest  until  wanted. 

Wliether  the  characteristic  properties  of  yeast  are 
dependent  upon  the  existence  and  manifestation  of 
life  in  the  plant,  or  are  merely  the  result  of  chemical 
activity  on  the  part  of  some  principle  capable  of 
extraction  in  an  active  state,  has  been  an  intensely 
interesting  and  highly  important  question  ever  since 
the  discovery  of  active  constituents  in  plants.  The 
most  recent  "experiments  by  Buchner  seem  to  prove 
that  the  latter  is  true,  the  ehzjTne  zymase  having  been 
described  by  him.  Since  it  is  incapable  of  escaping 
through  the  pores  of  the  cell  wall.  Its  extraction  is 
dependent  upon  a  process  of  extreme  disintegration. 
Zymase  retains  its  properties  after  extraction  for  only 
acomparatively  short  period,  a  few  months  being  the 
longest  time  recorded. 

Into  tlie  general  uses  of  yeast  it  is  not  the  design  of 
this  article  to  enter.  It  is  concerned  in  the  produc- 
tion of  all  beers,  wines,  and  liquors,  and  of  the  common 
"raised"  breads  and  cakes.  .\s  a  modifier  of  food  in 
these  instances  it  has  considerable  dietetic  importance; 
when  mixed  with  a  moderately  thick  dough,  the  dis- 
engagement of  carbonic  acid  taking  place  throughout, 
fills  it  with  innumerable  minute  interstitial  bubbles, 
or  makes  it  spongj',  as  the  housewives  say,  or  light. 
If  baked  in  this  condition  these  bubbles  expand  with 
the  heat,  making  the  bread  still  "lighter,"  or  more 
porous,  and  in  a  condition  for  more  ready  disintegr.a- 
tion  in  the  stomach  and  intestine  than  breads  made 
without  ye.ast,  and  depending  upon  the  vaporzation 
of  w.ater  only  for  their  lightness.  The  alcohol  is 
mostly  dissipated  in  the  baking  and  cooling  of  the 
bread ;  tlie  cooked  yeast  itself  is  probably  of  no  special 
dietetic  consec|ucnce. 

In  medicine  yeast  is  now  scarcely  used.  It  has 
been  given  in  indigestion,  dyspepsia,  etc.,  but  is  of 
little  consequence  (there  are  yeast  cells  in  or  upon  our 
food  almost  always).  Dose  of  liquid  yeast,  fifteen  or 
twenty  grams  (5ss).  It  still  survives  to  a  moderate 
extent  as  a  poultice  {Cata plasma  Fermenti),  which  is 
simply  a  thin  raised  dough. 

Take  of  beer  yeast,  six  fluidounces;  wheaten  flour, 
fourteen  ounces;  water  heated  to  100°  F.  (37.8°  C), 
six  fluidounces.  Mix  the  yeast  with  the  water  and 
stir  in  the  flour.  Place  the  mass  near  the  fire  tlU  it 
rises. 

Yeast  poultice  is  a  light,  agreeable  application,  and 
is  thought  to  overcome  the  odor  and  reduce  the 
decomposition  of  sloughing  sores.  It  is  seldom  used 
in  this  country.  Henry  H.  Rusby. 


Yellow  Fever. — Synonyms:  Black  vomit;  bilious 
remittent  fever;  fievre  jaune;  fiebre  amarilla,  vomito 
negro,  or  prieto;  febbre  gialla;  gelbfieber;  typhus 
icteroides,  febris  flava,  pestis  americana.  This  is  an 
acute,  specific,  infectious  disease  of  unknown  origin, 
characterized  by  a  continued  fever  of  two  or  three 
days'  duration  followed  by  a  remission  or  intermission 
which  is  usually  succeeded  by  a  secondary  paroxysm 
of  fever  ending  in  convalescence  or  passing  into  a 
critical  stage  and  accompanied  by  albuminuria,  sup- 
pression of  urine,  jaundice,  passive  hemorrhages, 
black  vomit,  and  nervous  and  mental  disturbances. 
The  disease  is  spread  through  the  agency  of  the  Aedcs 
calopus,  synonyms,  Stegomyia  calopus  Meigen  1818, 
S.  fasdata  J'abricius  1805,  Culex  fasciata. 

History. — Yellow  fever  is  generally  believed  to  be 
a  disease  of  American  origin  having  its  original  habitat 
in  the  Antilles.  It  is  thought  that  the  disease  which 
attacked  the  expedition  of  Christopher  Columbus  for 
the  foundation  of  the  town  of  Ysabella,  on  the  Lsle  of 
Spain  (Santo  Domingo),  in  December,  1493,  was 
yellow  fever  and  was  subsequently  carried  bv  the 
Spaniards  to  the  mainland.  The  early  period  of 
Spanisii  colonization  was  marked  by  a  series  of  disas- 
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trous  epidemics,  many  of  them  so  severe  as  to  cause  the 
abandonment  of  the  newly  settled  towns  (Capara 
1508,  Sevilla  1509,  Melilla  1510,  Oristan  1510). 
In  all  probability  the  dise.ise  was  introduced  into 
West  Africa,  at  present  one  of  the  great  endemic 
centers  of  the  disease,  by  slave  traders  carrying  in- 
fected mosquitos  from  the  West  Indies.  According 
to  Lund  (1808),  quoted  by  .\ugustin,  the  first  outbreak 
of  j'eUow  fever  on  the  mainland  of  Africa  took  place 
in  Senegal  in  1759.  This  would  seem  to  contravert 
the  theory  that  yellow  fever  is  of  West  African  origin. 
The  first  clearly  written  description  of  yellow  fever 
seems  to  be  that  of  P.  du  Tertre  in  1635  at  Guadaloupe. 
Joan  Ferreira  da  Rosa  in  1694  in  his  "Tratado  de 
Constitucion  Pestilencial  de  Pernambuco,"  recorded 
his  observations  of  the  epidemics  which  prevailed 
at  Olinda,  in  Brazil,  from  1687  to  1694,  shortly  after 
the  conquest  of  Pernambuco  by  the  Portuguese. 
The  disease  spread  throughout  the  Mexican  liltoral 
during  the  seventeenth  century  (Cuba  1648,  Jamaica 
1655,  Santo  Domingo  1656,  Niartinique  1688,  Xeva, 
Cruz  1690)  and  by  1698  it  was  observed  that  the 
disease  was  ship-borne,  and  a  quarantine  ordinance 
was  put  into  force.  By  the  close  of  the  seventeenth 
century  the  disease  had  reached  the  latitude  8°  south 
and  42°  north  on  the  eastern  coast  of  the  western 
hemisphere.  It  appeared  at  Boston  in  1693,  Charles- 
ton and  PhUadelphia  1699,  Biloxi  Bay  1702,  Mobile 
1705,  and  Pensacola  1765.  Times  without  number 
the  southern  sea  and  river  ports  in  constant  com- 
munication with  the  West  Indies  have  been  the  scenes 
of  devastating  epidemics.  The  Pacific  coasts  of 
central  America  have,  because  of  their  trade  i-solation 
from  the  West  Indies,  suffered  relatively  little,  but  the 
eastern  and  northern  coasts  of  South  America  have 
had  many  incursions,  the  disease  having  been  carried 
up  the  Amazon  as  far  as  Iquitos  and  up  the  Parna 
to  Corrientes  and  Asuncion.  Yellow  fever  made  its 
first  appearance  on  the  continent  of  Europe  at  Cadiz 
in  1700.  An  epidemic  occurred  at  Lisbon  in  1723 
and  one  at  Malaga  in  1741.  In  the  nineteenth  cen- 
tury the  disease  showed  a  tendency  to  spread  inland 
and  terrific  outbreaks  took  place  at  Seville,  Murcia, 
Jumilla,  and  Madrid.  The  disease  was  introduced 
into  France  in  1861  by  the  ship  "Anne  Marie"  but 
did  not  spread.  The  same  may  be  said  of  the  appear- 
ance of  yellow  fever  at  Swansea  in  1865.  An  outbreak 
occurred  at  Leghorn  in  1804. 

Geographical  Distribution. — The  present  endemic 
area  includes  a  portion  of  the  Atlantic  coasts  of  Mexico 
and  Central  America,  the  Antilles  and  West  Africa. 
The  conditions  necessary  for  the  perpetuation  of 
yellow  fever  comprehend  (a)  the  presence  of  the  Aedes 
(Stegomyia)  calopus,  (6)  climatic  conditions  necessary 
for  the  perpetuation  of  this  insect  host  (a  winter 
temperature  little  below  68°  F.),  (c)  environmental 
conditions,  fresh  water,  breeding  places,  etc.,  suitable 
for  its  survival  in  and  around  the  home  of  man,  and 
(d)  a  supply  of  infectible  material.  Roughly  speaking, 
these  conditions  may  be  found  at  or  about  sea-level 
in  a  zone  about  33°  north  and  south  of  the  equator. 
In  the  true  endemic  areas  yellow  fever  is  a  disease  of 
children,  among  whom  it  is  rarely  fatal.  Therefore 
it  has  been  assumed  that  in  this  way  it  is  kept  alive 
by  a  relatively  constant  supply  of  infectible  material 
only  to  take  on  its  virulent  aspects  when  intro- 
duced into  an  adult  non-immune  population.  This 
question  is  more  fully  discussed  in  the  section  on  Pro- 
phylaxis. Many  places  in  which  the  insect  host  exists 
in  large  numbers  at  the  present  time  do  not  have  out- 
breaks of  yellow  fever  simply  because  human  beings  in 
the  infectious  stage  of  the  disease  (to  the  Acdcs)  or 
infected  mosquitos  have  not  been  introduced.  On  this 
account  many  sanitarians  have  looked  for  an  exten- 
sion of  yellow  fever  into  the  islands  of  the  Pacific  and 
the  Aedes  infested  portions  of  .Asia  following  the  open- 
ing of  the  Panama  Canal  and  the  introduction  of  other 
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advances  in  rapid  maritime  transit.  Inall  probability, 
this  would  have  oecurred  liad  it  not  been  for  the 
adoption  of  measures  looking  to  the  prevention  of  the 
movement  of  infected  persons  and  mosquitos. 

Etiologv. — While  the  causal  organism  of  yellow 
fever  has  not  as  yet  been  definitely  proven,  it  is  known 
to  exist  in  the  living  blood  of  infected  persons  and  is 
probably  of  very  minute  size  as  it  is  filtrable  through 
a  B  bougie  of  a  Pasteur-Chamberland  filter.  This 
organism  has  all  the  characteristics  of  an  animal 
parasite  living  both  in  the  blood  of  man  and  the 
Aedes  (SUgomyia)  calopus,  which  seems  to  be  the 
obligate  intermediate  host.  Marchoux  and  Simond 
in  1905  reported  the  hereditary  passage  of  the  organ- 
ism in  the  Aedes  but  with  attenuation  of  the  infecting 
virus.  The  following  year  Rosenau  and  Goldbergcr 
reported  negative  results  from  their  efforts  to  confirm 
the  positive  work  of  Marchoux  and  Simond.  In 
1883  Freire  of  Rio  de  Janeiro  thought  he  had  discov- 
ered the  cause  of  the  disease,  a  micrococcus,  and  later 
Valle,  Finlay,  and  Gibi  each  described  bacterial  or- 
ganisms which  they  believed  to  be  the  causal  agents. 
Sternberg  described  the  Bacillus  X  and  1897  Sanarelli 
announced  the  discovery  of  the  Bacillus  icteroides. 
In  1900  Reed  and  Carroll  reported  that  both  these 
organisms  belonged  to  the  hog  cholera  group  and 
were  probably  identical  with  the  Bacillus  cholerre 
suis.  In  1903,  Parker,  Beyer,  and  Pot hier  came  to  the 
conclusion  that  yellow  fever  was  caused  by  the  Myxo- 
coccidium  slcgo7nyi(B,  but  this  was  shown  to  be  yeast 
normally  found  in  mosquitos.  In  1909,  Seidelin 
discovered  the  Piroplasma  flavigenum  which  he  con- 
sidered to  be  the  etiological  cause  but  subsequently 
it  was  shown  to  be  present  in  non-infected  guinea- 
pigs.  In  the  same  year  Stimson  reported  the  dis- 
covery of  the  Spirochceta  intcTTogans  in  yellow  fever 
tissues  but  did  not  ascribe  to  it  the  production  of 
yellow  fever.  At  the  present  time  the  causal  agent 
of  yellow  fever  cannot  be  said  to  have  been  discovered. 

Mode  of  Spread. — The  relation  between  large 
numbers  of  mosquitos  and  outbreaks  of  yellow  fever 
is  not  a  matter  of  comparatively  recent  observation. 
In  1784,  Drysdale  of  Baltimore,  in  1797  and  1805 
Rush  in  Philadelphia  and  Vaughan  in  Wilmington 
in  1802  drew  attention  to  this  fact.  Nott  of  MobQe 
in  1848  attributed  to  mosquitos  or  other  insects  the 
carriage  of  the  disease.  Dowell  of  Galveston  in 
1876  stated  that  yellow  fever  and  mosquitos  follow 
the  same  general  laws  of  nature.  In  a  paper  entitled, 
"The  Transmission  of  Yellow  Fever  by  an  Inter- 
mediary Agent, "read  before  the  International  Sanitary 
Conference  held  in  Washington  in  1881,  Dr.  Carlos 
Finlay  of  Havana,  Cuba,  directly  attributed  the 
spread  of  the  disease  to  the  mosquito.  The  same 
year  in  a  paper  read  before  the  Royal  Academy  of 
Sciences  in  Havana  he  stated  with  preciseness  that 
for  yellow  fever  to  propagate  three  conditions  were 
necessary:  (1)  the  existence  of  a  yellow  fever  patient 
into  whose  capillary  vessels  the  mosquito  is  able  to 
drive  its  sting  and  to  impregnate  it  with  the  virulent 
particles,  at  an  appropriate  stage  of  the  disease;  (2) 
that  the  life  of  the  mosquito  be  spared  after  biting 
the  patient  until  it  has  had  a  chance  of  biting  the 
person  in  whom  the  disease  is  to  be  reproduced;  (3) 
the  coincidence  that  some  of  the  persons  whom  the 
same  mosquito  happens  to  bite  thereafter  shall  be 
susceptible  of  contracting  the  disease.  That  he  be- 
lieved that  his  discovery  was  original  with  himself 
there  is  no  doubt,  but  Beauperthuy  as  early  as  1853 
recognized  the  role  played  by  mosquitos  in  the  spread 
of  yellow  fever.  This  observation  was  made  in  the 
Province  of  Cuman:!,  in  the  Republic  of  Venezuela, 
and  was  published  in  the  Official  Gazette  of  Cuniand 
on  May  23,  18.54.  He  says  in  part:  "Yellow  fever 
cannot  be  considered  as  a  contagious  disease.  The 
cause  of  this  disease  develops  under  climatic  condi- 


tions which  allow  it  to  spread  at  once  or  successively; 
these  conditions  are  those  which  favor  the  develofH 
ment  of  mosquitos.  .  .  .  The  mosquitos  introduce 
into  the  skin  their  sucker,  composed  of  a  grooved 
sting  or  spur  with  two  lateral  saws:  they  instil  into 
the  skin  a  venomous  fluid  which  has  theproperty  of 
snake  poisons."  He  speaks  of  the  infecting  mosquito 
as  "The  variety  .  .  .  which  has  white-striped  legs, 
and  is  to  a  certain  extent  the  domestic  species." 

The  year  following  Finlay's  announcement,  Gererd 
caused  a  mosquito  to  bite  a  yellow  fever  patient  in  the 
fourth  day  of  the  disea.se,  and  then  immediately 
allowed  it  to  bite  his  hand.  He  reported  that  he  de- 
veloped a  mUd  attack  of  yellow  fever.  Nothing  of 
moment,  however,  was  added  to  the  knowledge  of 
the  epidemiology  of  the  disease  until  1898  when  Carter 
observed  the  extrinsic  period  of  incubation  of  yellow 
fever.  This  he  described  as  "the  time  that  elapses 
between  the  development  of  a  case  of  yellow  fever 
in  an  uninfected  place  and  the  date  at  which  that 
place  becomes  capable  of  inducing  yellow  fever  in 
those  who  are  exposed  there."  This  he  tentatively 
fixed  from  direct  observation  at  "usually  in  excess  of 
ten  days,  the  usual  limits  being  from  ten  to  seventeen 
days." 

No  further  advances  were  made  until  1900  when  a 
commission  of  officers  from  the  United  States  Army 
consisting  of  Reed,  Carroll,  Argamonte,  and  Lazear 
took  up  the  investigation  of  Finlay's  hypothesis  and 
proved  the  infectiousness  of  the  blood  of  yellow  fever 
patients  and  the  transmissibility  of  the  disease  by  the 
Aides,  at  the  same  time  settling  once  and  for  all  the 
long-contested  theory  of  the  danger  of  fomites.  The 
Army  Board,  while  considering  carefully  and  being 
very  greatly  aided  by  Finlay's  claim,  worked  on  an 
entirely  different  theory.  Finlay  believed  in  the 
mechanical  transmission  of  the  infecting  virus.  Fin- 
lay thought  that  the  bite  of  a  single  infected  insect 
would  confer  a  mild  infection  and  that  multiple  bites 
a  severe  one.  Reed  and  his  co-workers  believed  that 
the  transmission  was  biological,  i.e.  that  the  specific 
agent  of  yellow  fever  was  one  of  the  group  of  strict 
parasites  passing  through  two  distinct  developmental 
cycles  alternating  between  a  vertebrate  and  an  inverte- 
brate host.  Without  doubt  the  American  commission 
was  in  a  measure  convinced  of  the  possibility  of  truth 
in  Finlay's  hypothesis  by  the  demonstration  of  the 
agency  of  the  mosquito  in  the  transmission  of  malaria 
(1897-99)  by  Ross,  Bastianelli,  Grassi,  and  Bignami. 
The  epoch-making  conclusions  of  Reed  and  his  con- 
freres have  been  abundantly  confirmed  by  many 
different  observers  working  independently  of  one 
another. 

The  commission  expressed  its  conclusions  in  eleven 
postulates  as  follows: 

1.  The  mosquito,  Culcx  fasriatus,  serves  as  the 
intermediate  host  for  the  parasite  of  yellow  fever. 

2.  Yellow  fever  is  transmitted  to  the  non-immune 
individual  by  the  bite  of  the  mosquito  that  has  pre- 
viously fed  on  the  blood  of  those  sick  with  this 
disease. 

3.  An  interval  of  about  thirteen  days  or  more  after 
contamination  appears  to  be  necessary  before  the  mos- 
quito is  capable  of  conveying  the  disease. 

4.  The  bite  of  the  mosquito  at  an  earlier  period 
after  contamination  does  not  appear  to  confer  any 
immunity  against  a  subsequent  attack. 

5.  Yellow  fever  can  also  be  experimentally  pro- 
duced by  subcutaneous  injection  of  blood  taken  from 
the  general  circulation  during  the  first  and  second 
days  of  the  disease. 

6.  An  attack  of  yellow  fever  produced  by  the  bite  of 
the  mosquito  confers  immunity  against  the  subsequent 
injection  of  the  blood  of  an  individual  suffering  from 
the  non-experimental  form  of  this  disease. 

7.  The  period  of  incubation  in  thirteen  cases  of 
experimental  yellow  fever  has  varied  from  forty-one 
hours  to  five  days  and  seventeen  hours. 
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8.  Yellow  fever  is  not  conveyed  by  fomites,  and 
hence  disinfection  of  articles  of  clothing,  bedding  or 
incrchandiso,  supposedly  contaminated  by  contact 
witli  those  sick  of  this  disease,  is  unnecessary. 

9.  A  house  may  be  said  to  be  infected  with  yellow 
fever  only  when  there  arc  present  within  its  walls 
mosquitos  capable  of  conveying  the  parasite  of  this 
disease. 

10.  The  spread  of  yellow  fever  can  be  most  effectu- 
ally controlled  by  measures  directed  to  the  destruc- 
tion of  mos(iuitos  and  the  protection  of  the  sick 
against  the  bites  of  these  insects. 

11.  While  the  mode  of  propagation  of  yellow  fever 
h.as  now  been  definitely  determined,  the  specific  cause 
of  this  disease  remains  to  be  discovered. 

Sul)se(iuently  Reed  and  Carroll  showed  that  yellow 
fever  could  be'transniilted  by  a  direct  inocul.ation  of 
blood  from  a  case  of  yellow  fever  to  a  non-immune 
individual.  Their  investigations  tended  to  prove  that 
the  whole  blood  was  necessary  to  produce  the  disease. 

The  question  of  the  hereditary  transmission  of  the 
yellow  fever  parasite  from  the  Aides  to  its  progeny  is  of 
biological  and  practical  importance  as  bearing  upon 
the  recrudescence  of  yellow  fever  epidemics.  The 
Pasteur  Commission  which  studied  yellow  fever  at 
Rio  de  Janeiro  in  190,5  came  to  the  conclusion  that, 
"under  conditions  which  cannot  as  yet  be  precisely 
defined,  the  Stcgnmyia  fasciata,  the  progeny  of  a 
mother  directlv  infected  by  a  case  of  yellow  fever,  are 
themselves  infected  hereditarily."  Other  observers 
have,  however,  failed  to  reach  this  conclusion. 
Guiteras  working  at  Havana,  and  Rosenau  at  Vera 
Cruz,  failed  to  transmit  the  disease  by  the  progeny 
of  infected  insects.  Rosenau  and  Goldberger  at- 
tempted, without  success,  to  transmit  the  parasite 
from  one  mosquito  to  another  by  feeding  larva?  with 
cadavers  of  infected  adults.  Apparently  they  suc- 
ceeded in  transmitting  the  parasite  to  a  moscjuito  by 
feeding  it  with  syrup  in  which  the  body  of  an  infected 
insect  had  been  cru.shed.  Apparently  there  is  con- 
siderable variation  in  the  virulence  of  different 
epidemics,  which  may  be  due  to  a  variation  in  the 
virulence  of  the  parasite.  Variation  in  the  severity 
of  individual  cases,  according  to  Goldberger,  appears 
to  be  largely  influenced  by  the  susceptibility  or  resis- 
tance of  the  subject,  for  tlie  bite  of  the  same  mosquito 
or  mosquitos  will  be  followed  in  one  instance  by  a 
severe,  and  in  another  by  a  mild,  attack.  There  ap- 
pears to  be  no  difference  in  the  virulence  in  cases  that 
have  been  bitten  by  many  infected  mosquitos  in.stead 
of  only  one.  Attempts  to  transmit  the  disease  to 
ordinary  laboratory  animals  have  thus  far  failed. 
Febrile  reactions  have  been  produced  in  orang  outangs 
and  chimpanzees,  but  it  is  doubtful  if  this  is  true  trans- 
mission of  the  disease. 

The  Aedes  Calnpus. — This  is  a  small,  quick,  very 
graceful  mosquito,  black  and  white  in  its  coloring. 
For  an  exhaustive  description  of  this  insect  the  reader 
is  referred  to  a  standard  work  on  entomology.  Its 
distinguishing  characteristics  may  be  thus  summar- 
ized: palpi  in  both  sexes,  black,  ornamented  with 
white  scales,  which  in  the  male  are  arranged  as  four 
narrow  bands,  in  the  female  collected  in  a  white  tuft 
at  the  tip;  palpi  in  the  male  almost  as  long  as  the 
proboscis,  in  the  female  less  than  one-third  the  length 
of  the  proboscis;  antennae  prominent  and  feathery  in 
the  male;  proboscis  black,  devoid  of  ornamentation; 
head  covered  by  broad,  flat  scales,  black  except  for  a 
line  of  white  down  the  middle  and  extending  to  the 
neck  and  a  narrow  white  border  to  the  eyes;  thorax 
dark  brown,  almost  black,  ornamented  with  silvery 
white  patches  and  lyre-shaped  markings  of  pure  white 
on  either  side  of  the  mesonotum,  the  strings  of  the 
lyre  being  indicated  by  two  black  medium  parallel 
lines,  prominent  transverse  white  line  on  scutellum; 
abdomen  marked  with  black  and  white  scales  arranged 
in  wliite  bands  at  basis  of  abdominal  segments  and  in 
patches  at  the  sides;  legs,  black-scaled  marked  with 
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white  bands  at  first  joint  of  the  fore,  on  tlie  first  and 
second  of  the  mid,  and  on  all  of.  the  hind  tarsi  ex- 
cept the  last,  which  are,  as  a  rule,  of  white;  each  leg 
provided  with  pair  of  claws,  equal  in  size  in  the  female, 
unequal  in  the  male;  veins  of  wings  cliSthed  with  dark 
brown  scales. 

The  male  aedes  does  not  bite,  but  to  the  female  blood 
is  a  prerequisite  to  oviposition.  She  feeds  in  the  day- 
time, hovering  before  she  bites,  and  singing  during 
the  act  of  biting.  The  bite  is  very  irritating.  If 
disturbed  in  the  act  of  feeding,  she  will  fly  away,  but 
will  return  and  attempt  to  finish  her  meal.  In  this 
way,  a  single  infected  mosquito  may  almost  simul- 
taneously infect  several  different  individuals. 

Breeding  Places. — This  mosquito  is  domestic  in  its 
habits,  being  found  only  about  the  habitations  of 
man,  and  not  in  marshes,  woods,  or  fields.  Breeding 
places  are  in  collections  of  water  in  and  about  habita- 
tions, such  as  cisterns,  wells,  water  barrels,  tubs  or 
jars  with  or  without  water  plants,  sagging  roof  gut- 
ters, bottles,  tin  cans,  fountains,  cemetery  vases, 
baptismal  and  holy  water  founts,  troughs,  and  in  the 
cup  formed  by  the  junction  of  the  leaves  in  certain 
tropical  plants,  such  as  the  palm  and  century  plants. 
Eggs  are  laid  Ijy  preference  in  clear,  not  necessarily 
clean,  water,  in  artificial  containers.  When  places 
of  election  are  not  available  for  oviposition,  the  eggs 
may  be  laid  in  street  gutters  and  in  pools.  This, 
however,  is  unusual.  The  eggs  are  laid  on  the  sur- 
face of  the  water,  or  on  the  sides  of  the  container  at  or 
just  above  the  water  line.  They  do  not  form  boat- 
shaped  masses,  but  are  more  or  less  separated — occa- 
sionally clumped.  When  laid  the  eggs  are  cream 
color,  somewhat  cigar-shaped,  about  0.55  millimeter 
in  length  and  0.16  millimeter  in  the  broadest  diameter. 
They  soon  become  jet  black.  The  average  nimiber 
deposited  at  a  single  laying  is  about  sixty-five  or  sev- 
enty. Oviposition  occurs  most  commonly  during  the 
night  or  in  the  early  morning.  The  eggs  are  quite  re- 
sistant to  drying  and  freezing.  They  hatch  in  about 
thirty-six  hours  at  30°  C.  If  the  temperature  is  below 
20°  C.  they  will  not  hatch. 

Larva. — The  larva  is  an  air-breather.  It  thru.sts 
its  respiratory  siphon  up  through  the  surface  of  the 
water,  and  hangs  head  downward  at  an  angle  of  about 
45°.  The  respiratory  siphon  is  a  distinguishing  point, 
being  black  and  somewhat  barrel-shaped,  with  its 
greatest  transverse  diameter  equal  to  about  one-half 
its  length.  Under  favorable  conditions  of  tem- 
perature and  food  supply  the  larval  stage  occupies 
about  six  or  seven  days,  but  when  food  is  scanty  or 
the  temperature  low,  this  stage  may  be  much  pro- 
longed or  may  not  proceed  beyond  this  point.  During 
this  stage  there  are  several  moults. 

Pupa. — The  pupa  has  no  mouth,  is  an  air-breather, 
and  is  provided  with  two  trumpet-shaped  breathing 
tubes  which  arise  from  the  dorsum  of  the  thorax. 
This  stage  lasts  about  thirty-six  hours.  At  the  end 
of  this  time  the  pupal  skin  bursts  along  the  middorsal 
side,  the  pupa,  in  the  meantime,  having  straightened 
out.  The  adult  emerges  from  the  pupal  skin,  on 
which  it  rests  until  its  wings  are  sufficiently  dry  to 
permit  flight.  Emergence  requires  quiet  w.ater,  as 
otherwise  the  mosquito  wOl  be  submerged  and 
drowned. 

Under  favorable  conditions  the  life  cycle  is  com- 
plete in  from  twelve  to  fifteen  days.  It  may  be  as 
short  as  nine  and  one-half  days,  or  under  unfavorable 
conditions  much  prolonged.  The  adults  are  long- 
lived.  Guiteras  kept  an  infected  adult  for  154  days. 
In  a  state  of  nature  the  mortality  is  probably  not  as 
high  as  under  laboratory  conditions.  The  distribu- 
tion of  the  yellow  fever  mosquito  marks  it  as  a 
tropical  and  subtropical  species,  by  preference  in  an 
uniform  climate,  with  the  temperature  not  much 
below  80°  F.  Theobald  refers  it  to  .38°  north  and 
south  latitude.  It  is  widely  distributed  about  the 
earth  in  this  circumferential  band.     In  view  of  the 
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fact  of  its  being  a  long-lived  domestic  mosquito, 
having  the  custom  of  hiding  itself  in  most  ingenious 
ways,  it  is  particularlj-  suiiject  to  transportation  for 
considerable  distances,  by  both  boats  and  land  vehicles. 
It  hides  whenever  it  can,  concealing  itself  in  gar- 
ments, pockets,  and  simQar  places.  In  this  way  it 
may  be  transported  in  baggage.  This  probably 
explains  the  reported  instances  in  which  baggage  is 
supposed  to  have  transmitted  the  disease.  This 
species  is  not  found  north  of  Norfolk,  Va.,  in  the 
United  States.  The  United  States  Quarantine  Regu- 
lations make  the  southern  border  of  Maryland  the 
boundary  line  between  infectible  and  non-infectible 
territory.  The  distribution  of  this  species  justifies 
this  division.  In  the  tropics  and  subtropies  the 
species  is  found  along  the  seacoast  in  practically  all 
of  the  hot,  wet  countries. 

Flight. — This  mosquito,  according  to  Carter,  "flies 
'all  adrift,'  with  her  legs  spread  out;  does  not  fly 
fast  like  the  anopheline,  but  is  quick  in  changing  the 
direction  of  flight."  As  a  rule  this  species  does  not 
fly  far  from  where  it  is  born.  Carter  states  that  "no 
direct  experiments  have  been  made,  but  the  convey- 
ance of  yellow  fever  from  an  infected  house  is  an  in- 
direct experiment,  and  I  think  it  is  fair  to  say  that 
yellow  fever  will  rarely  be  conveyed  by  mosquitos 
100  yards."  In  this  connection.  White's  famous 
dictum  that  "yellow  fever  never  crosses  the  street 
except  on  two  legs"  may  be  recalled. 

Pathology. — Postmortem  Findings. — There  is  no 
special  characteristic  lesion  of  any  single  organ. 
There  is  constantly  present  a  general  steatosis  of 
practically  all  the  organs  and  all  findings  are  de- 
pendent on  this  intense  and  widespread  fatty  de- 
generation. The  mechanics  of  the  pathological 
changes  are  not  difficult  to  understand  when  it  is 
borne  in  mind  that  the  swelling  of  the  liver  cells  ob- 
struct the  bUe  capillaries  causing  a  hepatogenous 
jaundice  and  congestion  of  all  the  viscera  drained 
by  the  portal  vein.  This  allows  secondary  bacterial 
infection  to  take  place.  The  lessened  urea  function 
resulting  from  the  degeneration  of  the  liver  cells 
produces  serious  toxic  effects  upon  the  brain  and  other 
organs.  The  fatty  degeneration  of  the  endothelial 
lining  of  the  capillaries  is  responsible  for  the  hemor- 
rhages in  various  parts  of  the  body.  The  body  pre- 
sents a  yellow  color  which  is  very  different  from  the 
light  or  lemon  color  of  ordinary  jaundice.  Seen  at 
necropsy  the  body  is  a  fairly  uniform  deep  orange- 
yellow,  punctuated  by  cutaneous  and  subcutaneous 
hemorrhagic  areas  of  various  sizes  on  the  chest,  neck, 
and  genitals.  Sometimes  these  hemorrhages  are 
numerous  and  quite  extensive  and  are  found  in 
other  parts  of  the  body — not  necessarily  the  depend- 
ent parts  which  as  a  rule  show  marked  postmortem 
hypostasis.  The  sclera  are  deep  yellow  and  fre- 
quently show  minute  hemorrhages.  The  lungs  show- 
few  if  any  changes.  The  heart  is  usually  flabby,  its 
surface  being  reddish  yellow  marked  with  hemorrhagic 
spots.  The  liver  is  usually  described  as  "boxwood" 
but  this  is  not  constant.  In  typical  cases  there  is 
marked  fatty  degeneration  of  this  organ.  The 
extent  of  this  change  is  dependent  upon  the  length 
of  time  the  process  has  continued.  The  spleen  is 
generally  normal  in  size  and  appearance.  This  is  a 
differential  point  from  malaria  but  it  should  not  be 
forgotten  that  the  two  diseases  may  coexist.  The 
kidneys  are  congested,  reddish  yellow  and  on  section 
present  hemorrhagic  areas  in  a  field  of  yellow.  The 
microscopic  findings  are  those  of  acute  parenchy- 
matous nephritis  W'ith  extensive  fatty  degeneration. 
The  suprarenal  capsules,  the  thyroid  gland  and  the 
pancreas  present  fatty  degeneration.  The  stomach 
may  be  empty  or  it  may  contain  dark  grumous 
material.  There  are  hemorrhagic  areas,  particularly 
at  the  fundus.  Microscopically  there  is  a  swollen 
mucosa   with    fatty   degeneration   of   the   glandular 


cells.  The  first  portion  of  the  duodenum  shows  much 
the  same  changes  as  does  the  stomach,  otherwise  the 
intestinal  changes  are  not  noteworthy.  The  blood 
itself  shows  very  few  changes.  The  blood  count  is 
practically  normal  although  the  leucocytes  appear 
to  be  undergoing  fatty  degeneration.  The  central 
nervous  system  shows  no  characteristic  lesions. 
Fatty  degeneration  may  exist,  but  neither  so  severe 
nor  as  extensive  as  is  seen  in  the  other  organs.  The 
findings  in  the  spinal  cord  are  essentially  the  same 
as  those  in  the  brain.  The  bladder  shows  no  marked 
changes  and  usually  contains  some  bile-stained 
urine  loaded  with  albumin  and  bile-stained  casts, 
renal,  epithelium,  and  diSbris. 

SyMPTOMATOLOGY. — Period  of  Incubation. — The  ex- 
perimental and  clinical  data  at  hand  enable  us  to 
estimate  fairly  accurately  the  length  of  the  period  of 
incubation.  Carter,  judging  from  clinical  evidence 
alone,  gave  the  incubation  period  as  varying  from 
three  to  five  and  three-cjuarter  daj's.  It  varies  from 
two  days  twenty-two  hours  to  seven  days  five  hours 
when  inoculated  by  mosquito  bites,  although  Mar- 
choux,  Salembeni,  and  Simond  believe  from  experi- 
mental evidence  that  it  may  be  prolonged  as  long  as 
twelve  days.  The  average  appears  to  be  about  five 
days,  although  for  epidemiological  reasons  six  or  seven 
days  may  be  taken  as  a  safer  time  to  allow.  As  a  rule 
there  are  no  symptoms  during  this  time  although  rarely 
it  may  be  characterized  by  a  certain  degree  of  ma- 
laise, anorexia,  and  constipation  with  headache  or 
dizziness. 

Stage  of  Invasion. — Usually  the  disease  is  ushered 
in  abruptly  without  any  premonitory  symptoms. 
The  patient  usually  sickens  in  the  night  or  early  morn- 
ing and  complains  of  headache  (cutting  pains  across 
the  forehead)  and  considerable  malaise.  There  is 
pain  in  the  limbs  and  the  lumbar  region.  Sometimes 
the  pain  is  generalized.  As  a  rule  there  is  a  little 
nausea  and  gastric  distress.  There  may  be  vomiting 
of  clear  colorless  or  yellowish  or  greenish  fluid. 
Sometimes  there  is  great  epigastric  distress,  especially 
in  heavy  eaters  and  hard  drinkers,  or  in  those  who 
have  eaten  very  heartily  just  before  the  beginning 
of  the  attack.  A  frank  chill  is  not  common  but 
chilliness  at  the  onset  is  the  rule.  This  may  be 
merely  a  feeling  of  coldness,  so  slight  and  evanescent 
as  to  be  almost  unnoticed  liy  the  patient  until  recalled 
by  the  questioning  of  the  physician.  When  rigors 
do  occur  they  are  apt  to  be  severe  but  of  short  dura- 
tion. Breinl  says,  "even  in  the  earliest  cases,  small 
capillary  injection  is  noted  about  the  teeth  in  the 
same  position  where  the  lead  line  appears  in  lead 
poisoning.  The  mucous  membrane  of  the  cheek  is 
injected,  and  on  the  floor  of  the  mouth,  around  the 
attachment  of  the  tongue,  minute  red  spots  are  seen. 
This  condition  of  the  mouth  is  hardh'  ever  seen  in 
any  other  fever  and  is  rarely  absent  in  cases  of  yellow 
fever,  and  can,  therefore,  be  regarded  as  pathogno- 
monic." The  stage  of  invasion  lasts  from  two  to 
twelve  hours  and  is  characterized  by  frontal  and 
ocular  headache,  muscle  and  loin  pains,  pallor,  and 
sudden  rise  of  temperature  to  101°  to  103°  F.  The 
pulse  varies  from  110  to  120.  In  mild  cases  the  skin 
is  moist.  In  the  severer  forms  it  is  hot  and  drj-. 
The  amount  of  urine  passed  is  usuallj'  small  but  does 
not  at  this  stage  contain  albumin.  Photophobia 
may  or  may  not  be  present.  The  picture  at  this 
stage  is  not  very  characteristic.  It  resembles  any 
acute  infection  and  may  easily  be  mistaken  for  t}-- 
phoid  fever,  dengue,  or  any  acute  malarial  paroxysm. 

Stage  of  Attack. — The  skin  pallor  now  passes  off. 
The  face  becomes  red  and  turgid,  sometimes  faintly 
purplish,  the  eyes  infected,  brilliant  and  watery. 
The  face  is  full  and  less  mobile  than  in  health,  with 
swelling  and  apparent  stiffness  of  the  upper  lip. 
Photophobia  is  apt  to  be  marked.  The  pains  in  the 
head,  back  of  the  neck,  back,  thighs,  and  calves  be- 
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come  more  intense.  This  is  the  coup  dc  barrc  of 
the  French.  There  is  pain  and  tenderness  over  the 
liver  on  pressure.  The  gums  as  a  rule  are  congested. 
There  is  intense  thirst,  anorexia,  uneasiness  of  the 
epigastrium,  nausea,  and  vomiting.  Primary  coni- 
plete  or  semi-constipation  is  the  rule.  There  is 
marked  peripheral  stasis  and  the  skin  of  the  chest  is 
of  a  dusky  hue. 

The  mind  is  usually  clear — frequently  almost  abnor- 
mally so — but  the  patient  seems  agitated  and  anxiously 
alert.  Sometimes  there  may  be  slight  flightiness  at 
niglit — infrequently  an  active"  delirium.  The  tempera- 
ture curve  continues  to  rise,  reaching  the  peak  in 
about  twentv-four  hours.  The  height  it  may  reach 
varies  with  tlie  severity  of  the  attack.  The  urine  is 
scanty,  with  diminished  urea.  After  the  second  day  it 
contains  albumin.  In  from  forty-eight  to  seventy-two 
hours  after  the  beginning  of  the  attack,  the  tempera- 
ture and  pulse  diminish  in  rate.  There  is  subsidence 
of  pain  and  headaclie.  The  turgidity  and  redness  of 
the  face  and  the  suffusion  of  the  eyes  diminish.  The 
sclera  become  yellowish.  The  patient  feels  improved 
by  reason  of  the  abatement  of  the  gastric  irritability 
and  distress.  This  is  the  so-called  stage  of  stasis,  or, 
as  it  used  to  be  called,  the  stage  of  calm.  It  should 
be  borne  in  mind,  however,  that  stasis  always  occurs 
and  that  calm  does  not  necessarily  occur.  The  patient 
is  apt  to  lie  very  still  in  his  bed  as  though  resting. 
Although  his  mind  is  clear,  he  seems  to  find  it  an  effort 
to  speak  or  to  exert  himself  even  in  the  slightest  way, 
giving  the  appearance  of  being  tired,  almost  to  ex- 
haustion. The  face,  which  is  no  longer  swollen, 
shows  a  dusky,  slightly  yellow  pallor.  The  con- 
junctivK  are  dry  and  dull  red  upon  a  background  of 
yellow.  If  the  finger  or  the  nail  is  drawn  along 
over  the  skin  a  yellowish-white  mark  is  left.  This  is 
the  so-called  "tache,"  and  merely  means  a  sluggish 
circulation  with  jaundice.  The  nausea  may  be  ex- 
treme, iiarticularly  if  foodis  taken.  The  abdomen  may 
be  very  tender,  so  much  so  that  even  the  pressure  of 
the  bedclothes  produces  pain  and  even  vomiting. 

If  the  patient  is  to  recover  the  fever  gradually  sub- 
sides. Tliere  is  progressive  diminution  in  the  gastric 
distress  and  a  return  of  appetite.  There  is  a  diminu- 
tion in  the  amount  of  albumin  passed.  The  urea 
increases  in  amount,  as  does  also  the  amount  of  the 
urine.  In  the  more  severe  cases  there  is  a  quiescent 
period  extending  from  a  few  hours  to  one  or  two  days, 
followed  by  an  aggravation  of  the  gastric  symptoms — 
thirst,  and  vomiting,  the  vomitus  varying  in  color 
from  chocolate  to  black.  The  fever  either  persists 
or  rises  rapidly  again,  or,  what  is  still  more  serious, 
the  temperature  becomes  subnormal.  The  urine  de- 
creases in  amount;  the  albumin  increases.  Prostra- 
tion is  progressive.  Vomiting  becomes  continuous. 
Icterus  is  pronounced  and  generalized,  and  there  may 
be  subcutaneous  hemorrhages,  in  the  more  severe 
epidemics  with  gangrenous  spots  on  the  limbs  and 
dejjendent  parts.  The  tongue  is  dry  and  brown. 
The  patient  becomes  dull,  confused,  apathetic.  The 
picture  is  that  of  an  acute  uremia.  Exhaustion, 
coma,  or  convulsion  precede  death.  If,  on  the  other 
hand,  recovery  is  to  ti»^ke  place,  there  is  a  gradual 
amelioration  of  all  the  symptoms,  and  convalescence 
takes  place  rapidly. 

Forms  of  the  Disease. — In  a  general  way  the  disease 
may  take  on  three  different  grades  of  intensity — the 
mild,  the  severe,  and  the  grave,  the  latter  including 
the  so-called  pernicious  forms  which  are  to  be  dis- 
tinguished by  the  development  of  some  special  sj'mp- 
tom  or  group  of  symptoms  not  met  with  in  the  ordi- 
nary type  of  the  disease. 

In  the  mild  tv-pe  the  brunt  of  the  infection  takes 
place  in  the  initi.al  paroxysm.  The  disease  may  be  so 
light  as  to  constitute  the  type  called  by  the  French 
la  caresse  de  I'cpidemie.  This  iype  of  the  disease  may 
pass  for  a  simple  fcbricula,  tlie  so-called  acclimati- 
zation fever,  and  particularly  in  children  constitutes 
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one  of  the  factors  in  the  endemicity  of  the  disease. 
In  the  mild  cases  the  fall  of  temperature  may  begin  as 
early  as  the  second  day.  As  a  rule,  however,  it  begins 
on  the  third  day,  reaching  normal  on  the  seventh  day. 

In  the  severe  type  of  the  disease  the  distinctive 
features  appear  during  the  stage  of  remission,  and 
there  are  jaundice,  black  vomit,  hemorrhages,  anuria, 
mental  and  nervous  disturbances,  respiratory  diffi- 
culties, and  bradycardia. 

In  the  grave  form  of  the  disease  the  appearance  of 
the  jaundice,  black  vomit,  hemorrhages,  etc.,  is  earlier, 
the  symptoms  of  gravity  being  focused  on  the  first 
stage.  Particularly  prominent  among  these  symp- 
toms are  those  which  are  referable  to  the  nervous  sys- 
tem. Some  cases  are  truly  malignant,  the  so-called 
"foudroyant"  cases  of  the  French,  and  in  such  cases 
the  patient  is  uremic  almost  from  the  beginning, 
and  hemorrhages  occur  early  and  with  severity. 
Coma  appears  early,  and  death  may  occur  within 
forty-eight  hours. 

Three  chief  types  are  noted  in  the  pernicious  form, 
the  apoplectic,  in  which  the  nervous  system  receives 
the  brunt  of  the  attack,  the  patient  being  suddenly 
overcome,  the  heart  and  nervous  system  being  over- 
whelmed by  the  toxin,  with  dilated  pupils,  cold,  clammy 
skin,  fluttering,  irregular,  weak  pulse,  and  death 
from  coma.  The  algid  form  is  marked  by  subnormal 
temperature,  early,  extreme,  overwhelming  prostra- 
tion, small,  almost  imperceptible  pulse,  extreme  ten- 
dency to  hemorrhages,  absence  of  jaundice,  and  death 
early  in  the  disease.  Rarely  the  choleraic  form  with 
purging,  vomiting,  profuse  perspiration,  and  over- 
whelming prostration  is  seen. 

Anahjsis  of  Sy7npto?ns:  Skin. — During  the  period 
of  invasion  the  skin  is  warm  to  the  touch  and  usually 
dry.  This  is  not  always  the  case,  and  perspiration 
m.ay  continue  throughout  the  attack.  On  the  occur- 
rence of  the  black  vomit  the  skin  becomes  cool  and 
clammy.  Jaundice  appears  about  the  third  day  as  a 
slight  yellowish  discoloration  of  the  sclera  and  occurs 
in  practically  all  but  the  mild  cases.  The  skin  takes 
on  a  pale  canary  yellow,  which  gradually  becomes 
more  pronounced  varying  from  pale  lemon  to  orange 
or  mustard  color.  The  appearance  of  the  jaundice 
may  be  delayed  until  during  convalescence,  and,  in 
some  instances,  is  not  noticeable  until  after  death. 
As  convalescence  advances  there  is  a  gradual  disap- 
pearance of  the  icterus. 

Temperature. — The  temperature  rises  sharply  with 
the  onset  of  the  disease,  usually  reaching  the  height 
in  from  twenty-four  to  forty-eight  hours.  The  point 
reached  varies  from  104°  to  105°  F. — rarely  over 
105.5°  F.  It  may  decline  progressively  with  a  slight 
evening  rise  until  normal  is  reached.  There  may 
be  marked  oscillations  prior  to  the  real  decline.  Cases 
of  this  type  are  more  apt  to  be  grave.  There  may  be 
an  interruption  of  the  initial  rise  by  a  slight  or  com- 
plete intermission  lasting  from  six  to  ten  hours,  and 
with  the  onset  of  the  black  vomit  there  is  apt  to  be  a 
distinct  fall  in  the  temperature  curve,  which  may 
continue  falling  until  death.  On  the  other  hand, 
there  may  be  a  continuous  elevation  of  temperature 
until  the  fatal  ending,  or  a  sharp  fall  succeeded  by  an 
acute  rise,  reaching  its  maximum  at  or  just  after 
death.  Subnormal  temperature  is  frequently  noted 
during  the  early  part  of  convalescence. 

Pulse. — The  jsulse  at  first  is  usually  full  and  bound- 
ing, the  rate  being  about  120  per  minute.  As  the 
disease  advances  the  pulse  tension  and  rate  diminish, 
the  pulse  not  infrequently  falling  to  50  or  even  less. 
Faget's  phenomenon  has  been  considered  pathogno- 
monic and  consists  in  a  divergence  between  the  pulse 
and  temperature  curves,  there  being  a  stationary  or 
falling  pulse  rate  with  a  rising  temperature,  or  a  fall- 
ing pulse  with  a  stationary  temperature.  This  sign  is 
not  always  present,  nor  is  it  always  well  defined.  It 
is  occasionally  seen  in  other  febrile  diseases,  though 
not  so  frequently  as  in  yellow  fever. 
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Respiralion. — There  may  be  no  alteration  in  tlie  char- 
acter of  the  respiration,  although  the  patient  may 
complain  of  a  sense  of  respiratory  oppression.  In  the 
grave  cases,  hiccough  may  be  seen.  There  is  not 
usually  a  notable  increase  in  the  respiratory  rate. 

Htood. — The  laboratory  findings  in  the  blood  exami- 
nation are  not  pathognomonic  nor  characteristic. 
There  may  be  a  slight  diminution  in  the  number  of 
white  cells,  with  an  increase  of  the  polymorphonuclears 
and  decrease  in  the  eosinophiles.  The  red  cells  show 
little,  if  any,  alteration,  although  the  hemoglobin  is 
usually  not  decreased,  but  may,  on  the  contrary,  be 
slightly  increased.  The  red  corpuscles  and  the 
hemoglobin  index  both  fall  with  the  commencement 
of  convalescence.  According  to  Marks  there  is  no 
change  in  the  coagulation  time  of  the  blood.  The 
blood  pressure  is  almost  uniformly  low  in  yellow  fever. 
This  seems  to  be  a  protective  measure,  and  in  those 
cases  in  which  the  patient  becomes  frightened,  de- 
lirious, or  unruly,  or  partakes  of  a  heavy  meal,  the 
increased  blood  pressure  which  results  oft  times  brings 
fatal  consequences.  A  rapid  pulse  and  high  blood 
[)ressure  either  combined  or  separately  are  grave 
omens. 

Hemorrhages. — Hemorrhages  are  not  usually  seen 
during  the  period  of  onset,  occurring  most  often  after 
remission  has  begun.  Their  extent  and  frequency 
are  an  index  of  the  severity  of  the  attack.  The  most 
common  form  is  from  the  stomach,  i.e.  the  black 
vomit.  Bleeding  also  occurs  from  the  nose,  tongue, 
lips  and  gums,  from  the  entire  intestinal  tract,  and 
from  the  other  orifices  of  the  body.  The  tendency 
to  bleeding  from  the  gums  is  very  common.  They 
are  more  or  less  swollen  and  blood  may  ooze  from  them 
spontaneously  or  as  the  result  of  some  slight  trauma- 
tism, such  as  pressure  by  the  examining  finger. 
Frequently,  the  patient  may  readily  suck  a  mouthful 
of  blood  from  his  gums.  Bleeding  from  the  nose 
occurs  almost  as  commonly.  The  tendency  to  hemor- 
rhage is  one  of  the  marked  characteristics  of  yellow 
fever. 

The  Vomit. — This  begins  with  the  emesis  of  the 
stomach  contents  and  may  be  followed  by  a  blood- 
tinged  vomitus.  This  indicates  a  fresh  gastric  hemor- 
rhage and  is  a  grave  symptom.  The  black  vomit  is 
composed  of  altered  blood  and  on  standing  deposits 
a  material  looking  like  coffee  grounds  overlain  with  a 
clear,  slightly  brownish  fluid.  Microscopically  it 
consists  of  granular  epithelium,  red  corpuscles,  fat 
globules,  debris,  and  yellow  pigment  granules. 
Melena  results  from  the  swallowing  of  blood  from 
the  nose  and  mouth,  from  gastric  hemorrhage,  or  from 
intestinal  hemorrhage. 

Urine. — .\s  a  rule  this  is  acid,  highly  colored,  of  high 
density,  contains  albumin,  is  lessened  in  amount,  and 
in  fat.al  cases  may  be  completely  suppressed.  Albumin 
in  all  but  the  very  mildest  cases  appears  during  the 
febrile  stage  of  the  disease,  usually  not  until  the  end 
of  the  second  day,  although  it  may  be  seen  in  the  first 
twenty-four  hours.  Occasionally  it  is  not  discovered 
until  after  the  fever  has  subsided.  Beginning  as  only 
a  slight  trace  it  may  rapidly  increase  in  volume  to 
eighty  or  even  ninety  per  cent.  It  may  be  very  transi- 
tory. Diminution  of  the  albumin  in  the  favorable 
cases  begins  at  the  height  of  the  disease  and  falls 
sometimes  very  rapidly.  In  other  cases,  however, 
it  may  not  disappear  from  the  urine  in  from  two  to 
three  weeks.  The  urea  and  chlorides  are  markedly 
decreased.  Hyaline,  granular,  and  epithelial  casts 
are  commonly  seen.  In  a  person  already  suffering 
from  a  kidney  lesion  these  are  not  bile-stained  early 
in  the  disease,  but  as  the  disease  progresses  they  be- 
come so  stained,  as  does  also  the  other  d(''bris  passed 
in  the  urine.  BUe  is  frequently  noted  when  jaundice 
is  present.  The  blood  is  seen  when  there  has  been 
hemorrhage  from  the  kidney,  bladder,  or  urethra. 

LUgrxlive  Tract. — The  lips  are  dry  and  cracked  and 
bleed  easily  in  the  more  severe  cases.     The  gums  are 
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swollen,  red,  spongj%  and  bleed  on  the  slightest  provo- 
cation. The  tongue  is  moist,  gray-coated,  with  a  red 
tip  and  edges  at  first — later  becoming  dry,  brownish 
red,  and  liable  to  bleed.  The  appetite  is  lost,  but  as 
convalescene  establishes  itself,  may  become  ravenous. 
Thirst  is  usually  marked.  Usually  there  is  constipa/- 
tion,  although  there  may  be  less  frequently  bilious 
choleraic  diarrhea.  O'ostinate  constipation  or  obsti- 
nate diarrhea  with  hemorrhages  are  untoward  symp- 
toms during  the  stage  of  remission. 

Liver  and  Spleen. — As  a  rule  these  are  not  mate- 
rially altered. 

Corn-plications. — Usually  there  are  no  complications. 
YeUow  fever  may  occur  as  a  complication  in  the  course 
of  malaria,  tuberculosis,  or  some  other  disease,  but 
the  reverse  is  not  the  rule. 

Relapses. — Relapses  are  not  common,  but  are  apt 
to  be  dangerous.  They  usually  result  from  inrliscre- 
tions  of  diet  or  from  overexercise.  Many  of  the  so- 
called  relapses  are  in  reality  a  complication. 

Immunily. — .\  second  attack  of  the  disease  is  ex- 
tremely rare.  A  few  cases  have  been  reported  which 
appear  fairly  convincing,  but  it  may  be  taken  as  a 
general  rule  that  one  attack  protects  throughout  life. 
So  far  as'  we  now  know  immunity  to  yellow  fever  is 
secured  only  by  surviving  an  attack  of  the  disease. 
Natural  immunity  in  the  great  bulk  of  cases  means 
merely  a  previous  unrecognized  attack,  usually  an 
attack  during  childhood.  In  all  fairness  it  may  be 
stated  that  permanency  of  immunity  is  a  moot  point, 
but  the  majority  of  observers,  at  least  in  the  ,\mericas, 
feel  that  immunity  is  lasting  and  that  recurrent  cases 
do  not  occur. 

Symptoms  in  Children. — In  children  the  symptoms 
are  about  the  same  as  in  adults,  but  are  apt  to  be  much 
milder.  There  is  a  sudden  fever,  restlessness,  fret- 
fulness,  headache,  photobia,  sore  throat,  slight  yellow- 
ing of  the  conjunctiva,  and  bleeding  gums.  The 
jaundice  is  common,  but  as  a  rule  not  profound.  Pain 
is  less  acute  than  in  adults,  and  is  frequently  absent. 
Temperature  and  pulse  follow  pretty  closely  the  de- 
scription given  for  adults.  Functional  kidney  dis- 
turbance is  apt  to  be  less  in  children.  Death,  when  it 
occurs,  is  in  convulsions,  delirium,  and  coma.  The 
mortality  rate  among  children  is  lower  than  among 
adults. 

Diagnosis. — In  the  early  stages  of  the  disease  and  in 
the  light  cases  the  diagnosis  of  yellow  fever  is  at  times 
extremely  difficult,  in  fact,  it  has  been  estimated  that  at 
least  ten  per  cent,  of  cases  sent  to  the  yellow  fever 
hospitals  of  which  Hamilton  P.  Jones  had  charge, 
(1897-98  and  1905)  were  incorrectly  diagnosed. 
Since  there  is  no  absolute  pathognomonic  symptom  of 
yellow  fever  solely  upon  which  a  positive  diagnosis  can 
be  made,  it  is  necessary  to  consider  carefully  all  the 
data  relative  to  a  case  before  coming  to  a  decision. 
This  is  imperative  in  the  light  cases  and  .should  never 
be  omitted  even  in  those  severe  cases  in  which  the  diag- 
nosis is  almost  written  on  the  patient's  face.  From 
an  epidemiological  viewpoint  it  is  essential  that  a 
correct  history  of  the  patient's  movements  and  a.sso- 
ciates  for  the  ten  days  previous  to  falling  ill  Ix-  ob- 
tained. The  medical  history  of  the  patient  should  in- 
clude his  personal  habits  and  environment,  particular 
attention  being  paid  to  previous  sicknesses,  such  as 
gallstones  and  jaundice  or  kidney  disea.se  with 
albuminuria.  Yellow  fever  p.atients  almost  always 
say  that  they  are  sick,  no  matter  how  light  the  attack, 
and  their  appearance  usually  bears  this  out.  Carter 
has  pointed  out  two  diagnostic  points  in  connection 
with  the  albuminuria,  viz.,  it  is  out  of  all  proportion  to 
the  fever  and  it  increases  with  the  fall  of  the  fever. 

Differential  Diagnosis. — Yellow-  fever  must  be 
distinguished  from  dengue,  malaria,  typhoid,  influenza, 
measles,  blackwater  fever,  and  relapsing  fever. 

Dengue. — The  diagnosis  of  yellow  fever  in  the  indi- 
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vidual  case  from  dengue  may  be  very  difficult  or,  in 
the  absence  of  a  blood  examination,  impossible,  unless 
there  be  an  epidemic  so  that  a  mass  diagnosis  can  be 
made.  In  the  case  of  the  1916  outbreak  of  dengue  in 
Porto  Rico,  it  was  necessary  for  a  commission  of  ex- 
perts to  study  the  epidemic  before  yellow  fever  could 
be  ruled  out.  There  are  two  paroxysms  of  fever  in 
dengue — not  one  as  in  yellow  fever.  The  pains  in 
dengue  affect  the  muscles  and  joints.  The  eruption 
ill  dengue  is  present  first  as  erythema  and  later  as  a, 
distinct  rash.  In  dengue  there  are  two  distinct  rashes, 
the  ervthema  and  a  true  eruption.  This  is  very  diff- 
erent from  yellow  fever.  The  blood  picture  makes  it 
possible  to  eliminate  dengue  in  the  early  stages.  In 
dengue  there  is  a  profound  leucopenia;  in  yellow  fever, 
on  the  contrary,  there  is  a  slight  leucocytosis.  This 
is  characteristic,  and,  to  quote  Carter,  "absolutely 
diircrciitial."  ,  ,.     . 

Mdlaridl  Fever. — The  discovery  of  the  plasmodia  in 
the  blood  determines  the  presence  of  malaria,  but  does 
not  rule  out  vellow  fever,  as  the  diseases  frequently 
coexist.  On  the  other  hand,  if  quinine  has  been  taken 
the  Plasmodia  will  be  absent.  Therefore  neither 
their  ijresence  nor  their  absence  constitutes  a  valuable 
differential  sign.  The  time  of  onset  has  a  certain 
differential  value.  If  the  chill  takes  place  at  night, 
the  disease  is  less  apt  to  be  malaria.  In  malarial 
fever  of  the  malignant  type  the  splenic  tenderness  and 
late  jaundice  rule  out  "yellow  fever.  The  facies  of 
yellow  fever  is  distinct  from  malaria  but  should  not 
be  trusted  in  the  early  stage. 

Typhoid  Fever. — This  may  be  differentiated  by  the 
blood  jiicture  and  the  cultural  and  agglutination  tests. 

Influenza. — In  the  absence  of  catarrhal  symptoms 
it  may  be  impossiijle  to  tell  influenza  from  yellow 
fever,"  until  the  second  stage  with  albuminuria  has 
occurred.  In  such  cases  it  is  safer  to  consider  the 
patient  as  having  yellow  fever  and  to  wait  for  time  to 
establish  the  correct  diagnosis. 

Measles  may  be  determined  by  the  presence  of 
Koplik's  spots.  The  facies  may  be  misleading.  As 
soon  as  the  eruption  has  taken  place  doubt  no  longer 
exists. 

Blackxoaler  Fever. — Yellow  fever  as  a  rule  occurs  in 
the  newcomers — blackwater  fever  in  the  long  resi- 
dents. In  this  disease  there  is  a  history  of  previous 
attacks  of  malaria. 

Relapsing  fever  may  be  differentiated  by  the  blood 
examination.  The  finding  of  the  Spirochceta  obermeicri 
clinches  the  diagnosis. 

From  an  epidemiological  standpoint  the  differen- 
tial diagnosis  of  yellow  fever  is  of  the  utmost  impor- 
tance. In  the  absence  of  a  definite  diagnosis,  in  cases 
in  which  yellow  fever  is  suspected  or  in  regions  and 
seasons  when  the  disease  is  most  apt  to  occur,  the 
patient  should  be  screened  and  otherwise  considered 
as  having  yellow  fever.  To  quote  Carter,  "If  you 
do  not  know  whether  it  is  yellow  fever  or  not — wait. 
You  will  know  to-morrow  or  next  day.  Grave  and 
damaging  errors  have  I  seen  made  by  pronouncing  a 
diagnosis  when  one  did  not  know.  It  is  a  great  pity 
not  to  be  able  to  diagnose  it  m  the  first  stage.  But 
you  had  better  not  do  it  untU  the  fourth  day  than 
diagnose  wrongly.  It  is  sometimes  a  serious  thing  to 
diagnose  a  case  of  dengue  as  yellow  fever  and  still 
worse  to  say  that  yellow  fever  is  dengue." 

Prognosis. — Many  factors  must  be  taKen  into  ac- 
count in  making  the  prognosis  in  the  individual  case 
of  yellow  fever.  Other  things  being  equal,  tlie  healthy 
person  has  the  greatest  chances  of  recovery;  yet,  this 
may  be  more  than  counterbalanced  by  indiscretions 
or  carelessness  in  nursing  or  treatment.  On  the  whole, 
it  may  be  said  that  the  j'ounger  the  patient  the  better 
Ills  chance  for  recovery.  This  is  in  part  due  to  the 
fact  that  young  children  are  more  apt  to  be  obedient 
patients  and  their  vital  organs  are  less  liable  to  have 
suffered  injury  from  some  other  disease.     The  better 
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the  vital  condition  of  the  patient,  particularly  with 
regard  to  his  kidneys,  liver,  and  heart,  the  greater 
are  his  opportunities  for  recovery.  Patients  whose 
vital  processes  are  low  are  more  apt  to  succumb  to 
the  toxemia  of  the  disease,  and,  in  addition,  are  less 
capable  of  eliminating  its  toxins.  Those  whose  bodies 
have  been  weakened  by  bad  habits,  either  of  pastime 
or  of  labor,  offer  less  resistance  to  the  disease;  the 
alcoholic,  those  guilty  of  other  excesses,  the  over-  - 
worked,  the  underfed,  the  fat,  the  sedentary,  are  the 
poorest  yellow  fever  risks.  The  highly  nervous  and 
those  who  are  obsessed  by  fear  are  more  apt  to  die. 
The  temperate,  steady,  sane,  rather  lihlegmatic 
personality  withstands  the  attack  best.  Those  who 
are  well-nourished  and  live  in  comfortable  and  sanitary 
habitations  get  along  better  than  those  whose  environ- 
ment is  the  opposite.  Those  who  are  crowded  to- 
gether in  insanitary  tenements  do  not  do  so  well  if 
treated  there.  Negroes  do  better  than  do  whites. 
Those  cases  which  are  hospitalized  do  best,  since, 
after  all,  the  prognosis  is  largely  dependent  upon  the 
intelligence  and  skill  with  whicli  the  patient  is  treated 
and  nourished.  In  almost  no  disease  are  the  eftVirts 
of  the  physician  fraught  with  such  possibilities  for 
good  or  evil,  and  in  no  disease  can  so  much  judgment 
be  displayed  in  attending  to  the  minutest  details  of 
those  things  which  go  to  make  up  the  comfort  of  the 
patient  and  to  assist  him  to  a  favorable  outcome  from 
his  disease.  The  prognosis  in  yellow  fever  must  al- 
ways be  guarded.  Untoward  symptoms  may  appear 
at  any  time,  frequently  when  they  are  least  expected. 
The  following  may  be  given  as  favorable  prognostic 
signs:  moderate  temperature  in  the  first  stage;  moist 
skin  or  moderate  perspiration;  early  fall  of  tempera- 
ture to  normal  without  much  depression;  disappear- 
ance of  epigastric  distress  and  irritability  coincident 
with  the  disappearance  of  the  fever;  urine  not  much 
diminished  in  amount  and  containing  little  albumin 
and  a  moderate  amount  of  urine.  The  following  may 
be  considered  as  unfavorable  prognostic  signs:  con- 
vulsions, or  severe  and  long-continued  chills  at  onset; 
abrupt  onset  with  stupor,  coma,  and  convulsions;  sub- 
normal temperature  and  imperfect  reaction  through- 
out; temperature  above  105.5°  F. ;  diminution  of 
urea  with  corresponding  increase  in  albumin;  pro- 
found hemorrhagic  symptoms;  delirium  of  the  acute 
type,  followed  by  vertigo  and  coma;  intractable 
hiccough;  severe  and  prolonged  vomiting.  Marked 
jaundice  by  or  before  the  third  day  is  an  evidence  of 
profound  toxemia.  The  earlier  and  more  intense  the 
jaundice  the  graver  is  the  prognosis.  Whenever  the 
urine  becomes  scanty,  retention,  or  more  probably, 
suppression  must  be  suspected.  So  long  as  the 
amount  of  urine  voided  is  not  greatly  diminished  the 
prognosis  is  good,  even  though  the  amount  of  albumin 
may  be  very  high.  If  present  early  a  large  amount 
of  albumin  is  a  grave  omen,  as  is  also  a  great  number 
of  casts.  If,  in  addition  to  this,  the  amount  of  urine 
is  greatly  decreased  the  outlook  is  gloom.v.  The 
earlier  the  hemorrhagic  symptoms  appear  the  graver 
the  prognosis.  In  this  connection  it  should  be  pointed 
out  that  in  the  case  of  epistaxis  patients  sometimes 
swallow  the  blood,  subsequently  vomiting  it;  this 
may  thus  be  mistaken  for  black  vomit.  Hemorrhage 
from  the  intestines  indicates  a  serious  condition. 
Black  vomit  before  the  third  day  is  of  grave  import; 
on  the  fourth  day  it  is  still  a  bad  sign;  on  or  after  the 
fifth  day  not  quite  so  serious.  The  more  profuse  and 
the  more  frequent  the  vomiting  the  worse  is  the 
indication. 

No  matter  how  grave  the  outlook,  the  j'eUow  fever 
patient  must  never  be  given  up.  It  is  the  duty  of  the 
physician  to  combat  the  disease  until  its  fatal  termina- 
tion or  to  a  successful  outcome.  Scarcely  any  dis- 
ease is  so  filled  with  surprises,  and  in  none  is  it  more 
difficult  to  make  a  definite  prognosis. 

The  case  mortality  varies  from  ten  to  eighty  per 
cent.     The   mortality   is   lower   in   endemic   centers, 
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probably  because  a  greater  proportion  of  the  cases 
there  are  among  children.  The  morbidity  rate  is 
dependent  upon  the  percentage  of  non-inimunes  in 
the  population,  the  opportunities  for  infecting  the 
Aides,  and  the  promptness  and  thoroughness  with 
which  the  outbreak  is  recognized  and  measures  put 
in  force  for  its  eradication. 

Treatment. — There  is  no  specific  treatment  for 
yellow  fever,  the  entire  basis  of  the  methods  to  be 
followed  resting  on  empiricism;  in  other  words,  the 
treatment  is  entirely  one  of  meeting  symptomatic 
indications  as  they  arise.  The  all-important  point 
is  the  meeting  of  these  indications  as  soon  as  they 
are  present.  The  patient,  unless  he  lives  under  ex- 
ceedingly favorable  circumstances,  should  be  moved 
to  a  hospital,  unless  the  disease  be  well-advanced. 
The  utmost  care  should  be  used  in  transporting 
patients,  every  measure  being  taken  to  guard  them 
against  undue  excitement  or  fear.  The  constant  aim 
throughout  the  treatment  is  to  conserve  all  of  the 
patient's  physical  and  mental  resources.  The  room 
should  be  airy  and  well-screened.  If  the  room  is  not 
screened,  a  bed-net  of  bobinet  should  be  kept  over 
the  bed  until  door  and  window  screens  can  be  in- 
stalled. It  is  important  that  all  openings  into  the 
room  be  screened.  Therefore  particular  attention 
should  be  paid  to  open  fireplaces  and  other  places 
through  which  mosciuitos  might  find  entrance.  It 
is  important  that  the  treatment  it.self  begin  as  early 
as  possible.     Here  we  have  two  primary  indications: 

(1)  the  promotion  of  elimination  without  irritation; 

(2)  the  relief  of  pain. 

For  the  former  a  mUd  laxative  should  be  admin- 
istered at  once,  it  being  borne  in  mind  that  consti- 
pation is  almost  always  present.  There  is  consider- 
able disagreement  as  to  the  drug  to  be  used  for  this 
purpose.  Many  adhere  to  the  administration  of 
five  to  fifteen  grains  of  calomel  without  bicarbonate 
of  soda,  given  preferably  in  a  dram  of  fine  ice,  this 
to  be  followed  in  four  hours  by  an  active  but  mild 
purge.  Pills  should  not  be  used  for  this  purpose. 
The  infusion  of  senna  or  an  active  saline  water  such 
as  sodium  sulphate  does  very  well.  Castor  oil,  cither 
as  a  preliminary  or  following  the  calomel,  is  highly 
thought  of.  It  should  be  made  as  agreeable  as  pos- 
sible, since  it  is  not  usually  desirable  to  induce  vomit  ing. 
Milk  of  magnesia  sometimes  acts  very  well  in  these 
cases.  If  the  patient  is  seen  early  and  the  stomach 
is  gorged  by  a  recent  meal,  emesis  should  be  promptly 
induced. 

For  the  relief  of  pain  the  hot  mustard  foot-bath  is 
fairly  efficacious,  and,  if  properly  given,  absolutely 
safe.  It  has  the  additional  advantage  of  promoting 
elimination  by  producing  diaphoresis,  and  is  prefer- 
ably given  with  the  patient  lying  flat  on  his  back. 
A  foot-tub  about  one-quarter  full  of  warm  water  is 
introduced  beneath  the  covers  at  the  foot  of  the 
bed.  Into  this  are  dropped  little  bags  of  muslin 
containing  the  mustard.  The  so-called  "creole" 
mustard  is  preferred  in  Louisiana.  Hot  water  is  now 
introduced  into  the  tub  little  by  little,  the  patient 
being  urged  to  keep  his  feet  in  the  water  and  to  take 
the  foot-bath  at  the  highest  temperature  which  he 
can  bear.  The  bed-covering,  which  should  be  ample, 
is  kept  well  wrapped  around  the  patient.  If  this 
measure  is  properly  applied  it  will  not  be  long  before 
a  profuse  persjjiration  is  produced  and  the  pain  will 
begin  to  subside.  The  foot-bath  should  not  last  too 
long  lest  it  reduce  the  patient's  vitality.  The  bath 
is  followed  by  a  careful  sponge-bath.  Dry  sleeping 
garments  and  bedclothes  are  substituted  for  those 
which  have  become  moistened  by  the  perspiration. 
This  adds  greatly  to  the  patient's  comfort. 

Absolute  rest  in  bed  is  one  of  the  cardinal  principles 
in  the  treatment  of  this  disease.  The  bed  itself  should 
be  comfortable  but  fairly  hard.  It  is  better  for  the 
patient   to   have  no  pillow  at  all,  but  if  a  pillow  is 


insisted  upon  it  should  be  very  thin.  The  i)atient 
should  not  be  permitted  to  lift  his  head  off  the  pillow 
for  any  purpose  whatsoever.  Bed-pans  and  urinals 
must  be  used  throughout  the  disease. 

Another  essential  is  absolute  deprivation  of  food  of 
any  sort  whatsoever  during  the  period  of  fever.  This 
is  the  so-called  "absolute"  diet.  In  the  case  of  very 
weak  people  or  puny  children  it  is  permissible  to  give 
a  little  rice  water  or  oyster  juice.  Milk  should  not 
be  given  on  account  of  the  curds  which  it  forms. 
Water  should  be  given,  either  cool  or  cold,  as  fre- 
quently as  the  patient  can  be  induced  to  take  it. 
■This  is  important,  and  if  the  patient  tires  of  one  form 
of  drink  he  should  receive  water  in  some  other  form. 
Apollinaris,  vichy,  and  White  Rock  are  all  excellent. 
If  the  patient  is  told  that  he  is  receiving  a  different 
kind  of  water,  his  curiosity  may  prompt  him  to  take 
it.  Light  lemonade,  light  fruit  juices,  and  light  alka- 
line drinks  may  be  given.  Fluids  should  not  be  given 
in  large  draughts  but  in  rather  small  quantities  oft 
repeated.  The  more  fluid  that  a  patient  can  be 
induced  to  take  the  day  round,  the  better  are  his 
chances  for  recovery. 

Careful  attention  should  be  paid  to  the  emptying  of 
the  large  bowel.  A  large  soap  and  water  enema 
should  be  given  daily  for  this  purpose.  In  those  in- 
stances in  which  there  is  scanty  urine  and  rejection 
of  fluids,  normal  salt  solution  may  be  substituted  for 
the  soap  and  water.  The  point,  however,  is  to  assist 
elimination  in  this  way.  It  is  inadvisable  to  admin- 
ister purgatives  during  the  height  of  the  disease. 

For  the  reduction  of  temperature  cold  or  tepid 
spongings  may  be  used.  When  elimination  is  also 
desired,  warm  packs  may  be  used,  the  succeeding 
perspiration  bringing  about  reduction  in  temperature. 
It  is  not  considered  wise  to  apply  ice  externally, 
except  as  an  ice-bag  to  the  epigastrium  when  the 
black  vomit  occurs.  For  high  fever  mild  antipyretics 
may  be  used.  Antipyrin  has  been  recommended  for 
this  purpose,  but  it  is  doubtful  if  it  should  be  used 
after  the  earlier  stages  of  the  disease;  certainly  it  is 
contraindicated  in  cases  with  depression  and  weak 
heart  action.  A  mixture  containing  potassium  ni- 
trate, liquor  ammoniiB  acetatis,  and  spirit  of  nitrous 
ether,  produces  diaphoresis  and  a  reduction  of  tem- 
perature in  cases  of  moderate  intensity.  In  addition, 
it  acts  as  a  diuretic,  and  in  those  cases  in  which  there 
is  an  increase  of  blood  pressure  tincture  of  veratrum 
viride  may  be  added.  Dependence  cannot  be  placed, 
however,  upon  drugs  for  harmlessly  controlling  the 
fever,  and  it  will  be  found  that  sponges  and  packs  will 
do  much  to  control  this  condition.  When  the  algid 
state  supervenes,  hot  packs,  hot-water  bottles,  and 
the  like  may  be  used. 

One  of  the  most  formidable  symptoms  is  the  sup- 
pression of  urine.  It  is  the  duty  of  the  attending 
physician  to  know  exactly  how  much  urine  is  being 
passed  by  the  patient  in  every  twenty-four  hours.  A 
careful  watch  should  be  kept  to  prevent  the  retention 
of  urine,  and  where  indicated  catheterization  should 
be  resorted  to.  The  action  of  the  kidneys  must  be 
maintained  in  every  possible  way.  The  giving  of 
large  quantities  of  water,  and  careful,  frequent,  cold 
or   tepid   sponging,    will   do   much   to   prevent   risk. 

During  the  remission,  when  the  heart's  action 
begins  to  fail  and  the  patient  is  pretty  well  worn  out 
with  the  disease,  alcoholic  stimulants  may  be  given. 
This  should  be  done  with  great  care.  Patients 
take  iced  champagne  ven,'  well  at  first — possibly  on 
account  of  its  novelty — but  they  soon  tire  of  it. 
Perhaps  as  good  a  way  of  giving  a  stimulant  is  by  the 
use  of  Scotch  whiskey  as  a  rather  weak  highball, 
ordinary  siphon  water  or  White  Rock  being  used  as 
the  diluent.  The  amount  of  whiskey  to  be  given  and 
the  frequency  with  which  it  is  to  be  repeated  will 
depend  greatly  on  the  patient's  condition.  In  the 
event  that  the  heart's  action  becomes  more  irregular 
and  feeble,  either  with  increased  irregular  action  or 
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bradycardia,  strychnine  should  be  given  hypodermic- 
jiUy.  A  good  rule  to  follow  is  the  administration  of 
one-thirtieth  of  a  grain  of  strychnine  sulphate  when- 
ever tlie  pulse  falls  below  50. 

Vomiting  is  a  serious  and  frequently  intractable 
symptom.  Many  remedies  have  been  tried,  but 
most  of  them  are  useless.  If  the  diet  is  absolute  and 
if  elimination  has  been  carefully  attended  to,  less 
trouble  is  apt  to  be  experienced.  Sometimes  it  is 
precipitated  by  the  too  early  administration  of  food. 
Around  the  fourth,  fifth,  or  sixth  day  the  patient  is 
apt  to  demand  food.  At  such  time  careful  inspection 
should  be  made  of  the  tongue  and  oral  mucous  mem- 
brane, the  rule  being  that  so  long  as  erythema  of 
these  parts  persists  no  food  should  be  given.  Lime 
water  has  a  sedative  effect,  and  assists  in  controlling 
vomiting.  Oil  of  turpentine  in  ten-drop  doses,  ad- 
ministered on  a  lump  of  sugar,  acts  very  well  and  also 
stimulates  the  action  of  the  kidneys.  In  cases  of 
vomiting  in  which  the  urine  is  becoming  scanty,  it 
has  been  suggested  that  the  hypodermic  administra- 
tion of  urea  may  exert  a  favorable  action,  as  this  is  the 
normal  stimulation  of  urinary  flow.  Sinapisms  are 
not  of  much  benefit.  Blisters  were  at  one  time  much 
used,  but  are  not  a  good  treatment. 

Many  remedies  have  been  suggested  for  the  preven- 
tion of  hemorrhage.  Finely  cracked  ice,  administered 
with  from  one-twelfth  to  one-eighth  grain  of  cocaine 
hydrochloride,  docs  good.  Calcium  chloride  should 
be  administered  for  the  purpose  of  promoting  the 
coagulation  of  the  blood.  Ergotine  may  be  given. 
As  a  local  heraostat  adrenalin  chloride  may  be  used. 
The  control  of  hemorrhage,  however,  lies  in  the 
general  care  of  the  patient  and  the  prevention,  so  far 
as  possible,  of  toxemia,  since  it  is  an  indication  of  the 
<legree  of  intoxication. 

When  feeding  is  begun,  it  should  be  with  the  ut- 
most care.  Three  or  four  drams  of  iced  milk  with  an 
ounce  of  lime  water  may  be  given  every  hour  or  tVo, 
or  the  same  amount  of  mUk  and  vichy,  equal  parts. 
This  may  be  increased  slightly,  and,  if  well  taken, 
clear  chicken  consommc^e  may  follow.  If  vomiting, 
rise  of  temperature,  or  other  untoward  symptoms 
occur,  return  should  be  immediately  made  to  absolute 
diet.  As  the  return  is  made  to  solid  foods,  the  use  of 
meats  should  be  begun  with  the  utmost  care.  Gela- 
tine may  be  used  in  its  stead,  and  in  addition  to  being 
a  proteid  sparer,  has  a  certain  amount  of  hemostatic 
iiction.  Blanc-mange,  ice-cream,  custards,  and  fresh 
juicy  fruits,  may  be  given  as  recovery  advances.  In 
a  day  or  two  these  may  be  followed  by  soft-boiled 
eggs,  soft  toast,  and  small  amounts  of  chicken. 

Sequel.e. — Yellow  fever  is,  on  the  whole,  a  kind 
disease;  it  either  kills  the  patient  with  considerable 
j)romptness  or  permits  him  to  return  to  health  with- 
out sequela-.  .\s  a  rule  recovery  takes  place  quickly 
Jind  the  patient  regains  the  weight  and  strength  which 
he  has  lost.  The  patient  feels  much  stronger  than  he 
really  is,  and  so  long  as  he  is  sitting  or  lying  still  has 
;i  sensation  that  there  is  no  act  of  physical  strength 
Avhich  he  could  not  do,  but  upon  attempting  to  move 
about  he  finds  that  he  is  breathless."  This  is  due  to 
myocardial  changes.  In  a  small  number  of  cases 
recovery  is  followed  by  a  period  of  weakness,  which 
may  persist  for  six  weeks  or  two  months.  This  is 
usually  the  result  of  alterations  in  the  heart  muscle. 
Jaundice  may  i^ersist  for  a  time,  but,  as  a  rule,  the 
period  of  convalescence  is  brief  and  not  marked  by 
any  symptoms  requiring  other  than  the  ordinary  good 
nursing  and  alimentation. 

Prophylaxis. — Three  things  are  necessary  for  an 
epidemic  of  yellow  fever:  (1)  the  parasite  of  yellow 
fever;  (2)  the  Aiidcs;  (3)  a  non-immune  population. 
If  this  chain  is  broken  at  any  point  the  results  will 
be  modified.  If  any  one  of  these  three  factors  is 
lacking  the  disease  is  also  lacking,  since  there  is  no 
evidence  of  a  perpetuating  reservoir  for  yellow  fever 
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other  than  man  and  the  mosquito.  The  disease  dies 
out  naturally  in  those  situations  in  which  there  is  a 
large  immune  population,  because  the  parasite  can- 
not be  propagated  from  mosquito  to  mosquito  but 
must  undergo  what  is  evidently  a  developmental 
stage  in  the  body  of  man.  It  has  been  assumed  in 
the  past  that  the  disease  is  kept  alive  in  endemic  foci 
by  the  occurrence  of  the  disease  in  children,  but  it  is 
evident  that  children  cannot  possibly  be  born  fast 
enough  in  any  community  to  perpetuate  the  dis- 
ease. In  addition,  it  should  be  borne  in  mind  that 
children  do  not,  as  a  rule,  travel  very  far  from  home — 
certainly  not  when  they  are  sick.  Therefore,  the 
likelihood  of  their  infecting  mosquitos  is  much  less- 
ened, and  in  an  immune  adult  population  there  are 
no  non-immune  persons  to  infect  the  mosquitos  in 
immediate  contiguity  with  the  children.  Therefore 
in  order  that  yellow  fever  may  be  endemic  in  a  given 
locality,  it  is  necessary  that  there  be  a  continuous 
flow  of  non-immune  material  into  that  place.  It  has 
been  found  that  in  situations  in  which  yellow  fever 
has  formerly  been  endemic  when  immigration  ceases 
the  disease  also  ceases.  Such,  for  example,  was  the 
case  during  the  blockade  of  New  Orleans  by  General 
Butler  at  the  time  of  the  Civil  War.  It  is  true  that 
General  Butler  directed  certain  measures  toward 
increased  cleanliness,  but  since  these  were  not  focused 
on  mosquito  destruction  they  probably  played  a  very 
small  part  in  eradicating  yellow  fever.  But  the 
blockade,  which  was  rigidly  enforced,  prevented  the 
introduction  of  non-immunes,  as  well  as  of  infected 
individuals  in  the  infection  stage  of  yellow  fever,  and 
hence  the  disease  died  out  for  want  of  infectible  and 
infectious  material. 

Community  Prophylaxis. — The  method  of  election 
is  the  control  of  the  insect  host,  it  being  borne  in  mind 
that  the  Acdes  is  a  domestic  mosc)uito,  found  only  in 
and  about  the  habitations  of  man,  breeding  by  jircfcr- 
ence  in  artificial  containers,  generally  living  and  dying 
not  far  away  from  where  she  was  born,  and  distributed 
in  a  fairly  well-defined  infectible  territory.  It  is 
manifestly  true  that  if  all  Aedes  in  a  given  conmiunity 
could  be  killed  off  and  if  the  re-introduction  of  this 
insect  could  be  prevented,  yellow  fever  could  not 
exist.  Unfortunately,  this  is  not  practicable.  The 
absolute  control  of  the  human  host  alone  would 
prevent  the  occurrence  of  the  disease,  because  if 
travel  from  infected  places  be  controlled  the  disease 
cannot  be  introduced,  and  should  such  control  not 
be  absolute  and  the  disease  be  introduced,  it  would 
still  be  possible  to  diagnose  the  disease  as  soon  as  it 
appears  and  to  isolate  the  sufferer  from  mosquitos, 
it  being  borne  in  mind  that  human  beings  can  infect 
mosquitos  only  during  the  first  three  or  four  days  of 
the  disease.  This  method  alone,  however,  cannot 
be  relied  on  absolutely.  Therefore,  the  wise  method  of 
procedure  is  a  combination  of  the  control  of  the 
mosquito  host  on  the  one  hand  and  the  control  of 
the  human  host  on  the  other. 

It  is  necessary,  first  of  all,  that  the  disease  be  pre- 
vented from  gaining  entrance  into  the  community; 
for  this  purpose  maritime  and  overland  quarantines 
are  essentials.  The  fact  that  no  case  of  yellow  fever 
has  occurred  in  the  United  States  since  it  was  eradi- 
cated bj^  White  in  New  Orleans  in  1905,  is  an  evidence 
of  the  efficiency  of  the  quarantine  service  of  the 
United  States. 

The  maritime  quarantine  regulations  on  this  sub- 
ject may  be  briefly  summarized.  For  the  purpose  of 
these  regulations  six  days  is  considered  as  the  period 
of  incubation  in  yellow  fever.  A  vessel  aboard  which 
a  case  of  yellow  fever  has  occurred  at  any  time  during 
the  voyage  is  treated  as  follows: 

(a)  Careful  visual  and  thermometer  inspection  of 
all  persons. 

(6)  Immediate  disembarkation  of  the  sick,  their 
isolation  and  protection  against  the  access  of  the 
aedes. 
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(c)  Disembarkation  of  other  persons,  who  are  placed 
under  an  observation  period  of  six  days  from  the  day 
of  last  possible  exposure.  Such  persons  presenting 
an  elevation  of  temperature  above  37.G°  C.  (99.7°  F) 
are  isolated  in  a  screened  compartment. 

{d)  The  mooring  of  the  vessel  at  least  200  meters 
from  the  inhabited  shore. 

(/)  The  fumigation  of  the  ship  for  the  destruction  of 
mosquitos,  if  possible,  before  the  discharge  of  cargo. 
If  fumigation  be  not  possible  before  the  discharge  of 
cargo,  sucli  discharge  is  permitted  under  the  super- 
vision of  tlie  quarantine  officer — if  practicable,  only 
immune  persons  being  employed  for  such  discharge. 
If  non-immunes  be  employed  they  are  kept  under  ob- 
servation during  the  discharge  of  cargo  and  for  six 
days  from  the  last  day  of  exposure  on  board. 

Vessels  which  have  lain  in  such  proximity  to  the 
shore  of  a  port  infected  or  suspected  as  to  render  them 
liable  to  the  access  of  the  acdes  are  treated  in  the  same 
way. 

Vessels  arriving  at  southern  ports  which,  although 
coming  from  infected  or  suspected  ports,  have  had 
neither  death  nor  case  of  yellow  fever  on  board, 
either  before  departure,  during  the  voyage,  or  at  the 
time  of  arrival,  and  which  the  ciuarantine  officer  is 
s.atisfied  has  not  lain  in  such  proximity  to  the  shore 
as  to  render  it  liable  to  the  access  of  the  Aedes,  or 
which  has  been  fumig.ated  under  the  supervision  of 
an  accredited  medical  officer  of  the  United  States 
immediately  before  sailing,  may,  upon  arrival  at  a 
port  of  destination  in  the  United  States  with  good 
sanitary  history  and  in  good  condition,  be  subjected 
to  the  following  treatment: 

(a)  If  arriving  in  six  days  or  less,  she  may  be  ad- 
mitted to  pratique,  with  or  without  fumigation,  in 
the  discretion  of  the  quarantine  officer,  and  without 
further  detention  than  is  necessary  to  complete  six  days. 

(6)  If  arriving  after  six  days  and  within  twelve 
days,  she  may  be  immediately  fumigated  and  admitted 
without  detention. 

(<;)  If  arriving  after  a  longer  voyage  than  twelve 
days,  she  shall  be  treated  as  required  by:  (1)  Careful 
visual  and  thermometer  inspection  of  all  persons. 
(2)  Other  persons  should  be  disembarked,  if  possible, 
and  subjected  to  an  observation  of  six  days,  dating 
from  the  day  of  last  possible  exposure.  (3j  The  ship 
shall  be  fumigated  for  the  destruction  of  mosquitos 
before  the  discharge  of  cargo,  if  possible.  If  a  fumi- 
g.ation  be  not  possible  before  the  discharge  of  the 
cargo,  the  discharge  of  cargo  shall  be  under  the  super- 
vision of  Ihe  quarantine  officer,  and  may  be  per- 
mitted as  follows:  by  (a)  the  employment  of  immune 
persons  for  discharging  the  cargo;  or  (b)  if  non-im- 
munes be  employed,  they  shall  be  kept  under  observa- 
tion during  the  discharging  of  cargo  and  for  six  days, 
to  date  from  the  last  day  of  exposure  on  board. 

A  vessel  in  this  class  is  one  aboard  which  there  are 
no  infected  Aedes  and  no  persons  infective  to  Acdcs 
— that  is,  sick  of  yellow  fever.  It  may  have  aboard 
uninfected  Aedes,  which  have  bred  aboard  or  been 
carried  aboard  from  some  previous  port,  and  persons 
in  the  incubative  period  of  yellow  fever. 

If  a  case  of  yellow  fever  develops  and  infects 
the  Aedes  aboard,  the  musquitos  must  be  de- 
stroyed before  granting  pratique,  but  as  such 
insects  have  not  been  found  capable  of  conveying 
yellow  fever  until  twelve  days  have  elapsed  after 
biting  one  sick  of  yellow  fever,  the  personnel  of  the 
vessel  will  not  be  exposed  to  infection  until  then  and 
can  be  landed  with  safety  prior  to  this  time.  Twelve 
days  is  the  minimum  time  observed,  one  case  only, 
for  the  incubation  in  the  mosquito — the  extrinsic 
incubation  of  yellow  fever. 

If  the  vessel  should  have  been  in  transit  for  a  con- 
siderable number  of  days  it  is  obvious  that  a  case  of 
yellow  fever  may  have  occurred  and  recovered,  leav- 
ing the  vessel  infected  and  not  affording  any  oppor- 
tunity to  the  quarantine  officer  to  determine  same. 


Traffic  without  detention  may  be  allowed  during 
the  close  quarantine  season,  from  ports  infected  or 
suspected  of  infection  with  yellow  fever  to  ports 
in  the  United  States  south  of  the  southern  boundary 
of  Maryland  under  the  following  conditions: 

(a)  The  vessel  must  lie  at  approved  moorings  in  the 
open  harbor;  the  crew  must  not  be  allowed  ashore  at 
the  port  of  departure.  Every  possible  precaution 
iTiust  be  taken  to  prevent  the  ingress  of  stegomyia 
mosquitos  and  their  access  to  the  crew. 

(6)  All  passengers  and  the  officer  who  must  go 
ashore  to  enter  his  vessel  must  be  immune  to  yellow 
fever,  or  must  have  been  free  from  possible  exposure 
to  yellow  fever  for  six  days  immediately  prior  to 
embarking. 

(c)  All  the  above  conditions  to*  be  certified  to 
.specifically  by  an  accredited  medical  officer  of  the 
United  States. 

All  persons  who  can  prove  their  immunity  to  yellow 
fever,  to  the  satisfaction  of  the  health  authorities, 
or  who  have  not  been  exposed  to  possible  infection 
f)f  yellow  fever,  may  be  permitted  to  land  at  once. 
The  evidence  of  immunity  which  may  be  accepted 
by  the  sanitary  inspector  is:  First,  proof  of  previous 
attack  of  yellow  fever;  second,  proof  of  continued 
residence  in  an  endemic  focus  of  yellow  fever  for  ten 
years. 

For  the  destruction  of  mosquitos  there  shall  be  a 
complete  and  simultaneous  fumigation  of  all  parts  of 
the  vessel  by  sulphur  dioxide  gas,  two  jier  cent,  volume 
gas,  two  hours'  exposure.  Where  sulphur  is  liable 
to  injure  articles,  pyrethrum  powder,  campho-phenol, 
or  other  approved  culicide  may  be  used  instead. 

The  Eradication  of  Yellow  Fever. — For  the 
purpose  of  outlining  eradicative  measures,  the  epidemi- 
ology of  yellow  fever  may  be  reduced  to  three 
postulates,  on  which  rests  the  entire  plan  of  the  yel- 
low fever  campaign:  (1)  yellow  fever  is  transmitted 
only  by  the  Aedes  (Stegomyia)  calopns;  (2)  this  mos- 
quito is  infected  only  by  biting  a  yellow  fever  p.atient 
in  the  first  three  days  of  the  disease;  (3)  a  mosquito 
so  infected  cannot  transmit  the  infection  until  a  period 
of  from  twelve  to  twenty  days,  usually  fourteen,  has 
elapsed. 

Objects  of  the  Campaign. — Reasoning  from  these 
premises,  the  fundamental  objects  of  the  campaign 
are:  (1)  prevent  the  breeding  of  the  Aedes  {Stego»iyia) 
calopus;  (2)  locate  all  persons  sick  of  yellow  fever  or 
suspicious  fever  as  early  as  possible  in  the  disease; 
(3)  prevent  Aedes  (Stegomyia)  calnpus  from  biting 
them  and  becoming  infected;  (4)  destroy  all  infected 
Aedes  (Stegomyia)  calopus. 

While  the  principles  underlying  the  extermination 
of  }'ellow  fever  are  always  the  same,  the  plan  of  cam- 
paign will  vary  with  local  conditions;  the  area  of  the 
infected  territory,  whether  it  be  urban,  suburban,  or 
rural;  the  degree  of  cooperation  on  the  part  of  the 
State  and  local  health  authorities,  and  the  attitude 
of  the  citizens  of  the  infected  and  adjacent  States. 
If  the  infection  be  localized,  sanitary  operations  may 
be  vested  in  a  single  person  who  is  responsible  for  the 
administration  of  tlie  entire  campaign.  On  the  other 
hand,  if  the  infection  is  widespread,  or  if  there  is 
great  danger  of  it  so  becoming,  it  may  expedite  mat- 
ters to  have  the  work  divided  among  several,  each  of 
whom  controls  a  certain  territory  or  phase  of  the  work. 

It  is  necessary  that  there  be  an  accurate  plan  of 
campaign  in  order  that  each  person  may  know  exactly 
what  he  is  to  perform  and  the  manner  in  which  he  is 
to  perform  it.  For  this  purpose  the  person  who  is 
responsible  for  the  work  in  hand  should  first  of  all 
determine  exjictly  his  authority  both  as  regards  the 
local  and  the  State  authorities.  Having  done  this, 
he  selects  his  headquarters  in  a  convenient  location 
and  establishes  therein  an  office  force.  The  office 
should  have  ample  telephone  and  telegraph  communi- 
cation, it  being  borne  in  mind  that  one  of  the  objects 
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of  yellow  fever  cam|)iiigns  is  to  accomplish  accurately 
and  without  loss  of  time  the  work  in  hand.  The  ex- 
tent of  a  yellow  fever  infection  will  depend  upon  the 
length  of  time  which  has  elapsed  between  its  discovery 
and  the  institution  of  active  eradicative  measures, 
the  thoroughness  with  which  these  are  applied,  and 
the  ])revention  or  the  introduction  of  new-  infection, 
or  the  i>revention  of  the  spread  of  infection  into  new 
localities.  As  a  rule,  an  executive  officer  should  be 
appointed  by  the  commanding  officer.  This  officer 
contlucts  the  executive  division,  is  in  control  of  the 
office  force,  prepares  all  letters  and  orders  requiring 
the  coniniandiiig  officer's  signature,  and,  in  general, 
handles  all  of  the  details  connected  with  the  strictly 
business  end  of  the  work.  One  of  his  most  important 
duties  is  the  emi^loyment  of  the  men  for  the  field 
force.  As  a  rule  aii  ei)idemic  of  yellow  fever-  will 
throw  many  persons  out  of  employment;  therefore  it 
is  possible  to  choose  carefully  the  men  who  are  to  be 
employed.  It  is  wisest  to  have  the  employment 
entirely  in  the  hands  of  one  person.  In  every  in- 
stance it  should  be  entirely  free  from  politics.  Great 
care  should  be  exercised  to  exclude  from  the  force  the 
physically  unfit  and  anj'  persons  who  by  reason  of 
their  habits  w-ould  not  be  able  to  render  efficient 
service.  Alcoholics,  drug  addicts,  vagrants,  the 
aged,  should  all  be  excluded. 

The  men  employed  should  be  divided  into  differ- 
ent classes.  The  first  of  these  are  inspectors.  Bright, 
young  clerks  are  best  for  this  work.  For  foremen  in 
the  field  force  men  should  be  selected  who  have  some 
experience  in  handling  small  bodies  of  men  and  at 
the  same  time  have  learned  how  to  get  on  with  the 
general  public.  Street  car  conductors  and  motormen 
are  esjjccially  desirable  for  this  work.  Soldiers  and 
sailors  having  "excellent"  discharges  make  good 
employees.  It  is  not  necessary  to  employ  immunes 
exclusively.  In  a  badly  infected  ward  during  the 
New  Orleans  fever  epidemic  of  1905,  in  a  sanitary 
company  averaging  100  men  only  tw-o  cases  of  yellow 
fever  developed.  The  source  of  infection  in  these 
two  cases  was  traced  to  the  residence  of  the  men,  in 
all  probability  the  infection  not  being  contracted  by 
their  occupation. 

Under  the  direction  of  the  executive  officer  there 
should  be  a  division  of  disbursements  which  receives 
all  moneys  and  makes  payments  upon  properly  cer- 
tified payrolls  and  bills.  The  division  of  statistics 
receives  all  reports  of  cases  and  tabulates  them. 
Information  is  received  from  the  following  sources: 
Private  physicians,  the  local  board  of  health  (in  most 
States  the  law  requires  immediate  notification  to  this 
body  of  all  yellow  fever  cases),  the  wards,  hospitals 
(private  and  public),  the  police,  and  the  general  public, 
rumors,  etc.  In  a  large  city,  it  has  been  found  a  good 
plan  for  the  ward  headquarters  to  call  up  the  division 
of  statistics  every  hour  and  report  any  cases  which  the 
ward  may  have  found.  At  the  same  time,  the  division 
of  statistics  reports  to  the  ward  any  cases  in  its  terri- 
tory of  which  the  division  may  have  had  reports  from 
other  sources,  requests  for  fumigation,  rumors,  etc. 
One  or  two  clerks  are  necessary  for  this  purpose  alone. 
A  record  should  be  kept  of  all  such  telephonic  mes- 
sages received  or  transmitted.  As  soon  as  a  report  of  a 
case  is  received,  the  facts  concerning  it  are  entered  on 
a  blank  provided  for  the  purpose  and  the  time  of  re- 
ceipt noted  thereon.  If  the  report  is  not  full  or  seems 
inaccurate,  nothing  more  is  done  to  it  until  the  ward 
has  investigated  it.  The  time  that  the  case  is  reported 
to  the  ward  is  noted  on  this  report.  Having  secured 
a  complete  report  on  the  case,  it  is  entered  in  the  card 
index.  This  should  be  a  cross  index,  tabulated  bv  the 
name  of  the  patient,  the  street  and  number,  and  the 
attending  physician.  There  are  separate  files  for  each 
of  these,  both  by  suspicious  and  positive  cases.  Also 
there  is  another  file  for  the  cases  treated  in  the  yellow 
fever  hospital,  another  for  deaths,  and  still  another  for 
deaths  in  hospitals,  arranged  by  street  of  origin.     This 
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card  system  is  especially  valuable.  It  is  more  expen- 
sive than  books,  but  this  is  offset  by  compactness, 
ease  of  filing,  and  rapidity  and  accuracy  of  reference. 
In  order  to  prevent  error  on  account  of  the  different 
spellings  which  inspectors  may  give  to  foreign  or 
unusual  names,  the  elaborate  cross-index  system  is 
absolutely  necessary. 

At  the  end  of  each  day  a  complete  list  of  the  cases 
discovered  that  day  is  made  out.  This  should  show 
the  name  and  address  of  every  positive  or  suspicious 
case,  the  physician  attending,  the  name  and  address  of 
all  persons  dying  of  yellow  fever,  and  the  name  of  the 
undertaker. 

This  complete  report  is  mimeographed  and  copies 
of  it  are  sent  to  every  ward  commander.  The  division 
of  statistics  also  compiles  a  report  for  the  commanding 
officer  to  issue  to  the  press  if  he  so  wishes.  This 
should  include  new  cases,  deaths,  new  foci,  total  cases, 
total  deaths,  cases  under  treatment,  and  news  items 
of  general  interest.  It  is  a  good  idea  for  this  division 
also  to  maintain  a  large  map  on  which  the  progress  of 
the  epidemic  is  noted  by  coloring  each  sc|uare  in  which 
a  case  of  yellow  fever  occurs.  Pushpins  having 
colored  heads  serve  the  same  purpose.  A  distinctive 
color  should  be  used  for  each  month. 

Purveying  Depot. — The  purveying  depot  should  be 
centrally  located  and  should  present  good  office  room 
and  adequate  storage  facilities.  If  possible,  it 
should  be  so  arranged  that  the  storerooms  have  several 
exits  in  order  that  two  or  more  wagons  may  be  loaded 
at  once.  The  management  of  this  division  requires 
keen  judgment  and  especially  good  business  training. 

In  the  warehouse  one  storekeeper  and  two  assistants 
should  be  kept.  Two  wagons  and  drivers  should  also 
be  hired.  An  automobile  truck,  if  available,  will 
save  both  time  and  money. 

At  the  beginning  of  the  campaign,  proposals  should 
be  secured  for  the  various  materials  required  for  the 
campaign.  In  this  way  a  price  if  fixed  before  the 
supply  has  been  cornered.  Whenever  it  can  be  done 
without  extra  expense,  an  arrangement  should  be 
made  to  have  goods  delivered  in  small  lots  as  required. 
This  does  away  with  the  necessity  of  keeping  a  large 
stock  on  hand,  and  prevents  overloading  with  supplies 
or  great  loss  in  case  of  fire.  All  goods  should  be  in- 
spected immediately  on  delivery,  and  those  not  up  to 
standard  rejected.  Great  care  should  be  taken  in 
looking  over  wire  screening.  For  this  purpose  a 
small  magnifying  glass  having  an  aperture  at  the 
focal  point  exactly  one  inch  square  should  be  secured. 
With  it  the  meshes  in  the  wire  netting  can  be  counted 
and  the  exact  number  per  inch  determined.  Those 
falling  below  eighteen  to  the  square  inch  should  be 
refused. 

Requisitions. — Wards  requiring  supplies  make  out 
requisitions  in  duplicate.  One  is  retained  by  the  ward 
and  the  other  forwarded  to  the  purveying  depot.  If 
the  ward  can  supply  a  wagon  for  the  delivery  of  the 
goods,  it  should  be  encouraged  to  do  so.  This  facili- 
tates rapid  delivery  of  supplies  and  does  away  with 
the  necessity  of  a  large  wagon  force  for  the  purveying 
depot  and  consequently  results  in  a  large  saving  of 
money.  After  the  requisition  has  been  filled  it  is 
field  in  an  envelope  file  until  the  end  of  the  calendar 
month,  when  it  is  transferred  to  a  drawer  set  aside  for 
the  business  of  the  ward  ordering  the  supplies. 
Receipts  are  signed  in  triplicate  by  the  ward  com- 
mander. One  copy  is  retained  for  his  files,  one  given 
to  the  driver  delivering  the  goods,  and  the  other  re- 
turned to  the  purveying  division.  Receipts  are  filed 
with  the  filled  requisitions.  Record  should  be  kept  of 
all  goods  requisitioned  for  by  telephone  and  written 
requisitions  obtained  afterward.  No  goods  sliould 
be  delivered  without  receipts  being  taken.  A  card 
index  of  all  goods  ordered  from  contractors  is 
maintained. 

A  double-entry  set  of  books  should  be  maintained 
and  all  running  accounts  settled  monthly.     Bill  forms 
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should  be  the  same  as  those  used  by  the  other  divi- 
sions. The  management  of  the  purveying  depot  is 
essentially  a  business  proposition  and  should  be  run 
as  such.  Unless  accounts  are  kept  carefully,  goods 
issued  only  on  requisition  and  receipts  taken  therefor, 
things  get  into  a  tangle  which  may  reflect  on  the 
honesty  of  the  officer  having  charge  of  the  work. 

Division  0}  Train  Inspcclion. — -The  division  of  train 
inspection  has  charge  of  all  traffic  arrangements, 
both  freight  and  passenger.  Freight  of  all  kinds, 
except  bananas  and  other  fruit  liable  to  harbor 
Aedes  {Stegomyia)  calopus,  may  freely  leave  infected 
districts,  providing  the  cars  are  thoroughly  fumigated 
prior  to  loading  and  due  care  is  observed  that  mos- 
quitos  are  not  included  in  the  freight  to  be  shipped. 
Cars  should  be  made  smoke-proof  and  exposed  to  two 
per  cent,  sulphur  dioxide  gas  for  two  hours  and  then 
sealed.  Each  car  should  bear  a  placard  showing  date 
of  fumigation.  Not  more  than  twenty-four  hours 
should  elapse  between  fumigation  and  loading. 
Pullman  sleeping  cars  leaving  infected  centers  should 
be  screened,  and  fumigated  at  the  end  of  each  run. 
As  sulphur  is  liable  to  do  serious  injury  to  the  plush 
and  other  fabrics  of  these  cars,  camphor-phenol  or 
pyrethrum  may  be  used  in  their  fumigation.  Care 
should  be  taken  that  mosquitos  are  not  taken  from 
these  cars  in  soiled  bedding. 

The  name  and  address  of  all  persons  entering  in- 
fected cities  should  be  taken  by  inspectors  and  for 
tive  days  thereafter  they  should  be  inspected  at  their 
place  of  residence  by  the  inspectors  of  the  ward  in 
which  they  live.  This  prevents  the  introduction  of 
fresh  yellow  fever  cases  into  the  infected  city. 

Persons  leaving  the  infected  city  should  obtain  a 
certificate  from  the  division  of  train  inspection  show- 
ing that  they  have  not  been  exposed  to  infection  for 
the  past  six  days.  To  render  the  certificate  non- 
transferable, the  thumb-mark  system  is  especially 
valuable. 

Dclvntion  Camps. — By  using  detention  camps,  free 
migration  from  infected  cities  may  be  allowed;  in 
fact,  when  a  certain  proportion  of  the  population 
becomes  panicky  it  is  much  better  that  they  leave. 
They  are  simply  a  hindrance  to  sanitary  measures 
and  infect  with  fear  the  remaining  population,  who 
might  otherwise  retain  their  self-possession  and  be 
of  assistance  to  the  sanitary  authorities.  The  objects 
of  detention  camps  are  twofold:  First,  to  provide  a 
means  of  egress  for  non-immunes  from  a  locality  in- 
fected with  yellow  fever,  and  thus  reduce  the  sources 
of  continued  propagation  of  the  disease;  and,  second, 
to  hold  such  persons  under  observation  for  a  limited 
period  with  frequent  daily  inspections  as  to  fhcir 
physical  condition,  so  as  to  prepare  them  to  proceed 
to  their  destination  uninfected,  whether  that  place 
be  infectible  or  non-infectible.  Detention  camps  to 
be  effective  must  be  as  easy  of  access  and  as  com- 
fortable as  existing  conditions  will  possibly  permit. 
Every  additional  facUity  and  comfort  accorded  the 
detained  lessens  by  so  much  the  probability  of  their 
attempting  illicit  exit.  To  this  end,  such  camps 
should  be  located  on  the  main  line  of  a  railroad  at  a 
suitable  distance  from  the  infecterl  locality.  The 
selection  of  a  camp  site  and  the  sanitary  administra- 
tion of  it  are  the  same  as  govern  that  of  any  military 
camp.  The  location  should  be  as  free  as  possible 
from  the  Stegomyia  (Aciles)  calopus.  It  should  bo 
clean,  dry,  with  well-drained  soil  and  an  abundant 
supply  of  potable  water.  The  camp  buildings  should 
be  comfortable  and  easily  fumigated.  If  buildings 
are  constructed,  the  layout  should  be  in  the  form  of 
a  hollow  square,  and  should  include  an  administra- 
tion building,  cookhouses,  dining  rooms,  a  trunk  room, 
a  small  hospital  with  an  attached  disinfection  room, 
officers'  quarters,  and  living  apartments  for  the  de- 
tained. Different  races  should  be  segregated.  Single 
women  should  be  placed  under  the  care  of  some  of 
the  married  members  of  their  sex.     Ample  telegraohic 


and  telephonic  communication  should  be  established. 
The  entire  camp  should  be  inclosed  in  a  wire  fence 
ten  feet  high,  surmounted  by  barbed  wire.  A  patrol 
of  guards  is  maintained  outside  the  fence. 

Tents  are  not  as  good  as  wooden  buildings,  but  if 
they  are  used  they  should  be  constructed  of  khaki- 
brown  cotton  and  placed  on  wooden  platforms.  The 
tents  should  be  properly  screened  and  bed  nets  should 
be  used.  Latrines  should  be  built  over  trenches  on 
the  outskirts  of  the  camp  at  the  greatest  possible 
distance  from  the  cookhouses  and  dining  rooms. 
Excrement  incinerators  are  better  than  latrines. 
They  are  not  expensive  and  if  properly  managed  are 
very  efficient.  They  should  be  screened,  as  should 
also  the  latrine  houses.  They  should  be  ea.sily  acces- 
sible to  the  guards.  Latrines  should  be  limed  every 
hour  of  daylight  and  inspected  twice  daily  by  the 
officer  of  the  day.  A  simple  garbage  destructor 
should  be  built  and  all  garbage  burned  therein. 
When  practicable  the  camp  should  be  lighted  by  elec- 
tricity. A  roster  of  the  detained  should  be  kept. 
Their  temperature  should  be  taken  twice  daily  and 
noted  in  a  book  kept  for  the  purpose.  After  six 
days'  detention,  those  discharged  should  be  pro- 
vided with  a  certificate  showing  their  condition  at  the 
time  of  discharge.  To  relieve  the  tedium  of  camp 
life,  games  and  athletic  sports  should  be  organized. 
Frequent  informal  talks  should  be  given  on  the  trans- 
mission of  yellow  fever.  These  should  be  illustrated 
by  a  stereopticon  if  po.ssible,  but  if  this  is  not  practic- 
able, pictures  or  drawings  may  be  passed  from  hand 
to  hand,  thus  serving  to  fix  the  lecture  in  the  minds 
of  the  hearers  and  to  explain  it  more  fully.  The 
camp  thus  becomes  a  center  of  education  and  aids 
very  materially  in  the  dissemination  of  the  mosquito 
doctrine. 

Isolation  Hospital. — In  infected  cities  and  towns,  it 
is  frequently  necessary  to  establish  a  hospital  for  the 
treatment  of  yellow  fever  cases  which  cannot,  for 
some  reason  or  other,  be  eared  for  in  their  own  homes. 
Aside  from  the  slight  modifications  which  the  mosquito 
dogma  imposes,  the  general  plan  of  such  a  hospital 
does  not  materially  differ  from  one  for  the  treatment 
of  ordinary  ailments.  Special  attention  should  be 
paid  to  ventilation  and  lighting  and  a  building  chosen 
clo.se  to  the  center  of  greatest  infection,  in  order  that 
patients  may  be  moved  thereto  with  the  least  possible 
injury.  Patients  should  be  transferred  in  a  care- 
fully screened  ambulance.  The  hospital  should  be 
liberallj^  supplied  with  noiseless  electric  fans  and 
made  as  comfortable  as  circumstances  will  allow. 
"Dark  and  somber  surroundings  depress  and  agitate 
by  frightening  the  sick,  while  well-lighted,  clean,  and 
cheerful  wards,  by  giving  a  sense  of  interest  and  care 
in  all  things,  produce  an  effect  of  security  and  tran- 
cjuility  of  the  greatest  importance  in  the  manage- 
ment and  treatment  of  yellow  fever."  Wards,  there- 
fore, should  be  light  and  airy,  but  no  color  should  be 
used  in  tinting  the  walls  or  window  shades  that  will 
prevent  the  easj'  recognition  of  jaundice.  Eighteen- 
niesh  wire  screening  should  cover  all  windows,  ven- 
tilation ports,  and  other  places  through  which 
mosquitos  might  find  ingress  or  egress.  To  make  as- 
surance doubly  sure,  mosciuito  bars  should  cover  each 
bed.  In  addition  to  fine  wire  screening,  windows 
should  be  covered  with  strong  half-inch  wire  netting. 
This  prevents  injury  fo  the  finer  netting  and  is  far 
preferable  to  iron  bars  in  preventing  patients  from 
jumping  through  the  windows  in  their  delirium,  as  it 
does  not  produce  the  depressing  feeling  of  forcible 
restraint.  It  is  better  to  have  only  one  door  leading 
to  the  open  air.  This  should  be  protected  by  a  long 
storm  shed,  having  at  least  two  screen  doors  and 
several  strong  electric  fans  blowing  outward.  Small 
wards  are  preferable.  As  the  emotional  element 
plays  such  an  important  role  in  the  disease,  every 
effort  should  be  made  to  shield  patients  from  the 
horrors  incident  to  very  severe  cases  by  having  small 

535 


r 


Yelli>«  Kcvcr 


REFERENCE   HANDBOOK   OF   THE    MEDIC.\L   SCIENCES 


rooms  off  tlie  wards  in  which  very  delirious  or  dying 
patients  mav  be  placed. 

The  hospital  should  at  all  times  be  open  to  tlie  pro- 
fession and  their  visits  welcomed  and  encouraged. 
Friends  and  relatives  should  be  allowed  to  see  patients, 
whose  condition  permits,  during  visiting  hours,  not 
only  for  the  consolation  they  may  give  or  receive  but 
because  this  is  one  of  the  best  demonstrations  we  can 
give  of  our  absolute  confidence  in  the  mosquito  doc- 
trine. During  the  New  Orleans  epidemic  of  190.5, 
several  thousand  non-immune  persons  visited  the 
hospital  without  a  single  case  developing  which  was 
there  contracted. 

Laundry  may  be  sent  out  without  fear,  provided  it  is 
first  inspected  to  make  sure  that  it  holds  no  mos- 
quitos.  There  is  no  reason  for  employing  immunes 
exclusively  as  nurses  and  attendants.  On  account  of 
tiie  constant  attention  wliich  yellow  fever  patients 
require  and  the  great  importance  of  good  nursing  in 
the  treatment,  more  nurses  should  be  supplied  than  is 
the  rule  in  ordinary  diseases.  The  ratio  should  not  be 
greater  tlian  four  patients  to  each  nurse.  On  ac- 
count of  the  valuable  opportunities  for  studying  the 
disease,  the  hospital  should  be  supplied  with  a  good 
laboratory  and  necropsy  room,  and  careful  clinical 
histories  kept  of  all  cases.  Physicians  who  are  not 
familiar  with  the  postmortem  aspects  of  yellow  fever 
should  be  encouraged  to  attend  the  autopsies.  In  a 
.•similar  way,  they  should  see  as  many  cases  in  hospital 
as  possible,  in  order  that  they  may  have  a  first-hand 
knowledge  of  the  disease  which  will  enable  them  to 
diagnose  doubtful  cases. 

The  Wardx. — The  city  should  be  divided  into  wards 
and  an  oflicer  jjlacedin  charge  of  each.  He  first 
locates  his  headciuarters  in  a  central  and  easily  acces- 
sible part  of  his  ward,  choosing,  if  possible,  a  building 
with  a  good-sized  storeroom,  and  sets  about  hiring 
his  office  and  field  force.  The  number  of  these  will 
vary  with  the  size  of  the  ward  and  the  distribution 
of  the  infection  therein.  It  should  be  kept  at  the 
minimum  compatible  with  the  prompt  and  rapid 
execution  of  the  work  in  hand. 

The  office  must  be  furnished.  This  should  be  done 
very  cheaply.  Besides  desks  for  the  ward  commander 
and"  the  office  force,  there  should  be  one  or  two  set 
aside  for  foremen.  Requisition  should  also  be  made 
for  stationery  and  blanks,  and  a  typewriter  rented. 
A  telephone  "should  be  installed  at  once.  The  office 
should  be  arranged  so  that  there  is  a  private  room  in 
which  the  ward  commander  may  receive  physicians 
or  citizens  who  may  wish  to  make  reports  or  com- 
plaints. Everyone  "must  be  treated  with  the  utmost 
courtesy  and  tact  and  the  idea  impressed  upon  them 
that  the  sanitary  forces  are  there  for  the  purpose  of 
assisting  them  with  as  little  annoyance  as  possible. 
It  is  important  to  secure,  if  possible,  the  hearty  co- 
operation of  all  householders,  and  every  complaint, 
no  matter  how  trivial,  demands  courteous  attention. 

In  doing  a  large  amount  of  fumigation,  a  certain 
amount  of  injury  to  property  is  inevitable.  This 
must  bo  reduced  to  the  minimum  by  the  use  of  anhy- 
drous sulphur  dioxide,  camphor-phenol,  orpyrethrum, 
whicliever  one  is  indicated,  in  the  most  careful  manner. 
All  claims  for  damages  so  incurred  should  be  received 
and  forwarded  to  the  commanding  officer  with  a  full 
.statement  of  the  case,  and  his  decision  reported  to  the 
complainant.  A  small  fund  should,  if  possible,  be 
set  aside  by  the  commanding  officer  from  the  yellow 
fever  fund  for  the  settlement  of  these  claims. 

If  the  ward  is  a  particularly  lawless  one,  it  is  ad- 
visable to  rccjuest  the  chief  of  police  to  attach  one  or 
two  policemen  to  the  ward  headquarters.  They  are 
very  rarely  needed  to  make  arrests,  but  their  mere 
presence  exercises  a  strong  moral  influence  on  the 
recalcitrant  citizen. 

In  the  office,  all  clerical  work  must  be  done  in  an 
orderly  manner.  Copies  must  be  kept  of  all  letters 
sent  or  received,  of  requisitions,  receipts,  and  reports. 
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For  this  purpose,  Shipmen  files  have  been  found  use- 
ful, carbon  copies  being  taken  of  all  letters  and 
reports  and  simply  pasted  into  the  file. 

A  card  index  of  the  sanitary  survey  should  be  kept 
up  to  date.  The  cards  should  be  arranged  according 
to  street  and  number  and  are  very  valuable  for  refer- 
ence when  tracing  sources  of  infection  or  spread  of  the 
fever.  They  are  the  same  as  those  used  at  general 
headquarters.  A  similar  card  index  is  maintained  of 
the  positive  and  suspicious  yellow  fever  cases.  This 
is  a  cross  index,  one  set  being  arranged  according  to 
street  and  number,  and  the  other  with  reference  to 
the  patient's  surname.  Positive  cases  are  entered 
on  a  yellow  card,  suspicious  cases  on  a  while  card. 
If  they  are  proven  negative,  they  are  allowed  to  re- 
main on  the  white  card,  the  proper  diagnosis  V^eing 
written  across  the  face  of  the  card  in  red  ink.  If  they 
are  proven  positive,  they  are  transferred  to  a  yellow 
card.  In  addition,  it  is  well  to  maintain  also  a  map 
in  which  different  colored  pins  are  placed  each  day 
to  show  the  advance  or  recession  of  the  epidemic  in 
the  ward. 

The  chief  clerk  should  keep  a  time  book,  showing 
the  number  of  days,  the  amount  of  overtime  served 
by  each  employee,  and  the  wages  due  him  therefor. 
This  should  be  balanced  each  week  when  the  pay  rolls 
are  made  out.  The  usual  allowance  for  overtime 
is  double  pay  for  each  hour  or  fraction  thereof  after 

6  P.M. 

The  medical  part  of  the  work  can  be  done  by  one 
officer  and  one  or  two  medical  assistants.  For  the 
latter,  young  physicians  have  been  found  best.  They 
are  bright  and  keen  and  have  the  vitality  necessary 
for  the  work.  They  are  employed  in  diagnosing  cases 
which  have  no  medical  attendant,  or  about  which 
there  is  some  indecision  or  dispute;  in  inspecting 
screening  and  other  work  done  by  the  ward  forces. 
If  the  ward  covers  a  considerable  area,  they  should  be 
mounted.  Saddle  horses  furnish  a  rapid  and  inex- 
pensive means  of  transportation,  especially  adajjted 
to  rough  or  narrow  roads  where  a  buggy  or  a  light 
automobile  could  not  well  go.  If  the  ward  is  a  large 
one,  much  time  may  be  saved  by  the  use  of  a  light 
automobile  of  the  "Roadster"  type  by  the  ward 
commander.  This  should  be  used  for  official  purposes 
only,  and  tlie  chauffeur  should  keep  a  record  in  a  book 
provided  for  the  purpose  of  each  trip  made,  in  it,  its 
mileage,  and  by  whose  orders.  This  should  be 
balanced  each  week  against  the  gasoline  and  oil 
accounts. 

The  Sanitary  Survey. — As  soon  as  inspectors  can  be 
secured,  they  should  be  placed  at  work  on  the  sanitary 
survey  of  the  ward.  This  should  be  done  rapidly 
and  thoroughly.  The  ward  should  be  divided  into 
districts  and  detailed  information  secured  regarding 
the  street  and  number  of  each  house,  the  name  of  the 
householder,  the  number  of  cisterns  and  other  water 
containers,  whether  oiled  or  screened,  the  general 
sanitary  condition  of  the  premises,  and  the  occurrence 
of  sickness  within  the  preceding  two  weeks.  The 
inspector  records  this  information  on  the  inspection 
blank,  which  is  copied  in  the  office  and  placed  in  the 
card  index.  Re-inspections  should  be  made  at  fre- 
quent intervals,  but  on  no  account  should  they  be 
made  an  annoyance  to  householders.  If  thoy  realize 
that  they  are  being  given  the  utmost  consideration 
which  the  situation  allows,  they  will  be  less  liable  to 
conceal  their  cases  and  resist  antimosquito  operations. 
Inspectors  should  be  given  a  small  metal  badge  of 
some  similar  device,  and  a  number.  This  identifies 
the  wearer  and  prevents  sneak  thieves  from  taking  a 
notebook  and  gaining  entrance  to  houses  under  the 
guise  of  an  inspector.  These  badges  should  be  taken 
up  on  the  discharge  of  the  holder.  Careful  watch 
must  be  kept  on  inspectors  until  they  have  proven 
their  reliability.  There  is  a  certain  temptation  for 
them  to  fill  in  "the  blanks  with  names  and  information 
drawn  from  their  inner  consciousness,  and  it  is  well 
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for  the  ward  commiinder  or  one  of  his  assistants  to 
visit  districts  under  inspection  at  unexpected  times 
and  occasionally  to  check  a  few  blanks  from  each 
of  the  inspectors  by  personal  visits  to  inspected 
houses. 

Prevent  Mosquito  Breeding. — Having  gotten  in  a 
stock  of  supplies,  the  first  of  the  fundamental  objects 
of  the  campaign  begins,  i.e.  "preventing  the  breeding 
of  /IfV/fs  {Sli  fiomyia)  calopus."  To  accomplish  this 
an  understaniling  of  the  life,  history,  and  habits  of 
this  mosquito  is  necessary. 

Screetdng  and  Oiling  Squads. — First,  attack  this 
insect  in  its  breeding  places.  Cisterns  are  the  most 
important,  as  they  are  the  most  numerous,  and  on 
account  of  the  quantity  of  fresh,  clean,  quiet  water 
they  contain  form  ideal  breeding  places.  They  must 
be  screened.  For  this  purpose,  organize  screening 
and  oiling  squads.  Carpenters  are  best  for  this 
work.  The  wagon  should  be  a  covered  delivery  wagon 
drawn  by  a  mule.  (Horses  do  not  stand  the  extreme 
lieat  well.) 

The  best  form  of  cistern  is  made  of  metal  with  a 
cone-shaped  roof,  having  a  small  screened  opening 
for  the  admission  of  air.  The  intake  pipes  are  pro- 
tected by  a  swinging  door  which  opens  to  let  water  in, 
but  when  this  has  passed  drops  back  tightly  into  place 
again.  The  overflow  pipe  is  screened.  Unfor- 
tunately, this  form  of  cistern  is  only  just  coming  into 
use  in  tropical  countries  and  the  wooden  vatlike  con- 
tainer with  its  cracked  upper  rim  and  defective  roof 
is  the  rule.  It  would  bo  better  if  the  cisterns  could 
be  screened  with  eighteen-  or  twenty-mesh  bronze 
wire  netting,  but  this  is  expensive  and  cheesecloth 
is  generally  substituted.  The  top  of  the  cistern 
should  be  roofed  to  prevent  the  cheesecloth  from 
sagging  and  touching  the  water,  thus  allowing  little 
pools  to  form  on  the  cloth.  The  cheesecloth  should 
then  be  tightly  stretched  over  the  cistern  and  about 
a  foot  down  the  sides.  It  should  be  frequently 
inspected  and  any  rents  in  it  repaired  by  means  of 
a  sail  needle  and  a  piece  of  twine.  When  the  cheese- 
cloth becomes  rotten  it  should  be  replaced  by  a  new 
one.  The  intake  and  outlet  pipes  must  also  be  pro- 
tected. The  simplest  way  to  do  this  is  by  inserting 
a  footless  white  stocking  with  an  internal  spring  whicli 
expands  when  released  by  the  inserting  hand.  This 
holds  the  stocking  firmly  in  place,  allows  the  passage 
of  water,  but  does  not  jiermit  the  ingress  or  egress  of 
mosquitos.  As  a  further  precautionary  measure  a 
coating  of  kerosene  oil  one-eighth  of  an  inch  in  thick- 
ness should  be  spread  over  the  surface  of  the  water. 
All  breeding  places  should  be  emptied,  oiled,  or  filled 
with  sand.  The  municipality  in  which  the  epidemic 
occurs  should  be  urged  to  pass  an  ordinance  requiring 
the  proper  screening  with  wire  of  all  cisterns  by  the 
property  owners." 

Location  of  Fever  Cases. — The  location  of  those  sick 
of  fevers — and  in  an  epidemic  of  yellow  fever  all  fevers 
must  be  considered  suspicious — is  not  an  easy  matter. 
The  more  ignorant  will  hide  their  sick  in  the  fear  that 
they  will  be  sent  to  the  hospital  and  their  places  of 
business  closed,  while  the  better  classes  often  act 
similarly  to  avoid  fumigation  of  their  premises  and 
unpleasant  notoriety.  The  people  of  the  infected 
city  must  therefore  be  kept  under  constant  surveil- 
lance. This  need  not  be  obtrusive  or  troublesome  to 
householders,  the  frequent  inspection  of  their  cisterns 
offering  a  good  excuse  to  look  over  the  house.  The 
main  support,  however,  is  the  family  physician.  He 
is  required  by  law  to  report  all  suspicious  or  yellow 
fever  cases,  and  if  treated  with  tact  and  courtesy 
he  will  be  of  the  very  greatest  aid  to  the  public 
health  officials.  If  ho  is  derelict  in  this  duty,  he 
is  soon  found  out  and  punished  by  imprisonment  or 
fine. 

I  On  taking  charge  of  a  ward  the  officer  should  try 
to  call  on  all  of  the  physicians  practising  therein  and 
should  assure  them  that  they  will  be  treated  in  a 


courteous  and  ethical  manner,  that  tlic  treatment  of 
tlieir  patients  will  not  be  interfered  with  in  any  way, 
and  that  all  screening  and  other  work  by  the  ward 
forces  will  be  done  as  quietly  as  possible  in  and  around 
premises  containing  the  sick.  They  should  be  asked 
to  inform  the  ward  headquarters  of  all  suspicious 
and  positive  yellow  fever  cases  as  soon  as  they  arc 
discovered;  also  to  report  when  a  patient  is  well 
enough  to  allow  final  f\imigation  of  the  premises.  A 
little  tact  at  the  Vjeginning  will  save  an  immense 
amount  of  friction  later  on. 

Cases  must  be  reported  early.  The  patient  is 
infective  to  mosquitos  during  the  first  three  days 
only,  after  which  time  he  is  absolutely  non-infective 
and  his  discovery  is  of  aid  only  in  that  it  allows  a 
final  fumigation  of  the  house.  Particular  attention 
should  be  paid  to  the  illnesses  of  children,  a,s  it  is 
often  by  "missed"  cases  among  them  that  the  disease 
is  perpetuated.  Inspectors  must  endeavor  to  as- 
certain the  nature  of  every  case  of  sickness  whicli 
occurs  in  their  districts.  This  must  be  done  care- 
fully and  without  annoyance  to  householders.  In- 
spectors must  be  reliable,  tactful,  observant,  and  of 
good  address. 

Screening  Squads. — Having  discovered  a  positive  or 
suspicious  fever  case,  the  patient  must  be  kept  in 
mosquito-proof  surroundings  until  the  first  three 
days  have  passed  or  until  the  case  has  been  proven 
not  yellow  fever.  To  put  it  another  way,  the  mos- 
quito must  be  protected  from  the  patient.  An 
eighteen-  to  twenty-mesh  bobbinet  bar  must  be 
hung  about  the  patient's  bed  and  the  room  carefully 
screened.  Carpenters  are  best  for  this  work.  The 
squad  should  be  supplied  with  3  screen  doors,  1  bolt 
108-ineh  bobbinet,  7.5  feet  one-quarter  round  strips, 
75  feet  one-half  round  strips,  7.5  feet  .3  by  1-inch  strips, 
1  box  each  132-inch,  1-inch,  >>g-inch,  and  3  ^-inch  brads, 
32  pound  each  4-penny,  6-penny,  8-penny,  and  10- 
penny  nails,  3  pounds  tacks,  6  door  pulls,  2  pairs 
shears,  1  dozen  spring  hinges,  6  spiral  springs,  4 
hammers,  1  box  each  IJ^-inch,  1-inch,  J^-inch,  and 
32-inch  screws,  2  18-inch  saws,  1  box  plane,  3  gimlets, 
4  screw-drivers. 

As  soon  as  a  case  of  yellow  fever  or  suspicious  fever 
is  discovered  by  the  ward  forces  it  should  be  reported 
to  the  division  of  statistics.  On  the  other  hand,  the 
division  of  statistics  reports  to  the  ward  headquarters 
cases  which  they  have  received  knowledge  of  from 
outside  sources.  As  soon  as  the  ward  is  cognizant 
of  a  case  of  yellow  fever  or  suspicious  fever  a  card  is 
made  out  and  handed  to  the  foreman  of  a  screening 
squad,  who  proceeds  immediately  to  the  house  of  tlie 
patient  and  screens  the  sick  room. 

It  is  best  to  choose  for  the  sick  room  one  through 
which  there  will  be  little  if  any  passing  by  the  people 
of  the  house,  and  in  such  a  location  as  not  to  interfere 
in  any  way  with  the  primary  fumigation  of  the 
premises.  Patients  should  not  be  moved  without  the 
consent  of  the  physician  in  charge  of  the  case  and  then 
only  under  his  direction  or  that  of  the  ward  com- 
mander or  one  of  his  medical  assistants.  As  the 
patient  is  very  sick  at  this  stage  of  the  disease,  this 
work  must  be  done  as  noiselessly  as  possiljle  lest  it 
annoy  and  excite  him.  Nails  must  be  driven  with 
muffled  hammers  and  gimlets  and  screws  substituted 
for  them  whenever  feasible.  The  windows  are  best 
screened  with  bobbinet  held  in  place  by  half-round 
strips.  Adjustable  window  screens  of  wire  have  not 
been  found  practical  for  this  work.  They  do  fit  well 
and  are  too  easUy  slipped  in  and  out  of  place  without 
leaving  any  evidence  of  their  having  been  tampered 
with.  If  the  window  has  outside  blinds,  the  bottom 
of  the  bobbinet  screening  should  be  left  somewhat 
baggy  in  order  to  allow  the  closure  of  the  blinds  from 
within  the  room.  If  it  is  found  that  the  screen  doors 
are  too  large  for  the  doorway  it  is  desired  to  screen, 
they  should  be  cut  down.  If  they  are  too  small,  a 
strip  should  be  nailed  in  place  for  a  door  jamb.     If 
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tho  supply  of  screen  doors  run  out,  bobbinet  may  be 
substituted  for  thorn. 

The  bobbinet  is  nailed  fast  top  and  bottom  with 
half-round  strips.  The  different  layers  will  hang 
close  together  when  the  "door"  is  not  in  use.  Tran- 
soms are  treated  in  the  same  way  as  windows.  If 
the  room  has  a  large  door  like  a  double  door  or  an 
arched  opening  into  another  room,  a  door  frame  may 
be  built  of  three  bv  one-inch  material  and  the  open- 
ings around  this  closed  with  bobbinet.  In  every  case 
the  door  should  be  made  to  fit  tightly  into  a  border 
of  quarter-round  material.  This  is  necessitated  by 
the  fact  that  the  doors  are  very  liable  to  warp.  The 
door  should  be  provided  with  a  hook  and  screw  eye 
on  each  side.  A  strong  spiral  spring  should  be  run 
from  the  inner  side  of  the  door  jamb  to  the  outer  side 
of  the  door  and  a  warning  card  tacked  to  the  door. 
Other  places  through  which  a  mosquito  might  enter 
a  room,  e.g.  flue  holes,  fireplaces,  and  ventilator 
shafts,  should  also  be  screened  or  closed.  When  the 
house  receives  its  final  fumigation,  all  the  screening 
should  be  taken  down  and  returned  to  headquarters 
to  be  used  on  another  case. 

.\s  soon  as  the  foreman  reports  that  he  has  screened 
the  room,  the  work  is  inspected  by  the  ward  com- 
mander or  one  of  his  assi.stants.  At  the  same  time 
the  information  needed  for  the  card  index  is  secured. 
This  forms  a  part  of  the  card-index  system  of  the 
office  and  is  used  in  keeping  track  of  the  cases  and  in 
furnishing  information  regarding  them  for  the  division 
of  statistics. 

Primary  Fumigation. — Next  begins  the  primary 
fumigation.  This  may  be  divided  into  two  parts: 
first,  that  of  the  screened  room  in  which  the  patient 
is  to  be  kept;  and,  secondly,  the  remainder  of  the 
|)remises. 

Each  squad  is  furnished  with  the  following  supplies : 
2  sacks  sulphur  if  in  flowers,  200  pounds  if  in  roll, 
40  r2-inch  iron  pots,  40  14-inch  tin  pans,  J  barrel 
paste,  3  bundles  old  newspapers,  10  rolls  3-inch 
gummed  paper,  10  rolls  3-inch  ungummed  paper. 
10  rolls  6-inch  ungummed  paper,  1  roll  36-inch  manila 
paper,  10  boxes  matches,  2  gallons  alcohol,  2  gallons 
aqua  ammonia,  20  lengths  perforated  stovepipe,  20 
pounds  copper  sulphate,  or  saturated  solution  of 
same,  1  12  by  2.5-foot  tarpaulin,  1  garden  spray  tank, 
1  4-inch  tin  funnel,  2  pounds  cotton  batten,  6  paste 
brushes  with  handles,  25  yards  Pepperell  sheeting,  1 
yard  wide,  4  hammers,  4  screw-drivers,  5  gallons 
camphor-phenol,  20  0-inch  tin  pans. 

The  room  in  which  the  patient,  is  to  be  kept  during 
his  illness  should  be  first  fumigated,  care  being  taken 
to  keep  him  under  a  bed  bar  in  another  room  until 
he  is  able  to  be  taken  into  the  fumigated  room. 
.\ftcr  fumigation,  this  room  should  be  thoroughly 
aired  and  the  patient  transferred.  The  remainder 
of  the  house  is  then  to  be  fumigated. 

All  openings  are  to  be  closed  with  paper  and  paste, 
excepting  those  which  are  too  large  to  be  closed  in 
t  his  nuumer.  For  these  latter,  tarpaulins  or  Pepperell 
.■-lirrliiig,  covered  with  a  thin  coat  of  paint  or  having 
paprrs  ])asted  thereon,  are  most  excellent.  Another 
way  is  to  have  frames  of  three  by  one  inch,  about 
three  by  six  feet,  covered  with  sheeting  and  then 
papered.  These  can  be  easily  slipped  into  place 
where  needed  and  a  strip  of  paper  pasted  around  their 
edges.  In  fumigation  of  sheds  and  outbuildings  and 
similar  more  or  less  open  buildings,  it  will  be  fre- 
ciucntly  necessary  to  construct  almost  a  new  house  out 
of  jjaper.  For  this  purpose  thirty-six-inch  manila 
paper  will  be  found  invaluable.  For  sulphur  pots 
twelve-inch  three-legged  skillets  are  best.  The  same 
style  of  pot  should  be  used  for  pyrethrum,  but  pyre- 
thrum  should  never  be  burned  "in  pots  which  have 
been  used  for  sulphur.  Flowers  of  sulphur  is 
preferable  to  roll  suljihur  for  this  work.  It  is  more 
expensive,  but  the  amount  of  time  saved  in  cracking 
up  roll  sulphur,  the  inevitable  waste  in  such  a  process, 
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and  the  fact  that  flowers  of  sulphur  will  burn  clean, 
while  roll  sulphur  often  will  not,  more  than  counter- 
balance the  increased  cost. 

Anhydrous  sulphur  dioxide  is  lethal  to  mosquitos. 
The  pots,  therefore,  should  not  be  placed  in  water, 
but  in  fourteen-inch  pans  containing  dry  sand.  Be- 
fore lighting  sulphur  or  pyrethrum  a  conical  depres- 
sion extending  from  the  center  to  the  bottom  should 
be  made,  and  50  c.c.  of  alcohol  poured  in.  Sul- 
phur in  the  proportion  of  two  pounds  to  the 
thousand  cubic  feet  of  initial  air  space  is  to  be 
used  where  there  is  no  bright  metal  work,  paint- 
ings, or  tapestries  to  be  injured.  Pyrethrum  in 
the  proportion  of  three  pounds  to  the  thousand 
cubic  feet,  or  camphor-phenol  six  ounces  to  the  same 
area,  may  be  used  elsewhere.  In  each  instance 
the  length  of  exposure  is  to  be  two  hours.  Pyre- 
thrum is  burned  as  is  sulphur.  Camphor-phenol  is 
placed  in  small  tin  pans  on  top  of  a  piece  of  perfor- 
ated stovepipe  having  a  lighted  alcohol  lamp  at  the 
bottom.  This  precaution  is  necessary,  as  the  fumes 
are  highly  imflammable.  It  is  also  to  be  remembered 
that  camphor-phenol  is  toxic  to  human  beings,  and 
great  care  is  to  be  taken  in  entering  the  room  before 
it  has  been  well  aired. 

In  fumigating  buildings  of  more  than  three  stories 
it  has  been  found  necessary  to  provide  some  means 
of  readily  and  quickly  airing  the  house  on  the  com- 
pletion of  the  fumigation.  For  this  the  following 
method  was  devised:  Both  sashes  of  a  window  on  the 
top  floor  of  the  building  were  removed.  A  window 
on  the  street  exposure  was  generally  chosen  and  all 
the  doors  opening  into  the  common  hall  were  left 
open.  The  window  from  which  the  sashes  were  re- 
moved was  closed  with  thirty-six-inch  manila  jiaper. 
On  the  inner  side  of  this  window  covering  there  was 
pasted  in  the  form  of  a  cross  two  pieces  of  rope.  At 
the  point  where  these  crossed  a  long  piece  of  rope  lead- 
ing to  the  ground  was  fastened.  When  the  time  came 
to  open  the  building  the  man  left  behind  for  that  pur- 
pose first  gave  the  rope  a  sharp  pull.  This  tore  out 
the  entire  paper  covering  of  the  window  and  when  the 
doors  below  opened  a  draft  was  created  which 
quickly  carried  out  the  gas. 

In  considering  the  value  of  the  three  principal 
culicides  the  following  short  table  (p.  539)  may  be  of  use. 

Following  the  fumig.ation  of  the  infected  premises, 
contiguous  buildings  should  be  fumigated,  contigu- 
ous being  used  in  the  sense  of  contiguity  frt)ni  the 
mosquito  viewpoint,  i.e.  the  places  which  are  suitable 
for  oviposition.  In  those  areas  which  are  badly 
infested,  or  where  premises  are  so  closely  connected 
as  to  be  practically  one  continuous  building,  it  is 
sometimes  found  necessary  to  do  block  fumigation. 
For  this  purpose  a  gang  is  placed  on  each  face  of  the 
block  and  an  attempt  made  to  "fire"  all  the  houses 
in  the  block  simultaneously.  In  many  places  pools 
of  water  will  be  found  under  the  houses.  Whenever 
it  is  possible,  salt  is  to  be  placed  in  these,  but  if  as  is 
very  often  the  case  they  are  not  accessible,  a  saturated 
solution  of  copper  sulphate  is  to  be  thrown  into  them 
by  means  of  a  garden  spray  pump.  There  are  now  on 
the  market  various  culicides,  usually  consisting  of 
])henols  and  cresylic  acid  compounds,  which  are  also 
useful  for  this  purpose. 

Occupants  of  infected  houses  may  remove  any  of 
their  effects  from  the  building  before  fumigation 
begins,  destruction  of  infected  or  infectible  mosqui- 
tos, not  of  bacteria,  being  the  desired  result.  In 
houses  having  fine  woodwork,  cotton  batting  may  be 
chinked  in  and  around  doors  and  transoms  to  avoid 
injury  to  the  woodwork  by  paste.  Windows  when 
fairly  tight  may  be  closed  by  means  of  small  wedges  of 
wood  which  are  driven  between  the  frame  and  the 
casing. 

As  soon  as  a  patient  dies  or  recovers,  the  place  is 
given  a  second  fumigation.  Contiguous  premi.ses 
need  not  be_fumigated  at  this  time.     Secondary  fumi- 
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gation  should  be  done  before  allowing  a  funeral  or  a 
wake  on  infected  premises.  Infected  houses  must 
be  kept  under  surveillance  from  the  fifteenth  to  the 
thirtieth  day  after  the  discovery  of  the  disease  to 
watch  for  secondary  cases. 

In  no  case  should  officers  or  their  assistants  treat  or 
give  any  advice  regarding  the  treatment  of  cases. 
This  is  the  province  of  the  family  physician.  If  no 
physician  is  in  attendance,  the  relatives  of  the  patient 
should  be  informed  that  they  must  secure  a  physician 
or  send  the  patient  to  the  public  yellow  fever  hospital. 
The  rule  to  be  followed  regarding  fumigation  and 
other  sanitary  measures  in  and  around  infected 
|)remises  is,  "The  patient  belongs  to  his  physician, 
but  the  house  belongs  to  the  sanitary  officers." 

Many  will  attempt  to  escape  fumigation  by  leaving 
or  locking  up  their  houses.  Such  places  should  then 
be  sealed.  This  method  has  been  found  very  effica- 
cious. In  case  fumigation  is  strenuously  resisted, 
the  local  police  should  be  called  upon  to  quarantine 
tlie  house.  The  method  of  application  is  this:  The 
policeman  is  ordered  to  allow  anyone  tp  leave  the 
house,  but  no  one  to  enter  it.  The  householder  in 
his  excitement  is  apt  to  think  this  is  a  very  easy  way 
out  of  the  difficulty,  until  he  runs  out  to  talk  the 
matter  over  with  his  neighbor  or  to  berate  the  sani- 
tary forces.  Then  he  suddenly  finds  himself  unable  to 
enter  his  own  house,  and  as  he  is  often  hatless,  gener- 
ally coatless,  hunger  and  exposure  generally  bring 
about  a  capitulation  in  an  hour  or  two. 

Sometimes  rooms  may  be  fumigated  and  closed 
until  the  end  of  the  epidemic.  In  such  a  case  a  special 
seal  should  be  used. 

Other  than  their  protection  from  mosquitos  the 
sick  need  not  in  any  way  be  isolated  after  the  primary 
fumigation  of  their  premises.  They  may  receive 
visitors  as  far  as  their  physical  condition  will  allow 
and  public  funerals  may  be  permitted  after  fumigation 
of  the  house.  Business  in  infected  towns  may  go  on 
uninterruptedly  and  with  the  exception  of  the  closure 
of  places  of  public  congregation  at  night  there  is  little 
interference  with  life  in  the  infected  city.  Freight 
might  be  shipped  in  and  out  without  fear  of  trans- 
mittal of  the  infection  if  precautions  are  taken  that 
neither  the  goods  shipped  nor  the  cars  carrying  them 
harbor  mosquitos. 

Citizens  can  aid  most  by  screening  their  cisterns 
and  ridding  their  premises  of  mosquito  breeding 
places  and  in  raising  funds  for  the  prosecution  of  the 
sanitary  work.  If  they  do  these  things  well  they  have 
all  they  can  attend  to.  They  should  not  be  encour- 
aged to  do  their  own  fumigation.  They  almost  in- 
variably do  it  improperly  and  it  gives  them  a  false 
sense  of  security.  It  also  interferes  very  greatly  with 
the  work  of  the  sanitary  forces,  as  they  resist  fumi- 
gation on  the  ground  that  they  have  already  done  it 
for  themselves  and  do  not  need  it. 

Rural  Campaign. — The  principals  which  underlie 
the  yellow  fever  campaign  are  the  same  whether  it  is 
to  be  carried  on  in  the  city  or  country,  but  the  applica- 
tion of  them  may  be  \-ery  nmch  altered  by  local  condi- 
tions. The  campaign  in  the  country  may  be  divided 
into  three  parts,  viz.,  diagnosis,  extermination,  and 
education.  Little  need  be  said  with  reference  to  the 
first.  In  the  early  part  of  the  campaign,  exceptional 
care  should  be  taken  in  diagnosing  cases,  to  prevent 


towns  from  quarantining  neighboring  cities  which  may 
be  innocent  of  the  disease.  After  a  town  has  become 
infected  and  the  actual  work  of  extermination  has 
begun,  a  "sanitary  diagnosis"  may  be  made  and  all 
fevers  considered  guilty  until  proven  otherwise.  In 
visiting  towns  for  the  purposes  of  inspection,  the  mor- 
tuary records  should  be  investigated,  and  all  deaths 
for  the  preceding  six  weeks  looked  into.  A  house-to- 
house  inspection  of  the  neighborhood  in  which  such 
deaths  have  occurred  often  discloses  yellow  fever 
cases  which  would  have  otherwise  remained  undis- 
covered. The  diagnosis  of  malaria,  cancer  of  the 
stomach,  uremia,  or  cerebral  congestion  appearing  on 
a  death  certificate  should  arouse  the  inspectors' 
suspicions.  A  call  should  be  paid  on  all  the  physicians 
of  the  town.  They  may  have  cases  which  they  desire 
to  talk  over  with  the  inspecting  officer  or  to  show  to 
him. 

The  plan  of  extermination  in  the  country  is  the 
same  as  in  the  citj-,  modified  only  by  distances  and 
lack  of  conveniences.  The  town  authorities  should 
be  urged  to  pass  a  screening  and  oUing  ordinance  and 
every  aid  accorded  the  local  board  of  health  in  formu- 
lating and  applying  appropriate  prophylactic  and 
suppressive  measures.  To  this  end  oiling,  fumigating, 
screening,  and  inspecting  squads  should  be  organized 
and  thoroughly  instructed  in  their  duties. 

Perhaps  the  most  important  work  is  that  of  educat- 
ing the  general  public  in  regard  to  the  mosquito 
doctrine  and  life  habits  of  the  Acdes  {Stegomyia) 
calopus.  It  is  surprising  how  readily  the  great  bulk 
of  the  population  will  believe  if  tiie  matter  is  put 
before  them  in  an  interesting  way,  devoid  of  all  tech- 
nicalities. Large  drawings  or  photographs  mounted 
on  strong  cards  which  may  be  passed  from  hand  to 
hand  are  useful  in  fixing  the  lecture  in  the  minds  of 
small  audiences.  For  larger  ones  a  stereopticon  or 
l)rojector  is  very  useful.  W.  C.  Rucker. 


Yellow  Sulphur  Springs. — Montgomery  County, 

Virginia. 

PosT-oPFicE. — Yellow  Sulphur  Springs.  Hotel  and 
cottages. 

Access. — Via  Norfolk  and  Western  Railroad  to 
Christiansburg  depot,  thence  three  and  one-half  miles 
to  .springs. 

This  resort  is  located  near  the  summit  of  the  Alle- 
ghany Mountains,  at  an  elevation  of  2.500  feet  above 
the  sea.  We  find  here  the  usual  beautiful  scenery  and 
charming  climate  characteristics  of  the  Alleghany  re- 
sort. Four  miles  north  of  the  springs  is  the  village  of 
Blacksburg.  the  location  of  the  Virginia  Agricultur.-il 
and  Mechanical  College  and  the  State  Experimental 
Station.  The  Montgomery  White  Sulphur  Springs 
are  also  w'ithin  a  distance  of  only  four  miles.  The 
Alleghany  Springs  are  fifteen  miles,  and  the  wonderful 
Mountain  Lake  and  Bald  Knob  eighteen  miles  dis- 
tant. A  large  new  hotel  having  100  rooms,  a  hand- 
•some  ball-room,  a  large  and  well-ventilated  dining- 
room,  and  numerous  bath-rooms,  arc  among  the  re- 
cent improvements.  The  lawn  and  pleasure  grounds 
are  shaded  by  magnificent  forest  trees,  whose  dense 
foliage  makes  a  delightful  and  luxurious  shelter  in 
warm  weather.     The  Yellow  Sulphur  Springs   yield 
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ISO  palloiis  of  water  per  hour.  This  water,  which  has 
a  temperature  of  55°  F.,  is  transparent  and  very  pahi- 
table.  Bat  lis  of  this  water  are  always  to  be  had  at 
any  desired  temperature.  The  following  analysis  of 
the  water  is  taken  from  the  United  States  Dispensa- 
tory for  1880,  p.  1832: 

One  United  States  Gallon  Contains: 
Solids.  0™' 

Calcium  carbonate 8 .  642 

MaKncsium  carbonate 1.3S9 

iron  carbonate 0.617 

Free  carbonic  acid 4.6S0 

Calcium  sulphate 63.302 

MaKnesium  sulphate 21 .098 

Aluminum  sulphate 3.170 

Potassium  sulphate 0.107 

Sodium  sulphate "  ■  "50 

Iron  protoxide Traces. 

Calcium  phosphate 0.015 

Masneaium  phosphate 0.011 

Potassium  chloride 0 .  097 

Sodium  chloride 0076 

Organic  extractive  matter 3.733. 

The  title  to  the  designation  "sulphur"  water  is  not 
made  dear  by  this  analysis,  yet  it  shows  a  valuable 
combination  of  mineral  ingredients.  The  water 
should  pos.scss  antacid,  diuretic,  and  laxative  proper- 
ties. It  contains  sufficient  iron  to  give  it  a  tonic 
influence  and  enough  free  carbonic  acid  to  impart  a 
pleasant  sparkle  and  to  endow  it  with  a  grateful 
sedative  action  on  the  stomach.  The  water  has  been 
found,  on  continued  use,  to  brace  up  and  give  tone 
to  the  muscular  system  and  to  allay  chronic  and  sub- 
acute inflammation  of  the  gastrointestinal  mucous 
membrane,  thus  reguhxting  the  secretory  function, 
trancjuillizing  the  nervous  system,  and  tending  to  pro- 
mote sound  and  refreshing  sleep.  It  is  highly  recom- 
mended in  chronic  disorders  of  the  female  generative 
organs,  especially  in  amenorrhea,  in  dysmenorrhea  of 
certain  forms,  and  in  leucorrhea.  It  acts  also  as  a 
valuable  restorative  in  general  debility  and  in  con- 
valescence from  acute  prostrating  diseases.  The 
baths  are  recommended  for  rheumatic  and  chronic 
squamous  skin  affections.  Emma   E.    Walker. 

Yellowstone  National  Park  Springs. — The  great 
Yellowstone  Park  is  undoubtedlj'  destined  to  become 
prominent  as  a  health  resort.  Within  its  limits  are 
contained  4,000  hot  springs,  many  of  which  have  been 
found  to  be  highly  mineralized  as  well  as  thermal;  and 
about  a  hundred  geysers. 

Most  of  the  waters  are  quite  heavily  mineralized, 
the  solid  contents  ranging  from  12.24  to  197.05  grains 
per  gallon.  These  mineral  ingredients  consist  chiefly 
of  calcium,  sodium,  potassium,  lithium,  magnesium, 
silicon  dioxide,  sulphur  trioxide,  carbon  dioxide, 
chlorine,  and  basic  oxygen.  Traces  exist  also  of 
titanium,  arsenic,  iron,  bromine,  aluminum,  man- 
ganese, barium,  strontium,  rubidium,  cesium,  am- 
monium, hydrogen  sulphide,  boron,  phosphoric  and 
hydrochloric  acids.  We  present  in  full  the  analyses 
of  several  of  these  waters,  made  by  chemists  of  the 
U.  S.  Department  of  Agriculture. 

ApoLLiNARia  Spring. 

Yellowstone]  National  Park. 

Analysis    made    by    the    Bureau    of    Chemistry,   Department  of 

Agriculture,  1907.     (Parts  (by  weight)  per  million  parts 

of  water). 

Silica 66.42 

Sulphuric  acid 7 .  20 

Bicarbonio  acid 122 .  63 

Nitrous  acid 0.007 

Chlorine 6.50 

Iron  and  aluminum 6.90 

Calcium 24.17 

Magnesium 5.24 

Sodium 12.77 

Potassium 5 .  20 
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Probable  form  of  combination  of  above  coi 

stituents: 

Pot.issium  chloride 

9.93 

Sotlium  chloride 

2,92 

Sodium  sulphate 

.      10  66 

Magnesium  bicarbonate 

31   44 

Sodium  bicarbonate. 

29.75 

Calcium  bicarbonate' 

97.65 

Iron  bicarbonate. 

1.97 

Iron  oxide. ...                                         

S .  98 

Silica 

.      60.42 

The  Apollinaris  Spring  may  be  classed  as  a  calcic 
bicarbonated  alkaline  water,  containing  a  considerable 
quantity  of  iron.  According  to  the  best  authorities 
on  the  subject,  this  water  should  give  good  results 
when  used  in  the  treatment  of  chronic  diarrhea, 
anemia,  and  general  debility.  It  would  also  doubt- 
less give  excellent  results  when  used  as  a  tonic  in 
nearly  any  disease  in  which  an  iron  tonic  was  needed. 
The  too  constant  use  of  this  water  might  lead  to 
constipation  and  derangement  of  the  digestion. 


Dedolph  Sp 


(Parts  per  mi 

Silica 

Sulphuric  acid. .  . 
Bicarbonic    acid. 

Nitric  acid 

Nitrous  acid 

Chlorine 

Iron  and  aluminu 

Calcium 

Magnesium 

Sodium 

Potassium 

Lithium 


Probable   form    of 
Potassium  chloride. 


1  parts  by  weight  of  water). 

78.20 

686.05 

800.36 
Faint  traces 

Faint  traces 

155.00 

10.64 

391.31 

66 . 35 

143.10 

49.19 

Traces 

ibination    of   above   constituent 
93 . 95 


Sodiun 
Sodiun 
Magne 
Calciu 
Calciu: 
Iron  bi 
Silica. 


chloride 181.90 

sulphate 220.04 

ium  sulphate 327.77 

sulphate 391.96 

1  bicarbonate 1,112  54 

arbonate 33  .  84 

78.20 


The  Dedolph  Spring  may  be  classed  as  a  calcic 
sulphated  alkaline  saline  water,  containing  a  consider- 
able quantity  of  iron.  This  water  should  give  good 
results  when  used  in  the  treatment  of  catarrhal  con- 
dition of  the  gastric  intestinal  mucous  membranes. 
It  should  keep  the  bowels  clear  and  at  the  same  time 
act  as  a  tonic.  This  water  should  not  be  used  con- 
stantly for  drinking  purposes,  as  it  contains  enough 
salts  of  various  kinds  to  have  a  well-marked  medicinal 
effect- 

Iron  Spring,  Gibbon  Canyon. 
(Parts  per  million  parts  by  weight  of  water). 

Silica 96.9 

Sulphuric  acid  radicle 35.5 

Bicarbonic  acid  radicle 60 .  6 

Carbonic  acid  radicle None 

Nitric  acid  radicle 2.5 

Nitrous  acid  radicle Trace 

Phosphoric  acid  radicle None 

Metaboric  acid  radicle None 

Chlorine 5.7 

Bromine None 


Iodine None 

Iron 10.1 

Manganese None 

Calcium 10.7 

Magnesium 2.3 

Potassium 11.7 

Sodium 26.0 

Ammonium 0.7 

Oxygen  to  form  ferric  oxide 6.9 

Total 275.6 
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Yellowstone  National  Park 
Springs 


Hydrogen  sulphide 1.0 

Probable   form   of   combination    of   above   constituents: 

Ammonium  cliloride 2.1 

Potassium  chloride 9.0 

Sodium  sulphate 39  . 8 

Potassium  sulphate 15.6 

Sodium  nitrate 3.4 

Sodium  bicarbonate 44 , 5 

Magnesium  bicarbonate 13.8 

Calcium  bicarbonate 22.3 

Ferric  oxide 23  . 1 

Calcium  silicate 15.1 

Silica 86 . 9 

Total 275.6 

The  Iron  Spring  is  chiefly  to  be  valued  for  its  iron 
content.  According  to  the  best  authorities,  it  should 
give  good  results  when  used  in  the  treatment  of 
anemia,  general  debility,  and  chronic  diarrhea.  It 
should  also  give  good  results  when  used  as  an  iron 
tonic  in  those  conditions  requiring  such  a  curative 
agent.  This  spring  is  also  to  be  valued,  to  a  less 
extent,  on  account  of  its  hydrogen  sulphide  content, 
which  causes  the  water  to  have  some  alterative  action. 
SoD.\  Spring,  Soda.  Butte. 
(Parts  per  million  parts  of  water  (by  weight). 

Silica 38.8 

Bicarbonic  acid  radicle 1.090.1 

Carbonic  acid  radicle None 

Nitric  acid  radicle 1.4 

Phosphoric  acid  radicle None 

Metaboric  acid  radicle None 

Arsenic  acid  radicle None 

Chlorine 29.4 

Bromine None 

Iodine None 

Ferric  oxide  and  alumina 1.0 

Manganese None 

Calcium 236.9 

Magnesium 60.8 

Potassium 8.1 

Sodium 38.4 

Lithium None 

Ammonium .-.  7.5 

Hydrogen  sulphide 2.1 

Sulphur  as  combined  sulphides 2.9 

Acid  sulphid  radicle 0.9 

Thiosulphuric  acid  radicle 0.9 

Sulphuric  acid  radicle 7.2 

Sulphurous  acid  radicles None 

Free  sulphur 11.0 


Total. 


1,537.4 


Probable  form  of  combination  of  above  constituents 

Ammonium  chloride 22.3 

Potassium  chloride 15.4 

Sodium  chloride 12.0 

Sodium  nitrate 1.9 

Sodium  sulphate 10.7 

Sodium  thiosulphate 1.3 

Sodium  bicarbonate 107.0 

Magnesium  bicarbonate 364.8 

bicarbonate 941 .2 


ulphohydrate 
ulphide 


Calci 
Calciu 
Calciu 
Ferric 

Silica 

Free  sulphur 

Hydrogen  sulphid 


Total 1,537.4 

The  water  of  the  Soda  Spring  belongs  to  the  calcic 
biearbonated  alkaline  (sulphurcted)  class.  Such 
waters  are  said  to  give  good  results  when  used  in 
chronic  diarrhea,  in  hyperchlorhydria,  in  rheumatic 
affection,  gout,  syphilis,  chronic  metallic  poisoning 
and  in  many  skin  diseases. 

In  1909,  Bulletin  395,  United  States  Geological 
Survey,  was  published,  describing  a  series  of  field 
tests  conducted  by  Herman  Schlundt  and  Richard 
B.  Moore,  with  the  object  of  determining  the  radio- 
active properties  of  the  thermal  waters  of  Yellow- 
stone Park. 


Various  tables  are  presented  showing  the  radio- 
activity of  gases,  waters,  water  residues,  spring  de- 
posits, and  rock  samples.  For  better  comparison 
the  following  table  was  compiled,  summarizing  most 
of  the  results  previously  given: 

Sdmmary  of  Radioactivities 
The  values  are  expressed  in   terms  of  the  radium 
standard. 
Sdmmaby  of   RADiOACTr\'iTiES  OF  Gases,  Waters,  and  Deposits 

IN  Yellowstone  Park. 
Mammoth  Hot  Springs. 

Radium  i  ""<!'<"» 
per  liter  I P"^"™ 
5f    water     «« ^e- 
posit 
(gram  X 
I0-"). 


Main  Spring 

Blue  Spring 

Cleopatra  Spring. 
Hymen  Spring.  .  . 

Bath  Lake 

Orange  Spring. .  .  . 
Hot  River  (la)..  . 
Hot  River  (2) .  ,  .  . 

Soda  Springs 

Squirrel  Springs.  . 


Radium 

Date  of 

per  liter 

6eld  test. 

of  gas 

1900. 

(gram  X 

10-»). 

July  14 

None. 

July  15 

None. 

July  16 

None. 

July  16 

None. 

July  17 

Trace 

July  18 

Trace. 

July  16 

July  17 

July  18 

0,57 

July  18 

2.85 

(gram  X 
lO-'O. 


None. 
None. 
None. 
Trace 
Trace 
None. 


Norris  Geyser  Basin. 


Congress  Geyser 

"Black  Sulphur"  Spring. 

Opal  Spring 

Locomotive 

Primrose  Spring 


July  23 
July  25 
July  24 
July  26 
July  27 
Orpiment  Pool I  July  28 


>  6.8 

>19.8 

>  4.9 


4.4 
17.4 
4  2 


Lower  Geyser  Bas 


Terrace  Spring  (2) |  Aug.     1 

Terrace  Spring  (1) Aug.     1 

Fountain  Geyser I  July  30 

Pool,  Clepsytra  Geyser. ...    July  31 

White  Sulphur  Spring Aug.     1 

Firehole  Lake  (1) I  Aug.    3 

Firehole  Lake  (2) '  Aug.     3 

Mushroom  Pool i  Aug.     5 

Pool,  Excelsior  basin t  Aug.    5 


>4.9 
>2.3 

None 
456  0 

44.5 
329  0 
182.0 
287.0 
187.0 


20.0 

62.0 
138.0 
32  0 


0.11 
0.49 
7.5 


Upper  Geyser  Ba 


Cauhflower  Pool i  Aug.  11     46.3 

Spring,  Gem  Geyser i  Aug.  11  [321  0 

Bench  Spring |  Aug.  11  |139.0 

Asta  Spring ,  Aug.  12 

Splendid  Geyser I  Aug.    8 

Giant  Geyser j  Aug.    9 

Pool,  Economic  Geyser.  ...    Aug.    9 

Pool,  Model  Geysr Aug 

Old  Faithful Aug 


None. 

None. 
193  0 
402.0 
Present. 


Handkerchief  Pool Aug.  10  'loS.O 


25  0 
268  0 
24  0 
32  0 


91  0 
23  0 

18.0 


Shoshone  Geyser  Basin. 

Wave  Spring Aug.  13 

Three  Crater  Spring Aug.  13 

A  sulphur  spring Aug.  14 

>285 
328 
340 

22.5 
155  0 

0.46 
1.30 

Heart  Lake  Geyser  Basin. 

Hillside  PooI.Rustio  Geyser 
Orange  Pool 

Aug.  21 
Aug.  22 

>266 
92 

72.5 
17.8 

1.42 
1.83 

West  Thumb.  Yellowstone  Lake. 

Pool  and  Spring  (A) . 
Pool  and  Spring  (B)  . 

Paint  Pot 

Fish  Cone 

Yellowstone  Lake. . . . 
Pool  near  Paint  Pot.. 


Aug.  17 
Aug.  17 
.\ug.  19 
Aug.  18 
Aug.  17 
Aug.  IS 


5.3 
64.0 


Yellowstone  River  Localities. 


Pool,  mud  geysers 1  Aug.  25 

Pool  east  of  mud  geysers  . .    .\ug.  20 

Forest  Hill  Springs .\ug.  28 

Devil's  Ink  Pot Aug.  30 


Nymph  Spring,  Tower  Falls  Sept.    5         7.3        26.30 


57.0 

107.0 

24.2 

2.3 
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IlvDIOACTlVITT    OK    G\3E3    FROM    SpHINQS   IN    EUROPE  AND   IN    YELLOWSTONE  Park. 


Name  of  source. 


Grabcnbackor  QupIIp 
Elizabeth  Stollen 
MUhl  Brunncn 
Schloss  Brunnen 

Markt  Brunnen 

Waia  Quelle . 


Ambr 


iBr 


Ur<iuelle 

llerrenbad  Quelle 

Haiipt  Quelle 

Johannabad 

Vauquelin 

Bains  dea  Damep 

Chomel 

Viktoria  Brunnr-n 

Schiltienhof  Quelle 

Orpiment  Pool 

Firehole 

Sprint;  and  pool  near  Clepsytra  Geyser. 

Bench  Spring 

Pool  near  Economic  Geyser 

Three  Crater  Spring      

Fish  Cone 

Nymph  Spring 


Gastein 

do 

Karlsbad 

do 

do 

Marienbad 

do 

TepIiU-Schonau 

Fischau 

do 

Baden 

Plombifires 

Luxeuil 

Vichy 

Oberlahnstein 

Wiesbaden 

Norris  basin 

Lower  Geyser  basin 

do 

Upper  Geyser  basin .  . . 

do 

Shoshone  Geyser  basin 
West  Thumb,  Yellowst 
Tower  Falls 


Activity 

(electro- 

static units. 

1  X  10=). 

564.0 

Mache 

412  0 

do. 

94.2 

Mache  and  Meyer. 

50.2 

do. 

1.51 

do. 

10.9, 

do. 

1.48 

do. 

21.9 

do. 

2.18 

Mache  and  Meyer. 

2.60 

do. 

16.6 

do. 

184,0 

Curie  and  Laborde. 

23.0 

do. 

18.0 

do. 

1.23 

Borne. 

50.0 

Henrich. 

47.0 

Schlundt  and  .Moore 

600  0 

do. 

834  0 

do. 

254  0 

do. 

353  0 

do. 

598  0 

do. 

85  0 

do. 

13.3 

do. 

(I 


RADIOACTniTT    OF    SPBING    WATERS    IN    El 

ROPE    AND    IN 

THE  United  States. 

Location. 

Tempera- 
ture. 

Activity. 

Name  of  source. 

Electro- 
static units 
(i  X  10'). 

(grams 
X  10-<). 

Observer. 

Grabenbacker  Quelle 

Elizabeth  Stollen 

Muhl  Brunnen 
Schloss  Brunnen , 
Markt  Brunnen 
Wald  Quelle... 

"C. 
36.3 
46.8 
39.2 
30.2 
44.6 
7.0 
7.8 
45.9 
18.5 
23.3 
30.0 
14.2 

155  0 
133  0 
31.5 

17.4 
3.11 

4;  57 

1.62 
4.96 
0.56 
0.71 
4.54 
185  0 
9.4 
10.3 
0.7 

do. 

do. 

do                           

do. 

do. 

do 

do. 

Urquelle 

Herrenbad  Quelle 

do. 

do. 

do 

do. 

do. 

Quelle  am  Schweizerganc 

do. 

do. 

Vichy 

do. 

Borne. 

1U.3 
19   5 
9.6 

12.5 
1.1 

13,0 
2.86 
2.3 

2r)6  0 
05.4 
23.9 
17.4 
7.7 
3  7 
23.7 
37.9 
31.9 
10.6 
8.3 
6.4 
23.9 
5.9 
6.9 

do. 

do. 

60.8 
62.4 
56.4 

8.0 
57.8 
57.2 
Cold. 
51.0 

9.2 
Thermal. 

85  0 

86  0 
81.0 

do  . 

do. 

do 

do     ,                    

do  .                      

do 

do. 

Liver  Spring 

Dripping  Sprinir 

do. 

do. 

do. 

Sweet  Springs 

26.3 
22.1 
7.4 
5.9 
4   44 
16.6 
4.1 
4.8 

do 

do. 

do 

do. 

Firehole  Lake 

do 

do 

do. 
do. 

Pool  and  spring 

do 

do 

do. 
do. 

do 

do. 

"In  most  cases  the  activity  is  due  entirely  to  ra- 
dium emanation.  In  at  least  sixteen  of  the  eighty-two 
ga.s  sources  examined  thorium  emanation  was  found 
associated  with  that  of  radium.  These  are  the  first 
springs  on  this  continent  which  to  our  knowledge  have 
been  found  to  contain  thorium  emanation,  and  the 
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number  reported  in  Europe  is  small.  .  .  .  The  fir^t 
of  the  above  tables  gives  representative  data  for  gases 
from  springs  in  various  European  localities  and  for 
different  localities  in  Yellowstone  Park.  The  values 
for  the  activity  in  the  third  column  of  the  table  are 
expressed  in  electrostatic  units. 
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Although  the  values  for  the  activity  as  given  by 
different  observers  are  based  upon  somewhat  different 
systems  of  reclioning  (some  investigators,  Mache,  for 
example,  do  not  include  the  ionization  effect  of  the 
disintegration  products),  still  the  values  given  show 
that  the  gases  from  the  springs  in  Yellowstone  Park 
are  fully  as  active  as  those  from  European  sources." 

"The  radioactive  properties  of  European  thermal 
and  mineral  waters  have  been  studied  extensively 
by  different  investigators.  From  the  numerous 
quantitative  data  a  few  have  been  selected  and  ar- 
ranged in  tabular  form.  Some  of  the  values  obtained 
by  Boltuood  in  his  examination  of  the  waters  of  Hot 
Springs,  Ark.,  are  incorporated  in  the  table,  as  well  as 
values  obtained  for  some  Yellowstone  Park  waters." 

It  is  interesting  to  note  that  these  investigators 
believe  that  the  waters  of  Hot  Springs,  Arkansas, 
are  probably  fully  as  active  as  the  waters  of  Yellow- 
stone Park  but  the  temperatures  of  the  former  average 
considerably  lower  than  those  of  the  latter. 

Emma   E.    Walker. 

Vpsilanti  Mineral  Spring. — Washtenaw  County, 
Michigan. 

Post-office. — Ypsilanti. 

The  waters  of  the  Ypsilanti  Mineral  Spring,  for- 
merly known  as  Moorman  Well,  are  used  to  sup- 
ply the  liath-house,  which  is  situated  near  the  center 
of  the  charming  city  of  Ypsilanti,  on  the  line  of  the 
Michigan  Central  and  the  Lake  Shore  and  Michigan 
Southern  Railroad.  The  bathing  establishment  con- 
tains many  large  well-ventilated  bath-rooms,  besides 
parlors  for  women  and  men,  smoking  and  reading 
rooms,  and  other  adjuncts  of  a  modern  iirst-class 
institution  of  this  kind.  The  water  of  this  well  has 
been  in  use  since  1S4S,  and  has  become  widely  known. 
The  baths  are  highly  recommended  in  uterine  inflam- 
mations and  congestions,  in  skin  diseases,  sciatica 
and  rheumatic  conditions,  and  gout.  Internally  the 
■water  is  .said  to  be  valuable  in  constipation,  dyspepsia, 
chronic  alcoholism,  and  in  hay  fever.  It  is  used  also 
— by  means  of  insufflation,  in  a  douche,  and  in  the  form 
of  a  gargle — in  nasal  and  pharyngeal  catarrh.  The 
following  analysis  was  made  by  .\lbert  B.  Prescott, 
in  the  Chemical  Laboratory  of  the  University  of 
Michigan: 

Temperature,  58.1°  F.   (14.5°  C). 

Specific  gravity  at  15°  C,  1.0163. 

Reaction — Alkaline. 


Cubic 
inches. 

Centi- 
meters. 

Sodium  sulphide 

12.1935 

3 . 5640 

57.9059 

832.0447 

Slight  trace 

13.6131 

68.0663 

179.9637 

Slight  trace 

36.9370 

Traces 

1.4023 

Traces 

Traces 

Slight  trace 

Slight  trace 

0  20S7 

0  9911 

Fluorides 

Potassium  sulphate. . 

0.2330 

Calcium  sulphate. . . . 

3.0892 

0   6322 

Silica 

Lithium  salts 

Iron  (ferrous  salts)  . . 

1.205.690.') 
21.0786 

1.202.4071 

Hydroaulphuric  acid, 
F.    (14.5"  C). 

total  in  volume  at  38.1° 

91.2330 
20 . 5800 

Ypsilanti  contains  also  several  other  mineral  wells. 
These  wells  are  rich  in  mineral  ingredients,  and  are 
also  of  the  saline-calcic  class.       Emma  E.  Walker. 


Yuma. — -This  desert  "city"  of  2,914  inhabitants 
lies  in  the  extreme  southwestern  corner  of  Arizona, 
at  the  junction  of  the  Gila  and  Colorado  Rivers. 
It  has  an  elevation  of  only  140  feet,  and  is  situated  in 
the  Great  Arizona  Desert,  about  sixty  miles  from  the 
Gulf  of  California  and  a  few  miles  from  the  Mexican 
border.  It  is  on  the  line  of  the  Southern  Pacific 
Railroad. 

Like  PhcBnix  in  the  same  State,  Yuma  is  famed  for 
its  sunshine,  heat,  and  dryness.  It  can  be  used  only 
as  a  winter  resort,  for  it  is  excessively  hot  in  the 
summer,  the  thermometer  sometimes  rising  as  high 
as  115°  F.  or  over,  and  for  many  days  in  succession 
it  ranges  above  90°  F. 

Such  a  region  and  climate  present  conditions 
closely  resembling  those  which  are  found  at  the 
health  resorts  of  Egypt,  which  are  in  nearly  the  same 
latitude.  The  accommodations  in  the  latter  country, 
however,  are  vastly  superior  in  abundance  and  ex- 
cellence to  those  at  Yuma,  which  are  insignificant  in 
comparison,  although  we  are  told  that  "ample 
accommodation  is  had  at  the  Depot  Eating  House, 
situated  on  the  very  bank  of  the  Colorado,  with 
encircling  balconies  for  enjoyment  of  guests."  One 
would  hardly  choose,  however,  a  railroad  station  for  a 
pulmonary  invalid  seeking  pure  air  free  from  dust. 
What  other  suitable  accommodations,  if  any,  exist  is 
unknown  to  the  writer.  There  is  little  at  Yuma  to 
attract  one  in  the  way  of  amusements  or  diversion. 
Such  veget.ation  as  is  found  here  is  of  a  semi-tropical 
nature.  The  soil  is  that  which  is  peculiar  to  all 
desert  regions. 

The  climate  is  that  typical  of  the  desert  in  a  tropical 
latitude,  and  presents  many  interesting  phases  for 
study.  In  the  first  place,  we  observe  from  the  chart 
that  there  are  282.4  clear  days,  and  351.7  clear  and 
fair  days,  or  over  ninety'  per  cent.  The  mean  number 
of  cloudy  days  for  six  years  was  21  (Solly).  One 
may,  therefore,  enjoy  here  almost  continuous  sunshine. 
What  a  contrast,  for  instance,  to  Sitka,  Alaska,  where 
there  are  only  66  clear  days  on  an  average  during  the 
year!  Secondly,  the  extraordinary  heat  of  the  warmer 
months  of  the  year  is  to  be  noticed,  the  temperature 
in  the  shade  having  been  known  to  rise  as  high  as  118° 
F.;  and  in  the  year  1893,  from  .\pril  to  October  in- 
clusive, out  of  214  days  there  were  162  during  which 
the  thermometer  stood  above  90°  F.,  and  the  maxi- 
mum temperature  for  the  year  was  111°  F.  (Solly, 
"Medical  Climatology.") 

It  is  to  be  borne  in  mind,  however,  that  this  is  a 
very  dry  heat — the  dryness  of  the  desert,  and  hence 
more  endurable  than  a  lower  temperature  would  be  in 
combination  with  a  moist  atmosphere.  From  the 
table  we  see,  again,  th.at  the  relative  humidity  is 
very  low,  40.3  per  cent,  for  the  year;  and  the  average 
rainfall  for  the  }-ear  only  2. OS  inches,  and  in  some  years 
much  less  than  this.  Thus,  for  example,  in  1899, 
there  was  only  0.6  inch  of  rain,  0.5  of  which  fell 
in  November.  (Hinsdale,  "System  of  Physiologic 
Therapeutics,  Climatology.")  The  winter  climate, 
the  season  in  which  an  invalid  would  seek  such  a 
resort,  is  sunny  and  mild,  the  average  temperature 
being  56.1°  F.,  about  5°  higher  than  that  at  Phoenix 
for  the  same  season,  and  about  2°  lower  than  that  of 
Cairo,  which  is  58.3°  F. 

For  a  comparison  of  the  climate  of  this  desert  region 
of  Arizona  with  that  of  the  winter  resorts  of  Egypt, 
the  reader  is  referred  to  the  article  on  the  latter 
country  in  vol.  iii.  of  this  H.\ndbook.  It  will  be  seen 
how  closely  the  climatic  characteristics  of  these 
two  regions  resemble  each  other;  both  illustrate  the 
features  of  a  warm  desert  climate,  and  with  equally 
good  accommodations  and  attractions  both  would 
probably  produce  similar  results  in  the  treatment  of 
disease. 

The  conditions  and  diseases  for  which  such  a  climate 
as  that  to  be  found  at  Yuma  is  to  be  recommended 
are   also   those   for   which   the   Egyptian   climate   is 
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Climate  of  Ydma,  Arizona.    Latitdde.,  32°  45':  Lonoitode.  114°  36'.— Period  of  Observation,  Eight  Ye 


Temperature — (DoErcca  Falir.) — 

Average  or  normal 

Mean  of  warmest 

Mean  of  coldest 

Average  daily  range 

Highest  or  maximum 

Lowest  or  minimum 

Humidity — 

Average  relative 

Precipitation — 

Average  in  inches 

Wind- 
Prevailing  direction — From 

Average  hourly  velocity  in  miles.  . 
Weather — 

Average  number  clear  days 

Average  number  fair  days   

Average  number  clear  and  fair  days 


53.5° 
60.3 
50.2 
10.1 
80.0 
22.5 

44.6% 

0.43 


20.8 
8.1 
28.9 


59.0° 
65.0 
52.2 
12.8 
90.0. 
23.0 

42.2'; 

0.52 


65.0° 
71.8 
58.3 
13.5 
100.0 
31.0 

41.65 

0.08 


23  1 
6.6 
29.7 


77.3° 
81.8 
74.4 
7.4 
108.7 
49.0 

33.8% 

0.01 


28  0 
2  0 
30  6 


August. 


92.4° 
94.0 
89.6 
4.4 
118.0 
61.0 

39.3% 

0.22 

S. 

6  0 

22.5 

7  8 
30  3 


4.1 
115.0 
64.0 


S.E 
5.5 

21.8 
7.7 
29.5 


72,0° 
77.0 
66.7 
10.3 
102.0 
41.4 

40.1  ■a 

0.04 

N. 
4.4 

24.1 
6.1 
30.2 


60.5° 
65.4 
56.7 
8.7 
91  0 
31.0 

38.9° 

0.03 


22.8 
5.8 
28  6 


56.0° 
59.3 

52.  S 
0.5 
80.0 
27.0 

44.6? 

0.31 

N. 
4.9 

22.4 
6.9 
29.3 


72.1° 
74.0 
70.2 
3,8 


40.3'' 
2.0.S 


282.4 
66  3 
351  7 


favorable.  All  stages  of  phthisis  may  be  favorably 
influenced  by  a  residence  in  this  desert  climate,  pro- 
vided the  conditions  are  not  acute.  As  in  Egypt, 
the  disadvantage  of  such  a  resort  is  the  short  time  of 
year  during  which  it  is  available;  this  is  a  distinct 
objection  in  the  treatment  of  phthisis,  although  even 
witli  this  disease  change  is  .sometimes  desirable  and 
advantageous,  and  this  is  oftener  true  of  many  other 
maladies.  Change  per  se  is  a  therapeutic  resource  of 
no  mean  value. 

For  the  consideration  of  the  climate  of  Arizona  as  a 
whole,  the  reader  is  referred  to  the  article  on  Arizona 
in  vol.  i.  of  this  H.\ndbook.  Edw.\rd  O.  Otis. 


Zander,  Jonas  Qustaf  Wilhelm. — -Born  at 
Stockholm,  Sweden,  March  29,  1835.  He  studied  at 
the  University  of  Upsala,  was  made  a  licentiate  in 
medicine  at  Stockholm  in  1864,  and  was  given  the 
honorary  degree  of  Doctor  of  Medicine  by  the  Uni- 
versity of  Upsala  in  1877.  Already  as  far  back  as 
1857  Zander  had  observed  the  fact  (in  a  boarding- 
school  for  young  girls)  that  certain  gymnastic  exer- 
cises were  employed,  more  or  less  successfully,  for  the 
improvement  of  curvatures  of  the  spine;  and  it  was 
from  this  circumstance  that  he  was  led  to  invent  a 
number  of  lever-like  apparatuses  by  means  of  which 
the  desired  exercises  could  be  carried  out  with  greater 
efficiency.  In  1865  he  opened  in  Stockholm  a  private 
Institute  in  which  the  treatment  referred  to  above 
might  be  carried  out  systematically  and  under  proper 
supervision.  It  was  the  first  establishment  of  its 
kind,  and  it  has  served  as  the  model  from  which  others 
have  since  been  con.structed,  both  in  Europe  and  in 
America.  In  1896  Zander  was  elected  a  Member  of 
the  Swedish  .-Vcademy  of  Sciences.  A.   H.   B. 


Zcdoaria,  N.  F. — Zedoary.  {Rhizoma  Zedoarm, 
P.  G.).  The  rhizome  of  Curcuma  zedoaria  Iloscoc, 
(Fam.  Zingiberacea:) .  This  is  one  of  the  numerous 
ginger-like  plants  which  inhabit  the  warmer  parts  of 
Asia,  and  whose  rhizomes  or  seeds  are  used  as  spices  or 
condiments.  Zedoary  is  indigenous  in  India  and 
China,  in  which  places  it  is  also  cultivated.  It  is 
introduced  and  cultivated  also  in  Java  and  other 
Pacific  Islands.  The  rhizome  is  the  part  used,  being 
chig  up,  washed,  or  scraped,  and  then  sliced  and 
dried.  It  is  commonly  stated  that  the  smaller 
branches  form  the  "long;  zedoary,"  and  the  central 
tubercles  or  clumps  the  "round  zedoary;"  but,  ac- 
cording to  the  French  Codex  and  some  other  authori- 
ties, the  latter  is  the  rhizome  of  a  related  plant,  C. 
aromalica  Salisbury.  Zedoary  comes  also  occasionally 
mixed  with  curcuma.     The  long  variety  of   zedoary 
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is  of  old  occurrence  in  commerce,  and  was  formerly  a 
greater  favorite  than  now,  when  its  place  is  mostly 
taken  by  ginger,  curcuma,  sweet  flag,  etc.  In 
this  country,  indeed,  it 's  wellnigh  obsolete,  but  on  the 
continent  of  Europe  it  is  still  official  in  most  countries, 
although  but  very  little  used. 

It  figures  mostly  in  external  applications  as  an 
ingredient  of  several  proprietary  liniments  and 
"balsams."  The  French  "Baunie  de  Fioravanti" 
contains  zedoary  along  with  fifteen  other  resins  and 
spices. 

In  its  composition  zedoary  resembles  ginger  and 
curcuma,  and  like  these  it  contains  an  abundance  of 
.starch.  H.   H.  Rusby. 


Zea,  N.  F. — Corn-silk.  Stigmata  Maidis.  The 
fresh  styles  and  stigmas  of  Zea  mays  L.  (fam.  Gramin- 
€oe).  Corn-silk  should  be  collected  soon  after  flower- 
ing, while  still  green  and  succulent,  and  preijarations 
are  believed  to  be  better  when  made  from  it  without 
previous  drying.  The  important  constituent  is 
believed  to  be  maizenic  acid,  which  exists  in  the  pro- 
portion of  about  two  per  cent,  and  is  soluble  in  both 
water  and  alcohol.  There  are  also  fixed  oil,  resin, 
sugar,  and  gum.  Of  the  physiological  action  of  corn- 
silk,  nothing  is  definitely  known  except  that  it  is  a 
direct  stimulant  of  the  renal  secretion.  With  this 
action,  it  commonly  produces  a  soothing  effect  when 
irritation  of  the  genito-urinary  tract  exists.  This 
appears  to  be  due,  at  least  in  great  part,  to  the  cleans- 
ing effected.  Its  use  is  almost  exactly  like  that  of 
triticum  in  cystitis.  The  official  preparation  is  the 
fluid  extract,  of  which  the  dose  is  fl.  oi  to  ij  (4.0  to 
S.O).  The  decoction  or  infusion  is  perhaps  more 
frequently  employed.  Henry  H.   Rdsby. 


Zein  is  an  alcohol-soluble  protein  occurring  in  the 
corn  kernel  and  characterized  by  yielding  no  lysine 
or  tryptophane   on   hydrolysis.  F.  P.  U. 


Zenker,  Friedrich  Albert. — Born  at  Dresden, 
Germany,  March  13,  1825.  He  received  the  degree 
of  Doctor  of  Medicine,  in  1851,  from  the  University 
of  Leipzig.  From  1853  to  1855  he  taught  pathological 
anatomy  in  the  Chirurgico-Medical  Academy  of 
Dresden,  and  then,  in  1862,  accepted  an  invitation 
to  be  the  regular  Professor  of  Pathological  Anatomy  in 
the  LTniversity  of  Erlangen.  After  holding  this  posi- 
tion for  thirty-five  years  he  retired  from  further  active 
work.     His  death  occurred  June  13,   1898. 

Zenker  won  for  himself  a  permanent  place  in  the 
history  of  medicine  by  his  discovery  of  the  true  nature 
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of  trichinosis.  In  1800,  on  the  occasion  of  the  post- 
mortem examination  of  a  young  woman  whom  lie 
had  been  treating  at  the  Dresden  City  Hospital, 
he  made  the  discovery  that  her  death  was  due  to 
trichinosis,  and  he  reported  the  case  in  detail  in 
VtTchow's  Archil!,  No.  XVIII,  under  the  title:  "Die 
Trichinenkrankheit  des  Mensclien."  Of  Zenker's 
other  published  writings  the  following  deserve  to  re- 
ceive special  mention:  "Beitriige  zur  normalen  und 
pathologischen  Anatomie  der  Lunge,"  Dresden,  1862; 
"Ueber  die  Veranderungen  der  willkiirlichen  Muskeln 
im Typhus abdominalis,"  Leipzig,  1864;  "Krankheiten 
der  Oesophagus,"  in  von  Ziemssen's  Handbuch,  etc.; 
"Ueber  Staubinhalationskrankheiten  derLungen,"  in 
Deutsche^  Arch,  fur  klin.  Med.,  II;  and  "Zurpathol. 
Anatomie  der  acuten  gelben  Leberatrophie,"  ibidem,  X. 

A.  H.  B. 


von  Ziemssen,  Hugo. — Born  at  Greifswald,  Ger- 
many, Dec.  1.3,  1S29.  He  studied  medicine  at  the 
University  of  his  native  town  and  also  at  the  Univer- 
sities of  Wurzburg  and  Berlin.  He  received  his 
doctor's  degree  from  the  former  institution  in  1854. 
In  186.3  he  accepted  an  invitation  from  the  University 
of  Erlangen  to  occupy  the  regular  Chair  of  Clinical 
Medicine,  and  three  years  later  (1866)  he  founded  (in 
association  with  A.  Zenker)  the  Deutsches  Archiv  fur 
klinische  Medizin.  In  1874  he  was  chosen  Director 
of  the  great  hospital  in  Munich  and  Head  of  Section 
I  of  the  Medical  Clinic,  both  of  which  positions  he 
held  up  to  the  time  of  his  retirement.  He  died  in 
1902. 

von  Ziemssen  was  a  prodigious  worker,  a  very  clear 
and  practical  writer,  and  endowed  with  remarkable 
powers  as  an  organizer.  His  published  writings  and 
the  various  cyclopedic  works  which  he  edited  would, 
if  brought  together  into  a  single  collection,  suffice 
to  make  a  very  fair-sized  and  reasonably  complete 
medical  library.  Only  a  few  of  the  more  important 
of  these  publications  may  here  be  enumerated: 
"Die  Electricitat  in  der  Medicin,"  Berlin,  1857 
(5th  edition  in  1887);  "Handbuch  der  speciellcn 
Pathologie  und  Therapie,"  Leipzig,  1875-85,  17  vol- 
umes (translated  by  English  and  American  physicians 
and  published  by  William  Wood  &  Co.,  of  New  York, 
in  16  large  volumes);  "Handbuch  der  allgemeinen 
Therapie,"  4  volumes,  1883-85;  "Die  Kaltwasser- 
behandlung  des  Typhus,"  Leipzig,  1887  (in  associa- 
tion with  Immermann);  "  Pharmacopcpia  clinica," 
5th  edition,  1890;  and  "Ueber  die  Behandlung  des 
Magengeschwlirs,"  Leipzig,  1871.  k.   H.  B. 


Zinc. — I.  Genei{al  Medicinal  Properties  of  Com- 
pou.vDS  OF  Zinc. — Charging  the  blood  with  zinc 
affects  nutrition  in  excess,  developing  poisonous  symp- 
toms, but  the  action  is  not  so  profound  as  with  the 
majority  of  the  heavy  metals,  and  in  medicinal  dosage 
deleterious  effects  need  not  be  feared.  Therapeu- 
tically, the  constitutional  influence  shows  itself  in 
a  tendencjr  to  abate  spasmodic  nervous  disorders, 
such  as  epilepsy,  chorea,  hysteria,  etc.  Indeed,  be- 
fore the  rise  of  bromides  into  medicinal  prominence, 
zinc  was  a  standard  medicine  for  the  relief  of  epilepsy 
and  hysteria.  At  present,  it  can  onlj-  be  said  that, 
among  the  heavy  metals,  zinc  combines  more  potency 
and  availability  as  a  constitutional  nervine  than 
any  other — which  is  not  saying  much.  Locally,  the 
properties  of  the  zinc  compounds  differ  with  the  chem- 
istry of  the  different  compounds,  mainly  according 
to  solubility,  the  soluble  salts  being  caustic  or  irritant 
and  astringent,  and  the  insoluVjlc  compounds  operat- 
ing as  absorbent,  soothing,  healing,  and  disinfectant 
dressings.  Internally,  the  soluble  compounds  in 
moderate  dosage  determine  prompt  and  thorough 
vomiting,  after  the  manner  of  copper  salts,  though 
with  less  severity  of  action.     In  large  doses  they  are 
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corrosive  or  irritant  poisons,  according  to  the  activity 
of  the  individual  compound.  The  insoluble  com- 
pounds in  small  dose  allay  gastric  and  intestinal  ir- 
ritability, but  in  large  dose,  probably  through  chemical 
conversion,  may  nauseate,  and  even  cause  vomiting. 
Zinc  compounds  are  disinfectant,  the  soluble  salts,  es- 
pecially the  chloride,  notably  so,  and  since  they  do 
not  stain  they  are  the  most  generally  available  of 
metallic  salts  for  the  purpose. 

The  therapeutics  of  zinc  consist  of  the  following 
applications:  constitutionally,  as  a  medicine  of  second- 
er third-rate  ptower  to  control  spasmodic  nervous 
disease;  in  the  stomach,  to  allay  pain  or  nausea,  for 
which  purpose  an  insoluble  compound  is  commonly 
selected;  in  the  bowels,  to  control  diarrhea,  especially 
when  the  affection  seems  a  reflex  of  nervous  irritation. 
rather  than  the  expression  of  a  catarrh;  and,  exltr- 
rially,  the  soluble  compounds,  to  cauterize,  or,  toper- 
form  the  usual  functions  of  a  metallic  astringent 
irritant  in  the  way  of  determining  absorption  of  granu- 
lation tissue,  and  abating  catarrh;  and  the  insoluble 
preparations  to  act  as  soothing,  healing,  or,  applied 
dry,  absorbent  and  disinfectant  dressings.  Solutions 
of  the  soluble  salts  are  also  available  as  eflficient  dis- 
infectants of  their  kind  for  wounds,  fabrics,  floors, 
and  all  non-metallic  receptacles. 

II.  The  Compounds  op  Zinc  Used  in  Medicine. — 
These  are  the  oxide,  carbonate,  chloride,  sulphate,  ace- 
tate, valerate,  phenolsulphonale,  and  stearale;  and  al- 
though not  official,  the  nitrate,  a  bromide,  iodide,  and 
oleale. 

Zinc  Oxide  (ZnO). — Zinc  oxide  is  official  in  the 
United  States  Pharmacopoeia  as  Zinci  Oxidum,  Zinc 
Oxide.  It  is  a  smooth  white  powder,  odorless  and 
tasteless,  and  insoluble  in  either  water  or  alcohol. 
It  dissolves  in  acids  without  effervescence.  It  is 
permanent  in  the  air,  but  should  be  kept  in  well- 
stoppered  bottles.  Zinc  oxide  is  a  commercial  arti- 
cle, and  impure  and  even  fraudulent  specimens  are 
not  uncommon.  Zinc  oxide  is  the  principal  insoluble 
zinc  compound.  It  may  be  u.sed,  given  internally,  for 
the  constitutional  effect  of  zinc,  or  to  allay  vomiting 
or  diarrhea;  dose,  from  one  to  five  grains  (0.06  to  0.30) 
several  times  a  day,  in  powder  or  pill.  Externally, 
zinc  oxide  may  be  used,  alone  or  mixed  with  powdered 
starches  or  gums,  as  an  absorbent  powder  dressing  to 
excoriations  and  sores,  or,  in  ointment,  as  a  soothing 
and  healing  application,  for  which  purpose  it  is  very 
efficient.  There  is  an  official  ointment,  Unguentum 
Zinci  Oxidi,  Ointment  of  Zinc  Oxide,  consisting 
of  twenty  per  cent,  of  the  oxide  in  benzoinated 
lard,  which  may  be  applied  in  full  strength  to  sores  or 
eruptions. 

Zinc  Carbonate. — Normal  zinc  carbonate  occurs  in 
the  mineral  zinc  spar  or  calamine,  which  was  formerly 
official  in  the  United  States  Pharmacopoeia,  as  a  medi- 
cine, but  was  dropped,  because  of  its  impurities,  in 
the  revision  of  the  Pharmacopoeia  in  18(50.  In  its 
place  is  official,  now,  the  mixture  of  carbonates  that 
results  from  precipitating  a  boiling  .solution  of  zinc 
sulphate  by  sodium  carbonate.  Such  precipitate 
is  entitled  Zinci  Carbonas  Prwcipitatus,  Precipitated 
Zinc  Carbonate.  Precipitated  zinc  carbonate  is, 
like  the  oxide,  a  smooth,  white  powder,  without  odor 
or  taste,  and  in.soluble  in  water  or  alcohol.  It  dis- 
solves in  acids  with  copious  effervescence.  Zinc  car- 
bonate is  sub.stantially  a  duplicate  of  the  oxide  in 
medicinal  properties,  but  its  use  is  commonly  confined 
to  external  application  as  an  absorbent  powder. 

Zinc  Chloride  (ZnCI™). — The  salt,  commonly  called 
butter  of  zinc,  is  official  in  the  United  States  Phar- 
macopoeia as  Zinci  Chloridum,  Zinc  Chloride.  It 
occurs  in  a  white  crystalline  powder,  or  in  white, 
opaque  lumps,  and  is  exceedingly  deliquescent.  It  is 
odorless,  but  has  a  very  caustic  saline  and  metallic 
taste  (but  it  is  so  corrosive  that  tasting  is  dangerous). 
It   dissolves   very   freely   in   water   and    in   alcohol. 
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It  should  be  kept  in  small,  glass-stoppered  bottles. 
Tlio  chloride  Is  the  most  active  of  the  zinc  salts,  bcins 
highly  corrosive  and  also  antiseptic.  It  has  little 
effect  on  the  sound  skin,  but  upon  a  raw  surface  or 
mucous  membrane  it  disorganizes  tissues,  forming  a 
white,  tough  slough.  The  action,  though  powerful, 
is  not  diffuse,  so  that  it  can  be  regulated  quite  exactly 
in  area  and  depth.  The  slough  remains  odorless 
during  its  attachment,  and,  when  finally  ciist  off,  as 
happens  in  a  week  or  ten  days,  exposes  an  underlying 
surface  presenting  clear,  liealthy  granulations,  which 
rapidly  proceed  to  cicatrization.  Zinc  chloride  thus 
makes"  an  excellent  cscharotic,  combining  the  features 
of  being  powerful,  yet  manageable,  of  disinfecting  its 
own  slough  for  determining  kindly  healing  of  the 
resulting  ulcer,  and  of  being  free  from  danger  of  pro- 
ducing constitutional  poisoning.  Its  operation  is, 
however,  very  painful.  In  .solution,  zinc  chloride  is  a 
standard  disinfectant,  but,  if  strong,  acts  upon  rnetallic 
surfaces.  Internally,  it  is  a  corrosive  or  irritant 
poison,  according  to  concentration. 

For  use  as  a  caustic,  patent  lint  may  be  soaked  in 
a  concentrated  solution  of  the  salt,  dried,  and  then  cut 
— with  an  old,  worthless  pair  of  scissors — into  proper 
size  and  applied  to  the  part,  which,  if  covered  with 
skin,  must  first  have  the  epithehum  removed  by 
blistering.  Much  more  convenient,  however,  is  the 
plan  of  making  the  chloride  into  a  paste  with  flour 
and  water.  Such  paste  can  be  applied  moist,  or  may 
be  dried  and  cut  into  pointed  rods,  which  are  then 
available  for  thrusting  into  any  large  mass  requiring 
destruction,  such  as  a  cancerous  tumor.  This  paste 
was  devised  by  a  Dr.  Canquoin,  of  Paris,  and  often 
goes  by  his  name.  It  is  made  by  rapid  admixture  of 
zinc  chloride  and  wheat  flour  with  a  very  little  water 
— a  few  drops  only  to  the  ounce  of  paste.  The 
strength  in  zinc  salt  will  range  from  fifteen  to  thirty 
per  cent.,  according  to  the  character  of  the  tissue 
requiring  destruction. 

As  a  disinfectant,  zinc  chloride  can  be  prescribed 
in  the  official  Liquor  Zinci  Chloridi,  Solution  of  Zinc 
Chloride.  This  is  a  solution  of  the  salt  in  water, 
fifty  per  cent.,  by  weight,  in  strength.  It  is  made 
directly  from  the  metal  by  the  action  of  hydrochloric 
acid,  the  resulting  solution  being  purified  from  con- 
taminating iron  by  a  special  procedure,  and  brought 
to  standard  strength  by  distilled  water.  The  solu- 
tion is  a  clear,  colorless  liquid,  odorless,  having  a  very 
astringent,  sweetish  taste  and  an  acid  reaction. 
In  its  pharmacopoeial  strength,  this  solution  is  en- 
tirely too  strong  for  direct  application,  being,  indeed, 
corrosive.  As  a  general  disinfectant,  it  should  be 
diluted  to  three-per-cent.  strength,  and  as  a  lotion 
for  wound  surfaces  or  ulcers  to  one  per  cent.  It  has 
the  merit  of  being  deodorant  and  disinfectant, 
while  at  the  same  time  it  has  no  smell,  does  not  stain, 
and,  in  the  dilution  enjoined,  does  not  attack  fabrics 
or  injure  metallic  receptacles. 

Zinc  Bromide  (ZnBre). — Zinc  bromide  is  official  in 
the  United  States  Pharmacopoeia  as  Zinci  Bromidum, 
Zinc  Bromide.  It  is  a  white,  or  nearly  white,  granular 
powder,  very  deliquescent,  odorless,  having  a  sharp 
saline  and  metallic  taste,  and  a  neutral  reaction.  It 
is  very  soluble  in  water  and  in  alcohol.  Because  of  its 
ready  deliquescence,  the  salt  should  be  kept  in  small 
glass-stoppered  bottles.  Zinc  bromide  closely  re- 
sembles the  chloride  in  general  properties,  being 
deliquescent  and  highly  irritant.  Its  official  recogni- 
tion is,  however,  not  for  its  dupUcature  of  the  chloride 
in  uses,  but  for  its  internal  employment  in  nervous 
disease,  with  the  notion  of  getting  the  comdined 
antispasmodic  effect  of  zinc  and  a  bromide.  But  in 
the  small  dosage  which  the  character  of  the  salt  enjoins, 
the  quantity  of  bromine  ingested  is  medicinally  in- 
significant. The  salt  is  given  in  doses  of  from  one 
and  one-half  to  five  grains  (0.1  to  0.3)  in  syrupy 
solution. 

Zinc  Iodide  (Znl2). — Zinc  iodide  is  official  in  the 
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United  States  Pharmacopccia  as  Zind  lodidum,  Zinc 
Iodide.  This  is,  again,  a  white,  granular,  and  very 
deliquescent  powder,  odorless,  but  of  a,  sharp,  saline, 
and  metallic  taste.  It  is  very  soluble  in  water  and 
in  alcohol.  It  must  be  kept  in  small  glass-stoppered 
bottles.  Zinc  iodide,  like  the  bromide,  resembles  the 
chloride  in  quality;  but,  like  the  bromide,  is  suggested 
for  the  purpose  of  getting  the  effects  of  the  acid 
radical  along  with  those  of  zinc,  in  constitutional 
medication.  But,  again,  the  necessarily  small  dosage 
defeats  the  purpose.  The  salt  is  given  in  doses  of 
one  grain  (0.065)  in  syrup.  Locally,  the  iodide  has 
been  applied  for  the  general  purposes  of  the  metallic 
astringents,  in  solutions  ranging  in  strength  from  the 
one-fifth  of  one  per  cent,  to  six  per  cent,  or  in  a  twelve- 
per-cent.  ointment. 

Zinc  Sulphate  (ZnSOi.THjO).— Zinc  sulphate  is 
official  in  the  United  States  Pharmacopoeia  as  Zinci 
Sulphas,  Zinc  Sulphate.  It  is  crystalline,  occurring 
in  small,  colorless,  right  rhombic  prisms,  or  acicular 
needles  which  slowly  effloretee  in  dry  air.  It  is 
odorless,  but  has  a  sharply  saline,  metallic,  and 
nau.seous  taste.  It  dissolves  in  0.53  part  of  water  at 
25°  C.  (77°  F.),  and  in  0.2  part  of  boiling  water.  It  is 
insoluble  in  alcohol.  It  should  be  kept  in  well- 
stoppered  bottles.  Zinc  sulphate  is  the  sulphate 
whose  commercial  impure  variety  is  called  white 
vitriol.  The  pure  quality,  official  as  above,  is  in  the 
small  crystals  described,  which  look  not  unlike  those 
of  Epsom  salt.  Zinc  sulphate  is  decomposed  by 
alkalies  and  their  carbonates,  hydrosulphates,  lime 
water,  soluble  lead  salts,  and  vegetable  astringents. 
By  heating,  it  can  be  made  to  part  with  its  water  of 
crystallization,  forming  what  is  called  dried  zinc 
sulphate. 

Zinc  sulphate  is  an  irritant  astringent,  and,  in  the 
dried  form,  is  even  caustic,  though  less  powerfully 
so  than  the  chloride.  Internally,  in  moderate  dose,  it 
is  emetic;  in  excessive  quantity,  an  irritant  poison, 
though  again  less  potent  than  the  chloride.  The  salt 
is  a  favorite  metallic  astringent,  being  milder  than 
copper  or  silver  salts,  of  less  harsh  taste,  and  does  not 
stain.  It  has  thus  a  wide  range  of  applicability,  but 
yet,  where  a  powerful  action  is  wanted,  it  is  distinctly 
inferior  to  silver  nitrate  or  copper  sulphate.  The 
crystals  are  too  small  to  permit  the  salt  to  be  used  in 
solid  form;  it  is,  therefore,  used  locally  in  solution,  the 
strength  ranging  from  the  one-fifth  of  one  per  cent, 
to  about  four  per  cent.  Dried  zinc  sulphate  has  been 
employed  as  a  caustic,  made  into  paste,  with  one- 
eighth  part  of  glycerin,  or  into  ointment  with  one- 
fourth  part  of  lard.  Internally,  the  salt — crystalline 
form — may  be  given  for  the  constitutional  effects  of 
zinc,  in  doses  of  from  one-fourth  to  one  grain  (0.015 
to  0.06),  several  times  a  day;  or  as  an  emetic  in  doses 
of  from  fifteen  to  thirty  grains  (1.0  to  2.0). 

Zinc  Acetate  (ZnlCoHsOsls  +  211^0).— Zinc  acetate 
is  official  in  the  United  States  Pharmacopoeia  as 
Zinci  Acetas,  Zinc  Acetate.  It  occurs  in  soft,  white, 
pearly,  six-sided  tablets  and  scales,  which  effloresce 
somewhat  in  dry  air.  It  has  a  faint,  acetous  odor 
and  a  sharp,  metallic  taste.  It  dissolves  in  2.7  parts 
of  cold  water  and  in  1.5  parts  of  boiling  water;  in 
thirt}'-six  parts  of  cold  alcohol  and  in  about  three 
parts  of  boiling  alcohol.  It  should  be  kept  in  well- 
stoppered  bottles. 

Zinc  acetate  is  practically  a  duplicate  of  the  sul- 
phate; but  its  use  has  been  rather  restricted  by  custom 
to  local  application  for  the  purposes  of  the  metallic 
astringents.  Solutions  may  be  employed  of  the  same 
strength  as  of  the  sulphate. 

Zinc  Valerate  (Zn[C5H902]2,H20).  — The  salt  is 
official  in  the  United  States  Pharmacopoeia  as  Zinci' 
Valeras,  Zinc  Valerate.  It  is  in  soft,  white,  pearly 
scales,  permanent  in  the  air.  It  has  a  faint  odor  of 
valeric  acid,  and  a  taste  at  first  sweet,  then  styptic  and 
metallic.  It  is  soluble  in  about  fifty  parts  of  water  and 
in  about  thirty-five  parts  of  alcohol  at  25°  C.  (77°  F.)^ 
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Boiling  in  either  solvent  determines  loss  of  acid  and 
the  formation  of  a  basic  salt,  with  resulting  turbidity 
of  the  solution.  The  salt  should  be  kept  in  small, 
well-stoppered  bottles.  From  its  comparative  in- 
solubility, zinc  valerate  is  locally  less  active  in  every 
way  than  the  salts  typified  by  the  chloride  and  sul- 
phate. Its  place  in  medicine  rests  upon  the  idea  of 
combining  in  one  drug  the  antispasmodic  virtues  of 
zinc  and  valerian;  but  since  the  effects  of  zinc  are 
feeble  at  best,  and  valeric  acid  is  probably  not  the 
active  principle  of  valerian  root,  there  is  little  ground 
on  which  to  rest  a  valid  claim  for  the  salt's  efficacy. 
This  valerate  also  has  the  positive  disadvantages  of 
disagreeable  smell  and  taste,  and  co.stliness.  The 
salt  has  been  given  in  doses  of  from  one  to  two  grains 
(0.06  to  0.12)  several  times  a  day,  best  in  pill. 
For    Zinc   Phenolsulphonale,  see     article     Phenol- 

SULPHONATES. 

Zinc  Slearale. — The  salt  is  official  as  Zincl  Stearas, 
Zinc  Stearate.  It  is  a  fine,  light  powder,  with  a  faint 
odor  of  fat,  and  without  definite  chemical  compo- 
sition. It  is  insoluble  in  water,  alcohol,  or  ether. 
Zinc  .stearate  is  used  as  a  feebly  astringent  dusting 
powder  in  various  moist  diseases  of  the  skin. 

Zinc  Nilrate  (ZniyOsh,  6H2O). — Zinc  nitrate  is 
formed  by  the  direct  action  of  nitric  acid  upon  metallic 
zinc.  It  occurs  in  colorless  prismatic  crystals  which  are 
soluble  in  water  and  alcohol,  and  are  very  deliquescent. 
The  salt  is  fusible,  and  has  been  employed,  although 
it  is  unofficial,  in  the  form  of  sticks  of  the  fused 
substance  cast  in  paper  moulds,  for  application  to  sores 
and  ulcers.  The  action  is  caustic  and  healing,  after 
the  manner  of  silver  nitrate.  Sticks  of  zinc  nitrate 
must  be  kept  dry  in  well-stoppered  bottles,  else  they 
will  be  destroyed  by  deliquescence  of  the  salt. 

Zinc  Olcnte. — .\n  oleate  of  zinc  is  obtainable  in  the 
form  of  a  fine,  soapj'-feeling  powder,  of  a  pearl  color. 
This  powder  proves  to  be  a  serviceable  bland  absorbent 
and  detergent  for  local  dusting  upon  the  skin. 

III.  Toxicology  of  Zinc. — Poisoning  by  the  com- 
pounds of  zinc  is  rare;  when  it  does  occur  it  is  almost 
invariably  due  to  the  chloride  or  sulphate  of  zinc,  and 
is  generally  the  result  of  accident.  Zinc  sulphate  has 
been  taken  in  mistake  for  Epsom  salt  (magnesium 
sulphate)  which  it  closeh'  resembles  in  appearance; 
and  Burnett's  fluid  (which  contains  over  200  grains 
of  zinc  chloride  to  the  ounce)  has  been  mistaken  for 
water  or  some  other  harmless  liquid. 

Sytnptoms. — Zinc  sulphate  acts  as  an  irritant.  The 
symptoms  appear  rapidly,  but  are  occasionally  de- 
layed. A  styptic  and  metallic  taste  is  observed  on 
swallowing  the  poison,  and  this  is  soon  followed  by 
burning  pain  in  the  mouth,  throat,  esophagus  and 
stomach,  nausea,  vomiting  and  diarrhea;  the  pulse 
is  accelerated  at  first,  but  later  both  pulse  and  respira- 
tion become  slower;  cramps  in  the  legs,  convulsions, 
vertigo  and  syncope  may  occur,  and  the  patient  dies 
in  collapse.  Zinc  chloride  acts  as  a  violent  corrosive. 
The  symptoms  are  much  like  those  of  poisoning  by 
zinc  sulphate  but  are  more  severe  and  are  generally 
followed  by  more  profound  prostration.  The  chlor- 
ide is  much  more  dangerous  than  the  sulphate. 

Fatal  Dose  and  Fatal  Period. — The  exact  ciuantity  of 
any  of  the  preparations  of  zinc  required  to  cause  death 
is  not  known.  In  large  doses  the  sulphate  acts  as  an 
emetic;  and  quantities  varying  from  one  dram  to  four 
ounces  (4  to  124  grams)  have  been  taken  without 
fatal  result.  Half  an  ounce  (1.5.5  grams)  in  solution 
has  caused  death.  Most  of  the  reported  cases  of 
poisoning  by  the  chloride  have  been  caused  by  Bur- 
nett's solution.  Recovery  has  followed  the  ingestion 
of  quantities  of  this  solution  varying  from  half  a 
wineglassful  to  three  fluidounces,  the  (|uantity  of  the 
salt  being  from  12  to  400  grains  (O.S  to  20  grams").  The 
smallest  quantity  of  the  chloride  known  to  have  caused 
death  is  55  grains  (3-5  grams).  Death  usually  takes 
place  within   twenty-four  hours;   the  shortest  fatal 


periods  reported  are  two  hours  (Brunton),  four  hours 
(Taylor),  and  four  and  a  half  hours  (Crosse).  Occa- 
sionally the  primary  effects  may  be  recovered  from 
and  the  patient  may  die  several  weeks  later  from 
inanition  (due  to  stricture  of  the  esophagus,  pylorus, 
or  intestine),  or  from  perforation  of  stomach  or 
intestine. 

Postmortem  Appearances. — When  the  sulphate  has 
been  taken,  the  lesions  are  similar  to  those  observed 
in  cases  of  poisoning  by  other  irritants.  A  slight 
ulceration,  near  the  pyloric  end  of  the  stomach,  has 
been  noted  in  a  single  case.  Rarely  there  may  be 
contraction  of  the  stomach  or  intestines.  The 
chloride  of  zinc  resembles  in  its  action  the  mineral 
acids  and  caustic  alkalies.  In  cases  of  poisoning  by 
this  salt  the  mucous  membrane  of  the  mouth,  throat, 
esophagus,  stomach,  and  intestines  are  usually  more  or 
less  disorganized.  In  a  few  cases,  however,  there 
has  been  an  absence  of  corrosion,  even  in  the  mouth. 
Perforation  of  the  stomach,  and  stricture  of  the  esoph- 
agus, pylorus,  and  intestines  may  be  met  with, 
especially  in  cases  which  are  not  rapidly  fatal.  Con- 
gestion of  the  brain  and  its  membranes,  and  of  the 
lungs  and  kidneys  are  usuallj-  sequels  of  acute  poison- 
ing (Hills). 

Treatment. — Vomiting  should  be  encouraged  by 
draughts  of  warm  water,  and  the  stomach  should  be 
washed  out  with  water  containing  an  alkaline  car- 
bonate in  solution.  Sodium  carbonate  precipitates 
zinc  carbonate  and  may  be  considered  a  temporary 
chemical  antidote,  .\fterward  opiates  may  be  given 
in  small  doses  to  allay  the  pain,  check  the  diarrhea, 
and  lessen  the  nausea;  and  stimulants  may  be  re- 
quired for  the  collapse. 

Edward  Ccrtis. 

R.  J.  E.  Scott. 


Zinn,  Johann  Gottfried. — Born  at  Schwabach 
Bavaria,  Dec.  4,  1727.  He  received  the  degree  of 
Doctor  of  Medicine  from  the  University  of  Goettingen 
in  1749,  during  the  presidency  of  the  famous  Haller. 
The  thesis  which  he  wrote  for  this  occasion,  and 
which  described  the  action  of  different  parts  of  the 
brain  of  animals  under  experimentation,  attracted 
considerable  notice  on  account  of  its  remarkably 
clever  character.  From  Goettingen  he  went  to  Berlin, 
where  he  found  excellent  facilities  for  perfecting  his 
knowledge  of  anatomy  and  botany,  the  two  branches 
of  science  in  which  he  took  a  special  interest.  In 
1753  he  was  recalled  to  Goettingen  to  take  charge  of 
the  botanical  garden  and  to  be  Professor  Extraordinary 
of  Medicine.  He  died  April  6,  1759,  before  he  had 
completed  his  thirty-second  year. 

Zinn,  according  to  Dezeimeris  was  one  of  the  most 
distinguished  of  Haller's  disciples  and  an  excellent 
anatomist.  As  a  result  of  his  discoveries  in  the  anat- 
omy of  the  eye  his  name  will  retain  a  permanent 
place  in  the  historj'  of  medicine — Zinn's  artery," 
"Zinn's  zonule,"  etc.  Of  his  published  writings  the 
following  deserve  to  receive  special  mention:  "Dis- 
sertatio  inauguralLs  exhibens  experimenta  circa  corpus 
callosum,  cerebellum,  et  durara  meningem,  in  vivis 
animalibus  instituta,"  Goettingen,  1749;  "Programma 
de  ligamentis  ciharibus,"  Goettigen,  1753;  "Obscrva- 
tiones  qua;dam  botanicaj  et  anatomicx  de  vasis  sub- 
tilioribus  oculi  et  cochleae  auris  interna;,"  Goettingen, 
1753;  and  "Descriptio  anatomica  oculi  humani  iconi- 
bus  illustrata,"  Gottingen,  1755.  A.  H.  B. 


Zingiber,  U.  S.   Ginger. — The  dried  rhizome  of 

Zingiber  zingiber  (L.)  Rusby  ("Z.  officinale  Roscoe," 
U.  S.  P.)  (Fam.  Zingiberacew),  the  outer  cortical 
layers  of  which  may  be  either  partially  or  wholly 
removed. 

This  plant  belongs  to  a  remarkable  order  of  tropical 
perennial  herbs  with  horizontal,  fieshy,  often  lobed 
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and  branclied  rhizomes,  more  or  less  developed  up- 
right stems,  with  two-ranked,  alternate,  parallel- 
nerved,  sheathing  leaves,  and,  theoretically,  tnmerous, 
irregular  flowers  in  various  clusters. 

The  flowers  vary  greatly  in  color,  from  nearly  white 
to  a  purplish  blue.  The  richer  the  soil,  the  better  the 
ginger,  and  the  product  of  newly  cleared  land  holds  a 
special  place  in  commerce.  It  is  probably  a  native  of 
Southern  Asia,  but  is  not  known  wild,  having  been 
cultivated  for  many  hundred  years.  It  has  also  been 
transplanted  to  tropical  Africa  and  the  West  Indies, 
besides  many  other  places,  where  it  is  extensively 
cultivated. 

It  has  been  used  as  a  spice,  even  in  Europe,  almost 
since  the  beginning  of  this  era,  having  been  imported 
from  the  East  bv  way  of  the  Red  Sea.  The  plant  was 
carried  to  the  West  Indies  soon  after  the  discovery  of 
the  New  World,  and  a  few  years  later  ginger  was 
exported  from  St.  Domingo  back  to  Europe. 

Description'. — Ginger  is  either  coated,  that  is, 
simply  washed  and  dried  without  removing  the  cuticle, 
or  else  scraped,  when  the  outer  surface  is  peeled  or 
scraped  away,  as  in  "Jamaica  ginger."  When  the 
bark  is  stripped  from  the  two  flat  sides,  it  is  known  as 
"half-coated."  It  is  in  pieces  technically  called 
"hands,"  "about  three-fifths  of  an  inch  broad, 
flattish  on  one  side,  lobed  or  clavately  branched; 
deprived  of  the  corky  layer  (peeled  ginger),  pale 
buff-colored,  striate,  breaking  with  a  mealy,  rather 
fibrous  fracture,  showing  numerous  small,  scattered 
resin  cells  and  fibrovascular  bundles,  the  latter 
enclosed  by  a  nucleus  sheath;  agreeably  aromatic, 
and  of  a  pungent,  warm  taste."  When  ginger  is  not 
peeled  it  has  a  grayish  or  brownish  wrinkled  surface. 
Inferior  and  dark-colored  grades  are  sometimes 
bleached  with  sulphur,  chlorinated  lime,  etc.,  or  are 
even  "whitewashed"  with  chalk  and  water,  or  some 
such  mixture,  to  give  them  a  whiter  and  more  salable 
appearance.  This  treatment  also  protects  them 
against  the  attacks  of  insects.  The  relative  com- 
mercial and  medicinal  values  of  ginger  do  not  agree. 
For  medicinal  purposes  it  is  better  with  the  very 
active  rind  left  upon  it,  but  its  commercial  value 
depends  more  upon  its  ability  to  yield  a  clear,  light- 
colored  preparation,  which  is  true  of  the  peeled  articles. 
Nevertheless,  the  use  of  these  peeled  gingers  has  been 
in  contravention  of  the  heretofore  existing  require- 
ments of  the  Pharmacopoeia.  By  the  present  defini- 
tion, the  use  of  both  forms  is  authorized.  The  prin- 
cipal varieties  in  the  order  of  their  estimation  are 
Jamaica,  Cochin,  and  African.  The  last,  though  the 
cheapest,  contains  the  largest  amount  of  active 
constituents,  and  is  to  be  preferred  for  medicinal  use. 

Composition. — Ginger  contains  a  pale  yellow  volatile 
oil  to  the  extent  of  about  one  or  two  per  cent.,  having 
its  odor  and  taste  without  its  pungency.  The  re- 
maining constituents  are  a  composite  resin,  besides 
the  real  source  of  its  pungency,  gingerol,  which,  how- 
ever, is  not  volatile  or  aromatic.  Twenty  per  cent. 
of  starch,  fat,  gum,  and  various  amorphous  and 
uninteresting  substances  make  up  the  rest.  The  oil 
and  resins  are  contained  in  cells  resembling  those  of 
the  parenchyma,  and  irregularly  scattered  among 
them.  The  ethereal  extract  {Oleoresina  Zingiberis, 
U.  S.  P.)  is  composed  of  these  resins  in  combination 
with  the  essential  oil,  fat,  etc.,  and  is  yielded  by 
different  varieties  to  the  extent  of  five  to  ten  per  cent. 

Action  and  Use. — Ginger  is  a  spice  more  aromatic 
and  less  pungent  than  pepper,  and,  like  others  of  its 
class,  in  suitable  dose  is  gently  stimulating  to  the 
stomach  and  intestines,  and  in  its  way  a  carminative 
tonic.  In  large  doses  it  is  irritating;"  locally  applied 
to  the  skin  it  is  rubefacient  to  a  less  degree  than 
mustard,  and  useful  where  a  mUd  counterirritation 
is  desired.  It  is  used  in  colics,  atonic  dyspepsia, 
flatulence,  etc.,  and  is  a  favorite  flavor  for  cakes, 
drinks,  and  preserves. 
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Administration. — In  powder  the  dose  may  be  taken 
as  from  0.5  gram  to  1  gram,  usually  mixed  with  other 
aromatics.  An  infusion,  under  the  name  of  "ginger 
tea,"  is  a  favorite  preparation  in  the  country.  A  fluid 
extract  is  official  (Exlraclum  Zingiberis  Fluidum, 
U.  S.  P.),  but  not  much  used.  The  tincture  {Tinclura 
Zingiberis,  U.  S.  P.)  is  in  universal  employment;  its 
strength  in  this  country  is  twenty  per  cent.  The 
oleoresin  or  ethereal  extract  {Oleoresina  Zingiberis, 
U.  S.  P.)  is  a  very  concentrated  form  suitable  to  add 
to  pills  and  boluses.  Dose,  a  decigram  or  so.  The 
official  syrup  contains  three  per  cent,  of  the  fluid 
extract,  and  the  troches  each  about  three  minims  of 
the  tincture,  with  a  little  of  the  syrup.  Ginger  also 
enters  into  the  compound  rhubarb  powder  and  the 
aromatic  powder,  both  official. 

'A  little  of  the  preserved  ginger  of  the  shops  makes  a 
delicious  and  wholesome  addition  to  the  meal. 

The  alcoholic  preparation  popularly  sold  under  the 
name  of  "Jamaica  Ginger"  is  used  to  some  extent, 
especially  in  mining  communities,  as  an  intoxicant. 
The  cerebral  effects  have  not  been  suitably  studied, 
but  are  markedly  distinct  from  those  of  ordinary 
alcoholism,  there  being  narcotic  effects  apparently 
due  to  the  ginger  itself.  A  number  of  cases  of  blind- 
ness may  be  due  to  the  employment  of  methyl 
alcohol. 

Oil  of  ginger  is  an  article  of  commerce,  possessing 
tiie  odor  and  flavor,  but  not  the  pungency  nor  full 
physiological  effects,  of  ginger.  It  is  pale  yellow,  with 
a  specific  gravity  of  0.880  to  0.885,  and  contains  cam- 
phene  as  one  of  its  active  parts.     Henry  H.  Rusby. 


Zymase  is  the  name  given  to  an  enzyme  of  the 
yeast  cell  which  is  capable  of  tran.sforming  sugar  into 
alcohol,  carbon  dioxide,  etc.  In  other  words,  it  is 
the  enzyme  which  is  responsible  for  ordinary  fermen- 
tation of  sugars.  Particular  importance  attaches  to 
zymase  inasmuch  as  through  its  action  was  demon- 
strated for  the  first  time  the  fact  that  the  well-known 
fermentation  properties  of  the  yeast  cell  are  due  to  the 
intracellular  presence  of  the  enzyme,  zymase.  Pre- 
vious to  1897  ferments  were  divided  into  two  groups, 
the  organized  ferments  and  the  unorganized  ferments. 
In  the  first  group  were  included  such  substances  as 
yeast  and  certain  bacteria  which  were  supposed  to 
act  by  virtue  of  vital  processes.  The  second  group 
included  salivary  amylase  (ptyalin),  pancreatic  pro- 
tease (trypsin),  etc.,  which  were  described  as  "non- 
living unorganized  substances  of  a  chemical  nature." 
Ktihne  designated  the  second  group  of  substances  as 
enzymes.  This  conception  was  maintained  until 
Buchner  in  1897  isolated  from  the  press-juice  of  the 
yeast  cell  a  substance  which  when  freed  from  the 
living  yeast  cells  or  organized  cellular  material  was 
able  to  bring  about  the  identical  fermentative  proc- 
esses, which  up  to  this  time,  had  been  deemed  possible 
only  in  the  presence  of  the  active,  living  yeast  cell. 
The  active  substance  was  named  zymase.  Other 
similar  experiences  with  various  types  of  cells  have 
led  to  the  breaking  down  of  the  division  line  between 
the  two  kinds  of  substances  and  to-day  the  conception 
is  accepted  that  cellular  activity  is  carried  through 
by  virtue  of  the  presence  of  enzymes  and  not  be- 
cause of  any  peculiar  influence  of  so-called  vital 
processes.  F.  P.  Underbill. 


Zymogen.— A  zymogen  may  be  defined  as  the 
mother  substance  of  an  enzyme.  This  mother  sub- 
stance or  precursor  or  proenzyme  is  an  inactive 
substance.  By  the  influence  of  certain  agencies,  some 
of  which  are  designated  kinases,  the  zymogen  is 
transformed  to  an  active  enzyme.     See  Enzymes. 

F.   P.  U. 


APPENDIX 


Acetamlde 


Am>la!>e 


/C.H3O 
Acetamide. — X — H  When  ammonium  ace- 

\H 
tate  is  heated  water  escapes  and  acetamide  remains 
as  soluble  crystals  with  a  mouse-like  odor.     This  sub- 
stance has  neither  acid  or  basic  properties,  and  is  a 
member  of  that  group  of  bodies  known  as  acid  amides. 

F.  P.  U. 


Acrolein. — ^When  glycerine  (glycerol)  is  heated 
with  crystals  of  potassium  bisulphate  two  molecules 
of  water  are  removed  from  the  glycerol  leaving  acro- 
lein a  colorless  liquid  which  has  a  penetrating  unpleas- 
ant odor  very  irritating  to  the  mucous  membrane  of 
the  nose  and  mouth. 

CHifOH)!  -  2H2O  =  CHiO. 

Glycerol  Acrolein 

The  test  is  made  use  of  in  the  detection  of  glycerol 
and  hence  indirectly  may  be  employed  as  a  test  for 
fats.  ■  F.   P.   r. 


Adenase. — An  enzyme  present  in  certain  tissues  of 
the  animal  organism  capable  of  transforming  adenine 
into  hypoxanthine  by  splitting  off  ammonia.  It  be- 
longs to  the  group  of  deamidizing  enzymes. 

F.  P.   IJ. 


Albumin. — A  simple  protein  characterized  by  its 
being  soluble  in  water  and  coagulable  by  heat.  See 
Aliment.  F.   P.   I^. 


Albuminoids. — Simple  proteins  possessing  a  struc- 
ture similar  to  the  other  groups  of  simple  proteins  but 
characterized  by  a  pronounced  insolubility  in  all 
neutral  solvents.     See  Aliment.  F.   P.  V. 


Albumosuria. — This  condition,  called  also  Bence- 
Jones'  proteinuria,  consists  in  the  excretion  in  the 
urine  of  a  body  which  was  at  first  thought  to  be 
a  heteroalbumose  but  which  has  been  shown  by 
later  work  to  be  probably  a  true  protein._  Its  im- 
portance consists  in  the  fact  that  it  is  found 
in  the  urine  in  many  cases  of  multiple  myelomata 
of  the  bones  so  that  the  diagnosis  has  not  infre- 
quently been  confirmed  by  tlie  finding  of  this  sub- 
stance. It  has  also  been  found  in  the  urine  in  a  few 
cases  of  leucemia  and  has  been  associated  with  meta- 
static carcinoma.  Occasionally  it  may  be  present  in 
small  quantities  in  patients  suffering  with  obscure  dis- 
turbances in  the  bone  marrow  but  these  conditions 
are  not  well  understood  and  but  little  significance  can 
be  attached  to  such  findings.  It  is  well  recognized 
that  the  chief  cause  of  Bence-Jones'  proteinuria  is 
multiple  myelomata  and  if  this  body  is  present  in  well- 
marked  amounts  the  diagnosis  is  alm(>st  established. 
A  few  eases  have  been  reported  in  which  tests  failed 
to  reveal  the  presence  of  the  Bence-Jones'  body  so 
that  it  must  be  recognized  that  a  negative  finding  does 
not  necessarily  exclude  the  diagnosis.  Its  origin  is 
uncertain.  Rosenbloom  has  proposed  osseo-albu- 
minoid  as  a  possible  precursor  and  has  shown  that  it  is 


possible  to  derive  from  osseo-albumoid  a  body  which 
will  give  the  same  reactions  as  the  Bence-Jones'  sub- 
stance. 

The  reactions  of  the  Bence-Jones'  protein  distin- 
guish it  clearly  from  all  other  proteins  which  may  be 
found  in  the  urine.  It  is  characterized  by  the  prop- 
erty of  coagulating  at  from  50°  to  00°  and  redissolv- 
ing  on  boiling,  reprecipitation  taking  place  on  cooling. 
It  is  not  infrequently  associated  in  the  urine  with 
serum  albumin  when  it  becomes  necessary  to  separate 
them.  This  can  be  accomplished  by  acidifying  the 
urine  and  heating  it  to  the  boiling  point  until  all  the 
serum  albumin  is  precipitated.  If  now  the  urine  is 
filtered  while  kept  at  or  near  the  boiling  point  the 
serum  albumin  is  removed  and  the  Bence-Jones' 
protein  is  kept  in  solution. 

This  body  is  tested  for  by  heating  the  acidified  urine 
very  slowly.  Between  50°  and  (iC  a  cloud  appears 
which  gradually  grows  more  dense  and  may  change  to 
a  sticky  precipitate  which  adheres  to  the  sides  of  the 
tube.  As  the  temperature  is  raised  to  the  boiling 
point  the  cloud  becomes  gradually  less  and  may  dis- 
appear entirely  if  the  boiling  is  prolonged.  Not  infre- 
ciuently  the  entire  precipitate  does  not  dissolve  on 
boihng"  and  if  the  cooling  and  boiling  is  repeated  a 
number  of  times  the  reaction  may  become  less  dis- 
tinct, apparently  from  some  permanent  change  which 
takes  place  in  the  Bence-Jones'  body.  After  boiling, 
if  the  tube  is  allowed  to  cool  the  protein  is  agiiin  pre- 
cipitated. It  is  also  precipitated  by  the  addition  of  a 
few  drops  of  twenty-five  per  cent,  nitric  acid  in  the 
cold.  This  precipitate  also  disappears  on  boiling  and 
reappears  on  cooUng.  Bence-Jones'  protein  may  be 
precipitated  from  solution  by  the  addition  of  two  vol- 
umes of  a  saturated  solution  of  sodium  chloride  to 
urine  which  has  been  acidified  with  acetic  acid,  or  it 
may  be  removed  by  the  adflition  of  two  volumes  of  a 
saturated  solution  of  ammonium  sulphate. 

The  amount  excreted  in  the  urine  is  variable.  In 
Bence-Jones'  case  it  rose  to  seventy  grams  in  the 
twenty-four  hours  while  sometimes  it  is  absent.  It  is 
rare,  however,  for  it  to  be  present  in  such  traces  that 
its  recognition  is  difficult  and  when  its  amount  is 
limited  to  such  traces  the  diagnosis  of  myeloma  may 
well  be  doubtful.  Ralph  G.  Still.m.\n. 

Amide,  or  Acid  Amide. — Amides  are  neutral  in 
reaction.     They  are  formed  when  the  Nil;  group  re- 
places a  hvdroxvl  group,  OH,  in  an  organic  acid.     Thus 
CHj.COOH  -I-  NH,  =  CHj.COXHj  +  H..0. 

Acetic  acid  Ammonia  Acetamide 

F.  P.  U. 


Amino  Acids. — An  amino  acid  is  an  acid  in  which 
a  hydrogen  group  is  replaced  by  the  amino  group  NH;. 
They  are  amphoteric  in  reaction  and  are  of  special 
significance  because  they  are  produced  lis  decomposi- 
tion products  of  protein  and  hence  serve  various  nutri- 
tive purposes  in  the  bod  v.     Sec  Aliment. 

F.  P.  r. 

Amylase. — .\n  enzyme  capable  of  digesting  starch 
naste — a  term  synonymous  with  disustjise. 

F.  P.   U. 
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Antienzymes. — Bodies  of  an  enzyme  nature  cap- 
able of  neiitralizins  the  effects  of  enzymes.  Their 
action,  liowevcr,  has  not  been  closely  studied. 

F.  P.   U. 

Antinarcotic  Legislation.— The  dire  consequences 
following  the  habitual  use  of  narcotic  drugs  have 
been  generally  recognized  and  legislation  is  now  in 
vogue  in  most  of  the  civilized  countries,  aimed  at  the 
control  of  habit-forming  drugs  and  the  elimination  of 
the  illegitimate  use  of  them.  The  first  laws  \yith 
regard  to  the  matter  were  promulgated  by  the  nations 
■with  reference  to  opium,  the  use  of  which  in  countries 
such  as  China  had  become  a  national  vice.  The 
first  comprehensive  study  of  the  opium  situation  was 
made  bv  the  British  Royal  Commission  in  1893- 
1895  and  the  matter  was  discussed  at  a  number  of 
international  conferences.  In  1909  at  the  instance 
of  the  I'nited  States  Government  a  conference  was 
held  in  Slianghai,  at  which  it  was  agreed  that  it  was 
the  duty  of  tlie  governments  to  prevent  the  export  of 
opium  "to  countries  which  prohibit  its  importation 
and  that  anti-opium  remedies  should  be  investigated 
and  the  use  of  morphin  should  be  discouraged  by  all 


available  means.  The  control  of  the  opium  evil  is 
well  under  way  and  China  has  completely  forbidden 
its  use.  The  production  of  the  poppy  seed  in  India 
and  other  British  possessions  is  also  regulated. 

Since  the  introduction  into  medicine  of  other  nar- 
cotic drugs  of  habit-forming  propensities,  such  as 
cocain  for  instance,  the  scope  of  legislation  controlling 
the  evil  has  widened.  In  this  country  the  antinar- 
cotic laws  go  as  far  back  as  1873  when  Kentucky 
enacted  the  first  American  antinarcotic  drug  law.' 
In  1897  Illinois  was  the  first  State  to  pass  a  law 
restricting  the  sale  of  cocain  to  physicians'  prescrip- 
tions. At  the  present  time  all  the  States  have  some 
sort  of  antinarcotic  legislation.  New  York  and 
Massachusetts  probably  have  the  most  comprehen- 
sive laws  regarding  the  matter.  Since  1914  we  have 
also  a  federal  law,  known  as  the  Harrison  Act,  which 
is  of  necessity  a  revenue  measure  and  the  aim  of 
which  is  to  record  the  manufacture  and  sale  of  opium 
or  coca  products  and  their  salts,  derivatives,  and 
l)reparations. 

The  following  is  a  brief  summary  of  the  main  pro- 
visions of  the  various  State  laws,  as  compiled  in  the 
Medical  World  of  November,  1916: 


Digest  of  State  Antinahcotic  Laws. 


Alabama.  .  .  , 
Alaska 

Arizona 

California .  .  . 
Colorado 

Delaware... 

Dist.  of  Colu 
Florida 


Georgia 

Hawaii 

Idaho 

Illinois 

IndiKMii    .       .  . 

Iowa 

Kansas 

Kentucky.  .  .  . 
Louisiana 

Maine 

Maryland 

Massachuset  ta 

Alichigan 

Minnesota.. .  . 
Mississippi.. .  . 


Yes 
Opium 
only 


Cocain 
only 


Yes 
Yes 
Yes 
Yes 
Cocaine 
only 


"Adminis 
tering"  in 
stead  of 
dispensing 
in  la 


Yes  exc. 

"personally 

attend." 


Yes 
Yes 


Must  not 
prescribe 
for  addict 


Yes 
Yes 


Sale  to  addicts  prohibited.  Cause  of 
revocation  of  license. 

.^fter  three  weeks  administration  of  nar- 
cotics consultation  required  and  report 
names  .etc.,  to  health  officer  of  town. 

Report  habitues  treated  within  twenty- 
four  hours  to  Board  of  Pharmacy. 
Addicts  may  be  committed. 


Narcotic  sold  must  be  labelled.  For- 
bidden to  sell  except  to  sick. 

Health  officer  may  prescribe  for  iiddicts. 
All  phys.  send  to  Board  of  Health  within 
three  days  of  each  narc.  presc.  Report 
to  B.  of  H.  or  county  judge  if  patient 
will  not  persist  in  treatment.  Incur- 
ables may  have  presc.  narc.  after  in- 
vestigation.    Revocation  of  license. 

Treatment  of  addicts  provided  for. 
Practitioners  convicted  of  violating  law 
made  ineligible  to  continue  practice. 


I 


Law  refers  to  cocaine,  cotton  root 

tansy,  s^vin. 
Morphine,   cocaine,  and  chloral. 
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DiOEBT   OF   St.\T& 

Aktinabcotic  Laws. — (Continued). 

£ 

2  g, 

>.' 

state. 

■c"i 

at 

c 

.1^ 

3   b 

11. 

s    ^ 

hS 

,   i 

a  m 

^■3 

1     ^ 

|-i 

5S 

£  1 

1  S 

a  a  it 

^1 

^§2 

Yes 

Yea       1    

Only  "for 

immediate 

preser.  of 

life." 

Mnntana 

Yea 

Yes 

Yea 

M            r1 

Yes 

Only  by 
pharm. 

Yes 

Yes 

mailed   to  Board  of  Pharmacy   within 

twenty-four  hours. 

Nebraska. 

Yes 

Yes 

Y'es 

record 

kept  and 

copy  filed 

with 

county 

atty.  with- 

in 5  days. 

New  Hampshire. . . 
New  Jersey 

Yes 

Yes 

Yes 

Yes 

Yea 

New  York 

Yes 

Yes 

Yes 

With   the 
State  Dept. 
of  Health 

Yes 

Yes 

Yes 

Requires  triplicate  copy  of  order  books, 
also  triplicate  copies  of  prescriptions  for 
drug  addicts.  Makes  it  possible  for 
magistrates  to  commit  drug  addicts  to 
the  care  of  private  physicians.  Local 
boards  of  health  may  furnish  to  drug 
addicts  prescriptions  for  drugs  "to 
provide  for  the  necessities  of  such  per- 
sons, pending  treatment." 

North  Carolina 

Yes 

North  Dakota 

Ohio 

Yes 

Yes 

Yes 

Yes 

Oregon 

Yes 

to   manufacture,   sell   or   dispense   any 

drug unless    such    person    be    a 

registered  pharm. 

Pennsylvania 

Cocaine 
only 

.... 

Yes 

Philippines 

.... 

Yes 

Presc.  for  patient  who  does  not  need 
narc.  cause  for  revocation. 

Yes 

Yes 

Yes 

only 

S.  Dakota 

Yes 

Yes 

Yes 

Physician 



Yes 

Quantity    of    cocaine,    etc..    restricted- 

must     keep- 

Cocaine  can  only  be  dispensed  in  liquid 

dupl.of  narc.l 

form.  5  per  cent,  limit. 

presc. 

Tennessee 

Yes 

Yes 

Yes 

Dupl.  presc'    

of  narc.disp. 

Yes 

Quantity  of  cocaine,  etc..  limited,  cocaine 
dispensed  in  liquid  form  only,  5  per 
cent,  strength. 

Yes 
Yes 

Yes 

Yes.     Re- 
port in  24 

Yes 

Utah. 

Yes 

Yes 

his.   to  S. 

B.   of  Ph. 

Virginia 

Yes  for 
hypo. 

■Admin." 
perm. 

Yes 

Yes.    San- 
itarium 

8  gr.  morphine.S  gr.  heroin.  8  gr.  cocaine. 

syr. 

may  presc. 
ad  lib.  but 
copy  of  H- 
must  be 

S  alpha  eucaine,  S  gr.  beta  euc,  1  0«. 
laudanum,  in  forty-eight  hours. 

sent  to  B. 

of  H.  in 

24  hours. 

Yes 

Yes 

Yes 

Yes 

Quantity  limited. 

Wyoming 

Yes 

Yea 

Yea 

Any  administration  or  prewription  of 
narcotics  in  excess  of  quantify  in  law- 

' 

shall   report   within  fi\e  dsty*  to  State 

Board  of  Health. 

The  e.\tent  of  the  drug  evil  has  probably  been  much 
exaggerated  in  the  popular  statements  made.  It  is, 
by   the   nature   of   things,   limited   to   the   available 


supply.  The  United  States  Public  Health  Service  ia 
one  of  its  bulletins  states  that  the  approximate  aver- 
age doses  of  habit-forming  drugs  imported  into  the 
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United  States  during  the  fiscal  years  1912-1915  was 
as  follows: 


Coca    and 
cocaine... 


Opium  and 
alkaloids.  !2,30S,700.000 


324,000,000 
2,518,800,000 


194,000,000 
2,409,800,000 


260,900,000 
1,986,900,000 


On  the  basis  of  accurate  information  obtained  from 
a  study  of  2,370  drug  addicts  in  the  State  of  Tennes- 
see, it  was  ascertained  that  the  average  daily  consump- 
tion of  morphine  per  addict  was  S.5  grains,  which  is 
approximatelv  equal  to  1,000  average  doses  each 
month  or  12,000  doses  a  year.  Taking  this  average 
M.  I  Wilbert,  of  the  Division  of  Pharmacology  of  the 
United  States  Public  Health  Service,-figured  out  that 
the  ni.aximum  number  of  addicts  of  morphine  and 
other  opium  derivatives  in  the  United  States,  on  the 
basis  of  the  available  supply,  cannot  be  more  than 
17,5,000.  The  average  consumption  of  cocaine  by 
the  victims  of  the  drug  has  not  been  ascertained  with 
any  degree  of  accuracy.  It  is  estimated,  however, 
that  the  cocaine  addicts  take  from  50  to  100  average 
doses  daily.  Taking  this  average  Mr.  Wilbert  figured 
out  that  on  the  basis  of  the  supply  there  can  be  no 
more  than  80,000  cocaine  habitues  in  the  llnited 
States.  This  is  far  below  the  one  or  two  million 
drug  addicts  of  which  we  read  in  the  alarmist  state- 
ments of  the  day.  There  is  no  doubt  that  a  great  deal 
of  additional  supply  of  habit-forming  drugs  used  in 
illegitimate  ways  is  surreptitiously  brought  into  the 
country  from  abroad.  It  has  been  stated  that  large 
quantities  are  smuggled  in  by  mail  and  by  various 
agents  of  the  illicit  drug  trade  who  travel  back  and 
forth.  Some  of  the  Pullman  porters  are  said  to  act 
as  agents,  bringing  in  drugs  from  neighboring  coun- 
tries. This  illicit  traffic  may  make  it  possible  that 
a  larger  number  of  addicts  exist  in  the  United  States 
than  the  above  quoted  figures  would  indicate,  but  the 
total  number  must  be  very  much  less  than  that  usu- 
ally stated. 

A  report  of  a  commission  of  the  General  Court  of 
Massachusetts,^  published  in  January,  1917,  estimates 
the  number  of  addicts  as  varying  from  one  to  two 
million  which  undoubtedly  is  a  much  exaggerated 
figure.  The  Commission  attributes  a  great  deal  of 
the  evil  to  the  "abuses  which  have  crept  into  the 
practice  of  medicine  in  respect  to  the  treatment  of 
narcotic  drug  ca.ses."  The  report  admits  that  these 
practices  are  confined  to  a  very  limited  number  of 
physicians,  yet  the  report  considers  the  damage 
which  results  from  these  practices  very  extensive. 
There  are  statistics  given  to  substantiate  this  state- 
ment. One  physician  in  Boston  wrote  over  800 
prescriptions  in  twenty  days  and  received  the  usual 
fee  of  $2  for  each  prescription.  Another  physician 
wrote  1,000  prescriptions  within  a  few  months  and 
upon  each  of  these  prescriptions  he  stated  that  the 
patient  was  a  habitual  drug  user,  was  reducing,  and 
was  also  a  sufferer  from  asthma.  In  another  drug  store 
in  Boston  the  investigators  found  4,055  "drug" 
prcscripf  idiis  issued  by  one  physician  from  May  to 
SeplcrTiher,  191().  With  a  few  exceptions,  all  these 
prescript  ions  called  for  one  dram  of  morphin  sulphate 
and  in  many  instances  as  high  as  forty  grains  of 
cocain  hydrochloride,  and  frequently  both  were  in- 
cluded in  th(!  same  prescription. 

Such  isolated  instances  of  malpractices  and  gross 
violations  of  professional  ethics  have  created  the 
popular  misconception  that  druggists  and  physicians 
are  chiefly  responsible  for  the  introduction  and  con- 
tinuance of  the  habit  and  the  majority  of  the  laws 
have  been  drafted  on  this  assumption,  altjiough  they 
cjinnot  account  for  more  than  a  very  slight  amount  of 
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the  drug  evil.  The  very  fact  that  physicians  and. 
druggists  have  readily  submitted  to  all  restrictions 
written  into  law  in  the  various  States,  some  of  which 
are  very  burdensome,  is  proof  of  this  good  faith. 
Their  willingness  to  submit  to  inconvenience  in  order 
to  protect  the  health  interests  of  the  community  is 
an  indication  of  their  high  professional  attitude  to- 
ward social  evils  and  desire  to  help  effectively  in 
curbing  the  curse  of  drug  addiction. 

The  recent  legislation,  enacted  in  May,  1917,  in 
the  State  of  New  York,  places  particularly  heavy- 
burdens  on  the  medical  profession,  requiring  practi- 
tioners to  order  drugs  and  to  issue  prescriptions  in 
triplicate  copy,  one  to  be  filed  with  the  State  Health 
Department  and  one  to  be  kept  in  the  office  of  the 
practitioner  for  several  years  and  open  to  inspection 
at  any  time.  The  same  stringent  law  exempts,  how- 
ever, from  control  patent  medicines  containing  habit- 
forming  drugs  below  a  certain  maximum.  It  seems 
glaringly  inconsistent  with  any  real  desire  to  control 
the  evils  of  drug  addiction  to  subject  respectable  pro- 
fessional men  to  onerous  restrictions  and  at  the  same 
time  to  allow  the  sale  in  unrestricted  quantities  of 
patent  medicines  which  contain  potent  narcotic  drugs 
as  their  ingredients.  The  law  also  fails  to  provide 
effective  machinerj'  for  proper  inspection.  The  mere 
filing  of  certificates  with  the  Department  of  Health 
will  not  alleviate  the  situation  to  any  great  extent. 
Those  of  the  manufacturers,  druggists  and  physicians 
who  are  guilty  of  malpractices  will  continue  to  indulge 
in  them  in  spite  of  the  burdens  put  upon  respectable 
and  honest  medical  practitioners  and  drug  dealers. 

There  is  a  generally  recognized  fault  of  the  State 
laws  controlling  the  drug  evil,  and  that  is  the  lack  of 
uniformity.  No  matter  how  strict  the  laws  of  one 
State  may  be,  they  are  rendered  ineffective  by  a  lack 
of  similar  legal  provisions  in  another  State.  The 
next  logical  step  in  effective  antinarcotic  legislation 
is  to  secure  uniformity  of  drug  laws  in  all  of  the  several 
States  of  the  Union  and  also  a  comprehensive  Federal 
statute. 

From  a  social  point  of  view  our  present  efforts  fall 
short  of  their  aims  in  that  they  do  not  provide  ade- 
quate opportunities  for  a  constructive  way  of  dealing 
with  the  drug  addicts.  There  should  be  a  uniform 
method  of  court  commitment  whereby  all  drug  addicts 
would  be  treated  on  farm  colonies  and  afterward 
released  on  parole  under  competent  guidance  and 
supervision  lest  they  fall  again  into  their  old  associa- 
tions and  vicious  habits.      E.  H.  LEWixsKi-ConwiN. 
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Arginine,    or   guanidine    a-amino   valeriacic    acid 
NH.CH0.CH.CH2.CH.NH2.COOH. 


NH  =  C 
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Arginine  is  one  of  the  so-called  hexone  bases  and  a  de- 
composition product  of  protein.  The  protamines  are 
especially  rich  in  arginine.  By  the  action  of  alkalies 
as  well  as  through  an  enzyme  arginase,  arginine  yields 
ornithine  (which  see)  and  urea.  F.  P.  U. 

Asiatic  Cholera. — The  derivation  of  the  word 
cholera  is  usually  from  xoM  ^i?"  (flow  of  bile),  or 
xoX<is  p^oi  (intestinal  flux),  but  the  correct  one  is  prob- 
ably that  given  by  Jobard,'  of  Brussels  who  considers 
the"  term  to  be  made  up  from  two  Hebrew  words 
choli-ra  or  (morbus  malus). 
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Asiatic,  or  epidemic,  cholera  is  an  acute  infectious 
disease  tiiat  is  endemic  in  certain  parts  of  India  and 
probably  in  Cliina,  Japan,  Java,  the  Philippines,  and 
other  Oriental  countries.  It  has  been  generally  as- 
sumed that  the  disease  has  advanced  out  of  India 
to  other  parts  of  the  world  and  caused  epidemics 
which  have  produced  great  loss  of  life.  Whether 
India  is  the  sole  origin  point  of  cholera  is  now  open 
to  doubt  in  view  of  recent  work  which  shows  that  the 
cholera  carrier  is  a  very  important  reservoir  of  the 
disease  and  also  that  perhaps  the  cholera  organism 
may  maintain  its  viability  in  water  in  a  form  which 
would  not  be  readily  recognized  by  present  bacterio- 
logical methods.  The  spread  of  the  disease  from 
place  to  place  is  alwaj-s  along  the  lines  of  travel,  and 
there  is  no  evidence  to  support  the  theory  that  it 
spreads  otherwise  than  in  the  intestines  of  human  be- 
ings or  on  foods  upon  which  it  maj-  maintain  its 
groNvth.  Formerly  it  was  thought  cholera  was  a 
disease  of  the  gastrointestinal  tract,  produced  pri- 
marily b}-  a  microorganism  and  attended  with  sec- 
ondary symptoms  due  to  the  absorption  of  toxic 
principles  elaborated  during  the  development  of  the 
microorganism.  Lately,  however,  Greig"  has  found 
this  organism  in  the  spleen  and  other  organs. 

There  is  only  a  difference  of  degree  between  cliolern, 
choleraic  diarrhea,  and  cholerine — the  disease  is  the 
same  in  all  these  forms  provided  that  they  are  accom- 
panied by  the  activity  of  the  spirillum  of  Koch.  So 
far  as  true  cholera  and  cholera  nostras  are  concerned, 
there  is  a  very  great  similarity,  or  rather  there  maybe, 
between  the  clinical  symptoms  of  the  two  diseases,  but 
the  differentiation  may  be  easily  made  by  the  isolation 
of  the  specific  spirillum  of  tlie  former.  The  same  thing 
is  true  with  regard  to  the  differentiation  of  true  cholera 
from  an  attack  of  indigestion,  which,  if  severe  enough, 
may  take  on  many  of  the  characteristics  of  true 
cholera.  Cholera  nostras  is  a  seasonal  disease  and 
is  not  transportable,  and  it  has  been  known  for  ages. 
True  cholera  made  its  first  advance  out  of  India  in 
1S17,  and  since  that  time  has  been  seen  periodically 
in  Europe.  In  all  cases  it  has  followed  the  line  of 
travel,  and  has  never  been  seen  to  bo  distributed  in 
any  other  way.  There  are,  however,  many  instances 
of  cholera  appearing  simultaneously  over  largely 
separated  areas  without  its  being  possible  to  trace 
any  connection  between  the  cases.  So  far  such  facts 
have  only  been  observed  in  countries  in  which  cholera 
is  endemic.  Cholera  nostras  appears  only  in  hot 
weather,  in  sporadic  cases.  There  is  no  evidence  of 
spreading  from  place  to  place  and  it  usually  dies  out 
when  the  weather  becomes  cooler. 

The  period  of  cyanotic  chills,  although  one  of  the 
most  striking  in  both  diseases,  gives  no  special  indica- 
tions for  differential  diagnosis,  for  the  same  thing  is 
seen  as  an  accompaniment  of  many  other  diseases, 
as  acute  catarrhal  diarrheas,  acute  poisonings,  etc. 
Tlie  prodromic  period  exists  in  cholera  nostras  prac- 
tically always,  but  not  nearly  alwaj'S  in  true  cholera. 

The  period  of  reaction  is  of  importance  in  differ- 
ential diagnosis.  In  cholera  nostras  it  is  usually 
benign — if  the  patient  escapes  the  violence  of  the  firrt 
attack,  convalescence  is,  as  a  rule,  easy  and  rapid; 
with  true  cholera,  on  the  contrary,  convalescence  i? 
exceedingly  dangerous — full  of  pitfalls,  and  may 
terminate  fatally  at  any  time. 

Mention  of  the  disease  is  made  in  Sanscrit  and 
Chinese  writings.  It  is  spoken  of  by  Hippocrates 
(epidemics),  and  successively  by  Areta-us,  Celsus, 
Galen,  Celsus,  Aurelianus,  Actius,  Paulus  ^gineta, 
and  .Alexander  de  Tralles.  All  of  these  writers,  with 
many  others,  refer  to  affections  resembling  cholera, 
but  it  is  not  until  the  seventeenth  and  eighteenth 
centuries  that  we  find  descriptions  of  the  epidemic 
disease.  Genuine  epidemics,  analogous  to  cholera, 
are  described  by  Riviere,  who  made  his  observations 
at  \imes  in  l.ii>4,  and  by  Zacutus  Lusitanus,  who 
saw  several  in  different  parts  of  Europe  in  IGOO.     The 


most  remarkable  accounts  by  authors  of  this  epoch 
are  those  of  Willis,^  describing  epidemics  in  London, 
in  1670,  of  what  ho  called  "dysenteria  aquosa  cpi- 
demica,"of  Thomas  Sydenham, Mn  lf>f)<)-70,  of  Torti,' 
Bontius,^  Delon,«  and  of  Thevcnot' who obsened  and 
described  epidemic  cholera  in  India.  In  1761, 
Donald  Monro'  saw  an  epidemic  of  cholera  in  West- 
phalia; as  did  Agton  Douglass  and  Bisset,  in  1768, 
in  the  north  of  England  and  in  Scotland.  Harlem' 
quotes  many  dissertations  upon  the  disea.se,  but  it  is 
not  until  the  last  century  that  we  have  a  clear  account 
of  the  transportation  of  the  disease  from  place  to  place. 
From  1817  it  seemed  to  take  on  a  new  power  of  travel- 
ing, and  owing  to  this  spread  the  opportunities  for 
its  study  have  vastly  increased.  The  new  methods 
of  intercourse  and  commerce  were  probably  re- 
sponsible for  the  appearance  of  the  disease  in  Europe 
— not  any  new  propertj'  which  it  developed. 

A  study  of  the  hi.story-  of  the  epidemics  that  have 
occurred  outside  of  India  will  easily  demonstrate  the 
facts  in  regard  to  the  ways  by  which  the  disease  is 
transported  from  place  to  place. 

History  of  Epidemics  of  Cholera  and  Their 
Le.ssons. — The  dispute  is  active  as  to  whether  true 
cholera  existed  in  India  before  its  appearance  outside 
of  its  limits  in  1817,  but  the  probabilities  are  all  in 
favor  of  its  having  done  so,  epidemics  of  considerable 
proportions  being  reported  in  the  eighteenth  century; 
the  especial  point  that  appears  to  be  changed  in  its 
nature  is  that  it  then  seemed  to  take  on  the 
property  of  migration.  Whether  this  was  in  reality 
a  new  property,  or  whether,  as  is  much  more  probable, 
it  ^vas  simply  brought  to  the  notice  of  Europeans  by 
their  being  first  attacked  by  it,  is  an  unsettled  ques- 
tion. There  is  no  doubt,  however,  of  the  very  great 
influence  exerted  upon  its  spread  by  the  great  pil- 
grimages to  the  various  shrines  of  India;  nor  is  there 
any  doubt  that  the  sole  home  of  true  cholera — the 
one  place  where  it  is  present  all  the  year  in  an  endemic 
form — is  the  delta  of  the  Ganges.  There  are  also 
certain  places  in  India,  Indo-China,  China,  and  Japan 
in  which  cholera  seems  to  be  present  nearly  all  the 
time. 

From  this  one  place  in  which  it  is  endemic,  cholera 
has  always  been  transported  to  Europe  in  the  steps 
of  the  traveler  and  along  the  routes  of  commerce; 
neither  wind,  moisture,  electricity,  nor  any  of  the 
forces  of  nature  have  taken  any  "active  part  in  the 
actual  transportation  of  the  disease,  although  un- 
favorable climatic  and  hygienic  conditions,  of  course, 
may  play  a  favoring  part  in  the  development  of  the 
disease,  after  the  arrival  of  its  cause. 

Cholera  has  made  six  appearances  in  Europe — 
in  1830,  in  1840,  in  186.5.  in  lSS4,in  1892,  and  in  1910 
to  1915.  Each  one  of  these  appearances  was  a  great 
epidemic. 

There  had  been  also,  in  1S23,  in  Astrachan,  a  small 
epidemic  of  cholera,  important  because  it  traced  tho 
route  that  the  succeeding  invasions  would  follow. 
Leaving  Persia,  where  it  prevailed  in  1822,  cholera 
invaded  the  southern  provinces  of  Persia,  which  form 
the  southern  shore  of  the  Caspian  Sea.  After  some 
ravages,  it  became  quiescent  during  the  winter  of 
1822,  to  reappear  in  April,  1823,  at  Recht.  From 
this  city,  following  the  western  shore  of  the  Caspian 
Sea,  it  crossed  the  Russian  frontier  in  June,  at  the 
little  town  of  .A.stara.  From  Astara  it  reached  Len- 
koran on  June  29.  On  September  11,  it  was  seen  at 
Bakou,  and  on  the  22d  at  Astrachan,  where  it  soon 
disappeared. 

The  First  Epidemic. — The  epidemic  of  1830  had  the 
same  origin.  Ghilan  and  Mazanderan,  the  two 
Persian  provinces  before  invaded,  were  attacked  in 
1829.  The  disease  was  quiescent  during  the  winter, 
but  appeared  in  the  .spring  in  Ghilan  and  in  the  little 
port  of  Enselli,  situated  several  hours'  journey  from 
Recht.     As  in  1822,  the  cholera  followed  the  western 
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border  of  the  Caspian  Sea,  and  showed  itself  about 
the  middle  of  June,  1830,  at  Salian.  Taking  here  two 
different  directions,  on  the  one  side  it  appeared  at 
Bakou,  Kouba,  and  Dorbent,  and  invaded  Astraehan; 
on  the  other,  following  the  whole  valley  of  the  Koura, 
it  advanced  toward  Tiflis,  passing  by  Elizabethpol, 
and  spreading  throughout  the  whole  of  the  Caucasus. 
In  this  wa}'  it  reached  successively  the  neighboring 
regions  of  Astrachan,  and  advanced  up  the  Volga. 
On  August  4,  it  w-as  at  Saratow,  thence  extending 
into  Russia,  and  reached  the  other  European  States. 
This  epidemic,  by  certain  extremely  interesting 
peculiarities,  demonstrated  from  the  very  first  the 
transportability  of  cholera. 

The  Second  Epidemic. — In  1846,  after  having 
reached  Salian  by  a  course  identical  with  the  pre- 
ceding, cholera  was  seen  on  November  8  in  the  city 
of  Chemacka,  a  short  distance  from  Salian.  It  was 
in  Bakou  and  at  Derbent  in  December.  I^orgotten 
during  the  winter,  it  appeared  in  April,  1847,  in  the 
districts  of  Derbent  and  of  Kouba,  and  at  Tamir- 
Khan-Choury.  From  thence  it  was  transported  by 
sick  soldiersto  the  mineral  waters  at  Kisliar.  The 
disease  was  disseminated  among  the  Calmucks  scat- 
tered over  the  steppes  near  the  Volga.  On  July  15, 
it  appeared  at  Astrachan,  and  advanced  at  the  same 
time  toward  Tiflis.  From  Tiflis  it  reached  Koutais, 
and  was  soon  carried  to  Trebizond. 

North  of  Tiflis,  the  cholera  followed  the  great 
military  road  that  crosses  the  Caucasus  at  the  height 
of  7,000  feet,  and  toward  the  end  of  July  it  ex- 
isted at  Stavaropol,  on  the  other  slope.  (It  is  to 
be  observed  that  before  reaching  Tiflis,  the  cholera 
entered  Persia  by  the  great  routes  of  travel  that  pass 
from  Bakou,  by  Ervian,  Natchichievan,  Djoufa, 
Ordoubaz,  and  on  toward  Tauris.  On  the  one  side 
it  attacked  the  region  of  the  Black  Sea,  and  invaded 
all  its  ports;  on  the  other,  it  passed  through  Russia, 
Germany,  France,  and  Italy.) 

A  striking  thing  about  these  epidemics,  aside  from 
the  exact  places  that  they  attack,  is  their  progress  by 
successive  stages — a  form  of  advance  that  is  always 
the  same,  and  which  is  a  trait  common  to  all  the 
epidemics  of  cholera  that  have  followed  the  land  route. 
This  second  epidemic  persisted  until  1855. 

The  Third  Epidemic. — The  great  epidemic  of  1865 
was  the  first  one  appearing  by  the  sea  route.  It 
demonstrated  that  the  danger  is  not  localized  on  the 
Caspian  Sea,  but  that  it  is  also  present  on  the  shore 
of  the  Red  Sea.  Its  appearance  by  this  route  upset 
aU  the  doctrines  that  had  been  held  until  that  time, 
and  the  panic  that  it  produced  in  Europe  resulted  in 
the  first  conference  at  Constantinople.  It  is  interest- 
ing to  follow  in  some  of  its  phases  the  course  of  this 
epidemic,  because  its  influence  has  been  great.  It 
started  from  Mecca,  having  been  brought  into  that 
cit\'  by  ships  coming  from  India  filled  with  pilgrims. 
Toward  the  end  of  April  it  broke  out  in  Mecca  and 
Medina.  The  mortality  increased  very  greatly 
during  the  three  feast  days  at  Arafat.  More  than 
30.000  of  the  pilgrims  died  of  cholera,  and  the  progress 
of  the  disease  showed  that  everywhere  it  accompanied 
these  pilgrims.  Egypt,  by  reason  of  its  proximity  to 
Mecca,  was  the  first  country  attacked. 

From  May  19  to  June  10,  ten  steamers  landed  from 
12.000  to  15,000  pilgrims  at  Suez.  By  false  declara- 
tions from  the  captains  they  were  passed  at  Suez, 
although  the  Sydney,  an  English  steamer,  had  lost  a 
number  of  cases  during  the  voyage.  The  first  steamer, 
landing  May  19  at  Suez,  had  thrown  its  dead  into  the 
sea.  On  the  twenty-first,  cases  appeared  at  Suez,  and 
among  the  number  were  the  captain  of  the  vessel  and 
his  wife.  On  June  2,  the  first  case  appeared  at  Alex- 
andria, and  in  two  months  cholera  had  4,000  victims 
in  Alexandria,  and  in  Egypt,  in  less  than  three  months, 
it  produced  the  death  of  more  than  60,000  individuals. 
The  foreign  population  emigrated  <'?(.  masse,  and 
carried  with  them  throughout  the  entire  world  the 
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germs  of  the  disease.  Europeans  and  Levantines, 
to  the  number  of  from  30,000  to  35,000  started  for 
all  the  ports  of  the  Mediterranean,  and  cholera 
developed  at  Constantinople,  at  Smyrna,  at  Bcyruut, 
in  Mesopotamia,  and  at  Odessa  on  the  Black  Sea, 
and  was  carried  to  New  York  and  Guadaloupe  by 
steamers,  appearing  in  the  port  at  the  same  time  that 
the  steamer  landed  its  passengers. 

Its  importation  into  New  York  was  as  follows: 
The  Atlanta,  an  English  ship,  left  London  on  October 
10  with  a  cargo  of  merchandise  and  forty  passengers. 
The  sanitary  condition  of  London  was  at  this  time 
excellent.  Reaching  Havre  on  the  eleventh,  where  it 
remained  one  day  only,  it  embarked  504  new  passen- 
gers, mostly  Swiss,  who  had  all  passed  through  Paris, 
where,  with  certain  exceptions,  they  had  remained  at 
least  a  short  time,  and  where  at  the  time  cholera  was 
raging  with  great  intensity.  On  the  arrival  of  the 
Atlanta  the  surgeon  declared  sixty  cases  of  cholera, 
and  fifteen  deaths  during  the  voyage.  Two  deaths 
occurred  in  port,  and  of  the  142  patients  sent  to  the 
Marine  Hospital  from  November  6  to  19,  six  died, 
making  a  total  of  twenty-three  deaths.  The 
Atlanta  was  immediately  isolated  in  the  lower  bay, 
and  after  ten  days  of  quarantine  all  the  sick  were 
removed,  and,  thanks  to  these  measures.  New  York 
was  preserved.  There  were  also  importations  in 
1866  by  the  steamers  Virginia  and  England. 

The  epidemic  of  1865  ceased  in  1874,  and  there  was 
no  other  case  seen  in  Europe  until  1884,  although  there 
were  interesting  manifestations  in  other  countries 
and  on  the  sea — interesting  from  the  point  of  view 
of  the  transportability  of  the  disease. 

The  Fourth  Epidemic— The  epidemic  in  Egypt  in 
1883  was  no  surprise  to  those  who  knew  the  sanitary 
condition  of  the  country.  Cholera  appeared  at 
Damietta  toward  June  19  or  20,  possibly  a  little 
earlier,  and  its  explosion  at  this  time  is  ascribed,  cer- 
tainly by  the  French,  to  the  suppression  of  all  sani- 
tary precautions,  including  quarantine,  by  authority 
of  the  British  Government.  This  epidemic  at  Dami- 
etta increased  for  about  fifteen  days,  remained 
stationary  for  about  five  or  six  days,  and  then 
diminished  just  as  speedily.  It  was  almost  extinct 
a  month  after  its  appearance,  having  claimed  from. 
2,000  to  2,500  victims.  The  spread  of  the  disease 
throughout  Egypt  was  manifest  and  rapid.  An 
interesting  account  of  how  this  epidemic  reached 
Damietta  is  given  by  Proust.'"  Cholera  had  not  yet 
died  out  in  Egypt,  before  the  news  came  that  it  had 
broken  out  among  the  pilgrims  to  Mecca,  and  there 
has  been  much  discussion  as  to  the  origin  of  this 
epidemic. 

In  1884  a  number  of  vessels  left  the  extreme  East, 
and  had  cases  of  cholera  on  board  duringtheirvoyage; 
but,  by  reason  of  the  precautions  taken,  Egypt  and 
Europe  escaped  the  danger  at  this  time.  The  first 
case  of  cholera  seen  at  Toulon  occurred  on  June  13,  on 
the  ship  Montebello;  a  second  case  on  June  14;  a  third 
on  the  eighteenth,  on  the  Jupiter,  near  the  Moii.tchrllo; 
a  fourth,  also  on  the  eighteenth,  on  the  Montrhcllo; 
a  fifth,  June  20,  on  the  Alexander,  which  was  also 
placed  near  the  Jupiter  and  the  Montebello.  After 
June  21  the  disease  spread  through  different  quarters 
of  the  city.  Its  importation  into  Marseilles  occurred 
by  the  appearance  of  the  first  case  on  June  27,  in  a 
young  man,  who  had  three  days  before  come  from 
Toulon.  The  next  case,  which  occurred  on  June  28, 
was  that  of  a  man  who  lived  in  the  same  neighborhood; 
and  from  this  time  onward  the  disease  continued  to 
spread.  In  Paris  there  appeared  two  cases  on  July 
13  or  14,  but  the  epidemic  did  not  really  begin  until 
November  4.  In  Brittany  the  first  case  was  not 
observed  until  September  20,  at  Concarneau.  Other 
ports  were  successively  invaded 

Algeria  was  attacked  in  1SS4,  and  there  was  a 
slight  recurrence  in  .'Mgeria  and  in  Tunis  in  1885. 

Cholera  was  brought  to  Italy  in  1884  by  the  Italian 
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workmen,  who,  to  the  number  of  more  than  8,000, 
returned  to  their  country  after  the  extension  of  the 
cholera  to  Toulon  and  Marseilles.  The  province  of 
Cuneo,  in  Piedmont,  was  the  first  one  attacked,  on 
June  27,  and  the  disease  spread  successively  to  different 
parts  of  Italy,  to  Genoa,  Naples,  Venice,  Sicily,  and 
so  on. 

It  appeared  in  Spain,  on  the  month  of  August,  in 
the  province  of  Alicante,  and  ceased  toward  the 
middle  of  October,  reappearing  in  the  middle  of 
February,  in  the  district  of  Galicia,  raging  through 
the  month  of  June  to  the  month  of  December,  1885, 
and  producing  a  considerable  mortality.  It  is  re- 
markable that  it  attacked  especially  the  small  towns 
more  than  the  large  cities.  The  Commune  of  Aldea 
de  San  Miguel,  with  only  500  inhaljitants,  lost  more 
than  half  the  population  in  thirty-six  days. 

Cholera  also  appeared  on  the  Adriatic  shores  of 
Croatia,  at  the  end  of  1885,  and  in  1886  on  many 
points  of  the  Austro-Hungarian  shore  in  Istria  and  in 
Dalmatia. 

The  comparison  of  the  mortality  in  France,  Italy, 
and  Spain  is  interesting.  In  France  and  Algeria  to- 
gether there  were  13,000  deaths  in  a  population  of 
39,000,000—1  in  3,000  inhabitants.  In  Italy  there 
were  35,000  deaths  in  20,000,000,  that  is  to  say,  1 
death  in  600  inhabitants.  In  Spain  there  were 
180,000  deaths,  among  17,000,000  inhabitants,  that 
is  to  say,  one  death  in  100  inhabitants.  So  it  appears 
that  Italy  was  attacked  five  times  more  severely  by 
the  epidemic  than  France,  and  Spain  six  times  more 
severely  than  Italy,  and  thirty  to  forty  times  more 
severely  than  France. 

Much  has  been  said  about  the  immunity  of  Portugal 
during  the  epidemic  in  1884  and  1885  in  Spain.  Many 
reasons  can  be  brought  forward  for  this,  viz.,  the 
slight  tendency  of  tlie  Spaniards  to  take  refuge  in 
Portugal,  the  geographical  conditions,  and  finally, 
the  prophylactic  measures  taken  at  the  frontier. 

In  spite  of  the  imperfect  quarantine  and  incoherent 
measures  prescribed  by  the  governments  of  South 
America  against  the  vessels  coming  from  Europe, 
a  ship  from  Genoa,  the  Perseo,  carried  cholera  to 
Buenos  Ayres,  and  the  disease  spread  into  the 
Argentine  Republic,  Uruguay,  and  Chili. 

From  1884,  to  1886,  a  period  of  three  years,  more 
than  twenty  vessels  coming  from  the  extreme  Orient 
to  Europe,  on  passing  through  the  Red  Sea  and  the 
Suez  Canal,  had,  either  at  the  moment  of  their 
departure  or  during  the  vo3'age,  cases  of  cholera. 

Fifth  Epidemic. — In  1890  cholera  appeared  in  Irak- 
Arabi,  in  Mesopotamia,  in  Persia,  and  in  Syria, 
where  it  had  not  been  seen  for  almost  twenty  years. 
It  had  been  imported  into  the  region  bordering  on  tlie 
Red  Sea  and  into  Mecca,  where  it  had  not  been  since 
1883,  and  it  was  observed  in  Spain,  where  it  had  been 
extinct  since  1885.  In  summing  up  what  we  know 
of  the  origin  of  cholera  in  Irak-Arabi  and  in  Mesopo- 
tamia in  1889  and  1890,  the  following  must  be  our 
conclusions:  It  is  very  difficult  to  admit  that  the 
cholera  of  Irak-Arabi  can  be  attributed  to  the  revival 
of  the  old  epidemic  of  1871,  and  if  this  hypothesis  be 
excluded,  we  are  obliged  to  accept  the  idea  of  im- 
portation, and  it  is  only  possible  to  think  of  one 
portal  of  entrance,  the  Persian  Gulf,  and  one  source 
in  India,  namely  Bombay  and  its  environs. 

The  epidemic  which  appeared  in  Spain  in  the  month 
of  May,  1890,  and  lasted  until  the  end  of  November, 
gave  rise  to  much  discussion  in  regard  to  its  origin, 
a  discussion  that  reached  no  final  conclusion. 

In  1890  cholera  also  appeared  in  Japan,  beginning 
in  June  and  lasting  throughout  the  year.  Over 
46,000  cases  were  reported.  The  epidemic  of  1892 
appeared  fir.st  in  southern  Russia  and  thence  spread 
to  isolated  parts  in  the  north  of  Europe,  notably 
Hamburg,  where  it  continued,  with  declining  severity, 
into  1S93  and  1894. 

In  September,  1892,  ten  cases  with  eight  deaths,  oc- 


curred in  New  York,  being  imported  from  Hamburg, 
or  probably  derived  from  such  imported  cases,  and 
seventy-three  cases,  with  forty-three  deaths,  occurred 
in  the  harbor,  together  with  fifty-six  suspicious  cases  of 
disease  thought  to  be  cholera.  In  1893,  twenty-three 
cases,  four  fatal,  occurred  in  the  harbor,  and  one  death, 
verified  by  bacteriological  examination,  took  place 
in  Jersey  City,  where  there  were  also  six  deaths 
following  a  disease  clinically  diagnosticated  as 
cholera. 

Sixth  Epidemic. — In  1910  cholera  was  transmitted 
from  Russia  to  Bari  in  Italy  and  from  there  spread 
over  southern  Europe.  Since  that  time  cholera  has 
been  more  or  less  present  in  Russia  and  the  disease 
appeared  during  the  latter  part  of  1914  among  the 
Austrian  troops  engaged  in  the  great  European  war 
and  the  towns  of  Vienna  and  Prague  have  been 
affected.  In  1906  and  1907  the  disease  was  also 
carried  to  Hamburg  and  other  northern  ports  that 
receive  immigrants  from  Russia. 

In  1911  practically  every  ship  with  immigrants 
arriving  in  New  York  Harbor  from  Mediterranean 
ports  between  the  first  of  July  and  September  had 
cases  of  cholera  aboard.  Two  cases  attributed  to 
infected  ships  were  found  in  Brooklyn  and  one  in 
Auburn,  New  York.  In  the  cases  in  Brooklyn  more 
than  seventeen  days  had  elap.sed  since  the  last  possible 
exposure  to  a  known  case  of  cholera.  There  is  much 
evidence  to  show  that  there  were  many  cholera  carriers 
on  board  the  vessel  from  which  the  Brooklyn  case 
came.  During  August,  1911,  two  cases  of  cholera 
occurred  in  Boston;  one  in  an  Irish-American  who, 
so  far  as  could  be  ascertained,  had  no  contact  what- 
ever with  cholera  cases;  and  another  in  an  Italian 
woman,  in  whom  likewise  no  connection  could  be 
traced.  In  the  case  of  the  Irish-American  the  diag- 
nosis was  bacteriologically  confirmed  by  the  city 
health  department  and  by  the  laboratory  of  the  U.  S. 
Public  Health  Service. 

Cholera  in  the  Far  East. — In  1895  there  wereserious 
epidemics  in  China  and  Japan,  over  12,000  cases, 
with  over  8,000  deaths,  being  reported  from  the  latter 
country.  In  1896,  cholera  appeared  in  Russia, 
Turkey,  Egypt,  and  a  few  cases  in  Austria.  During 
the  years  from  1897  to  1901,  inclusive,  cholera  does 
not  appear  to  have  spread  beyond  the  regions  where  it 
is  endemic,  except  a  few  cases  imported  from  those 
places.  In  1902  cholera  assumed  epidemic  form  in 
Mecca,  Turkey,  Russia,  Japan,  and  China.  There 
were  also  a  few  cases  in  Egypt  and  other  southern 
Mediterranean  countries. 

A  severe  outbreak  of  cholera  began  in  the  Philip- 
pines during  March,  1902,  and  continued  until  April, 
1904,  during  which  time  106,252  cases  and  109,401 
deaths  occurred.  The  origin  of  this  epidemic  has 
been  attributed  to  an  importation  of  infected  cab- 
bages from  Hongkong.  It  is  more  than  likely,  how- 
ever, in  view  of  our  present  knowledge,  that  in  spito 
of  the  rigid  five-day  quarantine  which  was  imposed 
against  Hongkong,  where  cholera  had  prevailed  for 
some  weeks  previous  to  its  appearance  in  the  Philip- 
pines, the  disease  was  probably  introduced  by  a 
cholera  carrier.  It  is  also  of  interest  to  note  that  the 
disease  made  its  appearance  simultaneously  in  Manila 
and  in  Nueva  Caccres,  which  is  three  days'  steaming 
distance  from  Manila.  In  .-August,  1905,  the  disease 
reappeared  and  la.sted  until  .^pril,  1907,  during 
which  time  13,429  cases  and  10,093  deaths  occurred. 
It  again  appeared  in  July,  1907,  after  an  absence  of 
only  two  months,  beingpresent  until  March,  1911, 
with  a  total  of  50,871  cases  and  33,792  deaths;  was 
absent  from  April  through  June,  1911,  and  again 
present  from  July  through  October,  1911,  with  fifty 
cases  and  forty-three  deaths.  From  November,  1911, 
through  July,  1913  (a  year  and  nine  months),  no 
cai^es  of  cholera  were  reported  in  the  Islands,  but  in 
August,  1913,  the  disea.so  again  appeared,  lasting 
through  March,  1914,  with  a  total  of  1,093  cases  and 
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780  deaths.  From  April  through  June,  1914,  it 
was  absent,  again  appearing  in  July,  1914,  being 
responsible  up  to  January  26,  1915,  for  3,004  cases 
and  2,041  deaths. 

There  is  considerable  evidence  to  show  that  the 
disease  prevails  in  similar  endemic  form  in  Java,  the 
Straits  Settlements,  Japan,  and,  to  a  more  limited 
extent,  in  China.  The  small  number  of  cases  in 
Cliina  is,  in  all  probability,  due  to  the  great  value 
of  human  excrement  as  an  insecticide  and  fertilizer 
which  makes  its  immediate  collection  of  great  com- 
mercial advantage;  and  also  to  the  fact  that  the 
Cliiricse  do  not  eat  with  their  fingers,  and  almost 
invariably  drink  boiled  water,  in  the  form  of  tea,  and 
cat  almost  all  of  their  vegetables  in  a  cooked  state. 
There  is  considerable  reason  to  believe  th.at,  on  ac- 
count of  the  other  filthy  habits  of  the  Chinese,  if 
thcv  did  not  have  the  foregoing  customs,  the  ravages 
of  cholera  in  that  country  would  be  frightful.  In 
Japan  the  same  value  is  placed  upon  human  excre- 
ment as  in  China,  but  the  Japanese  drink  much 
unboiled  water  and  eat  many  contaminated  vegetables 
in  a  raw  state. 

Transportability  and  Means  by  which  the  Dis- 
ease IS  Transported. — ^The  transportability  of  the 
disease  is  demonstrated  by,  (1)  the  facts  in  regard  to 
its  propagation  after  it  has  been  imported;  (2)  the 
efficacy  of  certain  measures  of  prevention;  (3)  the 
general  march  of  epidemics  of  cholera;  and  (4)  the 
development  of  epidemics  in  the  infected  localities. 

Mi-thods  of  Transportation. — In  a  consideration  of 
the  cjuestion  of  the  method  of  transportation  of 
cholera,  we  are  to  look  at  two  principal  points,  the 
agent  of  cholera,  that  is,  the  organism  of  the  disease, 
and  second,  the  medium. 

The  agent  of  cholera  is  a  bacterium,  having  India 
for  its  origin.  It  extends  itself,  and  reproduces  itself 
indefinitely,  and  many  media  serve  as  vehicles  for 
its  transportation  throughout  the  entire  world,  but 
this  choleraic  agent  would  be  wholly  powerless  if  it 
did  not  encounter  favorable  conditions  for  its  de- 
velopment. The  medium,  therefore,  is  indispensable 
to  its  power,  and  this  favorable  medium  is  made  up 
of  certain  telluric  conditions,  the  surroundings,  and 
so  on.  So  far  as  the  methods  of  transportation  of 
cholera  are  concerned,  therefore,  we  have  to  consider 
more  the  medium  in  which  it  appears  than  the  cause 
of  the  disease  itself.  Fauvel  has  expressed  this  truth 
as  follows:  "That  a  fire  is  not  proportionate  to  the 
spark  which  gives  it  birth,  but  to  the  combustibility 
and  mass  of  the  material  that  it  encounters."  So 
frequently,  a  few  cases  or  one  only,  as  at  Altenburg, 
are  sufficient  to  produce  the  explosion  of  an  epidemic. 

The  clinical  consideration  of  the  means  of  trans- 
portation of  cholera  is  to  be  made  under  the  following 
headings. 

First,  the  transportation  by  men  attacked  by 
cholera.  A  person  arriving  from  an  infected  place 
is  always  necessary  for  the  beginning  of  an  epidemic. 
In  other  words,  man  himself  is  the  most  powerful 
agent  for  the  spread  of  cholera. 

Second,  can  the  bodies  of  persons  dead  of  cholera 
communicate  the  disease?  Although  the  evidence 
seems  to  point  toward  this  being  a  possible  danger,  it 
is  not  a  serious  one  in  civilized  countries,  except  by 
the  means  of  the  regurgitated  matter  from  the 
stomach  and  the  discharge  of  feces  from  the  bowel, 
which  is  very  common  in  cholera  cadavers,  owing  to 
the  severe  rigor  mortis  which  occurs  in  this  disease. 

Third,  that  cholera  may  be  transported  by  healthy 
individuals  is  now  practically  proved.  During  the 
cholera  outbreak  in  1911  in  Manila,  Dr.  McLaughlin 
sliowed  that  among  the  prisoners  eonfinecl  to 
Bilibid  Prison  five  per  cent,  were  cholera  carriers. 
Since  that  time  the  inmates  who  live  in  the  houses 
in  which  cases  of  cholera  occur  are  often  found  to 
harbor  true  cholera  vibrios.     The  facts  above  cjuoted, 
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which  were  collected  in  an  entirely  empiric  manner, 
strongly  support  this  positive  scientific  information. 
During  the  cholera  outbreak  in  1914  which  occurred 
in  Bilibid  Prison,  Manila,  5.4  per  cent,  of  the  3,500 
prisoners  confined  to  that  institution  were  found  to 
be  cholera  carriers.  It  is  also  of  interest  to  note  that 
the  disease  broke  out  in  this  institution  witliout  any 
of  the  inmates  having  any  communication  with  the 
outside  world.  All  water  was  boiled  and  no  raw  food 
of  any  kind  was  served. 

Fourth,  can  cholera  be  transported  by  living 
animals?  A  study  made  by  Barber'*  of  the  Bureau 
of  Science,  Manila  (1914),  shows  that  cockroaches 
which  have  fed  on  human  cholera  feces  may  harbor 
cholera  vibrios  in  their  intestines,  and  these  may 
appear  in  enormous  numbers  in  the  insects'  feces  for 
at  least  two  days  after  the  insects  have  fed,  and  may 
occur  in  smaller  numbers  seventy-nine  hours  after 
ingestion.  It  is,  therefore,  apparent  that  by  means 
of  both  feces  and  vomitus  cockroaches  may  act  as 
carriers  of  cholera  to  human  food.  Cholera  vibrios 
in  cockroach  feces  will  survive  on  human  food  at 
least  sixteen  hours  after  discharge  from  the  insect, 
and  cholera  vibrios  in  human  feces  will  survive  in 
competition  with  numerous  other  bacteria  on  food  at 
least  four  days.  Barber  likewise  states  that  cholera 
vibrios  may  he  found  in  the  bodies  of  ants  at  least 
eight  hours  after  they  have  ingested  cholera  cultures 
on  human  feces  from  cholera  patients. 

Fifth,  the  transportation  of  cholera  by  means  of 
clothing,  personal  effects,  and  so  on.  The  disease 
cannot  be  so  transported  unless  these  materials  have 
been  contaminated  by  cholera  dejecta.  This,  of 
course,  is  an  exceedingly  important  point,  for  if 
soiled,  the  material  may  be  dangerous;  if  it  is  not 
soiled,  there  is  no  danger  at  all,  even  if  it  comes  from 
cholera  centers.  It  is  of  equal  importance  to  know 
whether  contaminated  objects  have  been  packed  up 
or  exposed  to  the  air.  A  contaminated  object  exposed 
to  free  air  for  a  definite  time  loses  its  power  of  trans- 
porting the  virus.  The  conference  of  Constantinople 
considered  that  a  very  short  time  was  sufficient  to  do 
away  with  all  danger,  and  recent  bacteriological 
research  had  wholly  confirmed  this  opinion.  On  the 
other  hand,  contamin.ated  objects  that  have  been 
packed  up  and  kept  shut  out  from  the  air  retain  their 
virulence  for  a  greater  length  of  time,  as  may  be 
shown  by  many  instances. 

Sixth,  can  cholera  be  transported  by  merchandise? 
There  is  no  reason  to  believe  that  any  merchandise, 
even  from  badly  infected  countries,  is  liable  to  convey 
cholera,  and  there  is  even  reasonable  doubt  wliether 
clothing  kept  in  a  moist  state  is  capable  of  conveying 
cholera  for  a  greater  period  than  ten  days.  On  the 
cut  surfaces  of  a  cucumber,  a  chico,  and  a  papaya 
fruit  showing  distinctly  acid  to  litmus,  and  on  the 
leaves  of  lettuce,  cholera  vibrios  could  not  be  re- 
covered after  forty-four  hours.  Cholera  vibrios  re- 
mained active  for  forty-six  hours  in  an  oyster  and 
for  four  days  in  the  inside  of  an  open  clam.  A 
large  series  of  experiments  made  by  Doctor  Long 
of  the  U.  S.  Public  Health  Service  in  Manila,  in 
1903,  failed  to  show  any  vegetables  or  merchandise 
upon  which  the  cholera  vibrio  could  be  kept  alive 
for  more  than  five  days. 

Seventh,  water  is  perhaps  the  most  important 
agent  in  the  spread  of  cholera,  and  evidence  to  this 
effect  was  obtained  long  before  the  discovery  of  the 
cholera  spirilla.  J.  Simon  brought  out  some  facts 
in  England  which  confirm  this  statement.  At  London 
thirteen  deaths  out  of  a  thousand  inhabitants  occurred 
among  those  whose  houses  were  supplied  witli  river 
water  in  the  neighborhood  of  the  sewer.  Tested  at 
this  point,  the  water  yielded  forty-six  grains  of  solid 
residue  to  the  gallon.  In  other  houses  in  the  city 
that  were  in  the  same  hygienic  condition,  but  not 
supplied  with  this  water,  the  mortality  was  only 
three  and  seven-tenths  in  a  thousand,  but  the  water 
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which  they  used  had  been  taken  from  outside  the 
city,  and  yielded  only  thirteen  grains  of  solid  residue 
to  the  gallon. 

It  is  not  improbable  that  the  cholera  vibrio  can 
live  longer  in  a  pure  water  than  in  one  contain- 
ing large  numbers  of  other  microorganisms.  It  has 
remained  viable  for  878  days  in  a  sterilized  pond 
water,  whicli  for  at  least  305  days  contained  other 
bacteria.  During  this  period  they  retained  their 
usual  susceptibility  to  heat  and  desiccation,  showing 
that  a  true  spore  formation  of  the  usual  kind  is  not 
necessary  for  prolonged  viability  in  this  species. 
Dr.  Schoebl  (1914)  planted  cholera  organisms  from 
feces  into  ordinary  water  and  recovered  them  after  100 
da3-s  but  was  unable  to  recover  any  organisms  after 
the  121st  day. 

At  Halle,  Delbruck  noticed  that  in  the  prison,  where 
the  epidemic  had  developed  very  largely,  the  wells 
communicated  with  the  drains.  At  Brachsted  the 
epidemic  arrested  itself  just  as  soon  as  a  suspected  well 
was  closed.  Delbruck  explained  the  lesser  intensity 
of  the  epidemic  of  1867,  compared  with  that  of  1866, 
by  the  fact  that  the  carrying  of  the  water  had  been 
modified.  Water  was  furnished  almost  pure  in 
1867,  while  up  to  the  autumn  of  1866  the  conduits 
carried  the  water  from  the  Saale  through  a  region 
where  all  the  discharges  of  the  city  were  scattered. 
Ballot  also  spcrke  of  the  influence  of  impure  water  on 
the  spread  of  cholera  in  Holland.  Snow',  in  England, 
and  innumerable  other  writers  in  Europe,  India, 
and  America,  lay  the  greatest  possible  stress  upon 
impure  water  as  the  special  means  for  the  conveyance 
of  the  infective  agent  of  cholera. 

A  striking  instance  of  the  spread  of  cholera  through 
the  use  of  water  was  furnished  by  a  faith  healer  who 
appeared  near  Manila.  She  claimed  that  the  water 
in  which  she  bathed,  when  used  internally,  was  a  safe- 
guard against  the  disease.  On  investigation  it  was 
found  that  a  number  of  other  individuals  were  also 
permitted  to  bathe  in  this  water  and  some  of  them 
were  unquestionably  afflicted  with  cholera.  When 
this  water  was  bottled  and  sent  out  to  different 
provinces  of  the  Philippines  it  was  noted  that  cholera 
almost  immediately  made  its  appearance  in  sections 
into  which  such  water  was  sent. 

The  contamination  of  water  played  an  extremely 
important  part  in  the  extension  of  cholera  in  Egypt 
in  the  epidemic  of  1883.  The  Mussulman  population 
of  Egypt  bathe  very  frequently,  but  they  are  not 
careful  about  the  water  that  they  use  for  drinking. 
At  Damietta  the  water  is  exceedingly  foul  upon  the 
points  of  the  Nile  from  which  the  water-carriers  till 
their  water-casks,  and  just  at  these  places  are  the 
special  spots  selected  for  bathing.  The  houses  along 
the  bank  discharge  their  foul  material  directly  into 
the  river,  and  drains  carry  it  to  discharges  from  other 
houses,  and  from  the  mosques.  According  to  Koch, 
these  mosques  play  an  important  role  in  the  spread 
of  cholera.  The  German  cholera  commission  was 
able  at  Damietta  to  examine  a  number  of  mosques, 
the  description  of  the  arrangement  of  which  is  as 
follows:  Only  that  part  of  the  mosque  that  is 
directly  toward  Mecca  is  used  for  prayers.  At  the 
other  end  is  an  open  space,  in  the  center  of  which  is 
a  tank  for  bathing,  with  water  that  remains  sometimes 
several  weeks  without  being  changed.  Surrounding 
the  basin  is  a  series  of  urinals  and  closets.  The  dis- 
charges from  the  whole  are  passed  into  the  Nile,  so 
that  it  is  not  strange  that  the  infected  material 
should  be  transported  by  such  a  water  supply. 

In  the  "tank  districts"  of  India  the  conditions  ap- 
pear particularly  favorable  for  the  propagation  of 
cholera  from  the  sick  to  the  well.  In  these  districts 
cholera  is  very  prevalent.  The  region  is  low  and  the 
land  upon  which  the  dwellings  are  situated  is  made 
ground  derived  from  the  immediate  neighborhood, 
leaving  pools  which  constitute  the  "tanks."  The 
drainage  from  the  dwellings  flows  into  these  relatively 


or  entirely  stagnant  bodies  of  water,  which  is  also  used 
for  bathing  and,  in  many  cases,  for  drinking  purposes. 

The  epiclemic  of  1884  furnished  new  proofs  in  favor 
of  the  .spread  of  cholera  through  the  agency  of  water. 
MM.  Marey,  Brouardel,  and  Thoinot  especially 
insisted  upon  this  point.  Marey,  at  the  sitting  of 
the  Academy  of  Medicine,  October  14,  1884,  said: 
".\mong  the  influences  that  can  cause  the  spread  of 
typhoid  fever  or  cholera  there  is  one  that  by  its  in- 
tensity dominates  all  the  othcr.s — that  is  the  contami- 
nation of  public  water  supplies."  If  a  number  of 
epidemics  of  cholera  be  studied,  it  can  be  determined, 
in  effect,  that  cholera  easily  follows  watercourses; 
that  it  is  especially  along  small  watercourses  that  it  is 
propagated,  is  most  striking.  In  order  to  explain  this 
there  are  but  two  hypotheses  that  are  possible. 

First,  brooks,  torrents,  or  rivers  flow  in  valleys 
that  are  often  narrow  and  shut  in,  and  the  villages 
found  there  often  have  no  communication  except 
with  each  other.  When  one  Ls  attacked,  it  is  a 
perfectly  simple  matter  that  the  others  should  be 
also  affected  in  their  turn.  This  explanation  is  very 
plausible;  for  certain  cases,  and  some  epidemics,  can  be 
explained  in  no  other  way.  The  great  rivers,  the  large 
watercourses,  along  which  are  scattered  regions 
attacked  by  cholera,  serve  for  the  propagation  of  this 
disease,  as  they  are  lines  of  communication  frequented 
by  travelers. 

Second,  water  is  certainly  a  propagating  agent  of 
cholera.  It  is  the  water  of  a  torrent,  a  brook,  or  a 
small  river,  contaminated  in  one  part  of  its  course, 
that  transports  the  disease  to  the  inhabitants  on  its 
borders  that  drink  of  the  water,  and  innumerable 
instances  can  be  brought  forward  to  illustrate  this 
point  also. 

Atmospheric  conditions  apparently  play  at  times 
a  considerable  part  in  the  transmission  of  the  disease. 
For  instance,  it  almost  invariably  stops  on  the  onset 
of  severe  winter,  which  is  probably  due  to  the  fact 
that  the  discharges,  if  not  taken  care  of  by  a  water 
sewer  carriage  system,  are  immediately  frozen,  and 
therefore  not  liable  to  be  conveyed.  In  the  Philip- 
pines severe  tj'phoons  accompanied  by  tremendous 
rain-storms  have  frequently  been  said  to  have 
a  very  favorable  influence  in  reducing  the  ravages 
of  the  disease.  This  is  in  all  probability  due  to  the 
fact  that  the  greatly  swollen  rivers  and  watercourses 
are  mechanicallj'  cleansed  of  their  cholera  organisms 
and  there  is  therefore  not  the  opportunity  for  the 
spread  of  infection  that  existed  when  the  watercourses 
were  badly  infected  with  cholera. 

Somatic  Conditions. — It  is  frequently  asserted  that 
race  or  nationality  has  no  influence  in  the  develop- 
ment of  the  disease.  In  statistics  kept  in  Manila  it 
was  shown  that  only  one  Chinaman  out  of  each 
7,000  contracted  cholera,  while  one  Filipino  out  of 
every  300  contracted  the  disca-se.  This  was  no  doubt 
largely  due  to  the  difference  in  the  dietarj'  habits  of 
the  two  races. 

The  special  influences  favoring  the  disease  are 
those  of  misery,  fatigue,  cold,  and  depressing  mental 
conditions,  which,  by  diminishing  the  resisting  power 
of  the  body,  render  it  more  susceptible  to  the  in- 
fluence of  the  epidemic.  The  crowding  together  of 
human  beings  plays  a  very  considerable  role  in  the 
propagation  of  epidemics;  as  al.so  do  methods  of 
transportation.  Railroads  are  often  the  means  of 
propagation,  as  was  the  case  in  the  instance  of 
Altenburg,  quoted  above.  Transportation  by  cara- 
vans does  not  give  much  chance  for  the  spread 
of  the  disease,  wlien  the  distance  passed  over  is  of 
great  extent;  in  fact,  a  great  desert  is  the  best  of  all 
obstacles  to  the  propagation  of  cholera.  In  ships 
are  most  often  found  united  the  conditions  of  crowding 
and  confinement  favorable  for  the  development  of 
the  choleraic  agent.  A  study  of  the  spread  of  the 
disease  aboard  vessels  during  the  past  ten  years  has 
shown  that  it  is  in  all  probability  due  to  infected 
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hands  of  cooks  and  other  persons  who  handle  food 
and  to  the  hand  infections  of  passengers  and  otliors 
who  become  infected  through  assisting  their  striclcen 
comrades  and  then  either  contaminate  their  own  food 
or  that  of  others. 

Period  of  Intubation. — The  question  of  the  period 
of  incubation  of  cholera  gives  rise  to  a  great  deal  of 
discussion.  It  appears,  however,  that  in  the  im- 
mense majority  of  cases  a  period  of  a  few  days  is 
sufficient  for  the  incubation,  and  that  sometimes 
this  may  require  only  a  few  hours.  This  fact  is 
easy  to  observe  if  the  beginning  of  the  disease  in  a 
city  or  upon  a  ship  be  studied. 

The  experience  of  the  epidemic  in  Hamburg  in 
1892-93  points  to  an  incubation  of  not  less  than 
twenty-four  hours.  After  this  period  there  may  be  a 
diarrhea  which  attracts  little  attention,  but  which  is 
in  reality  the  first  stage  of  the  disease.  In  other  cases 
the  onset  of  symptoms  may  be  very  sudden,  leading 
to  collapse  and  death  within  a  few  hours.  It  has  been 
noted  that  in  the  early  days  of  an  epidemic  the  spiril- 
lum develops  more  slowly  in  artificial  media  than  is  the 
case  later  in  the  course  of  the  epidemic. 

Experience  with  over  100,  000  cases  of  cholera  in 
the  Philippines  shows  that  the  incubation  period  is 
almost  invariably  less  than  forty-eight  hours,  the  exact 
period  probably  depending  upon  the  virulence  and 
quantity  of  the  organism  ingested  and  the  resistant 
pro[jerties  of  the  intestinal  tract  into  which  it  is 
planted.  There  is  much  reason  to  believe  that  persons 
in  good  health  and  secreting  normal  cjuantities,  or 
even  excessive  quantities,  of  hydrochloric  acid  are 
less  susceptible  to  the  disease  than  those  whose 
secretions  are  more  favorable  to  the  development  of 
the  cholera  organism. 

Description  op  the  Dise.\se. — It  is  impossible  to 
give  a  single  clinical  picture  of  Asiatic  cholera.  Dur- 
ing epidemics  of  the  disease  the  pathogenic  micro- 
organism has  frequently  been  isolated  from  the  feces 
of  people  presenting  no  evidence  of  any  disturbance 
in  health.  In  other  cases  its  presence  is  associated 
with  symptoms  of  the  most  marked  character,  fol- 
lowed by  a  speedily  fatal  issue.  These  facts  by  no 
means  throw  doubt  upon  the  etiological  significance 
of  the  choler.a  vibrio;  for  similar  observations  are  well 
known  in  other  infectious  diseases,  such  as  diphtheria, 
typhoid  fever,  and  even  infections  with  pyogenic 
microorganisms. 

Cases  in  which  the  cholera  vibrio  is  present  in  the 
digestive  tract  without  bein^  associated  with  symp- 
toms are  of  great  importance  in  public  health,  because 
this  very  absence  of  all  manifestations  of  disease  ren- 
ders the  spread  of  the  infection  from  place  to  place  very 
difficult  of  control  or  detection.  The  presence  of  the 
microorganism  is  also  important  to  the  individual 
himself.  There  are  cases  on  record  in  which  people 
in  apparently  perfect  health  have  left  regions  where 
cholera  was  epidemic,  have  remained  for  a  time  free 
of  any  signs  of  ill  health,  and  then,  as  the  result  per- 
haps of  some  dietary  indiscretion,  have  suddenly 
succumbed  to  an  attack  of  severe  cholera,  with  the 
vibrios  in  the  alvine  discharges. 

During  June,  1914,  some  fifty  individuals  were  ex- 
amined in  Manila  who  had  been  discharged  from  the 
cholera  hospital  prior  to  October,  1913,  and  after 
their  stools  were  twice  found  to  be  negative  for  cholera 
vibrios.  One  of  these  individuals  during  June,  1914, 
who  was  found  to  harbor  virulent  cholera  organisms 
was  employed  as  a  waiter  in  a  restaurant.  Within 
a  few  days  of  this  finding  cases  of  cholera  began  to 
appear  in  Manila. 

It  appears  evident  that  in  such  cases  the  cholera 
vibrios  in  the  intestine  are  virulent,  but  that  the  re- 
sistance of  the  individual  is  so  great  as  to  prevent  the 
usual  effects  of  infection  until  some  additional  factor 
creates  a  susceptibility.  It  is  not  possible  to  state 
the  frequency  of  such  latent  infections  in  times  of 
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epidemic  cholera,  but  where  the  spread  of  the  disease 
takes  place  through  a  contaminated  water  supply 
it  is  reasonable  to  suppose  that  they  must  be  more 
frequent  than  could  be  indicated  by  any  statistics 
as  yet  in  existence. 

Leaving  out  of  further  consideration  these  impor- 
tant latent  infections,  we  may  divide  cases  of  cholera 
into  three  groups,  according  to  the  severity  of  the 
clinical  manifestations:  First,  choleraic  diarrhea, 
in  which  the  symptoms  present  little  beyond  a  marked 
looseness  of  the  bowels;  second,  cholerine,  character- 
ized by  vomiting  and  considerable  constitutional  dis- 
turbance as  well  as  diarrhea  with  rice-water  discharges; 
and,  third,  algid  or  asphyctic  cholera  or  cholera  gravis, 
which  has  hitherto  served  as  the  type  of  the  disease. 

These  terms  are  not  used  to  denote  nosological 
entities,  but  merely  to  furnish  concise  expressions  for 
clinical  differences  dependent  upon  variations  in  the 
relations  between  the  virulence  of  the  infection  and 
the  susceptibility  of  the  patient.  In  individual  cases 
the  less  severe  forms  of  the  disease  may  pass  into  the 
graver  types,  where  conditions  arise  which  modify 
these  relations.  In  many  epidemics  the  milder  types 
occur  most  frequently  early  in  the  history  of  the 
epidemic,  to  be  succeeded  by  a  larger  percentage  of 
severe  cases  at  the  height  of  the  epidemic,  which  are 
in  turn  followed  by  a  preponderance  of  the  milder 
cases  as  the  epidemic  draws  to  a  close.  Practically 
every  epidemic  in  the  Philippines,  however,  has  begun 
with  a  severe  type  of  the  disease,  the  mortalitj-  rang- 
ing from  seventy-five  to  ninety  per  cent.,  and  gradu- 
ally as  the  epidemic  progressed  the  mortality  often 
dropped  to  twelve  to  fifteen  per  cent.,  so  that  the 
average  death  rate  of  practically  every  epidemic  has 
been  in  the  vicinity  of  fifty  per  cent. 

Choleraic  Diarrhea. — In  the  milder  cases  the  stools 
are  feculent  or  bile-stained  and  watery,  are  unaccom- 
panied by  much  pain,  and  differ  considerably  in 
frequency  in  different  cases.  The  symptoms  usually 
first  appear  at  night  and  are  accompanied  by  some 
flatulence.  The  general  health  may  remain  good. 
In  severer  cases  the  stools  are  more  numerous;  the- 
appetite  is  lost;  the  tongue  becomes  coated,  and  there 
is  a  feeling  of  gastric  depression.  The  amount  of 
urine  is  decreased.  The  patient  becomes  restless 
and  suffers  from  headache.  Dragging  pains  in  the 
calves  may  be  troublesome.  These  symptoms  last 
a  few  days,  and  in  favorable  cases  then  subside.  The 
course  of  the  affection  depends  largely  upon  collateral 
circumstances.  Indiscretions  in  diet,  overfatigue  or 
imprudence  of  any  kind  exert  an  unfavorable  in- 
fluence upon  the  patient,  and  in  many  cases  this 
choleraic  diarrhea  passes  into  .the  severer  forms  of 
cholera.  Although  the  cholera  vibrios  are  regularly 
found  in  the  discharges,  the  latter  do  not  acquire 
the  rice-water  character  typical  of  the  severer  forms 
of  the  disease. 

The  affection  may  prove  fatal  in  people  of  dimin- 
ished resistance,  and  in  the  young  or  aged,  death 
being  the  result  of  exhaustion;  but  recovery  is  the  rule. 

Cholerine. — ^Sometimes  this  type  of  cholera  is  pre- 
ceded by  the  form  just  described,  but  more  often  the 
first  symptoms  noted  are  general  malaise,  loss  of  appe- 
tite, and  nausea.  The  stools  then  become  more  fre- 
quent. They  are  at  first  feculent,  but  soon  become 
more  liquid  and  then  assume  the  "rice-water"  char- 
acter of  those  in  severer  cases  of  cholera.  These 
discharges  consist  of  a  serous  fluid,  rendered  turbid 
by  large  quantities  of  desquamated  intestinal  epithelia, 
and  frequentl.y  tinged  more  or  less  pinkish  by  red 
blood  corpuscles.  When  examined  microscopically 
the  spirilla  may  frequently  be  seen  in  great  numbers, 
but  in  many  cases  they  cannot  be  made  out  as  such, 
but  appear  as  granules  of  various  shapes.  In  addition 
to  the  symptoms  mentioned  above,  vomiting  comes  ■ 
on  early  in  this  form  of  the  disease.  After  the 
stomach  is  emptied  of  food,  the  vomitus  is  a  thin  fluid 
containing  some  bile,  or  it  may  be  colorless.     Pain 
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in  the  epigastrium,  headache,  and  thirst  appear  as 
the  disease  progresses.  The  quantity  of  urine  is  re- 
duced and  albuminuria  appears.  The  skin  is  cool 
and  the  volume  of  the  pulse  diminished. 

Cholerine  may  pass  into  algid  cholera,  or  the  symp- 
toms may  gradually  subside  and  recovery  follow;  but 
not  infrequently  convalescence  is  delayed  by  a  long 
period  of  debility  and  mental  hebetude,  resembling 
the  typhoidal  stage  of  algid  cholera. 

Cholera  Gravis. — In  this  form  (also  called  algid  or 
asphyctic  cholera)  which  has  usually  been  regarded 
as  the  t\-pical  manifestation  of  the  disease,  the  attack 
may  develop  suddenly,  its  onset  being  marked  by 
great  uneasiness,  repeated  discharges  from  the  bowels, 
followed  by  syncope.  This  attack  may  overtake  the 
victim  while  walking  on  the  street  in  apparently  good 
health.  It  is  often  preceded  by  a  state  of  vague  suffer- 
ing, rapid  prostration,  deep  colicky  pains,  anorexia, 
sometimes  a  diarrhea,  profuse  sweats,  disturbance  of 
the  senses,  and  more  or  less  retardation  of  the  pulse. 
After  the  development  of  the  disease  the  symptoms 
follow  each  other  in  such  a  way  as  to  allow  of  a  division 
into  two  distinct  periods. 

First  Period. — This  is  marked  by  an  increase  in 
the  number  of  dejections  and  acts  of  vomiting;  the 
stools  are  at  first  serous  or  slightly  bilious,  and  after- 
ward become  "choleraic."  This  term  is  used  to 
designate  those  characteristic  discharges  of  cholera 
which  are  liquid,  whitish,  grumous,  sometimes  re- 
sembling unclarificd  whey,  sometimes  a  decoction 
of  rice  or  oatmeal,  and  sometimes  thickened  meal, 
and  nearly  clear,  which  emit  an  insipid  spermatic 
odor,  and  sometimes  present  traces  of  blood  or  bile. 
These  evacuations  are  rarely  absent,  often  continuing 
to  the  termination  of  the  disease.  Burning  thirst, 
pain  in  the  epigastrium,  and  prolonged  hiccough  are 
usual  accompaniments.  Intense  cramps  of  the  limbs 
occur,  particularly  in  the  calves  of  the  legs;  the  muscles 
are  often  in  a  state  of  tonic  contraction.  Spasmodic 
movements,  as  involuntary  flexion  and  extension  of 
the  fingers  and  toes,  may  often  be  seen.  The  pulse 
is  very  feeble,  often  imperceptible.  The  features 
are  altered,  trembling  and  great  agitation  comeon,  the 
pulse  becomes  suppressed;  bluish  spots  appear,  first 
upon  the  extremities;  the  skin  becomes  blue  or  black 
almost  everywhere;  the  nails  are  livid  and  almost 
black,  the  fingers  wrinkled,  and  the  genital  organs 
retracted.  The  volume  of  the  body  diminishes  rapidly 
and  perceptibly;  the  ej'es  sink  in  and  are  dull,  with 
a  bluish  circle  surrounding  them;  the  conjunctiva 
fades,  respiration  is  slow  and  feeble,  the  breath  cold, 
and  the  pulse  is  reduced  to  a  mere  oscillation.  The 
secretions  are  arrested,  especially  the  urine,  the  voice 
is  reduced  to  a  whisper,  the  nose  is  cold  and — rarely 
— gangrenous,  the  cornea  is  flattened  and  puckered; 
spots  of  blood  appear  on  the  sclerotic,  viscid  sweat 
on  the  face  and  limbs;  the  intellect  becomes  obscured, 
respiration  is  embarrassed,  hiccough  commences, 
and  death  follows,  in  the  midst  of  an  apparent  calm. 
This  is  called  the  cold,  lind  or  asphyctic  period.  When 
patients  escape  death  in  this  stage  they  enter  upon  the 

Second  Period. — In  this  the  coldness  ceases  to  in- 
crease, warmth  returns,  the  pulse  improves  and  gradu- 
ally becomes  febrile,  the  face  regains  color,  the  eye 
becomes  animated,  and  a  general  reaction  occurs. 
If  recovery  is  to  be  easy  and  rapid,  vomiting  becomes 
less  frequent,  the  diarrhea  remains,  but  the  discharges 
no  longer  present  the  appearance  peculiar  to  the  dis- 
ease; the  secretion  of  the  urine  returns;  nausea,  thirst, 
and  pains  in  the  stomach  cease  to  be  felt;  the  pulse 
becomes  regular,  and  convalescence  begins. 

If  reaction  is  incomplete,  the  cold  stage  returns 
with  renewed  severity,  or,  on  the  other  hand,  if  reac- 
tion be  too  severe,  such  accidents  may  occur  as 
apoplexy,  spasms,  convulsions,  local  congestions  and 
inflammations,  and  occasionally  latent  pneumonia. 
Stupor  is  sometimes  present,  with  some  of  tho  signs 
of  the  last  stage  of  typhoid  fever.     Swelling  of  the 


parotid  glands  and  various  skin  affections,  as  roseola, 
urticaria,  erj-thema,  erysipelas,  etc.,  may  appear 
toward  the  close  of  the  disease. 

In  the  vast  majority  of  cases  cholera  runs  its  course 
with  great  rapidity,  the  greater  number  of  attacks 
lasting  from  eighteen  to  twenty-four  hours,  the 
shortest  from  one  to  six  hours,  and  the  longest  from 
fifteen  to  twenty  days.  Its  duration  is  the  shortest 
at  the  height  of  an  epidemic.  The  average  duration 
is  from  one  to  three  days,  but  sometimes  death  occurs 
in  less  than  six  hours,  and  is  occasionally  delayed  a 
long  time — in  one  case  for  fifty  days. 

Prognosis. — The  termination  of  epidemic  cholera 
may  be  favorable,  the  progress  of  recovery  varying 
widelj'  in  different  cases;  it  may  even  be  complete  in  a 
few  hours  and  the  patient  may  return  to  his  ordinary- 
occupation;  on  the  other  hand,  it  may  be  delayed  tmtil 
after  a  long  and  perilous  struggle  against  complications 
and  secondary  affections.  There  may  remain  a 
general  debility  such  as  is  not  often  seen  after  any 
other  disease;  the  emaciated  features,  languishing 
expression,  capricious  appetite,  obstinate  gastralgia, 
colic,  wakefulness,  tendency  to  coldness,  partial  or 
general,  and  intellectual  and  moral  dejection  persi.st 
for  a  long  time.  An  attack  has  been  known  to  change 
the  whole  constitution  and  temperament  of  a  patient. 
In  general,  it  may  be  stated  that  one  attack  appears 
to  furnish  no  permanent  immunity  against  another, 
though,  there  is  reason  to  believe  that  an  immunity 
of  perhaps  three  months  is  enjoyed  by  those  who  have 
had  the  disease;  an  extensive  investigation  failed  to 
find  any  individual  who  had  contracted  the  dis- 
ease twice  within  this  period.  This  view  is  further 
strengthened  by  the  immunity  which  is  conferred  by 
cholera  vaccine. 

S\"MPTOMS. — These  may  be  briefly  discussed  in  the 
order  of  their  occurrence. 

Precursory  Phenomena. — An  attack  is  often  pre- 
ceded by  initiatory  uneasiness,  which  should  attract 
attention;  such  are  languor,  pallor,  anxious  expression, 
sunken  features,  weight  in  the  stomach,  and  move- 
ments of  the  intestines.  Then  vertigo  follows,  with 
abdominal  pain,  dimness  of  vision,  and  difficulty  of 
hearing;  the  eyes  become  more  brilliant  than  ordinan,-, 
like  those  of  a  drunken  man.  Sometimes  circulatorj- 
disturbances  are  the  first  phenomena  of  the  disease, 
marked  by  bluish  circles  around  the  eyes.  In  other 
cases  the  progress  of  the  preliminary  symptoms 
differs — there  are  diminution  of  appetite  for  several 
days,  general  disagreeable  sensations,  and  frequent 
alvine  dejections,  without  pain,  which  are  yellowish, 
more  and  more  fluid,  and  finally  become  almost  like 
water.  A  diarrhea  like  this  may  occur  without  anj' 
other  symptoms  and  develop  into  a  severe  case  of 
cholera.  Lastly,  the  disease  may  come  on  suddenly, 
and  without  warning  overwhelm  the  victim  with  its 
full  force — this  often  occurring  at  night. 

Diarrhea. — This  is  most  frequently  the  mark  of 
the  onset  of  the  disease,  and  when  it  is  so,  the  stools 
become  at  once  more  and  more  frequent.  Fifteen, 
twenty,  or  more  dejections  in  twenty-four  hours  are 
usual,  and  in  some  cases  (these  are  fatal)  the  evacua- 
tions occur  in  an  almost  continuous  and  involuntary 
jet.  They  are  often  accompanied  by  colic,  borborygmi, 
and  gurgling,  either  spontaneous  or  e.xcitcd  by 
pressure  upon  the  abdomen.  They  are  at  first  made 
up  of  bilious,  fecal,  or  seromucous  matter,  but  soon 
assume  the  characteristic  appearance,  viz.,  that  of 
a  whitish  fiocculent  fluid  such  as  has  already  been 
described.  A  large  flocculent  sediment  is  deposited 
from  this  fluid,  a  part  of  it  looking  remarkably  like 
cooked  rice.  The  fluid  is  blood-serum,  and  the  sedi- 
ment is  made  up  of  the  epithelial  lining  of  the  intes- 
tines and  of  mucus.  Sometimes  the  evacuations  are 
tinged  with  blood-coloring  matter,  giving  them  the 
appearance  of  the  lees  of  wine,  or  they  may  be  of  a 
deep    brownish    color    from    tho    same    cause.     The 
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frequency  of  the  dejections  is  not  always  increased 
with  the  progress  of  the  disease,  they  are  occasionally 
completely  arrested  during  the  cold  period,  and 
death  may  occur  without  their  beginning  again;  on 
the  other  hand,  they  may  return  with  increased 
violence.  In  those  cases  in  which  the  acute  attack  is 
followed  by  a  prolonged  period  of  depression,  during 
which  the  patient  presents  the  tj^phoid  state,  the 
choleraic  discharges  give  place  to  loose,  diarrheal 
evacuations  having  a  focal  odor.  These  may  be 
frequent  and  persist  for  a  number  of  days,  gradually 
diminishing  as  convalescence  advances;  but  the 
typhoid  condition  is  always  favorable  to  the  develop- 
ment of  dangerous  complications,  and  cases  of  cholera 
which  take  this  form  arc  by  no  moans  favorable. 
The  abundance  of  the  renal  secretion  is  considered  a 
valuable  prognostic  sign.  After  recovery  obstinate 
constipation  may  occur. 

Dry  cliolcra,  or  cholera  sicca,  usually  comes  to  a 
fatal  end  within  a  few  hours  after  the  first  symptoms 
appear.  Tlie  absorption  of  the  infection  is  apparently 
so  overwhelming  tliat  diarrhea  has  not  had  an  op- 
portunity to  set  in  and  the  diagnosis,  except  by  bac- 
teriological methods,  is  extremely  difficult.  Clinically 
the  disease  may  resemble  death  by  an  acute  poison, 
and  gross  pathology  only  shows  evidence  of  a  ful- 
minating infection,  such  as  punctiform  elevations 
on  the  heart  and  on  the  stomach  wall. 

Nausea  and  vomititig,  sometimes  almost  constant, 
occur  from  the  very  beginning  of  the  disease.  The 
vomitus  is  poured  out  by  an  almost  constant  effort; 
it  does  not  differ  in  character  from  the  dejecta, 
except  that  it  is  sometimes  more  limpid,  and  is 
sometimes  slightly  tinged  with  bile.  It  is  very  rare 
that  vomiting  persists  to  the  second  period  of  the 
disease,  but  the  ingestion  of  the  smallest  quantity  of 
fluid  may  excite  it  with  great  violence.  It  often 
alternates  or  coincides  with  a  very  troublesome 
hiccough. 

Abdominal  pain  often  precedes  the  vomiting  and 
choleraic  diarrhea.  It  is  griping,  and  of  the  most 
intense  character,  situated  in  the  region  of  the 
epigastrium  or  over  the  entire  abdomen.  A  doughy 
sensation  is  communicated  to  the  hand  upon  pressure, 
and  percussion  gives,  usually,  an  almost  universal 
dull  or  flat  note. 

Anorexia;  Thirst;  Tongue. — Loss  of  appetite  is 
complete,  and  corresponds  in  point  of  time  with  a 
burning  and  inextinguishable  thirst.  The  throat  and 
mouth  are  parched,  the  tongue  is  frequently  clean, 
commonly  large,  pale,  moist,  cold,  very  rarely  dry, 
and  occasionally  covered  with  a  yellowish  coat.  This 
condition  is  peculiar  to  the  first  period;  it  varies, 
later  on,  with  the  degree  of  reaction  or  with  the 
nature  of  the  complications  and  secondary  affections. 

Urine. — Upon  the  first  appearance  of  the  gastro- 
intestinal evacuations  the  urine  becomes  scanty, 
and  is  generally  completely  suppressed;  exceptional 
cases  are  reported  in  which  it  remains  normal  through- 
out. Emission  is  involuntary.  Sometimes,  after 
suppression,  it  reappears  about  the  middle  of  the 
cold  stage,  being  again  suppressed  for  the  remainder 
of  the  disease.  The  desire  to  urinate  remains, 
although  the  power  may  be  lost;  the  secretion  and 
flow  are  generally  reestablished  during  the  period 
of  reaction.  The  urine  is  especially  rich  in  indican 
and  other  ethereal  sulphates.  Ammonium  salts  are 
also  increased  and  aceto-acetic  acid  may  be  present 
in  considerable  quantities.  These  changes  in  the 
urine  are  attributalile  to  the  ready  absorption  of 
putrefactive  products  from  the  intestinal  contents, 
due  in  part  at  least  to  the  loss  of  the  epithelial  lining 
of  the  bowel,  and  to  the  reduction  of  oxidative  proc- 
esses within  the  body. 

Cramps. — Violent  and  prolonged  cramps,  beginning 
with  the  first  diarrhea,  in  the  muscles  of  the  legs  and 
extending  to  the  abdomen,  arms,  and  even  to  the 
face,  are  among  the  most  characteristic,  and  at  the 
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same  time  the  most  terrible,  symptoms  of  cholera. 
They  sometimes  persist  throughout  an  attack  and 
even  after  a  cure,  and  muscular  contractions  have 
even  been  observed  after  life  was  extinct.  During 
an  epidemic  cramps  have  been  observed  without 
any  other  symptoms.  It  has  been  suggested  by 
Weir  Mitchell'!  that  they  are  caused  by  the  loss  of 
water  from  the  body,  and  the  consequent  "drying" 
and  irritability  of  the  nervous  system,  a  phenomenon 
analogous  to  the  violent  contractions  of  a  frog's  log 
when  the  sciatic  nerve  is  exposed  and  allowed  to  dry 
in  the  air. 

Headache;  Derangement  of  the  Senses. — Weight  in 
the  head,  with  giddiness  and  vertigo,  occurs  during 
the  invasion;  cephalalgia,  often  very  severe,  appears 
during  reaction;  it  is  generally  heavy,  and  more 
marked  in  the  frontal  regions;  at  the  same  time  occur 
ringing  and  buzzing  in  the  ears.  The  sight  is  gener- 
ally affected  during  the  whole  course  of  the  disease; 
it  is  blurred,  double,  or  perverted,  so  that  the  patient 
sees  objects  colored  blue,  or  alternately  black  and 
red;  it  is  occasionally  completely  extinct.  The  touch 
and  general  sensibility  are  much  blunted. 

Intellectual  Faculties. — These  are  generally  un- 
altered, although  the  power  of  expression  may  be 
impaired.  It  is  only  in  certain  modes  of  reaction 
in  the  second  stage,  and  in  certain  complications, 
that  stupor  and,  more  rarely,  delirium  occur. 

Strength. — There  is  in  all  cases  almost  entire  loss 
of  strength,  the  least  displacement  of  the  limbs  being 
unbearable.  Most  patients,  either  stretched  on  the 
back  or  with  the  limbs  closely  drawn  up,  remain  in 
a  state  of  complete  immobility  through  fear  of 
fatigue.     Transient  faintness  appears  in  some  cases. 

Voice. — The  voice  is  characteristic  and  usually  of 
a  husky  character.  On  very  limited  occasions  it 
becomes  extinct.  It  gradually  returns  with  retention 
of  fluid  in  the  tissues. 

Respiration  is  ordinarily  very  difficult,  the  fre- 
quency varying  from  ten  to  fifty-two  per  minute. 
This  does  not  depend  upon  any  altered  condition 
of  the  lungs  as  revealed  by  physical  examination,  but 
seems  to  be  in  some  way  connected  with  the  presence 
of  less  than  the  normal  amount  of  carbonic  acid  in 
the  expired  air. 

Circulation. — The  circulation  is  gravely  affected. 
The  pulse  becomes  more  and  more  feeble,  and  dis- 
appears entirely  at  the  height  of  the  cold  period;  it 
is  always  more  frequent  than  in  health.  The  blood 
moves  slowly  and  will  not  flow  from  a  vein  or  an 
artery  of  small  size.  This  sort  of  stagnation  aids  in 
producing  the  bluish  hue  peculiar  to  the  cold  stage. 
This  bluish  hue  makes  its  appearance  first  in  the  ex- 
tremities, in  the  genital  organs,  and  in  the  face.  It 
is  especially  observable  in  patients  who  are  plethoric 
and  of  florid  complexion.  It  diminishes  and  often 
disappears  during  reaction,  and  sometimes  does  not 
occur  at  all.  It  may  go  so  far  as  to  produce  gangrene, 
as  has  been  observed  in  the  nose,  tongue,  and  sexual 
organs. 

Temperature. — The  surface  temperature  is  almost 
invariably  subnormal,  the  average  being  35°  C.  by 
mouth  and  36°  C.  (95°  and  96.8°  F.)  per  rectum. 
The  expired  air  is  often  from  25°  C.  to  27°  C.  (77° 
to  80.6°  F.). 

Skin. — The  skin  is  cold  and  clammy  and  there  is 
usually  intense  perspiration.  The  soles  of  the  feet 
and  the  hands  are  wrinkled  and  have  the  appearance 
of  those  of  a  washerwoman  who  has  been  working  for 
several  hours.  A  small  mass  of  skin  pinched  up 
does  not  return  to  normal  for  some  minutes. 

Appearance. — The  aspect  is  characteristic;  the  face 
is  contracted,  the  brow  wrinkled,  the  cheeks  are 
hollow,  the  lips  thin  and  pressed  in  upon  the  teeth, 
the  complexion  becomes  livid  and  bluish,  the  eyes 
more  and  more  sunken,  and  surrounded  by  a  dark 
circle.  Expression  is  lost  by  degrees,  and  death  seems 
to  have  occurred  while  life  is  still  present.     The  eye 
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ilim,  its  surface  wrinkled,  sunken,  and  sometimes 
try,  the  globe  is  left  exposed  by  the  lids,  and  the  con- 
unctiva  becomes  injected  and  covered  with  spots  of 
jlood.  Even  if  recovery  takes  place,  the  normal 
ispect  of  the  face  returns  very  slowly. 

Complications  are  rare  and  apparently  accidental; 
imong  them  peritonitis,  jaundice,  gangrene,  edema 
jf  the  lungs,  erysipelas  of  the  face,  abscesses,  ulcera- 
;ion  of  the  eyelids,  and  aphthae  may  be  mentioned  as 
)f  occasional  occurrence. 

Secondasy  Affections. — These  are  very  common. 
rhey  may  consist  of  gastrointestinal  inflammations, 
immediate  or  after  some  days  of  convalescence,  or 
Df  affections  of  the  respiratory  organs.  In  other  cases 
persons  who  have  apparently  escaped  the  accidents 
of  cholera  have  a  secondary  fever,  described  as  of  a 
typhoidal  type,  dry  skin,  tension  and  tenderness  in 
tiie  epigastrium,  jactitation,  dry  tongue,  bilious 
stools,  and  chills.  Various  skin  eruptions  occur,  and 
temporar}-  albuminuria  has  been  observed  following 
an  attack  of  cholera.  The  most  grave  of  the  second- 
ary affections,  however,  are  those  which  affect  the 
nervous  system.  The  cerebral  congestions  during  reac- 
tion are,  in  some  cases,  followed  by  a  tj'pical  meningitis 
with  trismus.  Rayer's  "^tat  c6r6bral  chol<5rique" 
(statiis  choleraicus)  includes  a  group  of  phenomena  dis- 
tinct from  those  of  meningitis,  which  supervenes  upon 
the  cold  stage;  the  skin  is  cold,  the  pulse  feeble,  the 
head  heavy,  the  countenance  stupid,  and  sometimes 
the  cholera  tint  remains.  Other  affections  are  a  sort 
of  non-febrile  delirium,  lasting  for  two  or  three  days, 
and  the  spasmodic  contractions  of  the  forearm  which 
occur  during  convalescence.  True  intermittent  febrile 
attacks,  with  initial  chills,  occurring  every  day  during 
reaction,  have  also  been  observed.  All  these  affec- 
tions are,  for  the  most  part,  more  rapid  than  when 
occurring  in  the  individual  previously  healthy. 

Pathologt. — The  pathology  depends  largely  upon 
the  type  of  the  disease.  A  case  of  cholera  sicca  differs 
entirely  from  one  of  the  algid  diarrheic  tj-pe.  The 
alterations  of  the  internal  organs  in  a  case  of  death 
from  cholera  bear  little  relation  to  the  violence  of 
the  disease.  The  appearances  are  about  as  follows: 
Emaciation  is  general,  and  there  is  marked  lividity 
of  the  lips  and  nostrils.  Rigor  mortis  is  very  severe 
and  sets  in  almost  immediately  upon  the  death  of  the 
patient.  It  is  not  an  infrequent  experience  among 
the  cholera  dead  in  the  morgue  to  find  the  bodies  con- 
stantly changing  position;  often  they  are  found  in  a 
sitting  posture,  and  not  infrequently  the  bodies  are 
thrown  from  the  table  by  the  severe  muscular  con- 
tractions. Contractions  about  the  throat  often 
produce  sounds  which  strike  terror  into  the  hearts  of 
those  who  are  not  familiar  with  the  cause  of  their 
production. 

The  peritoneal  surface  is  frequently  covered  with  a 
viscid  exudation,  which  is  present  in  over  ninety  per 
cent,  of  the  cases,  and  in  general  the  surface  has  a 
ground-glass  appearance.  The  vessels  of  t  he  mesentery 
are  engorged  with  blood.  The  caliber  of  the  intestinal 
canal  is  more  often  increased  than  diminished,  and 
always  contains  some  fluid  choleraic  matter.  The 
fluid  is  blood  serum,  containing  a  variable  number  of 
red  corpuscles,  and  the  thicker  material  found  in  it 
is  made  up  of  intestinal  epithelial  cells  and  mucus. 
The  villi  are  swollen,  giving  the  surface  a  velvety 
appearance,  and  Fever's  patches  and  the  solitary 
follicles  are  much  enlarged.  The  cecum  and  ileum 
and  the  upper  end  of  the  large  intestine  appear  to  be 
studded  with  cooked-sago-like  grains.  In  the  lower 
bowel  there  are  usually  huge  quantities  of  rice-w.ater- 
like  material,  but  when  death  has  occurred  from 
cholera  sicca  the  stools  are  usually  hard  and  firm. 
Tlie  glands  of  the  stomach  and  of  the  duodenum  are 
enlarged,  and  the  surface  is  largely  denuded  of  epi- 
thelium.    There  are  no  special  lesions  of  the  other 
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organs.  The  liver  is  rarely  enlarged,  is  the  seat  of, 
moderate  cloudy  swelling,  and  is  usually  congested 
with  dark  thick  blood.  The  gall-bladder  generally 
contains  bile,  which  is  at  first  thicker  than  normal, 
but  subsequently  becomes  more  abundant  and  pale. 
The  biliary  duct  is  not  obstructed.  The  pancreas 
presents  no  marked  alteration.  The  spleen  in  rapid 
cases  is  small,  hard,  and  wrinkled  upon  its  surface, 
of  a  deep  red  color  on  section,  and  sometimes  dotted 
with  ecchymoses;  in  slow  cases  it  may  be  slightly 
enlarged  and  less  deep  red  in  color. 

The  blood  is  thicker  than  normal,  coagulates 
slowly,  and  the  separation  into  clot  and  serum  is  very 
incomplete.  The  corpuscles  are  not  altered  in 
shape,  but  there  is  a  remarkable  diminution  in  the 
proportion  of  water  and  neutral  salts,  and  a  decrease 
in  the  amount  of  fibrin  and  albumin.  The  heart  is 
usually  soft  and  flabby  and  the  muscles  are  degener- 
ated. In  cases  in  which  death  has  been  rapid  there 
are  frequently  punctiform  hemorrhages  on  the  inner 
surfaces  of  the  pericardium.  The  left  side  is  apt  to 
be  empty  and  contracted,  the  right  distended  with 
dark,  thick  blood.  The  arteries  are,  in  general, 
nearly  empty,  the  veins  distended  with  blood,  the 
pleurae  are  frequently  coated  with  a  glutinous, 
stringy  substance,  and  ecchymoses  often  appear  in 
the  subpleural  cellular  tissue.  The  lungs  are  usually 
healthy,  but  presenting  engorgements  at  the  pos- 
terior portions;  or  they  may  contain  pneumonic  areas 
or  abscesses  due  to  inhaled  vomitus.  The, bronchi 
are  much  congested,  and  may  contain  a  white  stringy 
mucus,  analogous  to  that  found  lining  the  intestinal 
canal.  The  condition  of  the  brain  and  spinal  cord, 
together  with  their  appendages,  is  merely  that  of 
congestion  without  special  lesion,  although  it  has 
been  declared  that  there  is  a  sensible  increase  in 
their  consistence.  The  ganglionic  system  presents 
no  change  worthy  of  notice.  The  muscles  are  often 
engorged  with  blood,  and  a  verj'  marked  reddish- 
brown  discoloration  of  the  bones  and  of  the  teeth. 
has  been  noticed  in  those  dying  of  asphyxia. 

Renal  congestion  is  marked  and  the  straight  tubules 
are  often  complcteh*  stripped  of  their  epithelium. 
The  epithelium  of  the  convoluted  tubules  suffers 
marked  parenchymatous  degeneration,  even  in  cases 
of  short  duration.  In  tho.se  dying  in  the  cold  stage 
the  bladder  is  empty  and  firmly  contracted.  The 
uterus  usually  shows  a  hemorrhagic  endometritis, 
and  abortion  is  the  rule  in  pregnant  women. 

The  Spirillum  of  Choler.\. — .\siatic  cholera  is 
due  to  the  so-called  "comma  bacillus"  of  Koch — 
this  name  being  a  misnomer,  for  the  microorganism 
is  not  a  bacillus,  but  a  spirillum.  It  was  in  the  year 
1S83  that  Koch  first  discovered  and  described  the 
spirillum  of  Asiatic  cholera.  This  organism  occurs 
especially  in  the  small  and  beginning  of  the  large 
intestine,  is  generally  wholly  confined  to  the  contents 
of  the  intestine  and  the  glandular  culsdesac,  but  is 
occasionally  found  in  the  intestinal  walls.  It  is 
exceptional  to  find  it  in  any  other  part  of  the  bod}'. 
It  is  found  in  large  quantities  in  the  dejecta,  and  not 
infrequently  in  almost  a  pure  culture. 

In  the  intestines  and  in  the  dejecta  it  presents  the 
appearance  of  a  short,  thick  rod,  slightly  curved  in 
the  long  diameter,  hardly  half  as  long,  but  considerably 
thicker  than  the  bacillus  of  tuberculosis.  It  usually 
occurs  in  this  situation  singly,  but  not  infrequently 
it  is  arranged  in  pairs,  with  the  curves  opposed  to 
each  other,  and  thus  recalling  the  shape  of  the  letter 
"S."  There  are  many  exceptions  to  this  rule,  and  a 
simple  microscopical  examination  of  the  dejecta 
does  not  suffice  to  establish  a  diagnosis  of  Asiatic 
cholera,  or  to  exclude  such  a  diagnosis.  Sometimes 
no  curved,  S-shaped,  or  spirilliform  organisms  arc 
seen,  but  the  preparation  contains  numerous  granules 
of  various  shapes.  If,  however,  plate  cultures  are 
made  from  these  discharges,  they  may  yield  prae- 
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tically  pure  cultures  of  the  cholera  spirillum.  Even 
when  very  small  quantities  of  the  dejecta  are  used,  the 
colonies  may  crowd  the  plates.  Under  cultivation 
in  bouillon  the  orj^anism  appears  longer  and  thinner, 
and  there  are  many  true  spirilla  to  be  seen  in  the 
preparations  made  from  such  a  culture.  (See 
Plates  X,  Fig.  5,  and  LIX.) 

A  characteristic  that  is  of  especial  interest  is  its 
extreme  motility,  which  has  been  demonstrated  by 
Loffler  to  be  due  to  a  fine  cilium  or  two,  occasionally 
three  cilia,  which  are  longer  than  the  bacteria,  placed 
at  one  end  of  the  organism.  Shortly  before  division, 
both  ends  possess  cilia.  After  prolonged  artificial 
cultivation  the  motility  is  reduced  in  activity.  For 
a  description  of  the  morphology  and  staining  reaction, 
see  vol.  i.,  page  869. 

The  famous  experiments  of  Pettenkofer  and  his 
pupils  and  similar  experiments  by  Metchnikoff,  in 
which  cultures  of  cholera  spirilla  were  deliberately 
swallowed,  do  not  militate  against  the  etiological 
importance  of  that  spirillum.  These  experimenters 
sufTered  from  .symptoms  similar  to  those  observed  in 
the  milder  forms  of  epidemic  cholera,  and  the  dejecta 
were  similar  in  character  and  contained  the  spirilla 
in  like  numbers. 

The  entrance  of  the  spirilla  is  effected  by  means  of 
the  g.astrointestinal  tract,  and  the  old  theory  of 
Pettenkofer  that  it  may  enter  from  the  air  and 
through  the  respiratory  organs  is  no  longer  held. 
The  acidity  of  the  gastric  juice  is  extremely  unfavor- 
able to  the  growth  of  the  organism,  and  this  explains 
the  liability  of  the  persons  with  functional  or  organic 
disease  of  the  stomach  to  attacks  of  the  disease,  for 
in  these  instances  the  reaction  of  the  gastric  juice  is 
altered  or  modified  so  as  to  allow  the  spirillum  to  pass 
this  point  of  danger  and  reach  the  intestine,  where 
there  are  more  favorable  conditions  for  its  develop- 
ment. Diluted  hydrochloric  acid  (0.05  per  cent.) 
is  said  to  kUl  the  spirillum  in  six  minutes.  In  the 
presence  of  pepsin  0.019  per  cent,  of  acid  suffices. 
Water  alone,  however,  taken  on  an  empty  stomach, 
excites  very  little  acid  secretion — in  fifteen  minutes 
from  0.011  to  0.03  per  cent. — quantities  entirely  too 
small  to  prevent  the  p.assage  of  the  organism. 

A  temperature  of  from  30°  to  40°  C.  (86°  to  104°  F.) 
is  the  most  favorable  for  the  development  of  the 
cholera  spirillum,  but  it  will  grow  slowly  at  a  tem- 
perature as  low  as  17°  C.  (62.6°  P.).  It  ceases  to 
grow  at  a  temperature  lower  than  this,  but  its  vitality 
is  not  destroyed,  and  it  grows  well  when  the  tempera- 
ture is  again  raised;  at  —10°  C.  (140°  F.)  its  vitality 
has  been  retained,  but,  on  the  other  hand,  heating  to  a 
temperature  as  low  as  .'56°  to  60°  C.  (132.8°  to  140°  F.) 
is  sufficient  to  destroy  its  vitality  in  a  short  time. 

Inasmuch  as  no  true  spore  formation  has  been  seen 
to  occur  in  the  development  of  this  organism,  it  is 
not  surprising  that  drying  is  shown  to  destroy  its 
vitality  in  a  very  short  time — less  than  twenty-four 
hours.  But  conclusions  drawn  from  his  experiments 
may  be  misleading,  for  while  this  destruction  of 
vitality  by  drying  does  occur  in  a  very  short  time  in 
the  case  of  thin  layers,  it  does  not  take  place  under 
less  favorable  conditions.  This  was  shown  by  Kita- 
sato,  and  by  Berkholtz,  who  .saw  the  vitality  retained, 
the  one  for  thirteen  days  and  the  other  for  thirty- 
eight,  in  experiments  in  which  silk  threads  were  used 
for  holding  the  organism  during  their  subjection  to 
desiccation. 

The  organism  was  found  in  ordinary  drinking  water 
by  Koch  in  one  of  the  tanks  in  India," in  the  neighbor- 
hood of  which  an  epidemic  of  cholera  had  broken  out. 
It  does  not  live  long  in  distilled  water,  however,  as 
shown  by  Meade  Bolton,  Wolfhiigel  and  Riedel,  and 
others.  Strauss  and  Dubarry  found  that  it  lived  for 
fourteen  days  in  one  case,  and  Kraus,  for  two  days 
only.  Other  observers  have  not  seen  it  retain  its 
vitality  for  anj^hing  like  so  long  a  time.  In  ordinary 
sterilized  water  it  lives  longer,  according  to  the    ex- 
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periments  of  Wolfhugel  and  Riedel,  as  well  as  PfeifTer, 
who  found  that  it  existed  for  .seven,  nine,  and  twelve 
months,  while  Hochsteter  lengthened  this  time  to 
three  hundred  and  ninety-two  days.  And  more  re- 
cently viability  has  been  observed  after  nearly  two 
and  a  half  years.  Its  vitality  appears  to  bo  shorter 
again  in  non-sterilized  water.  Strauss  and  Dubarry 
found  it  to  be  thirty  days  in  one  specimen,  and  thirty- 
nine  in  another;  while  a  mixture  of  other  bacteria 
shortens  the  time  still  more.  This  latter  point  is 
one  of  great  importance  and  has  been  studied  by  many 
experimenters.  Koch  determined  that  the  organisms 
ceased  to  live  in  ordinary  drinking  water  at  the  end 
of  si.x  or  seven  days,  and  that  after  twenty-four  hours' 
contact  with  sewer  water  they  appeared  to  be  dead; 
while  Schiller,  on  the  other  hand,  found  that  they  re- 
tained their  vitality  in  the  same  medium  for  fourteen 
days.  In  1903  Long  found  the  organisms  in  the  Pasig 
River  opposite  the  mouths  of  Manila's  largo  sewers. 
The  water  in  these  places  is  very  brackish  on  account 
of  the  admixture  of  the  fresh  Pasig  River  water  with 
the  salt  water  of  Manila  Bay.  In  extensive  experi- 
ments (1914)  Schobl  of  the  Bureau  of  Science  found 
that  the  cholera  organism  lived  for  six  days  in  sterile 
distilled  water,  for  thirty-three  days  in  ordinary  Manila 
tap  water,  and  106  days  in  salt  water.  Petri,  in  an  effort 
to  find  out  how  long  they  lived  in  the  intestine  after 
burial,  was  able  to  demonstrate  them  in  cultures  at 
the  end  of  nineteen  days.  Certain  foods  may  be  of 
great  importance  in  transmitting  the  organism,  as  in 
the  case  of  milk,  in  which  it  grows  with  great  energy 
and  without  producing  the  least  visible  alteration; 
it  has  been  shown  that  it  will  live  for  at  least  four  days 
in  milk  and  fortj'-eight  in  butter. 

In  spite  of  the  many  experiments  and  investigations 
tending  to  show  that  cholera  organisms  may  be 
present  for  months  in  water  and  food,  there  is  an 
enormous  amount  of  data  available  now  which  tends 
to  show  that,  after  all,  the  organism  is  probably 
carried  over  from  one  epidemic  to  another  in  some 
form  or  other  in  human  intestines.  There  is,  for 
instance,  considerable  reason  to  believe  that  perhaps 
the  cholera  organism  undergoes  a  morphological 
change  and  may  not  be  readily  recognized  by  pres- 
ent bacteriological  methods. 

According  to  Koch,  solutions  of  one  in  400  of  car- 
bolic acid,  one  in  2,500  of  sulphate  of  copper,  and  one 
in  10,000  of  corrosive  sublimate  are  sufficient  for  the 
arrest  of  the  development  of  the  spirillum  of  Asiatic 
cholera.  Esmarch  and  Eisenberg  show  that  creolin 
will  destroy  it  more  quickly  than  carbolic  acid  in 
solutions  of  the  strength  of  from  one  in  1,000,  or  one 
in  2,000.  Liborius,  Kitasato,  and  Pfuhl  have  shown 
the  active  effect  of  freshly  prepared  milk  of  lime,  while 
Hueppe  and  Loewenthal  convinced  them.selves  of  the 
important  prophylactic  and  therapeutic  value  of  salol 
in  the  management  of  cholera. 

Treatment. — Inoculation  against  Cholera.  — The 
first  efforts  to  confer  active  or  passive  immunity  to 
cholera  in  the  human  subject  were  made  by  l-'erran, 
a  Spanish  physician  (Report  to  the  .\caclcmy  in 
Barcelona,  July  16,  1884),  who  attempted  to  im- 
munize more  than  25,000  people  during  1885,  when 
cholera  was  epidemic  in  Spain.  His  method  con- 
sisted in  the  subcutaneous  injection  of  increasing 
amounts  of  virulent  cultures  of  the  cholera  vibrio, 
five  or  six  days  being  allowed  to  elapse  between 
successive  injections.  Three  such  injections  were 
regarded  by  him  as  fully  protective  against  the  disease. 
He  also  employed  injections  of  blood  from  those 
who  had  recovered  from  cholera  to  protect  others 
from  attacks  of  the  malady.  His  enthusiastic  claims 
for  the  efficiency  of  these  prophylactic  measures 
were  discredited  by  other  observers,  and  there  appears 
to  be  no  doubt  that  his  methods  were  faulty.  The 
purity  of  his  cultures  is  open  to  question  and  his 
claims  were  exaggerated.     But  his  conceptions  were 
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Fio.  1. — Mucus  from  the  Intestine  of  a  Cholera  Patient.     Cover-glass  preparation,  stained  with 

gentian  violet.     Magnified  800  diameters. 
Fia.  2. — Colony  of  Cholera  Baeilli  in  Gelatin,  after  the  Lapse  of  Seventy-two  Hours.    Magnified 

7.5  diameters. 

Via.  3. — Colony  of  Cholera  Bacilli  in  Gelatin,  after  the  Lapse  of  Seventy-two  Hours.    Magnified 
170  diameters. 

Fig.  4. — Cholera  Bacilli  from   a  Bouillon   Culture   at   the   Expiration  of  Twenty-four  Hours. 
Cover-glass  preparation  stained  with  fuchsin.     Magnified  1,000  diameters. 

FiQ.  5. — Stab  Cultures  of  Cholera  Bacilli  in  Nutrient  Gelatin,  at  the  expiration  of  one  day, 
three  days,  four  days,  five  days,  seven  days,  and  ten  days,  respectively. 
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the  same  as  those  which  subsequently  led  to  more 
careful  and  promising  work  in  this  direction,  and  the 
credit  of  priority  beloiiKs  to  him. 

Since  these  early  attempts  of  Ferran,  which  were 
based  upon  studies  of  the  immunization  of  guinea- 
pigs  at  a  time  when  proper  methods  had  not  been 
elaborated,  numerous  investigators  have  experimented 
on  animals  in  this  direction  and  liavc  obtained  results 
which  throw  considerable  light  on  the  character  of 
the  immunity  that  can  be  conferred  upon  animals,  and 
presumably  upon  man.  Most  of  the  observations 
have  been  macle  on  guinea-pigs,  though  other  animals 
have  also  been  employed.  It  has  not  been  difficult 
to  attain  positive  results  in  many  different  ways. 
Intraperitoneal,  subcutaneous,  or  intravenous  inocula- 
tions with  non-lethal  amounts  of  living  cultures  of 
cholera  vibrios  are  followed  within  a  few  days  by  a 
species  of  immunity  manifested  by  bactericidal  or 
bacteriolj'tic  properties  of  the  serum  of  the  animal. 
Such  animals  will  then  survive  inoculations  with  viru- 
lent cultures  in  amounts  which  considerably  exceed 
those  regularly  fatal  to  normal  animals.  Similar 
results  may  be  obtained  by  the  use  of  dead  cultures, 
whether  the  vibrios  have  been  killed  by  heat  or  by 
the  addition  of  germicides.  Such  animals  also  are 
immune  against  inoculations  with  virulent  cultures  in 
considerable  amount.  This  immunity,  whether  caused 
by  living  or  by  dead  cultures,  protects  the  animals 
against  inoculations  into  the  blood,  peritoneum, 
or  beneath  the  skin;  but  appears  to  have  little  if  any 
effect  upon  the  course  of  the  disease  when  cultures 
are  introduced  into  the  mouth  or  stomach.  This 
fact  was  strikingly  manifest  in  experiments  in  very 
young  animals,  which,  as  stated  above,  readily  acquire 
a  form  of  cholera  when  very  small  amounts  of  cul- 
tures are  introduced  into  the  mouth.  Moreover, 
very  large  amounts  of  cholera  cultures  introduced  into 
the  blood  or  peritoneal  cavity  cause  death  in  im- 
munized animals  in  spite  of  their  protection  against 
moderate  lethal  doses.  Large  doses  of  dead  cultures 
also  cause  death.  A  fact  worthy  of  note  is  that 
filtered  recent  cultures  of  the  cholera  vibrio  are  neither 
very  toxic  nor  useful  for  immunization. 

The  results  of  the  experiments  mentioned  above 
lead  to  the  inference  that  the  introduction  into  the 
body  of  non-lethal  quantities  of  the  vibrio  calls  forth 
the  production  of  antibodies  that  are  destructive  to 
the  vibrio  if  they  are  brought  into  contact  with  it,  but 
that  they  are  not  capable  of  neutralizing  the  endo- 
toxins. The  immunity  obtained  is  bacteriolytic  and 
not  antitoxic.  We  may,  therefore,  fatally  poison 
an  immune  animal  with  cholera  cultures  though  it 
be  capable  of  destroying  a  limited  number  of  cholera 
vibrios  which  are  brought  into  its  tissue  fluids.  It  has 
been  shown  that  the  blood  and  serum  from  patients 
who  have  recovered  from  attacks  of  cholera  also  con- 
tain these  or  similar  bacteriolytic  substances,  but  there 
appears  to  be  no  antitoxic  substance  in  these  fluids. 

These  bacteriolytic  antibodies  do  not  exist  to  an 
appreciable  extent  in  the  blood  of  convalescents  im- 
mediately upon  recovery,  but  are  distinctly  active 
about  three  weeks  after  the  attack,  then  gradually 
accumulate  or  increase  in  potency  until  a  maximal 
efficiency  is  reached  between  the  fourth  and  sixth 
weeks.  At  this  time  0.01  c.c.  of  the  blood  may  be 
enough  to  protect  a  guinea-pig  from  the  effects  of  an 
otherwise  fatal  intraperitoneal  infection  with  cholera. 
After  the  sixth  week  the  bacteriolytic  value  of  the 
blood  gradually  declines  and  is  lost  after  about  three 
months. 

To  emphasize  still  further  the  character  of  this 
immunity,  experiments  may  be  cited  which  show  that 
animals  which  have  been  inoculated  with  cholera 
vibrios  in  amounts  ordinarily  sufficient  to  kill,  may 
be  saved  if  they  receive  injections  of  t^erum  from 
immunized  animals  within  from  one-half  to  two  hours 
after  the  inoculation,  before  symptoms  referable  to 
intoxication  have  developed.     When  these  symptoms 


have  declared  themselves  the  treatment  is  without 
avail,  i.e.  if  the  disease  can  be  checked  by  destroying 
the  vibrios  already  in  the  sy.stem,  the  immune  scrum 
will  protect;  but  if  there  is  already  in  the  body  a  dose 
of  toxic  substance  sufficient  to  kill,  the  immune  scrum 
is  powerless  to  neutralize  them.  These  toxic  sub- 
stances appear  to  be  present  in  lethal  quantities  in 
the  majority  of  cases,  as  soon  as  symptoms  of  disease 
become  manifest. 

A  question  of  great  practical  importance  is  whether 
these  protective,  bacteriolytic  antibodies  which  are 
present  in  the  blood  and  lymph  can  pass  into  tho 
digestive  tract  and  act  upon  cholera  vibrios  present 
in  the  intestinal  contents.  Experiments  upon  ani- 
mals, already  cited,  appear  to  answer  this  question 
in  the  negative,  but  it  is  doubtful  whether  theyo 
results  can  be  directly  applied  to  man.  If  Ferran's 
claims  are  justified  by  the  facts,  such  direct  applica- 
tion of  animal  experiments  cannot  be  made;  for  fin 
active  immunity  caused  by  subcutaneous  injections 
of  cholera  vibrios  would  appear  to  protect  against 
infection  by  way  of  the  mouth  in  human  subjects, 
though  they  failed  to  do  so  in  animals.  It  was  the 
belief  that  such  was  the  case  that  induced  HafTkine 
to  undertake  the  immunization  against  cholera  by 
a  method  essentially  similar  in  principle  to  that 
employed  by  Ferran,  but  safeguarded  by  a  more 
highly  developed  technique. 

Haffkine  experimented  with  his  method  of  immuni- 
zation in  India,  aifled  by  the  Government,  and  be- 
tween 1S03  and  1895  subjected  about  40,000  people 
to  his  prophylactic  treatment.  This  consisted  in  the 
subcutaneous  injection  of  living  cultures  of  the  cholera 
spirillum  of  definite  and  known  virulence.  The  first 
injection  was  made  with  a  culture  of  moderate  viru- 
lence, attenuated  by  long  artificial  cultivation  and 
taken  by  him  to  India  from  the  IJuropean  laboratories. 
During  the  first  two  hours  after  the  injection  there 
were  no  appreciable  effects  either  locally  or  constitu- 
tionally. Between  the  third  and  twelfth  hours  there 
was  a  gradually  developing  tenderness  at  the  point 
of  inoculation  with  general  malaise  and  fever.  In 
normal  cases  the  fever  reached  101°  F.,  but  would 
sometimes  reach  104°  when  the  susceptibility  of  the 
patient  was  great.  The  amount  of  culture  injected 
depended  upon  the  age  of  the  patient;  for  an  adult 
man  the  amount  being  about  1  c.c.  From  the  twelfth 
to  the  thirty-sixth  hour  after  the  inoculation  the 
general  symptoms  gradually  but  completely  vanished 
and  a  painful  induration  at  the  point  of  inoculation 
developed.  This  also  subsided  in  the  course  of  a 
few  days.  No  digestive  disturbance  was  occasioned 
by  the  inoculation,  and  no  change  of  diet  or  occupa- 
tion was  necessary. 

The  second  inoculation  was  made  about  five  days 
after  the  first.  For  this  purpose  a  highly  virulent 
culture,  kept  active  by  passage  through  susceptible 
animals,  was  employed,  the  dosage  being  determined 
by  the  reaction  obtained  after  the  first  injection.  The 
effects  of  this  inoculation  were  usually  less  pro- 
nounced. The  immunizing  action  was  believed  tc» 
be  complete  six  days  after  the  first  inoculation.  I'p 
to  1S9G  over  100,000  people  were  said  to  have  received 
this  treatment. 

The  results  of  this  treatment,  which  was  purely 
preventive,  not  curative,  were  reported  as  being 
very  promising.  Several  of  those  so  treated  con- 
tracted cholera  shortly  after  the  first  injection,  show- 
ing that  its  protective  action  was  not  immediate. 
Haffkine  believed  that  the  full  protective  action  was 
attained  in  about  twenty  days.  Comparative  statis- 
tics, when  of  a  given  group  about  half  were  inoculated, 
were  greatly  in  favor  of  the  value  of  the  method. 
The  protection  is  not  lasting,  however,  some  twelve 
months  being  the  probable  limit  of  its  efficiency. 
The  protection  is  not  absolute,  and  the  mortality 
among  those  who  have  been  inoculated  and  yet 
acquired  the  disease  is  but  slightly  less  than  among 
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the  uninoculated.  About  one-nineteenth  as  many 
oases  occurred  among  the  inoculated  and  about  one- 
seventeenth  as  many  deaths.  Of  late  years  this 
jnothod  appears  to  have  fallen  into  disuse.  This  is 
not  surprising  when  the  difficulty  of  inoculating  a 
whole  population,  the  evanescent  character  of  the 
protection,  and  the  uncertainty  of  its  absolute  value 
are  considered. 

Upon  theoretical  grounds,  as  already  stated,  but 
little  can  be  expected  from  a  bacteriolytic  scrum  in- 
jected beneath  the  skin  in  human  cholera;  for  the 
vibrios  are  situated  in  the  intestinal  contents  and 
the  crypts  of  the  intestinal  mucosa.  The  efficacy 
of  the  bacteriolytic  scrum  when  administered  by 
mouth  or  in  enemata  does  not  appear  to  have  been 
tested.  It  would  be  worthy  of  trial.  To  be  effective 
the  protective  constituents  of  the  serum  must  come 
in  contact  with  the  bacteria  they  are  to  destroy. 
It  appears  doubtful  whether  these  elements  enter 
the  intestinal  lumen  when  present  in  the  blood.  A 
serum  which  had  antitoxic  properties  should  be  much 
more  efficient.  Pfeiffer  has  shown  that  the  most 
active  toxic  substances  produced  by  the  cholera 
vibrio  are  intimately  connected  with  the  bodies  of 
the  organisms  when  the  latter  are  grown  in  artificial 
media.  In  1806  Metchnikoff,  Rous,  and  Taurelli- 
Salimbeni  made  experiments  with  a  view  of  demon- 
strating that  soluble  toxins  might  be  obtained  from 
the  cholera  vibrio.  They  obtained  a  highly  poisonous 
toxin,  not  destroyed  by  boiling,  of  which  one-fourth 
of  a  cubic  centimeter  killed  a  guinea-pig  weighing 
300  grams  in  eighteen  hours.  They  also  showed  that 
it  was  possible  to  obtain  an  antitoxic  serum  by  im- 
jnunizing  animals  w'ith  this  toxin.  But  this  serum 
failed  to  cure  young  animals  infected  by  the  mouth 
with  cholera  vibrios. 

In  1907  Strong  succeeded  in  making  a  true  cholera 
vaccine,  that  is,  one  composed  of  attenuated  living 
bacilli  along  the  lines  laid  down  by  workers  in  Koch's 
laboratory,  w-hich  gave  excellent  results  in  the  im- 
munization of  animals  and,  apparently,  of  persons. 
Jn  order  to  test  the  practicability  of  dealing  with  a 
cholera  outbreak  along  the  lines  of  vaccine  therapy, 
ideal  conditions  for  a  test  presented  themselves  in  the 
town  of  Siniloan,  Laguna  Province,  Philippines. 
Siniloan  is  a  town  of  about  4,000  inhaljitants  and  is 
more  or  less  equally  divided  into  two  parts  by  a  river 
which  flows  through  it.  The  cases  of  cholera  were 
about  the  same  on  both  sides.  Doctor  Strong  and 
his  workers  undertook  to  eradicate  the  cholera  through 
the  means  of  cholera  vaccine  on  one  side  of  the  river; 
Heiser,  with  sanitary  measures,  undertook  to  eradicate 
it  on  the  other  side.  The  cholera  di.sappeared  on 
Strong's  side  of  the  river  in  about  two  weeks,  and  on 
Heiser's  side  within  three  days.  It  was  also  shown 
that  practical  sanitary  measures  were  not  only  more 
effective  but  only  resulted  in  a  fraction  of  the  cost 
of  applying  vaccine  therapy.  For  instance,  to  im- 
munize the  entire  population  of  a  city  of,  say,  300,000 
■n-ould  require  the  entire  staff  of  doctors  and  nurses 
of  such  community  over  a  period  of  fifty  days,  and  as 
no  community  could  make  such  a  staff  available  for 
carrying  on  such  a  campaign,  it  is  reasonable  to  as- 
sume that  at  least  150  days  would  be  required.  As 
cholera  vaccination  cannot  be  depended  upon  for  a 
longer  period  than  three  months,  it  will  be  apparent 
that  before  the  last  case  were  rendered  immune,  the 
first  would  again  require  vaccination.  Futhermore, 
the  cost  of  such  an  undertaking  would  be  out  of  all 
proportion  to  the  resources  of  the  community.  A 
community  of  that  sort  could  for  a  very  small  frac- 
tion of  the  cost  be  protected  against  cholera  by  other 
well-known  sanitary  measures.  Cholera  vaccina- 
tion h.as  probably  a  distinct  field  in  the  immunization 
of  nurses,  doctors,  attendants,  soldiers,  and  actu.al 
contact  cases;  but  it  is  not  believed,  unless  a  permanent 
inununity  can  be  conferred,  to  be  a  practical  com- 
munity measure. 
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Antiseptic  Treatment. — A  very  great  number  of 
remedies  have  been  employed  with  a  view  of  destroy- 
ing the  cholera  spirilla  in  the  intestinal  tract,  or,  at 
least,  of  inhibiting  their  multiplication.  Among  these 
remedies  are:  cholorine  water,  mercuric  salts,  salts 
of  copper,  iodine,  iodoform,  creosote,  creolin,  cresol, 
resorcin,  thymol,  pyoktanin,  benzoic  acid,  salicylic 
acid  and  its  salts,  salol,  tribromsalol,  tribromphenol, 
bismuth,  benzoyl-acetyl  peroxide,  potassium  and 
calcium  permanganate,  etc.  It  cannot  be  said  that 
the  clinical  evidence  in  favor  of  any  of  these  remedies 
is  strong,  and  upon  theoretical  grounds  their  utility 
is  very  doubtful  since  the  great  dilution  they  suffer 
in  the  intestinal  tract  mu.st  render  them  almost  inert. 
The  same  appears  true  of  the  proposed  treatment  with 
mineral  acids  in  eight-  to  ten-drop  doses,  diluted  with 
water. 

Symptomatic  Treatment. — We  have  already  .seen 
that  during  epidemics  of  cholera  mild  cases  of  this 
disease  are  of  not  infrequent  occurrence.  These 
cases  are  indistinguishable  in  many  instances  from 
attacks  of  simple  diarrhea  due  to  intestinal  irritation 
or  indigestion,  though  frequently  unaccompanied  by 
pain.  The  only  safe  rule  at  such  times  is  to  regard 
all  cases  of  diarrhea  as  choleraic  and  as  the  possible 
beginning  of  a  serious  attack.  The  patient  must  be 
put  to  bed  and  isolated.  The  dejecta  should  be 
regarded  as  likely  to  contain  the  cholera  spirilla,  and 
carefully  disinfected  before  being  disposed  of.  A 
warm  bath,  with  warm  compresses  on  the  abdomen, 
has  been  recommended.  The  diet  should  be  re- 
stricted to  fluids,  previously  boiled.  Thirst  may  be 
relieved  with  boiled  or  carbonated  (not  alkaline) 
water.  There  are  differences  of  opinion  regarding 
the  measures  appropriate  to  the  treatment  of  the  di- 
arrhea. The  usual  practice  is  to  employ  some  prepa- 
ration of  opium  to  check  the  discharges.  The  tinc- 
ture given  in  small,  frequently  repeated  doses  has 
given  good  results.  As  it  is  important  to  allay  all 
intestinal  irritation  it  must  be  a  matter  of  judgment 
in  each  individual  case  whether  it  be  wiser  to  endeavor 
at  once  to  check  the  diarrhea  or  whether  a  freer 
evacuation  of  the  bowels  to  discharge  any  irritating 
contents  should  be  attempted.  For  the  latter  purpose 
calomel  in  repeated  moderate  doses  given  until  the 
stools  become  greenish,  has  a  good  reputation. 
Castor  oil,  emulsified  with  mucilage  of  acacia,  pep- 
permint water,  and  syrup,  has  also  been  employed. 
It  is  thought  that  calomel  is  partially  converted  into 
mercuric  chloride  in  the  intestine,  and  that  it  thus 
exerts  some  antiseptic  action;  but  to  what  extent  this 
is  true  is  not  known.  As  an  antiseptic  sodium  sulpho- 
carbolate,  in  fifteen-  to  twenty-grain  doses  for  children 
and  thirty-grain  doses  for  adults,  repeated  every  three 
or  four  hours,  has  been  used  with  asserted  beneficial 
effects.  To  check  the  diarrhea,  besides  opium, 
astringents  have  been  used  and  recommended,  and 
to  relieve  pain  the  compound  tincture  of  camphor  has 
been  employed.  The  prevalent  opinion,  however,  is 
that  opium  fulfils  the  requirements  better  than  other 
drugs,  that  and  rest,  warmth,  and  an  appropriate 
diet  are  of  the  utmost  importance.  Tea  and  moderate 
stimulation  with  brandy  may  be  used  according  to  the 
indications. 

Should  the  symptoms  persist  and  vomiting  set  in 
notwithstanding  the  treatment  indicated  above, 
copious  enemata  of  tannic  acid,  recommended  by 
Cantani,  may  be  resorted  to. 

Long  before  the  epidemic  of  1866  Dr.  Murray,  in 
India,  had  recommended  the  half-hoiu'ly  injection  of 
a  pint  of  a  weak  solution  of  common  salt  and  carbonate 
of  sodium  into  the  rectum  at  a  temperature  of  120°  F., 
and  is  said  to  have  obtained  very  striking  results. 
Similar  means  were  employed  by  Sansom'  in  1866. 
Cantani  advises  the  addition  of  tannin  to  the  hot 
water.  From  eighty  to  320  grains  are  dissolved  in 
three  pints  or  a  quart  of  water  or  camomile  infusion 
at   a   temperature  of  102°   to    105°   F.,  and  twenty 
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drops  of  lauflanum  and  an  ounce  or  an  ounce  and 
a  half  of  gum  acacia  are  added.  Instead  of  tannin, 
thymol  in  soUition  of  hot  water  (1  in  1,000)  has  been 
recommended  by  other  authorities.  In  tlie  recom- 
mendations of  tlie  Royal  College  of  Physicians  (1892), 
benzoate  of  sodium,  two  drams  to  a  quart  of  water, 
has  been  suggested  as  an  alternative  to  the  tannic 
acid.  In  every  case  the  injection  should  be  made 
with  much  gentleness.  The  best  position  of  the 
patient  is  that  on  the  back  with  tlie  hips  well  raised 
and  the  legs  well  drawn  up  as  for  lithotomy.  The 
reservoir  douche  enema  should  be  used  and  not 
the  ordinary  pump.  There  is  much  room  for  doubt 
as  to  whether  the  addition  of  any  medicament  to 
the  hot  water  is  of  any  special  value,  th(!  favorable 
results  being  due  probably  to  the  clearing  away  of 
irritant  and  offensive  debris,  to  the  absorpl  ion  of  fluid 
from  the  intestinal  surface,  and  to  the  relaxation  of 
the  arterial  spasm  by  the  hot  and  moist  application; 
but  up  to  the  present  time  the  use  of  tannic  acid 
persi.sts  and  is  recommended.  If  more  than  two 
quarts  are  injected,  a  weaker  solution  should  be  em- 
ployed. These  enemata  may  be  repeated  several 
rimes  in  twenty-four  hours.  As  shown  by  Cantani, 
the  hot  saline  solution  may  pa.ss  through  the  ileo- 
cecal valve  into  the  small  intestine. 

If  signs  of  improvement  do  not  soon  follow  the 
procedure  described  above,  and  the  algid  stage  of 
the  disease  supervenes,  recourse  should  be  had  to 
hypodermoclysis,  or  the  injection  of  a  hot  saline 
.solution  (one  dram  to  the  quart)  into  the  subcutane- 
ous tissue.  Either  or  both  of  these  methods  must  be 
employed  before  the  actual  symptoms  of  death  have 
made  their  appearance;  to  wait  too  long  is  to  throw 
away  all  chances  of  success.  The  amelioration  of 
the  symptoms  is  usually  very  striking  and  prompt, 
due  to  the  introduction  of  fluid  and  warmth;  but 
improvement  is  frequently  of  short  duration.  The 
procedure  may  be  repeated  if  the  indications  for  it 
return;  but  experience  has  led  to  the  belief  that  three 
or  four  injections  of  a  quart  or  more  are  all  that  are 
likely  to  be  beneficial. 

During  the  past  few  years  Rogers  of  India  has  been 
advocating  the  use  of  intravenous  strongly  alkaline  salt 
solutions.  The  Rogers  method  has  been  given  an  exten- 
sive trial  at  the  San  Lazaro  cholera  hospital  in  Manila 
in  a  series  of  700  cases,  and  it  has  not  proved  superior 
to  the  routine  treatment  which  has  been  used  there. 

The  foregoing  long  list  of  remedies  advocated  for 
cholera  affords  the  best  evidence  that  no  reliable 
medication  exists  up  to  the  present  time.  After 
giving  all  of  the  various  remedies  mentioned  above 
and  many  others  a  thorough  trial  at  the  San  Lazaro 
Hospital,  where  probably  larger  series  of  cholera 
cases  are  treated  under  strict  medical  supervision 
than  obtains  in  any  other  portion  of  the  world,  the 
treatment  adopted  which  gives  uniformly  the  best 
results  is  the  intravenous  infusion  of  physiological 
salt  solution  as  a  routine  measure  and  any  other 
therapeutic  measures  which  will  induce  the  skin  to 
take  over  the  work  of  the  kidneys.  It  may  be  stated 
as  a  practical  fact  that  all  cases  of  cholera  in  which 
there  is  no  marked  suppression  of  urine  will  recover 
without  any  treatment  whatever. 

After  recovery  from  the  severe  stage  of  the  disease 
the  treatment  "must  follow  the  indications  as  they 
arise.  Particular  attention  must  be  given  to  the  diet, 
relapses  being  frequently  traceable  to  neglect  in  this 
direction. 

PnopHYLAxis. — Two  principles  govern  the  measures 
which  should  l)e  taken  to  avoid  cholera.  The  first 
looks  to  Ihe  exclusion  of  living  cliolcra  spirilla  from 
the  gastrointestinal  tract;  the  second  refers  to  pre- 
serving anv  natural  resistance,  particularly  on  the 
part  of  the  intestine,  to  injury  due  to  the  presence 
of  that  organism  in  the  intestinal  contents.  It 
is  believed  that  the  toxins  produced  by  the  cholera 


spirillum  are  not  absorbed  through  intact  intestinal 
epithelium,  but  gain  entrance  to  the  circulation 
only  after  the  epithelium  has  become  damaged, 
necrosed,  or  desquamated.  Therefore  all  dietary 
indiscretions  which  might  cause  intestinal  irritation 
are  to  bo  avoided.  Overfatigue  and  exposure  to 
cold  are  to  be  carefully  guarded  again.st.  But  it 
appears  wise  not  suddenly  to  change  the  ordinary 
mode  of  life,  but  simply  to  follow  the  usual  habits  iii 
a  temperate  manner.  The  free  use  of  alcohol  appears 
to  be  extremely  dangerous.  Those  addicted  to  it.s 
use  are  particularly  su.sceptible,  and  when  attacked 
by  the  disease  the  prognosis  is  bad  in  people  of  in- 
temperate habits.  Care  in  the  character  of  the  food 
is  important.  All  articles  which  might  carry  in- 
fection should  be  avoided  entirely,  or  partaken  of 
only  after  being  cooked.  This  is  especially  the  ca.se 
with  water  and  milk,  which  should  be  heated  to  the 
boiling-point.  Prolonged  boiling  is  not  necessary, 
but  to  insure  the  death  of  the  spirillum  it  is  safest 
actually  to  boil  liquid  articles  of  food.  It  has  been 
recommended  to  take  acid  drinks,  such  as  very  weak 
hydrochloric  acid,  as  a  prophylactic  measure,  but  it 
seems  doubtful  whether  this  is  a  wise  measure,  in 
view  of  the  danger  to  the  digestion  if  sufficient  acid 
be  taken  to  act  as  an  effective  agent  in  killing  the 
spirillum.  Furthermore,  there  is  also  the  objection 
that  the  use  over  a  period  of  several  days  of  these 
acidulated  solutions  produces  serious  digestive  dis- 
turbances and  during  such  period  there  is  interference 
with  the  hydrochloric  acid  and  other  gastric  secre- 
tions, and  therefore  a  greater  susceptibility  to  cholera 
than  if  such  .solutions  had  not  been  taken.  Par- 
ticular care  should  be  exercised  against  infection  by 
those  attending  cases  of  cholera.  They  should  dis- 
infect the  hands  immediately  after  they  have  come 
in  contact  with  the  dejecta  or  vomitus  from  the 
patient.  A  two-  or  three-per-eent.  solution  of  carbolic 
acid,  or  a  1  to  1,000  solution  of  bichloride  of  mercury 
may  be  used  for  this  purpose.  Chloride  of  lime  solu- 
tions are  not  dseirable,  owing  to  the  fact  that  no 
dependability  can  be  placed  upon  the  amount  of 
chlorine  which  they  may  contain. 

Success  in  preventing  the  spread  of  cholera  depends 
solely  upon  the  destruction  of  the  spirilla,  and  this 
means  the  safeguarding  of  the  entire  human  excreta 
of  any  community  in  which  cholera  appears.  A 
campaign  against  cholera  resolves  itself  into  disin- 
fecting or  otherwise  safeguarding  human  excrement. 
In  North  American  cities  this  is  largely  safeguarded 
by  the  water  carriage  of  sewage  which  prevails  almost 
everywhere,  so  that  in  communities  of  that  kind  a 
large  cholera  epidemic  is  almost  impossible.  The 
next  important  step  is  to  safeguard  the  water  supi)ly. 
Even  in  the  ease  of  water  supplies  that  are  derived 
from  uninhabited  watersheds,  it  is  believed  now  to 
be  strictly  indicated  that  all  such  supplies  should  be 
safeguarded  by  the  introduction  of  calcium  hypo- 
chlorite in  quantities  which  have  been  determined 
by  an  expert  to  be  suitable  for  the  water  to  be  treated. 
Ca.ses  of  cholera  should  be  promptly  isolated  and 
placed  under  the  care  of  competent  persons  so  that 
the  stools  and  vomitus  may  be  i)romptly  disinfected, 
as  well  as  all  materials  with  which  they  may  have 
come  in  contact.  For  this  purpose  five  per  cent, 
carbolic  solutions  used  in  two  or  tlirce  times  the 
bulk  of  the  material  to  be  disinfected,  perluqis  still 
the  most  reliable  and  efficacious  disinfectant,  although 
many  of  .the  coal-tar  deri\atives  may  be  used  if 
carbolic  acid  is  not  available.  .Ml  contacts  of 
cholera  cases  should  be  promptly  examined  in  order 
to  determine  wliether  they  are  cholera  vibrio  carriers, 
and  if  so,  to  be  isolated  and  treated  the  same  as 
cholera  cases.  Places  in  which  cholera  cases  are 
kept  should  be  strictly  safeguarded  against  flics 
because  there  is  great  "danger  of  spread  from  this 
source.  Another  common  means  of  spread  is  by  the 
hands  of  individuals  who  have  assisted  per.sons  who 
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have  been  stricken  with  cliolera  and  who  do  not 
realize  that  they  may  have  become  infected.  In  more 
primitive  communities  it  has  frequently  been  found 
jjossible,  after  other  means  had  failed,  to  eradicate 
cholera  by  requiring  the  entire  community  to  im- 
merse its  hands  in  a  bichloride  solution.  Markets 
where  food  articles  are  sold  and  are  handled  with  the 
hands,  like  meat,  fish,  vegetables,  etc.,  have  often 
been  safeguarded  by  requiring  every  person  who 
entered  the  market  to  place  his  hands  in  a  barrel  of 
bichloride  solution  that  was  kept  at  the  entrance  of 
itlie  market.  In  slum  sections  in  which  cholera  appears 
t  is  important  to  make  stool  examinations  for 
the  cholera  vibrio  of  all  members  of  such  crowded 
communities.  Maritime  quarantine  should  be  re- 
.stricted  to  the  stool  examinations  of  persons  who  have 
been  in  cholera  districts  or  who  have  come  in  contact 
with  such  persons.  It  is  no  longer  necessary  to  place 
quarantine  upon  merchandise,  because  many  practical 
experiments  have  shown  that  even  in  articles  which 
are  usually  contaminated  it  is  impossible  for  the  chol- 
era organism  to  live  for  more  than  five  days  except 
in  a  water  supply.  The  water  supply  of  ships  coming 
from  cholera-infected  communities  should  always  be 
disinfected.  Permanganate  of  potassium  is  very  satis- 
factory. In  communities  where  latrines  are  commonly 
used,  a  pail  system  should  be  immediately  installed. 
If  tliis  is  not  practicable,  the  whole  latrine  should  be 
disinfected  and  closed  and  temporary  pits  dug  which 
can  be  covered  over  with  lime  or  fresh  earth  imme- 
diately after  their  use.  The  dead  should  be  wTapped 
in  bichloride  sheets  and  placed  in  hermetically  sealed 
coffins  to  guard  against  the  discharges  leaking  there- 
from before  the  body  finally  reaches  the  grave  or 
is  cremated.  In  brief,  the  measures  to  apply  in  any 
given  community  in  which  cholera  appears  will  readily 
suggest  themselves  to  any  sanitarian  when  he  re- 
members that  the  whole  question  resolves  itself  down 
to  preventing  human  excrement  from  cholera  cases 
or  carriers  reaching  the  mouth  of  human  beings, 
and  that  in  order  to  be  certain  that  this  does  not 
happen,  the  human  excrement  of  the  entire  com- 
munity must  be  safeguarded.  Harold  C.  Ernst. 
Revised  by  Victor  G.  Heiser. 
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Belladonna,  Poisoning  by. — The  symptoms  of 
belladonna  poisoning  in  actually  toxic  doses  usually 
present  themselves  within  an  "hour  and  are  com- 
monly said  to  be  unmistakable.  Nevertheless  on 
account  of  the  maniacal  delirium  which  may  develop, 
victims  of  poisoning  have  sometimes  been  rushed  to 
insane  asylums  without  recognition  of  the  cause.  In 
other  case;  hysterical  symptoms,  such  as  nncontrol- 
lable  laughter  or  screaming  may  be  present.  It  is 
possible  that  sudden  fright  at  the  patient's  condition 
may  be  in  part  responsible  for  this  hysteria  as  the 
latter  has  been  noted  in  very  different  kinds  of 
I)oisoning.  In  general  the  symptoms  represent  an 
aggravation  of  the  full  physiological  action  of  bella- 
donna and  atropine.  In  many  cases  the  menial 
symptoms  are  not  extreme  and  the  patient  may  simply 
be   irrational    and    incoherent,    suggesting    in    these 


respects  a  victim  of  alcoholism.  Objects  are  con- 
fused, acts  are  automatically  repeated.  Instead  of 
excitement,  drowsiness  may  be  present.  Upon 
standing  there  are  disturbances  of  equilibrium.  The 
face  is  flushed  and  swollen,  there  may  be  trouble  in 
articulation  and  the  victim  complains  of  seeing  double. 
Owing  to  the  great  dryness  of  the  throat  and  mouth 
there  is  much  thirst,  with  inability  to  eat  and  swallow. 
Nausea  and  vomiting  are  often  present.  The  con- 
dition of  the  eyes  instantly  shows  that  the  patient  is 
the  victim  of  poisoning  by  one  of  the  alkaloids  of  the 
Solanace<B  famUy;  the  iris  is  almost  effaced  and  is 
rigid  to  light.  The  pulse  is  rather  rapid,  weak  and 
compressible.  Occasional  hallucinations  may  be  in 
part  of  optical  origin.  The  mental  and  somatic 
symptoms  may  persist  for  one  or  two  days  despite 
treatment.  If  the  case  is  untreated  or  beyond 
treatment  the  usual  mode  of  death  is  coma,  a  minority 
dying  in  convulsions.  Poisoning  is  usually  acci- 
dental, due  often  to  eating  the  berries  of  the  night- 
shade. The  addition  of  atropine  to  prescriptions 
has  sometimes  led  to  an  overdo.se  of  the  alkaloid. 

Trealment. — If  the  drug  has  been  recently  swallowed, 
animal  charcoal  or  tannic  acid  may  be  administered 
and  the  stomach  washed  out.  The  treatment  is 
largely  symptomatic  and  expectant.  Morphine  and 
physostigmine  may  be  cautiously  used  as  physiolog- 
ical antidotes.  In  rare  instances  mental  disorder 
may  persist  for  a  long  period  after  complete  phy.sical 
recoverv.  Edward  Prebi.e. 


Beta  0)-Oxybutyric  Acid,  CH3.CH(0H).CH.i.- 
COOH. — Under  ordinary  circum.stances  0-oxyl5utyric 
acid  occurs  as  an  odorless  syrup  but  may  be  prepared 
in  crystalline  form.  It  dissolves  easily  in  water, 
ether  and  alcohol,  turns  the  plane  of  polarized  light 
to  the  left  {a)D  =  — 24.°r2  in  solutions  of  one  to 
eleven  per  cent.  It  is  decomposed  by  mineral  acids 
to  a-crotonic  acid  which  has  a  melting-point  of  71°  to 
72°  C.  This  reaction  may  be  employed  for  the  detec- 
tion of  /3-oxybutyric  acid.  On  oxidation  it  yields 
acetone.  See  Acidosis  for  the  physiological  signifi- 
cance of  /3-oxybutyric  acid.  F.  P.  U. 


Blockhouse  Mineral  Springs. — Klickitat  County, 
Washington. 

Post-office. — Blockhouse. 

Access. — Via  North  Bank  Railroad  to  Goldendale, 
Washington,  thence  seven  miles  by  good  automobile 
road  to  Blockhouse. 

These  mineral  springs  are  the  only  ones  developed 
in  Klickitat  County.  The}*  are  in  a  fine  grove,  with 
a  full  view  of  the  snow-peaked  mountains — Mt.  Hood 
and  Mt.  Adams.  The  altitude  is  1,600  feet.  The 
following  analysis  was  made  by  Wells  and  Company, 
Chemists  of  Portland,  Oregon: 

One  United  St.vtes  G.\llon  Contains: 

Solids.  Grains. 

Volatiles 5. 13 

Mineral  matter 2 1 .  74 

.Silica 4.95 

Iron  oxide 2.04 

Lime .5.36 

Magnesium  carbonate 7. 1126 

Sodium  and  potassium     I                                       j   „^g 
Chlorides  and  sulphates  - 

Modern  baths  are  provided. 

The  waters  are  said  to  be  beneficial  in  rheumatic 
disorders,  stomach,  liver,  and  kidney  troubles,  and 
in  diseases  of  the  skin.  Emma  E.   Walker. 


Camphor,  Poisoning  by. — The  literature  of  thf 
to.xicology    of    camphor    abounds    in    contradictions. 
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The  drug  is  believed  to  combine  with  glycuronic 
acid  which  property  naturally  renders  its  toxic  action 
uncertain.  If  animals  are  deprived  of  this  acid  by 
starvation  or  carbon  monoxide  poisoning  a  small 
dose  of  camphor  injected  into  a  vein  is  sufficient  to 
kill  them.  On  the  other  hand,  campho-glycuronic 
acid  is  inert.  If  this  theory  is  correct  certain  human 
beings  with  defective  production  of  glycuronic  acid 
should  be  intolerant  to  camphor.  These  comprise 
cachectic  and  underfed  subjects  and  severe  diabetics; 
further  conditions  in  which  oxygen  metabolism  is 
defective  (carbon  monoxide  poisoning,  severe  organic 
heart  disease,  advanced  double  pneumonia,  eclampsia, 
severe  sepsis).  When  poverty  in  glycuronic  acicl 
cannot  explain  camphor  poisoning  we  are  thrown  back 
on  the  hypothesis  of  idiosyncrasy.  Subjects  pre- 
disposed to  camphor  poisoning  are  said  to  be  likewise 
intolerant  to  chloral  hydrate  and  for  the  same  reason. 
Camphor,  even  in  small  doses,  has  caused  collapse, 
convulsions,  and  coma.  Not  a  few  physicians  have 
experimented  on  themselves.  After  having  taken 
thirty-three  grains  Trousseau  felt  only  sluggish,  while 
-Alexander  after  a  slightly  larger  dose  was  thrown  into 
convulsions.  Purkinje  after  ten  grains  was  thrown 
into  a  state  of  excitement  and  ecstasy;  and  upon 
increasing  the  dose  to  forty-eight  grains  was  thrown 
into  convulsions. 

There  is  quite  a  parallelism  between  camphor 
and  belladonna  in  their  action  on  the  cerebrum. 
Both  can  cause  excitement,  hallucinations,  cheer- 
fulness, convulsions,  confusion,  sleep.  Both  simu- 
late alcoholic  intoxication.  In  a  few  cases  camphor 
has  caused  death  by  collapse,  coma  or  epileptiform 
convulsions.  The  stomach  should  be  emptied  and 
the  patient  treated  for  collapse  (warm  envelopes) 
with  cold  to  the  head,  bromides,  and  caffeine.  In 
theory  chloral,  which  has  been  recommended,  should 
be  contraindicatcd.  Edward  Prebi.e. 


Copper,  Poisoning  by. — When  swallowed  in 
considerable  quantities  soluble  copper  salts  are  not 
only  acutely  irritant  but  systemic  poisons,  like  those 
of  mercury  and  lead.  On  the  other  hand  copper  salts 
when  ingested  in  small  quantities  over  long  periods  of 
time  and  copper  fumes  when  habitually  inhaled  in 
the  industries  have  never  been  known  to  cause 
a  chronic  metallic  intoxication,  although  in  the  latter 
connection  it  stains  the  gums  green  and  causes  a 
metallic  taste.  .\11  alleged  cases  of  acute  or  chronic 
poisoning  from  the  use  of  copper  cooking  utensils,  or 
from  the  consumption  of  canned  vegetables  colored 
by  copper  salts,  which  contain  small  amounts  of 
copper  are  at  present  regarded  as  due  to  other  causes 
such  as  ptomaines  or  the  lead  in  the  sokler  of  the  cans. 
In  certain  countries  the  use  of  copper  salts  to  "green" 
vegetables  is  legalized.  Attempts  to  set  up  chronic 
poisoning  in  animals  by  feeding  them  copper  have 
never  produced  decisive  results  and  in  like  manner  it 
has  been  shown  that  in  mankind  a  certain  amount  of 
copper  in  the  food  does  not  cause  any  svmptoms  of 
ill  health. 

Copper  in  fact  from  whatever  source  (soil,  food) 
has  often  been  recognized  as  a  quasi  normal  mineral 
constituent  of  the  body. 

In  doses  of  ten  or  fifteen  grains  copper  salts  (the 
sulphate  and  acetate  are  usually  implied)  act  as  an 
emetic;  naturally  this  property  when  the  dose  is 
much  larger  serves'  a  conservative  purpose  through 
causing  the  rejection  of  the  poison.  In  sufficiently 
large  quantities  copper  salts  set  up  an  acute  gas- 
troenteritis which  is  severe  enough  to  cause  a  certain 
amount  of  collapse.  Whether  this  action  alone  is 
sufficient  to  cause  death,  as  in  other  violent  irritant 
poisons,  is  difficult  to  determine  because  the  entrance 
of  the  mineral  into  the  blood  causes  another  train  of 
symptoms.  These  consist  of  alterations  in  the  blood, 
kidneys,    liver,     heart,     etc.      Thus     we    encounter 


hemolysis  with  extravasation  of  blood,  nephritis— 
or  in  modern  parlance  a  to.xic  nephrosis — with 
apuria,  fatty  degeneration  of  the  liver,  fattv  heart. 
Copper  poisoning  in  mild  form  is  ver>-  common, 
becau.se  copper  salts  are  widely  used  and  easily  ob- 
tainable. While  sometimes  "taken  with  suicidal 
intent  or  for  simulation  of  disease  they  are  not  in- 
frequently swallowed  by  mistake  and  in  some  parts 
of  the  world  arc  used  like  lead  salts  in  large  quantities 
to  produce  abortion.  The  known  and  authenticated 
fatalities  are  few.  An  occasional  sequela  is  chrooic 
gastroenteritis. 

The  emergency  diagnosis  wiU  have  to  depend  upon 
the  history  of  the  case  and  what  may  be  learned  from 
the  vomitus  by  inspection  or  chemical  reagents. 
In  regard  to  prognosis  this  should  be  good  as  very 
large  amounts  of  the  salts  have  been  taken  with  relative 
impunity. 

Treatment  consists  in  washing  out  the  stomach.  If 
at  a  distance  from  medical  aid  white  of  eggs  and  milk 
may  be  used  as  first  aid  antidotes.  Ferrocyanide  of 
potassium  is  the  chemical  antidote  and  may  be  added 
to  the  lavage  water.  Collapse  should  be  treated  in  the 
usual  manner,  by  warmth,  heart  stimulants,  etc. 
Rectal  feeding  may  be  required. 

Edward  Preble. 


Cusso. — Brayera.  The  dried  female  inflorescence 
of  Hagenia  abi/ssinica  (Bruce)  Gmelin.  (!a.m.  Rosaceae). 

This  is  a  large  and  handsome,  very  leafy  tree,  with 
downy  twigs  and  very  silky  buds  and  young  leaves. 

Description". — -Mass  red-brown,  hairy,  and  min- 
utely glandular,  consisting  of  panicles  varying  from 
twenty-five  to  forty  centimeters  (ten  to  sixteen  inches) 
long,  a  sheathing  bract  at  the  base  of  each  branch,  and 
two  rounded  bracts  near  the  base  of  each  flower;  calyx 
having  a  cup-shaped,  hairy  tube  and  bearing  on  its  back 
a  circle,  resembling  an  outer  calyx,  of  five  thickish  and 
rigid,  spreading,  obovate,  purple-veined  bracts,  which 
are  larger  than  the  five  thinnish,  usually  shrivelled  and 
incurved,  oval  calyx  lobes;  petals  five,  delicate,  whitish, 
oblong,  much  shorter  than  the  sepals,  caducous,  hence 
often  wanting  in  the  drug;  stamens  aborted ;  pistils  two, 
the  one-ovuled,  ovoid  ovaries  concealed  in  the  cal\"x 
tube,  shorter  than  the  styles,  which  are  exserted;  stig- 
mas broad,  hairy;  odor  slight,  agreeable;  taste  bitter, 
acrid,  and  nauseous.  Cusso  in  the  form  of  loose 
flowers,  usually  largely  staminate,  should  be  rejected. 

This  tree  is  a  native  of  .Abyssinia,  where  it  grows 
abundantly  wild,  and  is  also  cultivated  about  \nllages 
and  roadsides  for  ornament.  Its  medical  use  was 
introduced  about  18.50  from  that  country,  where 
every  third  person  is  said  to  have  tapeworm,  and 
where  it  has  been  used  for  a  century  or  more.  Some- 
times it  comes  in  bales  or  large  cakes,  but  more  gen- 
erally it  is  tied  in  rolls  somewhat  smaller  and  shorter 
than  the  arm.  The  pistillate  panicles  are  easily  dis- 
tinguished by  their  large  epicalices  and  their  reddish- 
brown  color,  and  arc  known  as  "red  cusso."  The 
inert  male  flowers,  sometimes  present  as  an  adultera- 
tion, give  to  the  mass  a  greenish-brown  color.  The 
odor  is  slight,  fragrant,  and  tea-like;  taste  bitter  and 
disagreeable. 

Composition. — Cusso  contains  a  small  amount  of 
essential  oil,  to  which  its  fragrance  is  owing.  It  also 
contains  nearly  one-fourth  its  weight  of  tannic  acid 
and  considerable  wax,  resin,  and  other  common 
vegetable  products.  Its  peculiar  active  principle, 
however,  is  a  yellow  crystalline  substance,  kousin 
(C3iH,sO,.). 

Use. — Cusso  is  an  active  teniacide  and  as  such  was 
employed  in  Abyssinia  long  before  its  introduction 
into  Europe  and  America.  But  like  other  remedies  of 
its  class  it  does  not  always  cause  the  expulsion  of  the 
head.     The  dejections  should  be  carefully  examined 
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for  the  body  of  the  parasite;  from  two  to  five,  or  more, 
yards  of  its" larger  joints  arc  always  found;  they  mean 
nothing  as  to  cure,  since  any  brisk  cathartic  mifjlit 
bring  them  away,  and  unless  its  head  is  expelled,  it  will 
certainly  grow  again.  If  this  is  found,  the  cure  is 
elfected,  excepting  in  those  cases,  exceedingly  rare  in 
this  country,  where  two  contemporaries  exist  in  the 
same  bowel. 

Administration. — A  common  and  efficient  method 
is  to  give  a  six  per  cent,  infusion  made  without  strain- 
ing from  the  powdered  drug,  the  patient  being  ex- 
pected to  stir  up  and  swallow  the  dregs  with  the  tea. 
A  tumblerful  of  this  may  be  taken  and  repeated  in  an 
hour.  The  fluid  extract  is  another  and  less  disagree- 
able preparation ;  dose  from  5ss.  ad  5i  (15.0  to  30.0). 
Kousin  may  be  given  in  doses  of  from  gr.  xv  to  xxx 

(1.0  to  2.0).  W.  P.  BOLLES. 


Decubitus. — Decubitus  is  a  gangrenous  cellulitis 
caused  by  pressure  on  soft  tissues  which  have  been 
devitalized  by  disease  or  exhaustion. 

Etiology. — As  the  name  indicates,  the  chief  cau.se 
is  the  long-continued  maintenance  of  a  patient  in  the 
recumbent  posture,  but  this  alone  is  not  sufficient. 
Lack  of  care  must  be  regarded  as  a  potent  factor,  for 
we  .see  wards  in  some  hospitals  for  the  mentally  ill 
filled  with  bedridden  patients,  some  of  whom  have  been 
in  that  .state  for  many  years  and  are  emaciated,  yet, 
owing  to  the  constant  care  of  the  skilled  nurse  in 
charg(^,  they  never  exhibit  bedsores.  Pressure  over 
a  bony  point,  mechanical  irritation,  such  as  is  caused 
by  wrinkles  in  the  sheets  or  foreign  bodies,  such  as 
crumbs,  in  the  bed,  chemical  irritation  arising  from 
permitting  the  patient  to  become  soiled  with  his  own 
excreta,  may  be  put  among  the  local  causes.  The 
constitutional  causes  are  wasting  disease  of  some  kind 
and  especially  a  disease  of  the  central  nervous  system. 
This  may  be  associated  with  disease  of  the  trophic 
nerves,  in  which  case  bedsores  appear  under  the  least 
provocation  and  are  extremely  difficult  to  treat  or 
such  di.sease  may  act  by  making  the  patient  apathetic 
and  lowering  his  general  resistance. 

Symptoms. — Bedsores  usually  begin  with  a  reddened 
area  over  a  bony  eminence.  The  color  becomes 
heightened  and  the  tissues  assume  an  "angry" 
appearance.  Next  the  skin  becomes  broken  and  a 
purulent  discharge  appears.  The  process  gradually 
eats  its  way  through  the  soft  tissues,  presenting  in  the 
end  an  irregular,  ulcerated  margin  with  a  central 
cavity  discharging  a  purulent,  offensive  material. 
When  neglected,  this  process  may  cover  an  unbeliev- 
able extent;  thus  in  the  dark  ages  of  insane  hospitals 
paretics  in  their  last  stages  frecjuently  exhibited  bed- 
sores the  size  of  dinner  plates,  with  the  .sacrum  and 
iliac  bones  exposed  to  vie\V. 

Pathology. — The  pathological  features  of  decubitus 
are  as  a  rule  localized  inflammation,  suppuration,  and 
sloughing,  but  occasionally  there  may  be  a  gangrenous 
process  from  the  first;  in  this  case  the  sore  enlarges 
rapidly  and  is  surrounded  by  suppurating  foci  and 
tracking  processes. 

Diagnosis. — This  is  easy  and  the  onlj'  point  of  im- 
portance is  the  necessity  of  excluding  diabetic  ulcer 
or  malignant  disease  which  maj'  usually  be  done  by 
the  location  alone. 

I'rogiiosi.'s. — The  prognosis  of  decubitus  is  good  for 
the  lesion  itself,  nearly  all  may  be  cured  by  competent 
treatment,  e.speciallj'  in  the  early  stages.  As  they 
are  often  associated  with  serious  disease,  however,  the 
prospect  of  recurrence  is  to  be  considered  as  fairly 
certain.  When  a  bedsore  has  been  allowed  to  attain 
a  large  size  it  is  extremely  difficult  to  heal,  and  in  a 
very  weak  patient,  death  may  occur  by  absorption  of 
the  toxins  engendered. 

Treatment. — The  treatment  is  prophylactic  par  ex- 
cellence.    The  possibility  of  decubitus  occurring  in  bed- 
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ridden  patients  must  be  ever  before  physicians  and 
nurses.  Such  patients  should  be  inspected  frequently, 
the  position  changed,  the  sheets  examined,  brushed 
out,  and  smoothed.  If  the  sheets  are  stretched  taut 
in  the  first  place  and  fastened  to  the  mattress  by  safety 
pins  the  danger  of  their  becoming  wrinkled  is  mini- 
mized. After  every  meal  the  bed  linen  should  be 
examined  for  crumbs.  Overfeeding  is  a  valuable 
adjunct  to  treatment;  raw  eggs  beaten  in  milk  should 
be  given  at  intervals. 

A  pneumatic  ring  for  the  hips  is  invaluable  and  in 
such  cases  as  those  of  vertebral  fracture  or  disease, 
a  water  or  air  bed  should  be  used. 

The  care  of  the  excreta  is  important.  Rubber 
urinals  should  be  worn  by  incontinent  patients.  If 
the  patient  soils  himself  he  should  be  watchetl  with 
extra  care.  When  this  accident  occurs,  he  should  be 
immediately  cleansed  and  then  washed  with  soap 
and  water.  Following  this  zinc  oxide  ointment 
(U.  S.  P.)  is  rubbed  into  the  skin  over  bony  jjoints, 
gently  but  firmly.  If  the  skin  shows  up  red  after 
soiling  it  is  best  to  rub  it  at  once  with  alcohol  and  alum 
(ten  grains  to  the  pint).  An  all-over  rub  should  be 
given  the  patient  once  a  day  in  any  event  with  this 
solution. 

If  in  spite  of  every  care  the  skin  becomes  broken  the 
following  procedure  is  indicated:  Wash  well  with  .soap 
and  w-ater  and  follow  with  saturated  .solution  of  boric 
acid  in  water.  Dry  gently  with  clean  gauze.  Then  a 
dusting  powder  should  be  applied.  The  following  is 
a  good  formula: 

Zinc  oxide 1  part 

Boric  acid 1  part 

Lycopodium 8  parts 

This  procedure  should  be  repeated  every  two  hours 
until  the  .skin  is  healed  over.  At  the  same  time  an 
investigation  should  be  made  to  discover  the  cause 
of  the  condition,  which  should  be  removed. 

If  the  process  has  extended  into  the  deeper  ti.ssues 
we  have  a  much  more  difficult  problem  with  which  to 
deal.  The  treatment  outlined  above  should  be  sup- 
plemented by  preceding  the  boric  acid  solution  with 
hydrogen  peroxide.  A  light  dressing  is  put  on  be- 
tween treatments. 

Occasionally  we  meet  with  chronic  decubitus  in 
which  unremitting  care  produces  no  alleviation. 
This  may  require  stimulation.  Snipping  the  edges 
with  sharp  scissors,  the  alternate  application  of  hot 
and  cold  compresses,  silver  nitrate,  copper  sulphate, 
or  pure  carbolic  may  all  be  tried.  A  good  stimulating 
ointment  is  the  following: 

Silver  nitrate 1  part 

Balsam  of  Peru 10  parts 

Zinc  oxide  ointment 100  parts 

The  worst  types  of  bedsores  are  the  gangrenous 
and  multiple  ones  which  have  practically  no  tendency 
to  heal  and  are  seen  in  extremely  exhausted,  emaci- 
ated, or  toxic  patients.  Such  patients  are  best  kept 
in  a  continuous  bath  with  the  water  at  body  tem- 
perature. This  keeps  them  clean  and  prevents,  in  a 
large  measure,  the  toxins  from  being  absorbed.  At 
the  same  time  the  patients  are  overfed  and  given 
adequate  stimulation.  John  E.  Lind. 


Ergotism. — Acute  poisoning  *by  ergot  is  usually 
the  result  of  an  overdose  taken  to  produce  .abortion, 
and  is  also  seen  when  rye  flour  containing  a  high 
percentage  of  ergot  is  used  as  food.  The  victim  suffers 
from  great  pain  in  the  stomach  and  precordium  and 
shows  symptoms  of  collapse  and  cyanosis.  Vomiting 
occurs  and  later  purging.  A  variety  of  paresthesias 
are  felt,  especially  formication;  these  sensory  dis- 
turbances are  soon  followed  by  motor  phenomena  as 
muscular  twitching,   tonic  contractures,  ataxia,   and 
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I'onvulsions.  Psychic  disturbances  (mania)  succeed. 
There  is  a  notable  fall  of  blood-pressure  and  tempera- 
ture. In  the  gravida  abortion  occurs  with  profuse 
flowing.  In  fatal  eases  death  results  from  coma  which 
may  persist  for  several  days.  Vomiting  may  persist 
throughout.  Many  fatal  cases  have  occurred  and 
the  seriousness  depends  on  tlie  e.xtcnt  of  involvement 
of  the  heart  and  lungs  as  shown  by  repeated  syncopal 
attacks  and  cyanosis.  The  diagnosis  can  seldom  be 
in  doubt;  for  in  food  poisoning  a  number  of  people 
usually  suffer  at  once,  and  when  the  drug  is  taken  by  a 
pregnant  woman  there  is  a  natural  sus[)icion  of  the  use 
of  abortifacients,  including  ergot.  Studies  of  the 
vomitus  and  bread,  etc.,  sometimes  .show  the  presence 
of  the  secale  cornutum.  If  the  bread  or  flour  is 
treated  with  lye  the  odor  of  trimethylamine  appears. 

The  Ircaimrnt  consists  in  washing  out  tlie  stomach 
and  giving  high  enemata,  while  castor  oil  should 
be  given  as  a  la,\ative.  The  use  of  antidotes  is  of 
doubtful  value.  Salol  is  recommended.  The  treat- 
ment is  for  the  most  part  symptomatic.  The 
tendency  to  collapse  is  met  with  warm  envelopes 
and  the  use  of  coffee,  tea,  or  whiskey,  caffeine  or 
camphor.  For  motor  and  psychic  unrest  scoijolamine 
and  chloral  are  given. 

In  CHRONIC  ERGOTISM  there  are  gastroenteric  symp- 
toms which  are  at  times  seen  in  acute  intoxication,  as 
thirst  and  boulimia.  The  symptoms  appear  in  four 
or  five  days  after  beginning  to  eat  the  tainted  bread. 
The  patient  feels  prostrated,  is  unable  to  sleep,  suffers 
from  paresthesia,  formication  being  so  pronounced 
as  to  confer  a  nickname  on  the  disease  (Ger.  Kriebel- 
krankheil).  There  are  active  motor  phenomena  in 
the  form  of  tonic  contractures  which  cause  a  spastic 
paresis  of  the  extremities  (tetany).  Tonic  spasm  of 
the  diaphragm  causes  dyspnea,  and  spastic  urinary 
retention  may  occur.  Loss  of  hair,  nails,  and  even 
teeth  occurs. 

The  gangrene  which  is  so  characteristic  of  chronic 
ergotism  and  may  even  occur  in  acute  cases  is  asso- 
ciated with  low  blood-pressure,  subnormal  tem- 
perature, and  cold  extremities.  The  fingers  and  toes 
are  most  exposed  to  the  latter  but  foci  may  appear 
anywhere  on  the  extremities.  Both  moist  and 
dry  gangrene  are  seen,  with  septic  infection  as  a  com- 
plication. Severe  tetany  and  gangrene  may  occur  in 
the  same  limb. 

In  certain  cases  nervous  symptoms  greatly  pre- 
dominate. Aside  from  tetany  actual  convulsions 
may  occur.  Pseudotabes  may  be  present,  and  a 
polyneuritic  form  is  said  to  exist.  Melancholia  or 
acute  dementia  may  develop.  Cat.iract  is  a  recog- 
nized complication.  Many  manifestations  of  chronic 
ergotism  can  be  traced  to  local  angiospasm. 

Trealmenl. — The  tainted  bread  must  be  withdrawn 
and  the  patient  treated  symptomatically.  Tetany 
is  treated  with  warm  baths  and  sedatives,  such  as 
bromides,  morphine,  even  chloroform  whiffs.  Gan- 
grene recjuires  purely  surgical  measures. 

Edward  Preble. 


Gasoline,  Poisoning  by. — This  may  occur  from 
drinking  or  inhaling  the  fumes  of  the  liquid.  Over 
half  a  pint  has  been  drunk  without  a  fatal  result. 
The  fumes  mav  cause  acute  as  well  as  chronic  intoxica- 
tion. In  the  "former  case  free  inlialation  causes  the 
most  severe  asphyxia  and  collapse.  The  pupils  are 
contracted  and  "there  is  fecal  incontinence.  A 
number  of  cases  of  attempted  suicide  from  drinking 
gasoline  arc  on  record.  The  victim  belches  and  at 
times  vomits  or  has  diarrhea,  with  salivation.  Icterus 
may  develop.  There  is  more  or  less  collapse,  and 
meiital  confusion,  perhaps  with  convulsions  or  de- 
lirium.    Death  mav  occur  in  coma. 

The  diagnosis  is  "made  through  the  presence  of  the 
strong  odor  of  gasoline  on  the  pat  ient.  The  prognosis 
is  good  with  treatment  in  the  most  severe  cases. 


The  treatmeni  comprises  getting  rid  of  the  gasoline 
when  it  has  been  swallowed  by  lavage  and  rapidly 
acting  purgatives  and  in  all  cases  measures  directed 
toward  the  collapse,  including  warmth  and  injections 
of  camphor  and  strychnine  In  chronic  poisoning 
from  coristant  inhalation  of  fumes  in  small  quantities 
the  victim  has  nasal  catarrh  and  an  acne-like  erup- 
tion. Injected  under  the  skin  g.asoline  causes  a 
sterile  gangrenous  cellulitis  without  constitutional 
reaction,  and  has  been  freely  used  by  malingerers 
for  this  purpose.  Edward  Preble. 


Greenbrier    Springs. — Summers    County,    West 

Virginia. 

Post-office. — Barger  Springs. 

Access. — Via  Chesapeake  and  Ohio  Railroad  to 
Talcott,  thence  a  drive  of  three  miles  to  the  springs. 
Greenbrier  Springs  Hotel. 

Greenbrier  Springs,  formerly  known  as  Barger 
Springs,  have  their  situation  in  a  picturesque,  broken 
region,  marked  by  ragged  cliffs  and  narrow  shaded 
glens,  with  numerous  rapid  mountain  streams  diishing 
through  them.  The  Greenbrier  River,  a  stream 
famous  for  its  charm  of  scenery  and  for  the  entice- 
ments it  affords  to  the  angler,  flows  within  200 
yards  of  the  springs.  The  altitude  of  the  Springs 
property  is  about  1,800  feet.  The  location  is  very 
healthful.  In  part  of  its  course  Greenbrier  River  is 
practicalh'  a  lake,  attaining  a  depth  in  some  places 
of  sixty  feet,  and  affording  an  ideal  place  for  boating, 
bathing,  and  fishing.  The  Canyon  of  Big  Stony 
Creek  lies  a  short  distance  below  the  Springs,  and  there 
may  be  seen  as  wild  and  rugged  scenery  as  the  West 
Virginia  mountains  present. 

The  following  analysis  of  the  water  of  Greenbrier 
Springs  has  been  m.ade  by  Professor  R.  K.  Meade, 
late  Professor  of  Chemistry  in  Lafayette  College, 
Easton,  Pennsylvania: 

Solids.  C.rnins  pir  V    H.  gallon. 

Calcium  carbonate? 1 1 .  ■'iS 

MaRnesium 8.  1(1 

Sodium  sulphate 1.5.89 

Calcium  sulphate 5.71 

Sodium  chloride 1 .01 

Alumina (0.05) 

.Silica 1.25 

Organic  matter Trace. 

Ga-ses Cubic  inches  per  gallon . 

Carbon  dioxide 18.84 

Sulphuretcd  hydrogen 0.45 

This  is  an  excellent  water  containing  comparatively 
large  quantities  of  sodium  and  magnesium.  It  is  an 
ideal  laxative.  It  is  quite  beneficial  in  chronic  rheu- 
matic disorders,  in  stomach  and  liver  affections,  and 
a  number  of  very  ob.stinate  ca.ses  of  cy.stitis  appear  to 
have  yielded  to  its  use.  The  water  has  an  antacid 
effect  and  also  possesses  tonic  properties,  and  is  a 
useful  adjunct  in  debilit.ated  states.  Its  temperature 
is  58°  F. 

Besides  boating,  fishing,  .and  bathing,  the  resort 
affords  various  other  amusements  for  guests. 

Emma  E.   Walker. 


Health  Insurance. — By  the  term  "health  insur- 
ance" as  used  in  this  article  is  meant  social  health 
insurance  as  distinguished  from  the  individual  health 
in.surance  that  can  be  bought  in  the  multifarious 
casualty  insurance  companies  which  issue  policies 
covering  the  risk  of  illness  and  grant  stipulated 
monetary  indemnities.  Social  healtli  insurance  dif- 
fers from  individual  health  insurance  in  two  respects: 
first, it  is  a  matter  of  direct  i^tate  concern:  and  second, 
under  it  the  cost  is  borne  by  the  beneficiary  in  part 
only.  Rubinow  has  wittily  defined  social  health 
insurance  as  "a  form  of  insurance  which  cannot  live 
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up  to  the  exacting  laws  of  insurance  science,"  because 
the  loss  entailed  is  only  in  part  distributed  among 
those  who  are  subject  to  the  possibility  of  loss. 
Usually,  a  part  of  the  cost  in  social  health  insurance 
is  boriie  by  the  beneficiary,  a  part  by  the  employer, 
and  a  i)art  by  the  State  on  the  theory  that  the  re- 
sponsibility for  sickness  rests  on  all  three  parties  and 
tliercfore  should  be  divided  among  them. 

Tlie  Need  for  Health  Insurance. — The  reasons  for 
health  insurance  are  varied  and  numerous.  The 
high  rates  at  which  health  insurance  is  sold  com- 
mercially places  it  far  beyond  the  reach  of  the  great 
majoritv  of  wage-earners.  Careful  studies  of  wage 
statistics  and  of  workingmen's  budgets  establish 
tliis  fact  bevond  any  doubt. 

Membership  in  trade  unions,  lodges,  workmen  s 
circles,  and  other  similar  mutual  benefit  associations 
affords  considerable  relief  in  cases  of  sickness,  but 
only  a  certain  proportion  of  the  great  body  of  wage- 
earners  belongs  to  these  societies,  and  the  benefits 
vary  considerably  from  one  organization  to  another. 
In  some  the  benefits  granted  are  sufficient  to  meet 
the  contingencies  which  arise,  while  in  others  they 
.supply  only  a  small  proportion  of  the  demands  inci- 
dent to  sickness.  In  some  the  length  of  time  com- 
pensated for  is  adequate,  in  others  it  is  not  sufficient; 
in  some  the  kind  of  medical  attention  provided  is 
satisfactory,  and  in  others  it  is  of  a  distinctly  infe- 
rior character,  or  is  entirely  omitted. 

Sickness  is  responsible  for  a  great  deal  of  poverty 
and  often  leads  to  family  disintegration.  From  a 
social  and  economic  point  of  view  it  is  important  to 
prevent  illness  and  to  shorten  as  much  as  possible  its 
duration  when  it  does  come.  In  other  words,  it  is  a 
wise  policy  that  places  at  the  disposal  of  every  mem- 
ber of  society  the  benefits  accruing  from  a  proper 
organization  of  medicine.  The  best  that  modern 
medicine  can  offer  through  the  combined  efforts  of 
specialists  is  not  at  present  within  the  reach  of  the 
respectable  wage-earner.  If  he  fall  ill  the  most  he  can 
afford  is  the  services  of  the  general  practitioner  for  a 
short  time;  but  if  illness  be  of  a  protracted  duration, 
however,  of  necessity  he  becomes  a  charity  patient 
at  a  hospital  or  dispensary.  Our  out-patient  de- 
partments are  swamped.  In  New  York  City  alone 
more  than  four  million  treatments  are  given  annually. 
In  most  cases  the  patients  receive  perfunctory  atten- 
tion and,  contrary  to  prevalent  but  unfounded  opin- 
ion, the  dispensary  applicants  are  really  poor  and 
unable  to  pay. 

Society  does  not  allow  the  sick  and  those  dependent 
upon  them  to  perish.  It  provides  relief,  but  by 
doing  so  through  the  channels  of  charity  it  reduces 
the  recipients  to  a  pauper  level.  The  funds  spent  for 
relief  could  be  applied  toward  health  insurance  which, 
while  meeting  problems  of  sickness  and  poverty 
resulting  from  it,  preserves  at  the  same  time  the  self- 
respect  of  the  beneficiaries  and  of  their  families. 

In  spite  of  the  fact  that  a  great  deal  of  progress  has 
been  made  along  public  health  lines  within  the  last 
decade  or  two,  there  is  still  much  to  be  done  in  dis- 
ease prevention  and  public  health  education.  Our 
work  and  life  environment  is  still  far  from  wholesome 
and  the  knowledge  and  practice  of  hygiene  is  still 
rudimentary  not  only  among  the  masses  but  even 
among  individuals  who  are  otherwise  well  informed 
and  intelligent.  Health  insurance  inevitably  leads  to 
an  improvement  in  the  health  conditions  of  the  people, 
just  as  workmen's  compensation  has  resulted  in  the 
adoption  of  safety  devices  and  a  concomitant  de- 
crease in  the  number  of  industrial  accidents.  Disease 
prevention  can  enlist  no  more  powerful  an  ally  than 
health  insurance.  When  industry  and  the  State 
become  responsible  for  a  share  of  the  loss  caused  by 
sickness,  they  exert  their  efforts  to  reduce  the  burden. 
This  has  been  amply  demonstrated  in  the  European 
countries  where  this  form  of  social  insurance  is  in 
vogue.     The  employers  make  their  factories  as  sani- 

570 


tary  as  possible  and  insist  that  the  workmen  observe 
health  rules.  The  Insurance  Funds  likewise  endeavor 
to  reduce  sickness  among  their  beneficiaries.  In 
order  to  bring  down  the  tuberculosis  rate  the  German 
Invalidity  Funds  invested  large  sums  of  their  reserves 
in  building  modern  and  sanitary  houses  for  working- 
men  and  thus  endeavored  to  remove  some  of  the 
conditions  which  make  for  tuberculosis.  Social  health 
insurance  invariably  leads  to  better  health  conditions, 
to  greater  longevity,  to  increased  economic  production, 
to  the  elimination  of  social  waste  and  to  the  reduction 
of  the  amount  of  poverty. 

Historical. — Health  insufance  is  one  of  the  earliest 
forms  of  industrial  insurance.  The  serious  con- 
tingencies of  sickness  prompted  the  organization 
of  mutual  relief  in  the  early  stages  of  modern  indus- 
trial life.  In  all  the  more  advanced  European  coun- 
tries mutual  aid  associations  have  been  known  for  a 
long  time,  some  of  them  harking  back  to  the  medieval 
guilds.  Throughout  the  nineteenth  century  these 
mutual  aid  associations  played  an  important  role  in 
the  economic  and  social  life  of  the  working  masses 
of  Europe  and  remained  a  part  and  parcel  of  the 
broader  social  insurance  schemes  which  have  been 
ushered  in  during  the  last  thirty  years.  When  in- 
dustry came  to  be  organized  on  a  huge  modern  scale, 
when  the  size  of  cities  grew  to  enormous  proportions, 
the  problems  of  health  conservation,  of  housing,  of 
accidents,  and  of  sickness  had  to  be  solved  by  means 
of  a  broad  social  policy.  The  old  agencies  could  not 
cope  successfully  with  the  new  problems.  Modern 
social  philosophy  pointed  out  joint  responsibility 
for  the  various  existing  evils  and  joint  provision  for 
combatting  them.  In  the  hope  of  stemming  the 
socialistic  tide  which  was  rising  in  Germany,  Bis- 
marck advised  social  health  insurance.  It  was 
inaugurated  in  the  German  Empire  in  1883  and  has 
been  gradually  adopted  by  most  of  the  leading 
countries  of  Europe. 

The  Two  Methods  of  Health  Insurance. — There  are 
two  principal  types  of  social  health  insurance:  subsi- 
dized vohmtary  insurance,  and  compulsory  insurance. 

In  the  first  system  the  individual  is  left  to  make 
provisions  for  himself  through  the  medium  of  State- 
regulated  mutual  aid  societies  which  in  the  great 
majority  of  instances  receive  donations  from  the 
State  or  municipality  to  help  sustain  them.  The 
subsides  are  designed  to  stimulate  thrift  and  self- 
help  by  adding  certain  amounts,  graded  in  accord- 
ance with  the  individual's  endeavors,  to  the  benefits 
granted  by  the  societies  which  are  entirely  dependent 
on  the  premiums  of  their  members. 

Under  the  compulsory  system,  all  persons  of  a 
certain  description  are  compelled  to  insure  themselves 
in  specified  institutions  and  the  premiums  are  paid 
in  part  by  the  insured,  in  part  by  their  employers 
and  the  State  or  municipality  also  contributes  a  part. 

France,  Belgium,  Sweden,  Denmark,  Finland,  and 
Switzerland  have  voluntary  insurance  systems  subject 
to  various  degrees  of  governmental  supervision  and 
working  with  varying  degrees  of  success.  Denmark 
has  achieved  remarkable  success  under  its  plan  of 
operation.  In  other  countries  voluntary  insurance 
has  been  more  or  less  of  a  failure.  Even  in  Belgium, 
noted  for  the  thrift  of  its  population,  "it  is  the  (51ite 
of  the  working  class  alone  that  can  stand  the  cost  of 
sick  insurance."' 

In  the  United  States  there  is  a  great  variety  of 
unrelated  private  endeavors  to  meet  the  problem  of 
insurance  against  sickness.  We  have  trade  union 
funds,  fraternal  orders,  lodges,  workmen's  circles,  and 
establisliment  funds  operated  by  corporations  for  the 
benefit  of  their  employees.  All  these  individual  en- 
deavors would  be  woven  into  one  coherent  entity  if 
the  States  adopt  social  health  insurance. 

Compulsory  insurance  is  in  operation  in  Germany, 
Austria-Hungary,  Luxemberg,  Holland,  Norway, 
Great  Britain,  Russia,  Roumania,  and  Serbia.     Where- 
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ever  tried  it  is  recognized  as  tlic  most  siitisfactory  and 
cfTective  nietliod  of  solving  the  problem.  In  this 
country  it  has  been  recommended  by  tlie  American 
Association  for  Labor  Legislation  and  by  the  California 
Social  Insurance  Commission  which  have  studied  the 
problem  thoroughly.  The  Massachusetts  Commis- 
sion, in  its  major  statement,  has  likewise  endorsed 
compulsory  insurance  and  asserted  that  "the  only 
way  to  secure  anything  like  the  universal  application 
of  the  insurance  principle  needed  for  its  greatest 
efficiency  is  by  making  the  plan  compulsory.  Such 
has  been  the  experience  abroad.  All  of  these  coun- 
tries which  have  adopted  compulsory  health  insur- 
ance have  had  preceding  it  a  high  development  of 
voluntary  sickness  insurance,  some  of  them  to  u 
much  greater  extent  than  exists  in  Massachusetts. "^ 

Adininislralion  oj  Health  Insurance. — The  adminis- 
tration of  health  insurance  is  fraught  with  many 
difTiculties,  chief  among  which  is  the  proper  organiza- 
tion of  the  medical  service.  In  Germany  where 
health  insurance  has  been  longest  in  operation  the 
differences  between  the  insurance  funds  and  the 
medical  profession  have  not  been  finally  settled.  The 
physicians  have  been  obliged  to  organize  strikes. 
Similarly,  when  the  British  National  Health  Insur- 
ance Law  was  enacted  the  medical  practitioners 
found  many  of  its  provisions  inacceptable  and  laid 
down  the  following  six  cardinal  princi])les:  (1)  an 
income  limit  of  two  pounds  a  week  for  those  entitled 
to  medical  benefits;  (2)  free  choice  of  doctor  by  patient 
subject  to  consent  of  doctor  to  act;  (3)  medical 
benefits  to  be  administered  by  Insurance  Committee 
and  not  by  friendly  societies;  (4)  the  method  of  re- 
muneration of  medical  practitioners  adopted  by  each 
Insurance  Committee  to  be  according  to  the  preference 
of  the  majority  of  the  medical  profession  of  the  dis- 
trict of  that  committee;  (5)  medical  remuneration 
to  be  what  the  profession  considers  adequate  having 
due  regard  to  the  duties  to  be  performed  and  other 
conditions  of  service;  and  (G)  adequate  medical  repre- 
sentation among  the  Insurance  Commissioners,  on  the 
Central  Advisory  Committee  and  on  the  Local  In- 
surance Committees,  and  statutory  recognition  of  a 
local  Medical  Committee  representative  of  the  pro- 
fession in  the  district  of  each  Insurance  Committee. 
Some  of  the  requests  were  entirely  reasonable  and 
were  granted.  The  chief  bone  of  contention  usually 
is  the  free  choice  of  physicians  on  the  part  of  the 
patients.  The  physicians  are  invariably  in  favor  of 
free  choice  as  it  affords  an  incentive  for  conscientious 
service  and  makes  for  more  efficiency  because  the 
patient  has  more  trust  in  the  physician  whom  he 
him.self  chooses  than  in  the  one  he  is  compelled  to 
consult. 

The  reasons  against  it,  advanced  by  the  insurance 
carriers,  especially  the  Friendly  Societies,  are:  (1) 
that  it  renders  effective  control  impo.ssible;  (2)  that 
it  leads  to  an  inefficient  service  because  a  patient  is 
unable  to  decide  for  himself  who  will  give  him  the 
best  treatment  and  he  chooses  his  physician  on  the 
basis  merely  of  complaisance;  and  (3)  that  it  increases 
the  cost,  as  under  a  system  of  free  choice  the  physician 
is  bound  to  be  more  lenient  with  his  patient  than 
otherwise  in  ccrtifving  to  his  various  disabilities. 

The  modern  trend  is  steadily  in  the  direction  of 
free  choice  and  from  the  outset  the  American  bills 
have  recognized  the  desirability  of  free  choice. 
Thus  the  American  physicians  have  gained  from  the 
beginning  the  point  for  which  the  medical  men  in  some 
of  the  European  countries  are  still  contending. 

To  obviate  the  evil  that  invariably  results  from  a 
panel  physician  acting  in  the  double  capacity  as 
claim  agent  for  the  insurance  fund  and  the  medical 
advisor  of  the  beneficiary,  the  .\merican  .-Vssociation 
for  Labor  Legislation  in  drafting  the  "standard"  bill, 
provided  for  a  special  corps  of  medical  inspectors 
whose  only  duty  consists  in  certifying  to  claims  for 
cash  benefits,  while  the  treatment  of  patients  is  carried 


on  by  i)anel  physicians  selected  by  the  patients 
themselves.  In  order,  however,  to  prevent  a  repeti- 
tion of  the  British  system  whereby  some  men  carried 
on  their  lists  inordinately  large  numbers  of  insured 
persons  and  were  thus  prevented  from  giving  adequate 
attention  to  the  patients,  a  provision  was  made  that 
no  panel  physician  can  have  on  his  list  of  insured 
patients  more  than  oOO  insured  persons  and  the  de- 
pendent members  of  their  families.^ 

Other  difficult  problems  of  organization  are  the 
method  of  remuneration  of  physicians,  the  elimination 
of  waste  in  the  consumption  of  drugs,  the  proper 
utilization  of  dispensaries  and  hospitals,  and  the 
checking  of  malingering  and  valetudinarianism — the 
two  greatest  foes  of  social  health  insurance.  With 
the  suggested  division  of  the  medical  service  into 
curative  and  inspectorial  branches  and  with  the  co- 
operation of  the  profession  itself,  these  two  evils  can 
successfully  be  overcome  to  a  very  large  extent. 

The  Ecmiomic  Effects  of  Health  Insurance  nn  the 
Medical  Profession. — In  his  study  of  the  "Medical 
Benefit"  Mr.  I.  G.  Gibbon'  states  that  the  remunera- 
tion of  medical  practitioners  in  Europe  has  been 
rapidly  rising  in  recent  years.  The  rea.sons  for  it  are 
the  better  organization  of  the  medical  bodies  and  the 
adoption  of  the  principle  of  collective  bargaining. 
Prior  to  the  introduction  of  health  insurance,  the 
working  classes  were  accustomerl  to  gratuitous 
service.  As  time  goes  on  and  the  principle  of  paying 
for  medical  service  becomes  thoroughly  instilled  in 
their  minds,  they  are  willing  to  grant  higher  remunera- 
tion to  physicians.  This  is  regarded  as  an  additional 
goad  driving  the  workingnian  to  press  for  higher  wages. 
The  industrial  conditions  have  changed  so  that  the 
physician  has  to  exact  higher  fees,  as  most  of  his 
clientele  is  in  the  \yorking  class.  "The  |)ractitioner  is 
able  to  play  the  part  of  Robin  Hood  so  long  as  he 
counts  rich  and  poor  among  his  patients.  He 
can  take  from  one  to  give  to  the  other.  But  a  feature 
of  modern  conditions  is  the  large  aggregations  of 
population  of  a  similar  social  level.  Whoh-  districts 
will  consist  of  only  persons  with  small,  sometimes 
very  small,  means.  The  doctor  may  have  to  depend 
on  these  alone  for  his  income.  The  Robin  Hood  in 
medical  service  becomes  as  impossible  as  the  bow  and 
arrow  in  warfare.  The  doctor  has  to  obtain  a  com- 
mercial price  even  from  his  poorer  clients." 

In  England  the  economic  advantages  of  health 
insurance  to  medical  practitioners  became  evident 
very  early.  The  average  income  of  physicians  is 
said  to  have  increased  from  S750  to  S2,000  per 
annum.  There  is,  however,  no  definite  statistical 
information  available  on  that  point.  "  It  seems  to 
be  the  general  ojjinion  that  individual  physicians 
may  have  suffered  and  received  less  remuneration 
under  this  act  than  they  formerly  received  under 
some  special  form  of  contract  work;  but  the  general 
amount  of  money  paid  to  the  profession  working 
among  the  industrial  classes  has  greatly  increased, 
and  the  average  incomes  of  the  physicians  have  evi- 
dently much  increased."* 

Ubjcctiniis  to  Compulsory  Health  Insurance.— 'So- 
body  disapproves  of  insurance.  Insurance  is  re- 
cognized as  an  exceedingly  valuable  element  in  our 
socioeconomic  life.  It  is  only  with  "compulsory" 
insurance  that  many  find  fault.  Compulsion  is  repug- 
nant to  a  free  democratic  country,  yet  Great  Britain 
adopted  it  because  her  statesmen  and  leaders  recog- 
nized that  this  was  the  only  efficacious  way  of  extend- 
ing the  benefits  to  those  who  most  needed  them.  In 
recommending  compulsory  insurance,  the  Massa- 
chusetts special  legislative  committee  in  its  major 
statement  said:  "We  submit  that  it  has  never  been 
found  un-.\merican  to  adopt  compulsion  for  the  per- 
formance of  any  obligation  clearly  and  generally 
recognized.  .  .  .  Let  it  once  be  recognized  clearly 
that  every  citizen  h.as  a  duty  to  prepare  himself 
to  meet  the  hazards  of  life,  such  as  sickness,  and  there 
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will  be  no  difficulty  about  the  acceptance  of  the  prin- 
ciple of  compulsion  to  enforce  any  plan  deemed  effect- 
tivc."  We  gladly  submit  to  compulsory  educatioti 
and  recently  by  an  overwhelming  majority  we  adopted 
military  conscription.  We  had  the  same  objection 
to  "workmen's  compensation"  laws  and  although  the 
principle  had  been  introduced  in  thirty  odd  States, 
yet  there  is  not  a  state  that  would  attempt  to  abolish 
workmen's  compensation  and  revert  to  the  old 
voluntary  settlement  system. 

Compulsory  health  insurance  is  described  as  social- 
istic and  paternalistic.  It  is  feared  that  it  will  de- 
stroy the  moral  fiber  of  the  people  and  that  it  will 
undermine  the  virtues  of  sturdiness  and  self-reliance. 
No  such  disasters  resulted  from  it  anywhere.  It 
should,  moreover,  be  remembered  that  health  insur- 
ance does  not  make  otlier  forms  of  self-help  super- 
fluous and  does  not  remove  the  motives  for  thrift  and 
self-reliance.  It  does  not  prohibit  supplementary 
avenues  of  insurance  against  the  various  contingencies 
of  life.  Some  object  to  imposing  additional  burdens 
upon  the  State,  others  to  taxing  industry.  There  are 
still  otliers  who  claim  that  as  long  as  we  do  not  possess 
adequate  sickness  statistics  and  do  not  know  exactly 
how  much  social  health  insurance  is  going  to  cost  we 
should  refrain  from  taking  a  leap  in  the  dark.  Foreign 
experience,  however,  ouglit  to  be  a  guide  in  approxi- 
mating tlie  cost.  Careful  estimates  place  the  cost 
at  from  three  to  four  and  a  half  per  cent,  of  the  wages 
paid.  There  are  students  of  the  problem  who  object 
to  the  medical  benefits  of  health  insurance  and  advo- 
cate only  money  benefits,  at  least  to  start  with.  There 
are  those  who  object  to  premiums  but  advocate  a 
special  tax  for  the  defraying  of  expenses. 

Essential  Desiderala  in  Health  Insurance. — The 
literature  on  health  insurance  is  very  large  and  there 
exists  a  great  deal  of  honest  difference  of  opinion  on 
various  points  essential  in  the  plan.  There  are  a  few 
general  features  which  seem  to  have  almost  universal 
support  of  those  who  are  in  sympathy  with  social 
health  insurance.  The  administrative  machinery  of 
State  health  insurance  should  be  as  simple  and  as 
inexpensive  as  possible.  It  should  be  free  from 
politics  and  should  be  closely  supervised  by  properly 
qualified  State  authorities.  Emphasis  should  be 
laid  on  the  prevention  of  disease  and  the  cooperation 
of  State  and  local  health  authorities  should  be  enlisted 
in  its  promotion. 

Maximum  use  should  be  made  of  the  existing  hos- 
pital and  dispensary  facilities  available  and  institu- 
tional care  and  treatment  should  not  be  discouraged 
The  medical  benefits  of  health  insurance  should  apply 
to  all  the  dependent  members  of  the  family  of  the 
insured  person,  including  maternity  benefit.  Volun- 
tary insurance  should  be  encouraged  by  all  means 
available.  Simulation  of  sickness  should  be  rigidly 
controlled  and  all  dishonesty  eliminated.  The  hearty 
cooperation  of  the  medical  profession  should  be  se- 
cured in  order  to  make  the  scheme  as  successful  as 
possible.  The  curative  and  disciplinary  functions 
of  the  physicians  should  be  clearly  differentiated 
and  adequate  compensation  should  be  afforded  to 
panel  physicians  so  as  not  to  discourage  high  medical 
.standards  and  not  to  decrease  the  present  economic 
status  of  the  profession.      E.  H.  Lewinski-Corwin. 
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Helonias,  N.  F.,  Cliamcelirium  or  False  Unicorn 
Root  is  the  dried  rhizome  and  roots  of  Chamcelirium 
luteum  (L.)  A.  Gr a,y  {H elonias  dioica  Pursh. — Fam. 
Liliaceoe).  It  is  a  native  of  the  eastern  United  States, 
with  the  exception  of  the  northernmost  portion.  Its 
active  constituent  is  a  glucoside  of  the  saponin  group, 
and  has  been  called  chamwliriH.  A  considerable 
amount  of  resin  is  also  present.  Like  other  saponin- 
containing  drugs,  helonias  is  a  mucous  irritant,  thus 
acting  as  an  expectorant,  stomachic,  and  laxative.  It 
is  also  diuretic  and  diaphoretic  and  is  somewhat 
employed  as  a  teniacide.  The  dose  is  from  one  to  five 
grains' (0.6  to  3.0).  H.  H.  Rusby. 


Hirudin. — The  pure  active  principle  of  the  extract 
of  the  buccal  glands  of  the  medicinal  leech  (Hirudo 
medicinalis).  It  is  emplo3'ed  largely  in  physiological 
research  on  the  blood,  because  of  its  anticoagulating 
properties,  and  because  of  an  advantage  it  jjossesses 
over  some  other  substances  employed  for  this  purpose 
in  that  intravenous  injections  have  no  apijrcciable 
effect  upon  blood  pressure.  Hirudin  is  composed  of 
minute  glistening  plates  and  scales  of  a  grayish  to 
brownish-red  color,  readily  soluble  in  water,  com- 
pletely dissolved  in  physiological  salt  solution,  in- 
soluble in  alcohol  and  ether. 

In  1884,  Haycraft,  an  English  physician,  observed 
that  the  leech,  when  it  bites,  injects  some  chemical 
substance  into  the  body  which  prevents  coagulation 
of  the  blood.  He  made  a  salt-solution  extract  of  the 
gullets  and  buccal  cavities,  and  also  one  from  the  re- 
maining portions  of  the  alimentary  tract.  The  ex- 
tract made  from  the  head  portions  prevented  coagula- 
tion of  blood  to  a  marked  degree;  while  that  from  the 
other  portions  of  the  alimentary  tract  had  only  a  feeble 
anticoagulating  efTect,  which  he  attributed  to  the 
active  substance  having  trickled  down,  or  having  been. 
swallowed  from  the  mouth  cavity.  Haycraft  did  not 
succeed  in  isolating  the  pure  active  principle.  He 
determined  its  insolubilities,  and  he  evidently  believed 
it  to  be  a  glandular  secretion,  although  he  was  unable 
to  demonstrate  glands  in  frozen  serial  sections  stained 
with  picrocarmino.  He  determined  that  the  sub- 
stance was  not  a  ferment  because  its  action  was  not 
destroyed  by  heat  (boiling);  that  it  acted  by  killing 
the  coagulating  ferment,  and  that  intravenous  in- 
jections did  not  produce  lowering  of  blood  pressure  as 
is  observed  after  the  injection  of  peptone  solutions. 

Later,  Bock,  Kobert,  Krueger,  Dickinson,  Erich 
Schultze,  and  Blobel''  attempted  to  produce  purer  ex- 
tracts, but  failed,  v.  Friedrich-and  Szbenski,  in  1902, 
however,  succeeded  in  producing  a  pure  sub,stance 
which  they  named  Hirudin.  They  demonstrated  that 
it  was  a  glandul.ar  secretion  coming  from  the  apical 
ducts  of  pyriforra  sacs,  described  by  Brandt  as  early 
as  18.33,  situated  between  the  muscle  bundles  of  the 
mouth,  and  thus  confirmed  the  belief  of  Haycraft. 

Properties. — Leech  extract,  when  injected  into 
dogs  and  rabbits,  causes  the  blood  to  remain  fluid  for 
many  hours  after  it  is  removed  from  the  body,  as 
compared  with  the  blood  of  untreated  animals.  It 
has  a  similar  action  in  vitro.  The  action  of  leech  ex- 
tract is  different  from  that  of  peptone  solutions  in  that 
the  latter  has  no  anticoagulating  effect  upon  rabbit's 
blood,  and  causes  a  lowering  of  blood  pressure.  Leech 
extract  does  not  prevent  the  coagulation  of  milk  by 
rennet  or  the  coagulation  of  myosin.  If  an\-thing  it 
seems  to  hasten  the  Latter.  When  added  to  blood 
corpuscles,  they  settle  to  the  bottom  as  they  do  in  pure 
plasma.  These  early  findings  of  Haycraft  have  all 
been  confirmed  by  the  use  of  hirudin. 

Hirudin  is  now  used  extensively  in  experimental 
medicine.  The  researches  of  Bodong,  von  Hcrtzen 
and  Omar  confirm  the  statement  of  Haycraft  that 
leech  extract  (hirudin)  does  not  lower  blood  pressure, 
hence  its  value  in  experimental  work. 
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HiituDiN  iMMCNiTr. — Immunity  to  the  action  of 
leecli  extract  was  first  attempted  by  Ladu*  in  1894. 
In  the  same  year,  Contcjean  obtained  only  slight  de- 
grees of  immunity.  In  1901  Wendclstadt,  arguing 
that  leech  extract  belonged  to  a  class  of  jilant  and 
animal  poisons  from  which  immunity  can  be  obtained, 
succeeded  not  only  in  inducing  immunity  of  the  first 
and  second  but  of  the  third  order.  He  used  fresh  ex- 
tract prepared  by  macerating  the  heads  of  fifteen 
leeches  in  20  c.c.  of  eighty-five  per  cent,  salt  solution. 
The  solution  was  injected  subcutaneously  or  intra- 
peritoneally  in  increasing  doses  of  from  1  to  5  c.c. 
Immunity  was  induced  as  indicated  by  a  decrea.se  in 
the  activity  of  the  leech  extract  upon  the  treated 
rabbit's  blood.  He  was  also  able  to  demonstrate  anti- 
antibodies,  and  th.at  the  antibodies  were  formed  in 
greater  abundance  in  the  pancreas,  liver,  and  kidney. 

Cowie,  in  190S,  confirmed  the  work  of  Wendclstadt 
by  inducing  immunity  of  a  very  high  degree  in  rahliits 
by  the  use  of  hirudin  solutions.  These  injections 
were  made  almost  invariably  intravenously,  and  the 
coagulation  experiments  were  done  with  freshly  pre- 
pared fibrinogen  solution  or  hydrocele  fluid  .as  well  .as 
by  the  direct  blood  method.  Immunity  induced  by 
leech  extract  la.sts  for  many  days,  but  is  ultim.ately 
lost.  Cowie'sexperiments  support  the  idea  that  the 
immune  body  is  not  in  the  plasma,  but  seems  to  bo  in 
the  fibrin  ferment  itself  or  in  the  proferment.  The 
increased  resistance  to  the  anticoagulating  propertv 
of  Hirudin,  it  is  believed,  is  due  to  the  development 
of  anti-antithrombin  bodies  in  the  anim.al  body,  which 
are,  in  all  probability,  elaborated  by  the  leucoc,\^es  of 
the  blood  in  the  form  of  thrombin  or  prothrombin. 
David  Murray  Cowie. 
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Hydrocyanic  Acid,  Poisoning  by. — Under  this 
head  belong  poisoning  by  ordinary  prussio  acid  in 
solution,  metallic  cyanides  (notably  the  potassium 
salt)  oil  of  bitter  almonds  and  manv  substances 
which  contain  the  latter.  The  cyanides  liberate 
hydrocyanic  acid  in  the  stomach  while  the  oil  of 
bitter  almonds  contains  the  acid  itself.  In  medicine 
the  pure  acid  occurs  in  a  two  per  cent,  solution. 
Less  than  half  a  grain  of  anhydrous  acid  (fifty  minims 
of  the  commercial  solution),  two  grains  of  cyanide  of 
pota.ssium  and  one  scruple  of  oil  of  bitter  almonds 
have  each  caused  death  although  recovery  frequently 
occurs  when  much  larger  quantities  are  ingested. 
Generally  speaking,  prussic  acid  is  among  the  most 
rapidly  fatal  poisons  known  and  can  destroy  life  in  a 
few  moments.  The  victim  suddenly  collapses,  often 
with  a  cry,  convulsions  set  in,  and  there  is  very  rapid, 
irregular  breathing  with  escape  from  the  mouth  of 
bloody,  frothy  .saliva.  If  death  does  not  occur 
promptly  the  patient  may  live  for  some  hours,  as  in 
subacute  poisoning.  When  the  case  is  subacute  from 
the  start  the  same  type  of  respiration — rapid,  irregu- 
lar— is  seen;  the  sufferer  is  badly  collapsed  and  cyan- 
otic, the  heart's  action  and  pulse  become  feeble, 
and  there  may  be  vomiting,  vertigo,  cardiac  oppres- 
sion, mental  confusion,  and  hallucinations.  Convul- 
sions may  set  in  before  death  or  the  stupor  which 
accompanies  collapse  may  pass  into  coma,  with 
arrest  of  respiration  and  circulation.  Bloody  foam  on 
the  lips  and  the  strong  odor  of  prussic  acid  accompany 
the  clinical  picture.  Relatively  mild  forms  of  poison- 
ing may  result  from  eating  the  kernels  of  certain 
stone  fruit  and  plants  which  contain  small  quantities 


of  acid.     Children  have  been  fatally  poi.soiied  bv  eat- 
ing a  few  bitter  almonds. 

On  account  of  the  rapidity  and  certainty  of  ita 
action,  solutions  of  prussic  acid  and  especially  potas- 
sium cyanide  (which  from  its  free  use  in  the  arts  is 
readily  obtainable)  have  been  favorite  poisons  with 
suicides,  and  the  cyanides  have  also  been  used  in 
murder.  The  precise  mechanism  of  prussic  acid  death 
is  still  ob.scure;  apparently  it  overwhelms  the  or- 
ganism by  attacking  the  red  blood  cells  so  that  intense 
air  hunger  results  with  extreme  collapse.  Death 
occurs  from  arrest  of  circulation.  The  tvpical  death 
is  seen  when  the  pure  anhydrous  acid,  which  boils  at 
80°  F.,  is  inhaled;  but  poisoning  from  the  source  is 
rare. 

The  emergency  diagnosis  of  prussic  acid  poisoning 
is  usually  a  simple  matter  because  of  the  odor  of 
kernels  in  addition  to  the  most  striking  clinical  phe- 
nomena. Nevertheless  poisoning  by  cyanides  can 
be  closely  simulated  in  nitrobenzole  poisoning,  even 
the  two  odors  laving  been  confused  and  in  such 
cases  it  may  be  necessary  to  wait  for  a  chemical  test 
of  the  stomach  washings. 

The  prognosis  is  very  grave  in  all  cases  in  which 
the  symptoms  are  fulminating  at  the  outset.  Never- 
theless if  these  patients  can  survive  twenty-four  hours 
there  is  hope  for  them.  In  ca.ses  subacute  from  the 
start  the  outlook  is  very  much  better  with  treatment. 
The  logical  first-aid  remedy  is  hydrogen  peroxide  and 
next  in  order  solution  of  permanganate  of  potash. 
The  stomach  should  if  possible  be  washed  out  with 
one  or  the  other  of  these  substances.  Both  oxidize 
the  acid  to  oxamid.  The  rest  of  the  treatment  is 
symptomatic  throughout  and  must  be  directed  toward 
the  collapse  and  failure  of  respiration  (hypodermics  of 
camphor,  etc.,  and  artificial  respiration). 

Edward   Preble. 


Hyoscyamus,  Poisoning  by. — In  most  works  on 
toxicology  there  is  no  individual  account  of  poi-soning 
by  henbane,  and  this  subject  is  for  the  most  part 
comprised  in  a  general  description  of  poisoning  by 
belladonna  or  the  toxic  alkaloids  of  the  .Solanacea: 
family.  Portions  of  the  henbane  plant  are  sometimes 
eaten  by  mistake  for  certain  edible  plants  like  endive 
and  poisoning  by  medicinal  j)reparations  occasionally 
occurs.  The  principal  dilfercnce  between  the  toxic 
effects  of  hyoscyamus  and  belladonna  is  said  to 
consist  in  a  greater  tendency  of  the  former  to  cau.se 
depressive  states,  as  drowsiness  and  coma.  The 
diagnosis  of  hyoscyamus  poisoning  can  only  be  made 
with  certainty  through  the  results  of  an  examination 
of  the  vomitus  and  feces  which  may  contain  the 
characteristic  seeds,  leaves,  flowers,  or  root  of  the 
henbane.  In  all  respects  not  mentioned  above  the 
description  of  belladonna  holds  good  for  henbane. 
Edward  Preble. 


Incubation  Period. — Newer  aspects  in  the  study 
of  the  infectious  diseases  have  compelled  us  to  alter 
our  former  conception  of  the  incubation  period.  At 
lirst  recognized  as  that  period  which  elapses  after  a 
living  infecting  agent  enters  the  body  until  it  has 
grown  to  sufficient  .strength  to  invade  the  body  or 
antagonize  its  natural  resisting  forces,  the  term  is  now 
used  to  designate  a  similar  iieriod  which  elapses  after 
non-reproducing  sub.stances  like  horse  .serum,  egg 
albumen,  dead  b.actcrial  cells,  and  various  protein  sub- 
stances have  entered  the  body,  until  the  manifesta- 
tions of  an  altered  state  of  health  are  seen. 

The  state  induced  by  the  injection  of  these  sub- 
.stances (allergens)  into  the  body  or  by  their  passage 
into  the  body  through  an  imperfectly  intact  mucous 
membrane,  has  been  conveniently  termed  allergy  by 
von  Pirquet.  Studies  in  allergy  (sensitization)  show 
that  the  process  of  so-called  incubation  is  a  very  eom- 
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plicated  one.  It  can  be  readily  shown  that  the  incu- 
bation period  itself  may  be  divided  into  two  or  three 
definite  stages.  The  mere  entrance  of  a  foreign  pro- 
tein into  the  body  initiates  a  series  of  biochemical 
changes,  some  of  which  remain  permanently,  others 
for  only  comparatively  short  periods.  It  may  be 
reasonably  assumed  that  similar  or  analogous  changes 
take  place  when  living,  reproducing  protein  substances 
enter  the  body. 

It  can  be  sliown  experimentally  that  the  incubation 
licriod  following  an  injection  of  horse  serum  may  be 
divicled  into  three  stages:  preallergic,  allergic,  and 
liypcrullcrgic.  The  preallergic  is  that  stage  which 
el.apses  from  the  moment  the  foreign  substance  enters 
until  definile  biochemical  changes  in  the  reactivity  of 
the  body  can  be  obtained.  Because  of  imperfect 
methods,  the  exact  length  of  this  stage  cannot  be 
determined.  In  the  majority  of  instances  it  is  recog- 
nized  by  an  intradermal  test  on  the  fourth  day.  The 
allergic  .stage  is  that  .stage  which  runs  from  the  first 
demonstration  of  a  cutaneous  test  until  the  sponta- 
neous symptoms,  the  threshold  of  clinical  manifesta- 
tion, are  reached.  The  hyperallergic  stage,  which,  in 
fact,  marks  the  end  of  the  incubation  period,  is  that 
stage  during  which  the  manifestations  of  the  disease 
are  seen — eruptions,  joint  swellings,  edema,  glandular 
enlargement,  eosinophilia,  etc. 

The  incubation  period  is  always  shorter  after  a  sec- 
ond injection  of  a  foreign  protein.  Instead  of  the 
symptoms  of  serum  disease  appearing  on  the  eighth  or 
ninth  day  after  a  second  injection  given  within  six 
months  of  the  first  injection,  they  appear  almost 
immediately,  within  a  few  hours  (immediate  reaction). 
After  a  second  injection  given  six  months  or  longer 
after  the  first  injection,  they  appear  on  the  fourth  or 
fifth  day  (hastened  reaction).  It  seems  cjuite  proba- 
ble, and  indeed  there  are  some  data  corroborating 
this  point  (vaccinia),  that  with  second  attacks  of  cer- 
tain bacterial  diseases  the  incubation  period  is  simi- 
larly altered. 

Doubtless,  within  the  next  decade,  studies  on  th.at 
stage  of  disease  which  precedes  the  clinical  manifesta- 
tion will  shed  much  light  on  our  knowledge  of  disease 
processes  in  general.  DAvro  Murray  Cowie. 
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Iron,  Poisoning  by. — Certain  soluble  iron  salts 
although  known  as  "irritant  poisons"  have  no 
status  in  forensic  medicine,  doubtless  because  they 
have  never  been  known  to  cause  death.  In  former 
years  copperas  or  impure  ferrous  sulphate  often 
figured  as  an  "irritant  poison,"  whether  taken 
as  a  result  of  accidents,  suicidal  intent  or  desire  to 
produce  abortion.  Doubtless  copperas  was  erro- 
neously held  to  be  a  copper  compound  and  hence 
actually  toxic.  The  controversy  as  to  whether  iron 
salts  are  or  are  not  toxic  was  doubtless  ended  by  the 
consensus  of  opinion  that  the  term  poison  must  be 
reserved  for  substances  which  after  absorption  are 
able  to  cause  alterations  in  the  blood,  viscera  or  nerv- 
ous sy.stem.  Iron  salts  are  not  known  to  produce  any 
systemic  phenomena  unless  perhaps  in  the  kidneys 
as  a  result  of  elimination.  Copperas  taken  in  large 
amounts  on  a  fasting  stomach- can  cause  severe  gas- 
troenteritis lasting  for  weeks,  but  the  initial  symptoms 
do  not  seem  to  be  severe  enough  to  cause  serious 
collapse  phenomena.  Results  of  animal  experiments 
as  to  iron  toxicity  are  indecisive.  After  the  ingestion  of 
the  sulphate  (orperchloride)  of  iron  in  large  quantities 
the  antidotes  should  be  albumin  (eggs,  milk)  and 
alkalies.  Edward  Preble. 

574 


Lumbago. — Lumbago  is  one  of  the  more  common 
forms  of  muscular  rheumatism  and  affects  the  muscles 
of  the  loin  together  with  their  tendinous  attachments. 
It  is  probable  that  in  the  majority  of  cases  the  fibrous 
tissue  is  affected  as  well  as  the  muscle  tissue  and 
that  the  disease  is  a  myositis  and  fibrositis.  Mus- 
cular rheumatism  has  received  some  consideration 
in  the  article  on  Rheumatic  Fever,  Acute,  where  the 
question  of  its  bacterial  etiology  and  its  relation  to 
acute  rheumatic  fever  is  discussed.  Lumbago  is  apt 
to  follow  exposure  to  cold  or  wet  especially  if  the  cold 
is  in  the  form  of  a  draft  of  cold  air  striking  the  back 
after  heavy  exertion  or  when  the  patient  is  overheated. 

There  is  apt  to  be  a  sudden  onset  of  pain  which 
varies  much  in  severity  from  a  slight  inconvenience  to 
such  severity  that  the  slightest  motion  produces  excru- 
ciating pain.  When  lying  absolutely  quiet  in  bed  the 
patient  may  be  perfectly  comfortable.  The  more  acute 
forms  of  the  disease  may  be  very  short  in  their  course, 
lasting  onljr  a  few  hours  or  a  few  days.  In  a  certain 
number  of  instances  the  condition  is  mild  in  severity 
but  assumes  a  much  more  chronic  course  and  the 
patient  may  suffer  with  the  pain  in  his  lumbar  mus- 
cles off  and  on  for  a  number  of  years.  Changes  in  the 
weather  and  in  the  barometric  pressure  are  apt  to  exert 
an  unfavorable  influence  upon  the  condition.  The 
briefer  attacks  may  clear  up  promptly  but  are  rather 
apt  to  recur.  Lumbago  is  more  apt  to  occur  in  per- 
sons of  middle  age  or  older. 

In  the  diagnosis  it  is  important  to  differentiate  lum- 
bago from  arthritis  of  the  spine  and  from  sacroiliac 
disease.  The  use  of  the  x-ray^  often  furnishes  valuable 
information  in  making  this  diagnosis. 

The  treatment  is  rest,  warmth,  count erirritation 
and  salicylates.  Morphine  may  be  necessary  to  con- 
trol the  pain  in  the  most  severe  cases.  Various  forms 
of  counterirritation  have  acquired  popularity  in  the 
treatment  of  the  condition.  Acupuncture  is  said  to 
be  the  most  efficient  treatment.  Sterilized  needles, 
three  to  four  inches  in  length  are  thrust  into  the  mus- 
cles at  the  seat  of  the  pain  and  withdrawn  at  the  end 
of  five  or  ten  minutes.  The  injection  of  a  strong  solu- 
tion of  sodium  salicylate  deep  into  the  affected  mus- 
cles sometimes  gives  striking  relief.  Actual  cautery, 
blisters,  hydrotherapy,  high-frequency  current,  and 
massage  may  help  in  the  treatment.  The  bowels 
should  be  kept  freely  open  and  any  hidden  foci  of  in- 
fection such  as  might  be  about  the  root  of  a  tooth  or 
in  a  tonsil  should  be  sought  out  and  treated.  Salicy- 
lates usually  have  a  well-marked  effect  on  the  pain. 
Colchieum  and  potassium  iodide  have  been  used  with 
some  beneficial  results.  Persons  subject  to  this  condi- 
tion should  avoid  drafts  and  exposure  to  cold  and 
dampness.  The  vaccine  treatment  of  lumbago  has 
not  been  particularly  successful. 

Ralph  G.  Stillman. 


Muscles,  Anomalies  of. — The  muscular  .system 
of  man  is  subject  to  many  variations,  all  of  which  are 
interesting  from  a  morphological  point  of  view,  and 
many  are  important  surgically.  Not  only  do  muscles 
vary  as  to  form  and  attachment,  but  supernumerary 
and  rudimentary  muscles  are  not  infrequent.  Again, 
some  may  be  absent  in  a  certain  number  of  individuals, 
e.g.  the  pyramidalis,  palmaris  longus,  etc. 

Many  muscles  are  mere  rudiments  of  those  which 
exist  in  a  well-developed  condition  in  the  lower 
animals,  and  there  is,  in  fact,  no  muscular  variation 
in  man  which  has  not  a  corresponding  normal  condi- 
tion in  some  animal  lower  in  the  scale. 

In  the  present  article  space  forbids  the  giving  of 
any  extended  account  of  muscular  variations,  for  it  is 
a  subject  on  which  volumes  have  been  written.  It  is 
intended  to  describe  only  the  commoner  and  more 
important  anomalies,  especially  mentioning  those 
whose  relation  to  arteries  renders  them  of  surgical 
interest. 
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Muscles,  Anomalies  or 


Muscles  OF  THE  Head. — OccipHofronlalis.  Varies 
much  as  to  size  and  position.  The  occipitalis  oc- 
casionally approaches  the  median  line,  and  may 
be  divided  into  several  portions.  Some  of  its  fibers 
may  be  continuous  witli  the  posterior  auricular 
muscle. 

The  Frontalis  may  send  slips  to  the  nasal  and  supe- 
rior maxillary  bones.  TheUe  says  that  it  generally 
sends  a  bundle  of  fibers  to  the  external  angular  proc- 
ess of  the  frontal  bone.  Its  fibers  have  been  de- 
scribed as  normally  continuous  with  the  levator  labii 
superioris  ala;qua  nasi. 

Auricular  Muscles. — Very  various  as  to  their 
development.  The  retrahens  is  very  often  of  large 
size,  and  its  tendon  frequently  arises  from  the  neigh- 
borhood of  the  external  occipital  protuberance;  in 
such  cases  its  belly  is  very  fleshy,  and  may  be  divided 
into  two  portions.  It  is  sometimes  connected  with 
the  transversus  nucha?.  Cruveilhier  has  described  a 
deep  musculus  auricularis  anlicus,  which  goes  beneath 
the  superior  from  the  zygoma  to  the  outer  surface  of 
the  tragus.  The  anterior  auricular  muscle  is  often 
very  much  diminished  in  size,  and  its  fibers  may  be 
very  indistinct. 

Muscles  of  the  Nose. — Absence  of  the  pyramidalis 
has  been  observed.  The  compressors  and  dilators  are 
often  so  feebly  developed  as  to  be  seen  only  with  a 
magnifying  glass. 

The  Musculus  Anomalus  (.\lbinus)  is  a  slip  de- 
scribed as  being  frequently  present.  Lying  beneath 
the  levator  labii  superioris  alccque  nasi,  and  arising 
with  it  from  the  nasal  process  of  the  superior  maxil- 
lary bone,  it  is  inserted  into  the  same  bone  near  the 
origin  of  the  compressor  naris. 

Mu.xcles  of  the  Face. — Zygomaticus  Major.  Fre- 
quently double.  The  second  head  may  arise  in  the 
neighborhood  of  the  infraorbital  foramen  or  from  the 
masseteric  fascia  below  the  zygoma.  It  is  sometimes 
absent. 

Zygomaticus  Minor.  Frequently  absent.  It  may 
be  inserted  into  the  fascia  of  the  cheek.  It  may  be 
fused  with  the  levator  labii  superioris  proprius, 
zygomaticus  major,  or  frontalis.  It  is  not  infre- 
quently double;  the  second  head  may  arise  in  common 
with  the  levator  labii  superioris  proprius.  Sometimes 
it  arises  from  the  orbicularis  palpebrarum,  and  it  may 
be  inserted  into  the  levator  labii  superioris  proprius 
or  levator  labii  superioris  ala^que  nasi,  or  both. 

Levator  Labii  Superioris  Proprius  occasionally  sends 
a  slip  to  the  zygomaticus  minor.  The  writer  has 
twice  seen  this  muscle  arise  by  two  heads,  the  extra 
head  arising  from  the  malar  bone.  In  both  these 
cases  the  zygomaticus  minor  was  present. 

Risorixis  (Santorini).  Often  absent.  Santorini  de- 
scribes it  as  double,  and  even  triple.  It  has  been  seen 
to  arise  from  the  zygoma,  external  ear,  fascia  over  the 
mastoid  process,  and  the  skin  over  the  upper  portion 
of  the  sternomastoid. 

Depressor  Anguli  Oris  (triangularis  menti).  S.an- 
torini  described  a  muscle,  the  Iranseersus  meiili,  which 
is  sometimes  found  arising  from  t  he  inner  border  of  the 
depressor,  and  passing  downward  and  inward  across 
the  mesial  line  below  the  chin  to  the  corresponding 
part  of  the  opposite  side. 

Muscles  of  the  Orbit. — Levator  Palpebroe.  Sometimes 
absent  or  fused  with  the  superior  rectus.  Budge  de- 
scribes the  tcjisor  trochleee,  which  is  a  muscular  slip 
given  off  from  the  levator  to  the  trochlea. 

The  muscles  of  the  eyeball  are  very  constant.  The 
two  heads  of  the  rectus'  externus  have  been  seen  sepa- 
rate to  their  insertion,  forming  a  double  muscle. 
Absence  of  the  outer  head  has  been  noted  by  Macalis- 
ter,  and  Curnow  describes  it  as  giving  slips  to  the 
outer  wall  of  the  nrbit  and  lower  eyelid. 

TroMsversus  Orbitcc  (Bochdalek).  This  is  an  arched 
slip  of  muscular  fibers  passing  from  the  orbital  plate  of 
the  ethmoid  across  the  upper  surface  of  the  eyeball  to 
the  outer  wall  of  the  orbit  (Quain).     Macalister  sug- 


gests that  it  is  a  deep,  displaced  slip  of  the  palpebral 
fibers  of  the  orbicularis. 

Obliquus  Inferior  Accessoriu.i  is  a  slip  going  from  the 
inferior  rectus  to  the  inferior  oblique.  The  writer  has 
seen  a  .slip  going  from  the  inferior  oblique  to  the 
superior  rectus. 

Muscles  of  .Mastication. — Masseler.  Monro  has  de- 
scribed a  bursa  as  occasionally  occurring  between  the 
two  portions  of  this  muscle,  and  HyrtI  has  once 
seen  a  bursa  between  the  masseter  and  the  capsule 
of  the  inferior  maxillary  articulation. 

Temporal.  Henke  says  that  sometimes  the  tem- 
poral muscle,  and  sometimes  the  deep  portion  of  the 
masseter,  is  attached  to  the  fore  and  back  part  of  the 
intcrarticular  fibroeartilages  of  the  lower  jaw,  or  from 
the  borders  muscular  fibers  arise  which  are  inserted 
into  one  or  other  of  the  afore-mentioned  muscles.  In 
many  eases  these  fibers  form  a  well-developed  muscu- 
lar belly,  the  musculus  temporalis  minor,  which  is 
inserted  into  the  bottom  of  the  sigmoid  notch  of  the 
lower  jaw  (Henle).  The  writer  has  occasionally  seen 
a  deep  slip  from  the  temporal  muscle  attached  "to  the 
pterygomaxillary  ligament.  This  slip  is  sometimes 
pierced  by  the  internal  maxillary  artery. 

Pterygoideus  Externus.  A  considerable  portion  may 
be  inserted  into  the  capsule  of  the  inferior  maxillary- 
articulation.  When  the  pterygoideus  proprius  is 
present  the  upper  head  is  of  small  size. 


Fig.   4917 — PP.    Pterygoideus  proprius;    EP.   external,   and   IP. 
internal  pterygoid  muselc.     (Shepherd.) 

Pterygoideus  Proprius.  This  is  a  muscle  which  is 
not  infrequently  seen  arising  from  the  infratemporal 
crest  of  the  sphenoid  and  part  of  the  great  wing  itself; 
it  then  passes  over  the  external  pterygoid  to  the  lower 
part  of  the  external  pterygoid  plate,  or  to  the  tuber- 
osity of  the  palate  and  suiierior  maxillary  bones. 
It  sometimes  receives  a  slip  from  the  upper  head  of 
the  external  pterygoid,  and  a  portion  of  the  upper 
head  of  the  muscle  may  arise  from  it.  The  writer  has 
occasionally  seen  the  pterygoideus  proprius  inserted 
into  the  pterygomaxillary  ligament  and  alveolar 
process  of  the  upper  jaw  (see  Fig.  4917).  In  one  case 
it  sent  a  slip  over  the  internal  pterygoid  to  be  inserted 
into  the  inferior  maxilla  near  its  angle.  Externally 
this  muscle  is  tendinous,  and  deep  down,  muscular; 
sometimes  it  is  tendinous  along  the  inner  border  only. 
When  the  pterygoideus  proprius  is  present,  the  upper 
head  of  the  external  pterygoid  is  generally  much 
diminished. 

Pterygospinosus  (Thane).  This  name  is  given  to  a 
muscular  slip  occasion.illy  seen  springing  from  the 
spine  of  the  sphenoid  and  inserted  into  the  hinder 
margin  of  the  outer  pterygoid  plate,  between  the 
external  and  internal  pterygoid  muscles;  the  parts  are 
frequently  connected  by  fibrous  tissue,  and  sometimes 
by  bone. 

McscLES  OF  THE  N'eck. — Platysma  Myoidfs.  This 
muscle  varies  considerably  in  it«  development.     It  is 
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si.mctinios  well  developed,  thick  and  red,  and  at  other 
times  its  libers  are  pale,  thin,  and  hardly  to  be  seen. 
It  has  been  reported  absent  by  Macalister.  1  he 
l)latvsnia  may  reach  over  the  clavicle  as  far  as  the 
fourth  rib.  It  sometimes  fails  to  reach  as  far  as  the 
divide-  in  such  cases  it  is  reduced  in  extent  at  other 
Darts  as  well.  It  mav  have  an  msertion  into  the 
thvroid  cartilage  or  the  sternum.  When  well  devel- 
oped it  has  been  seen  attached  to  the  lower  jaw  above 
and  to  the  clavicle  below.  The  upper  part  of  the 
platvsma  is  occasionally  joined  by  a  slip  from  the 
mastoid  process,  or  from  the  occipital  bone.  1  he  two 
muscles  not  infrequentlv  cross  each  other  m  the 
median  line.  The  writer  has  seen  the  lower  fibers 
continuous  with  some  fibers  of  the  musculus  sternalis. 
Fasciculi  in  connection  with  this  muscle  have  been 
traced  to  the  axilla.  The  platysma  is  the  principal 
representative  in  man  of  the  skin  muscle  [panmnUus 
carnostis)  of  the  lower  animals.  In  most  mammals 
with  loose  skins  these  tegumentary  muscles  are  well 
developed;  e.g.  in  the  hedgehog,  porcupine,  porpoise, 
etc. 


St.M.- 


St.M. 


R.S. 


P.M.' 

.  iOlS.—R.S.  ItuL-lu.  ftniKili^  rontinu 
mastoid  of  the  opposite  side. 


■P.M. 


ms  with  (Sl.M.)  stcrnu- 
(Shepherd.) 


Occipilalis  Minor.  This  is  the  name  given  to  a 
bundle  of  muscular  fibers  arising  from  the  fascia  over 
the  upper  end  of  the  trapezius  and  ending  in  the  fascia 
over  the  upper  end  of  the  sternomastoid.  It  is 
probably  a  modification  of  the  slip  which  occasionally 
joins  the  platysma  from  the  mastoid  process  or  occip- 
ital bone. 

SUriKirlriilniiiaslniiiruf;.  Thus  muscle  is  usually  con- 
sidered 111  \n-  iii.kIc  lip  (if  two  muscles,  the  sternomas- 
toid and  dciddtiuistiiid.  Krause,  however,  regards  it 
as  consisting  of  four  muscles,  viz.:  (1)  Sternomastoid, 
(2)  sternooccipital,  (3)  cleidooccipital,  J(,4)  cleido- 
mastoid.  The  spinal  accessory  nerve  pierces  the 
cleidomastoid,  or  runs  between  the  cleidooccipital 
and  cleidomastoid.  Krause  suggests  the  name 
stcrnoclcidomastoiden-occipitalis,  or  the  musculus  quadri- 
geminus  ca-pitis.  He  says  that  the  ordinary  varieties 
in  man  are  readily  explained  by  the  isolation  or 
absence  of  particular  parts,  or  by  the  extension  of  the 
cleidooccipitalis  to  the  occipital  protuberance.  Both 
the  cleidooccipitalis  and  sternooccipitalis  may  be 
feebly  developed,  or  both  may  be  absent,  as,  indeed, 
may  be  the  sternomastoid.  Again,  the  cleidooccip- 
ital or  cleidomastoid  may  be  developed  as  separate 
muscles.  The  views  of  Krause  are  supported  both 
by    human    and    comparative    anatomy.     However, 

o7() 


for  ordinary  purposes  it  is  sufficient  to  regard  the 
sternomastoid  as  consisting  of  two  muscles.  These 
two  portions  may  be  completely  separate,  or  may 
join  together  at  a  much  higher  point  than  usual. 
This  separation  of  the  muscles  mto  two  is  the  normal 
condition  ia  the  greater  number  of  mammals;  e.g. 
ruminants,  solipeds,  the  majority  of  carnivora,  and 
many  of  the  anthropoid  apes. 

The  sternomastoid  and  cleidomastoid  muscles 
may  be  completely  fused — a  condition  which  is  not 
of  great  rarity. 

Sternal  attachment  of  the  muscle  may  vary;  the 
two  sternal  tendons  may  unite  on  the  sternum  or 
cross  each  other.  The  writer  has  seen  the  sternal 
tendon  of  one  side  contmuous  with  a  musculus 
sternalis  of  the  opposite  side  (see  Fig.  4918). 

The  sternal  tendon  may  in  rare  cases  be  divided 
into  two  portions,  mserted  separately  into  the 
sternum.  The  sternal  portion  has  been  noted  absent 
by  Macalister.  A  sesamoid  bone  is  sometimes  seen 
in  the  tendon  of  the  sternomastoid;  this  is  looked 
upon  as  a  rudiment  of  the  episternal  bone  of  mono- 
tremes  and  lizards. 

The  clavicular  portion  varies  considerably  as  to  the 
extent  of  its  attachment  to  the  clavicle;  it  not  infre- 
quently covers  the  space  called  the  subclavian  tri- 
angle, and  this  should  be  borne  in  mind  when  per- 
forming the  operation  of  ligature  of  the  subclavian 
artery  in  its  third  part.  The  writer  once,  when  oper- 
atmg  on  the  neck,  found  the  clavicular  portion  absent. 
In  animals  without  clavicles  the  cleidomastoid  forms 
part  of  the  cephalohumeral  muscle,  being  continuous 
with   the  outer  portion  of  the  pectoralis   major  or 

deltoid.  ,  ,.        T^,  X 

ClcidooccipUal  (Cephalohumeral  of  ]<  lower). 
This  is  a  muscle  described  by  Wood  and  others  as 
arising  from  the  clavicle  outside  the  cleidomastoid 
and  inserted  mto  the  superior  curved  line  of  the 
occipital  bone  close  to  the  origin  of  the  trapezius 
It  is  usually  separated  by  a  distinct  areolar  interval 
from  both  the  sternal  and  clavicular  fibers  of  the 
sternocleidomastoid  (see  Fig.  4919).  .   •,   ,•      , 

This  muscle  corresponds  to  the  cleidooccipitalis  ot 
Krause.  It  exists  as  a  separate  muscle  in  the  guinea- 
[.ig,  hedgehog,  etc.  In  apes  and 
monkeys  it  is  always  present, 
but  is  in  them  continuous  with 
the  hinder  border  of  the  true 
sternocleidomastoid.  In  manv 
of  the  carnivora,  as  the  dog  and 
cat,  it  forms  part  of  the  cepha- 
lohumeral muscle.  Wood  found 
this  muscle  thirty-seven  times  m  . 
102  subjects.  '■  ■ 

The  sternomastoid  has  been 
described  as 
sending  slips  to 
the  angle  of  the 
lower  jaw  and 
hvoid  bone 
(Gruber).  The 
sternohyoid 
and  omohyoid, 
andinrarecases 
the  trapezius, 
may  unite  with 
the  sternomas- 
toid. 

A  tendinous 
intersection  is 
sometimes  seen  near  the  lower  end  of  the  muscle;  the 
same  intersection  is  seen  in  the  sternohyoid  and 
sternothvroid  muscles;  it  is  probably  the  remains  of 
one  of  the  transverse  septa  of  the  primitive  ventral 
muscle  plate.  These  intersections  are  seen  normally 
in  the  rectus  abdominis. 

Levator  Claviculce  arises  from  the  clavicle,   and   is 


Fig.  4919. — C./i.,Cephalo-humcral  muscle; 
Sp.  Cap.,  splenius  capitis;  D,  deltoid;  T, 
trapezius.  (After  Flower,  from  the  dissec- 
tion of  a  Bushwoman,  Jour,  of  Anat.  and 
Phys.,  vol.  i.) 
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inserted  into  the  cervical  vertebra'.  A  fuller  descrip- 
tion of  this  muscle  will  be  given  farther  on,  under 
Muscles  of  the  Upper  Limb. 

Supradai'icularis  is  a  small  muscle  behind  the 
fiternomastoid,  which  arises  by  a  slender  tendon  from 
the  first  piece  of  the  sternum,  crosses  above  the 
sterno-clavicular  articulation,  and  is  inserted  into 
the  upper  surface  of  the  clavicle.  A\'heii  present  on 
both  sides  the  muscles  may  be  continuous  in  the 
middle  line. 

Transrersus  Nuchce.  This  is  described  by  many 
anatomists  as  a  normal  muscle,  which  is  always  repre- 
sented when  absent  by  tendinous  fibers.  It  arises 
from  the  external  occipital  protuberance,  and  is  in- 
serted into  the  aponeurosis  of  the  sternomastoid 
(see  Fig.  4920). 

Siernohyoideus  occasionally  arises  only  from  the 
clavicle.  In  such  cases  there  is  a  wide  interspace  at 
the  root  of  the  neck  devoid  of  muscle.  The  writer 
in  one  case  saw,  on  both  sides,  the  sternothyroid  and 
sternohyoid  arise  altogether  from  the  clavicle  an 
inch  outside  the  sternoclavicular  articulation.  On 
removing  the  skin  and  fascia  the  trachea  and  thjToid 
gland  immediately  came  into  view. 

This  muscle  is  occasionally  double.  There  is 
sometimes  an  accessory  muscle  seen  going  from  the 


Fig.    4920. — r.V,    Transversus    nuchse.     (After    Henle.) 


■clavicle  to  the  hyoid  bone  (cleidohyoid).  The 
sternohyoid  has  been  described  as  occasionally  aris- 
ing from  the  sternoclavicular  ligament  and  first 
costal  cartilage.  It  is  sometimes  fused  with  the 
muscle  of  the  opposite  side,  as  in  the  horse.  The 
muscular  fibers  are  not  infrequently  interrupted  by 
a  tendinous  intersection,  which  is  generally  on  a  lino 
with  the  tendon  separatuig  the  two  bellies  of  the 
omohyoid.  This  intersection  is  seen  normally  in 
some  animals,  as  the  chimpanzee,  horse,  etc.  The 
muscle  has  been  noted  as  absent  on  one  side.  It  may 
be  unilod  by  slips  with  the  omohyoid,  mylohyoid, 
or  sternothyroid.  All  the  anomalies  above  men- 
tioned have"  their  corresponding  normal  condition  in 
the  lower  animals. 

Slenwihyroideus.  Occasionally  some  of  the  fibers 
of  this  muscle  continue  on  upward  and  are  inserted 
into  hyoid  bone  with  the  omohyoid,  or  are  con- 
tinuous with  the  hyoglossus  muscle.  A  few  fibers 
may  be  continued  into  the  thyrohyoid  or  inferior 
constrictor  of  the  pharynx.  In  one  case  the  writer 
saw  it,  on  both  sides,  arise,  with  the  sternohyoid, 
entirelv  from  the  clavicle.  Walsham  reports  a  case 
in  which  the  right  sternothvroid  arose  from  the  left 
as  well  as  the  right  side  of  the-  sternum  and  crossed 
the    trachea.     The    left    muscle    was    rudimentary. 
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This  muscle  would  be  a  source  of  embarrassment  in 
performing  tracheotomy. 

In  the  gorilla  and  chimpanzee  .some  fibers  usually 
arise  from  the  clavicle.  Tlie  two  sternohyoid  muscles 
are  often  united  at  their  origins  across  the  middle 
line.  Doubling  of  the  muscle,  as  well  a,s  absence, 
has  been  observed.  A  tendinous  int<Tsection  is 
sometimes  seen  opposite  the  tendon  of  the  omohyoid. 
It  may  exist  in  both  the  sternohyoid  and  sternothyroid 
in  the  same  line. 

Costofascialis.  Wood  describes  a  slip  arising  with 
the  sternothyroid  from  the  hinder  part  of  the  first 
rib,  which  crosses  the  carotid  vessels  to  be  inserted 
into  the  cervical  fascia  as  high  tis  the  thyroid  cartilage. 
Slernofancialis.  This  is  a  slip  described  by  Clruber 
as  arising  from  the  first  piece  of  the  .sternum  behind 
the  sternomastoid  and  passing  upward  to  be  inserted 
into  the  fascia  of  the  subclavian  triangle.  It  might 
be  called  the  tensor  fasciie  colli. 

ThxjTohyoideus.  This  muscle  is  often  fused  with 
the  sternothyroid,  and  in  .such  cases  the  sterno- 
thyroid is  inserted  into  the  hyoid  bone.  Absence  of 
this  muscle  has  been  reported;  this  is  generally  due  to 
a  fusion  of  the  .sternothyroid  and  thyrohyoid,  so 
that  they  form  one  muscle,  which  is  inserted  into  the 
hyoid  bone.  The  muscle  may  be  divided  into  two 
distinct  slips. 

Cricohytnd.  Walsham  first  described  this  muscle 
as  arising  from  the  lower  border  of  one  side  of  the 
cricoid  cartilage  and  inserted  into  the  lower  border 
of  the  hyoid  bone.  Gruber  also  mentions  its 
occurrence. 

Depressor  Thyroidew.  A  small  muscle  described  by 
Bradley  as  arising  from  the  first  tracheal  ring,  pass- 
ing over  the  cricoid  cartilage  and  inserted  into  the 
lower  border  of  the  thyroid  cartilage. 

Omohymdeus.  This  muscle  is  frequently  ab- 
normal. In  2.50  subjects  examined  the  writer  found 
anomalies  of  the  omohyoid  in  thirty-nine,  or  about  one 
in  six.  The  muscle  may  be  completely  absent,  and 
in  rare  cases  it  has  been  noted  double.  Again,  one 
or  other  of  its  bellies  may  be  wanting.  When  the  an- 
terior is  absent,  the  posterior  belly  ends  in  the  cervical 
fascia  beneath  the  sternomastoid.  In  2.50 subjects  the 
writer  has  seen  this  arrangement  twice.  Sometimes 
the  anterior  belly  arises  from  the  clavicle  and  iiscends 
the  neck  directly  to  its  insertion  into  the  hyoid  bone 
without  having  any  intermediate  tendon  or  inter- 
section. This  has  "been  regarded  by  some  as  ab- 
sence of  the  posterior  belly.  The  writer  has  only 
in  one  subject  seen  this  anomaly;  it  occurred  on  both 
sides.  This  muscle  has  been  called  the  cleidohyoid. 
In  some  rare  cases,  however,  the  posterior  belly  is 
altogether  ab.sent,  the  anterior  arising  from  the  fascia 
covering  the  subclavian  triangle  {hyofascialis). 

The  posterior  belly  not  infrequently  arises  from  the 
clavicle  solely.  In  120  subjects  examined,  the  writer 
has  seen  this  arrauRcment  eight  times  (one  in  fifteen). 
The  posterior  belly  may  be  double,  the  supernumerary 
portion  arising  from  the  clavicle.  The  writer  has  seen 
this  occur  nine  times  in  120  subjects.  In  these  cases 
the  origin  from  the  clavicle  is  gener.illy  extensive. 
and  is  from  the  middle  third  of  the  i)osterior  border 
for  a  distance  of  two  and  sometimes  three  inches.  In 
rare  ca.ses  it  may  arise  from  the  sternal  end.  The 
posterior  bellv  of  the  omohyoid  may  be  so  bound 
down  bv  fascia  to  the  clavicle  th.it  the  subclavian 
triangle  is  obliterated.  In  ligaturing  the  subclavian, 
it  would  be  well  for  surgeons  to  bear  in  mind  this 
occasional  arrangement.  This  conditiim  is  present 
more  frequently  when  the  posterior  belly  arises  from 
the  clavicle. 

The  omohyoid  being  originally  fused  with  the 
sternohyoid,  it  would  be  natural  to  see  the  lower 
portion  occasionally  displaced  and  have  its  origin 
from  any  of  the  osseous  points  between  the  soapida 
and  sternum,  or  to  receive  supernumerary  heads  from 
the  various  points. 
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The  scapiiUir  head  of  the  omohyoid,  besides  having 
an  accession  from  the  fhtvicle,  may  receive  one  from 
the  eoracoid  process,  the  acromioclavicular  joint, 
the  acromion  process,  and  even  the  first  rib. 

The  anterior  belly  of  the  omohyoid  is  occasionally 
double.  The  writer  has  seen  this  anomaly  three 
times.  In  the  tirst  case  the  superi\umerary  belly  was 
inserted  into  the  superior  cornu  of  the  thyroid 
cartilage;  in  the  second,  into  the  groat  cornu  of  the 
hyoid;  and  in  the  third  it  blended  with  the 
sternohyoid. 

The  anterior  belly  not  infrequently  blends  with  the 
Bternohyoid  so  as  to  form  one  broad  muscle,  which 
is  occasionally  bounded  below  by  an  arched  tendon, 
as  in  the  seal.  This  fusion  is  due  to  the  non-dif- 
ferentiation of  the  primitive  brachiocephalic  sheet 
from  which  these  two  muscles  are  developed. 

The  writer  has  twice  seen  a  portion  of  the  omo- 
hyoid muscle  ])ass  over  the  hyoid  bone  and  go  up 
between  the  anterior  bellies  of  the  digastrics  to  be 
inserted  into  the  lower  jaw  near  the  symphysis. 

The  omohyoid  may  send  slips  to  muscles  in  the 
neighborhood;  e.g.  sternomastoid,  sternohyoid,  and 
the  various  muscles  of  the  submaxillary  region.  A 
slip  has  been  seen  going  from  the  posterior  belly  to  the 
transverse  process  of  the  sixth  cervical  vertebra. 

The  intermediate  tendon  of  the  omohyoid  may  be 
absent  or  represented  by  a  tendinous  intersection. 

Comparative  Anatomy.  The  omohyoid  is  com- 
pletely wanting  in  many  animals,  as  the  cat,  dog, 
peccary,  mole,  and  also  in  rodents  without  clavicles. 
The  anterior  belly  is  absent  in  the  orang-outang. 
The  muscle  arises  from  the  clavicle  in  the  scink  and 
in  some  of  the  bats  and  the  iguana.  The  intermediate 
tendon  is  absent  in  many  mammals  as  the  echidna, 
ornithorhynchus,  the  American  black  bear,  and  some 
of  the  quadrumana.  In  the  seal  the  anterior  belly 
is  fused  with  the  sternohyoid  and  is  bounded  below 
by  an  arched  tendon. 

Levatnr  Glandulce  Thyroidecs.  This  is  a  fibrous  or 
muscular  band  which  goes  from  the  body  of  the 
hyoid  bone  to  the  isthmus  or  one  of  the  lateral  lobes 
of  the  thyroid  gland.  There  may  be  two  or  three 
slips.  The  writer,  in  one  subject,  on  both  sides,  saw 
this  slip  proceed  from  the  oblique  line  of  the  thyroid 
cartilage  and  go  to  each  lateral  lobe  of  the  gland.  The 
levator  thyroidea;  is  looked  upon  as  an  aberrant  por- 
tion of  the  muscles  between  the  sternum  and  hyoid 
bone. 

Digastricu.i.  The  digastric  muscle  is  subject  to 
many  variations.  Occasionally  its  tendon  fails  to 
pierce  the  stjdohyoid.  The  anterior  belly  is  very  often 
abnormal;  not  infrequently  the  two  anterior  bellies 
unite  in  the  median  line  and  completely  shut  out  from 
view  the  mylohyoid  muscles.  The  two  bellies  often 
decussate,  as  in  the  Norway  rat  and  ruminants.  It 
is  not  uncommon  to  find  the  anterior  belh'  divided 
into  two  or  more  parts,  one  of  which  may  cross  the 
middle  lino  of  the  neck  and  join  the  anterior  belly 
of  the  oppo.site  side.  A  slip  from  the  anterior  belly 
may  join  the  mylohyoid,  or  decussate  in  the  middle 
line  with  a  similar  slip  from  the  opposite  muscle. 
These  sliijs  may  be  looked  upon  as  varieties  of  the 
mentohyoid  muscle,  described  below.  In  one  sub- 
ject the  writer  saw  a  well-marked  muscular  slip 
given  off  from  the  intermediate  tendon  and  inserted 
into  the  body  of  the  hyoid  bone.  Also,  in  another 
subject  there  was  complete  absence  of  the  anterior 
belly  on  the  left  side;  the  posterior  belly  ended  in 
the  deep  cervical  fascia  attached  between  the  hyoid 
bone  and  angle  of  the  jaw.  This  might  be  regarded 
as  a  form  of  the  monogastric  muscle,  which  is  well  seen 
in  the  lower  animals,  as  the  carnivora.  MacWinnie 
describes  a  case  in  which  the  muscle  was  mono- 
gastric  and  was  inserted  into  the  middle  of  the  body 
of  the  lower  jaw.  In  rare  cases  a  muscular  slip  from 
the  angle  of  the  jaw  joins  the  anterior  or  posterior 
belly.     The  writer  once  saw  a  well-marked  tendin- 
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ous  slip  going  from  the  angle  of  the  jaw  to  the 
posterior  belly. 

The  posterior  belly  occasionally  receives  accessory 
slips  from  the  styloid  process.  It  has  been  seen  aris- 
ing entirely  from  the  styloid  process.  It  is  some- 
times connected  by  a  muscular  slip  with  one  of  the 
constrictors  of  the  pharynx.  Walsham  describes 
a  tendinous  intersection,  and  in  one  case  a  distinct 
tendon,  occurring  in  the  posterior  belly.  The  pos- 
terior belly  has  been  seen  to  pass  behind  instead  of 
in  front  of  the  carotid  artery. 

Occipitohyoid.  Perrin  first  described  this  muscle 
as  an  additional  digastric;  he  regarded  it  as  homolo-, 
gous  with  the  stylohyoid  of  birds.  The  muscle  is 
double-bellied;  its  posterior  belly  arises  from  fascia 
covering  the  occipital  bone,  and  its  anterior  belly  is 
inserted  into  the  hyoid  bone  beneath  the  hyoglossus. 
Humphrj'  looks  upon  it  as  a  superficial  appendage  to 
the  stylohyoid  and  digastric  muscles.  There  is  a 
similar  muscle  in  the  seal. 

Mentohyoid  (Macalister).  This  is  the  name  given 
to  a  slip  of  muscle  of  variable  size,  and  sometimes 


FiQ  4921 — «ihowinF  Mentoh>oid  Muscle  (Vfl)  also  the 
Anterior  Belhes  of  the  Digastno  Muscles  United  in  the  Middle  Line 
by  Muscular  Fibers  {D).      (Shepherd.) 

double,  which  is  not  infrequently  seen  passing,  super- 
ficial to  the  mylohyoid,  from  the  lower  jaw  near  the 
symphysis  to  the  body  of  the  hyoid  bone.  Occasion- 
ally  the  muscle  does  not  reach  the  hyoid  bone,  but  i 
ends  in  a  fascia  which  covers  the  mylohyoid  and  is  I 
attached  to  the  bone.  It  is  sometimes  triangular  in 
shape.  Macalister  looks  upon  the  mentohyoid  as 
a  diflferentiated  portion  of  platysma;  but  it  is  prob- 
ably more  closely  related  to  the  anterior  belly  of  the 
digastric  and  the  sternohyoid  group,  which  are  formed 
from  the  superficial  brachiocephalic  stratum  of  muscle 
(see  Fig.  4921).  The  mentohyoid  exists  normally  in 
many  animals,  as  the  bat,  hippopotamus,  etc. 

Stylohyoideus.     Occasionally  absent.     Testut    sug- 
gests that  in  cases  of  supposed  absence  of  this  muscle  ' 
it  is  fused  with  the  posterior  belly  of  the  digastric. 
A  division  of  the  muscle  into  three  has  been  noticed. 
It  may  sometimes  pass  behind  the  carotid  artery. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES 


MusrlcH,  Anomalle*  of 


It  is  occasionally  inserted  into  the  tendon  of  the 
digastric  or  lesser  cornu  of  the  hyoid  bone.  Its 
fibers  may  be  continuous  with  the  mylohyoid,  thyro- 
hyoid, omohyoid,  or,  as  in  the  ant-eater,  with  the 
muscles  of  the  tongue.  It  sometimes  arises  from  the 
lower  jaw  and  goes  to  the  hyoid  bone  (hyomaxillari.s); 
again,  it  may  not  reach  the  hyoid  bone,  but  go  from 
the  styloid  process  to  the  angle  of  the  lower  jaw,  as 
in  birds  (stylomaxillaris).  The  writer  has  .seen  this 
mu.scle  absent  in  two  subjects,  once  on  both  sides. 

SlylnchnndTohyoideus  (Dougla.ss);  Sti/lnliyoirlcus  alter 
(Albinus).  This  is  an  additional  muscle,  which  oc- 
casionally replaces  the  normal  .stylohyoid  and  has 
the  cour.se  of  the  stylohyoid  ligament;  in  other  words, 
it  is  the  stylohyoid  ligament  become  muscular.  It 
is  inserted  into  the  lesser  cornu  of  the  hyoid  bone  and 
passes  behind  the  carotid  artery.  In  one  case,  noted 
by  the  writer,  in  which  this  muscle  existed  the  normal 
muscle  was  represented  by  a  thin  tendinous  slip. 
The  normal  stylohyoid  and  this  muscle  frequently 
are  present  together.  The  stylohyoideus  alter  may 
receive  a  slip  from  the  lower  jaw.  In  120  subjects 
the  writer  has  seen  this  muscle  nine  times;  three 
times  it  occurred  on  both  sides  of  the  same  subject. 

Stylnhyotliyroideus.  This  is  the  name  given  by  the 
writer  to  a  muscle  seen  by  him  in  a  female  subject 
in  the  anatomical  rooms  of  McGill  University  dur- 
ing the  winter  session  1885-86.  On  both  sides  of  a 
thin  female  subject,  in  addition  to  the  usual  stylo- 
hyoid, a  stylochondrohyoid  was  present.  On  the 
left  side  this  muscle  gave  off  a  slip  to  the  middle  con- 
strictor of  the  pharynx.  On  the  same  side,  arising 
in  common  with  the  stylochondrohyoid,  was  another 
muscle  of  the  same  size,  this  had  a  well-developed 
bell.v,  and  passed  down  posterior  but  parallel  to  the 
above-mentioned  muscle  to  a  little  above  the  hyoid 
bone;  here  it  left  its  companion  and  developed  a  well- 
formed  round  tendon,  which  passed  under  the  middle 
constrictor  and  was  inserted  into  the  tip  of  the  superior 
cornu  of  the  thyroid  cartilage.  The  stjdopharyngeus 
was  of  normal  size  and  insertion. 

Mylnhyoid.  The  median  raphe  between  the  two 
muscles  is  sometimes  absent.  The  mylohyoid  is 
often  closely  united  to  the  anterior  belly  of  the  di- 
gastric, and  may  be  partially  replaced  by  it.  The 
sternohyoid,  omohyoid,  or  stylohyoid  may  send  slips 
to  it.  The  muscle  may  be  divided  into  two  portions, 
an  anterior  and  a  posterior,  separated  by  a  consider- 
able interval.  This  is  the  arrangement  in  .some  of 
the  rodents.  A  deficiency  of  the  fore  part  is  of  com- 
mon occurrence,  the  origin  not  reaching  farther  than 
the  canine  tooth  (Quain). 

Geniohyoideus.  The  two  muscles  may  be  fused  in 
the  middle  line.  It  occasionally  receives  a  slip  from 
the  great  cornu  of  the  hyoid  bone.  It  may  be  closely 
united  with  the  geniohyoglossus  or  hyoglossus. 

Citniohynqlossus.  This  muscle  has  been  found 
united  with  the  geniohyoid.  The  two  muscles  may 
be  fused  together,  no  cellular  interv.al  separating  them. 
Slips  have  been  seen  going  from  the  geniohyoglossus 
to  the  e|")iglottis,  stylohyoid  ligament,  and  lesser 
cornu  of  the  hyoid  bone.  An  accessory  muscle  has 
been  described  by  Henle,  Luschka.  and  Bochdalek, 
going  from  the  mental  spine  to  the  hyoid  bone  between 
the  two  geniohyoglossi  muscles. 

HyogloKsus.  Sometimes  pierced  by  the  lingual 
artery.  The  middle  portion  of  the  muscle  is  occa- 
sionally absent,  leaving  a  larger  or  sm.aller  interval 
between  the  outer  and  inner  portions,  and  exposing 
the  lin!;ual  artery.  The  lingual  artery  may  lie  on  the 
musf>le  instead  of  beneath  it. 

TritirnghxHiis  (Bochdalek).  This  is  a  sm.all  muscular 
slip  whicli  arises  from  a  cartilaginous  nodule  in  the 
thyrohyoid  ligament,  and  passes  upward  and  outward 
to  join  t'le  posterior  part  of  the  hyoglossus. 

ChnndrniiloKsiis.  This  has  been  described  as  a  dis- 
tinct muscle,  occurring  normally,  separated  from  the 
hyoglossus  by  the  pharyngeal  fibers  of  the  genioglossus. 


It  arises  from  the  base  of  the  lcs.scr  cornu  and.  .spread- 
ing out,  is  inserted  into  the  dorsum  of  the  tongue  near 
the  middle  line. 

Styloglossus.  The  styloglossus  is  occasionally  ab- 
sent. The  writer  once  saw  it  absent  on  both  sides  of 
the  same  subject.  There  is  sometimes  an  additional 
origin,  from  the  angle  of  the  lower  jaw  or  the  stylo- 
maxillary  ligament.  The  whole  muscle  mav  arise 
from  these  points,  the  styloid  origin  being  "absent. 
When  it  ari.scs  from  the  angle  of  the  jaw  it  is  called 
the  myloglossus.  Gruber  has  described  a  rare  origin 
of  this  muscle,  from  the  external  auditory  meatus 
(styloauricularis).  The  muscle  may  be  divided  into 
two  portions;  one  of  which  is  inserted  normally,  the 
other  into  the  pharynx  (Sandifort).  Macallster  has 
reported  this  muscle  as  double.  Henle  has  de- 
scribed a  slip  going  from  the  styloglossus  to  the 
genioglossus  near  its  origin. 

Muscles  of  the  Pharynx. — Constriclor  Superior.  The 
second  portion  may  be  distinct.  Meckel  describes  an 
acces.sory  slip,  arising  from  the  pharyngeal  spine  and 
becoming  lost  in  the  middle  line  of  the  posterior  wall 
of  the  pharynx.  The  writer  once,  on  both  sides  of 
the  same  subject,  saw  this  muscle  receive  a  slip  from 
the  Eustachian  cartilage. 

Constrictor  Medius  occasionally  receives  fibers  from 
the  .stylohyoid  ligament  or  hyoid  bone;  also  from  the 
tongue  and  hinder  part  of  the  mylohyoidean  ridge. 
It  is  common  to  see  a  slip  from  the  thyrohyoid  liga- 
ment (syndesmopharyngeus,  Douglass).  The  upper 
fibers  of  the  muscle  may  reach  the  occipital  bone. 

Constrictor  Inferior.  .\  few  fibers  of  origin  may 
come  from  the  trachea.  It  is  occasionally  con- 
nected by  muscular  .slips  with  the  cricothyroid,  sterno- 
hyoid, or  sternothyroid  muscles. 

Stylopharyngeus.  Cleavage  of  this  muscle  into 
two  or  even  three  parts  has  been  noted.  Gruber 
has  described  a  double-headed  stylopharyngeus. 
The  accessory  head  in  his  case  arose  from  the  mastoitl 
process. 

Supernumerary  Miiscles  of  the  Pharynx  are  not  in- 
frequently pre.sent,  proceeding  from  the  lower  part 
of  the  base  of  the  skull  and  going  to  one  of  the  con- 
strictors or  passing  between  these  muscles  and  the 
fibrous  layer  of  the  pharynx.  They  may  arise  from 
the  petrous  portion  of  the  temporal  (petropharyngeus), 
spine  of  the  sphenoid  (sphctiophnryngcus),  hamular 
process  (ptcrygophnryngrus).  basilar  process  (ocripito- 
pharyngeus),  or  from  the  i)haryngeal  tubercle  of  the 
occipital  bone  {azygopharyngeus). 

F^E\'ERTEBRAL  MrRCi.ES. — Scalenus  Anlicus.  Ab- 
sence of  the  muscle  has  been  reported  by  Macalister. 
In  this  case  the  subclavian  vein  was  in  direct  contact 
with  the  artery.  The  attachment  to  the  cervical 
vertebrse  may  vary  in  extent.  The  muscle  may  be 
divided  into  several  distinct  portions.  It  is  sometimes 
pierced  by  the  subclavian  artery,  and  in  rare  cases 
lies  behind  the  artery,  or,  more  properly  speaking,  the 
artery  passes  in  front  of  it. 

Scalenus  ^[edius  and  Posticus.  These  two  muscles 
are  .so  intimately  united  that  French  anatomists  re- 
gard them  as  one  muscle.  They  vary  considerably 
as  to  the  extent  of  their  attachments  to  the  trans- 
verse processes  of  the  cervical  vertebrx:  frequently 
the  slips  from  the  upper  cervical  are  absent.  In 
rare  cases  the  posterior  scalenus  may  be  .•xttached  .is 
far  down  as  the  third  and  even  the  fourth  rib.  as 
in  many  of  the  lower  animals.  In  some  animals, 
as  the  bear,  it  reaches  as  far  as  the  .seventh  and 
eighth  ribs.  In  man  it  is  not  infrequently  absent. 
The  scalenus  medius  is  perforated  by  branches  of 
the  brachial  plexus  and  frequently  by  the  i)osterior 
scapular  artery. 

Scalenus  yfinimm  (.\lbinus).  This  is  a  srnall  slip 
of  muscle,  normal  in  apes,  which  is  seen  in  man 
occasionally.  It  passes  from  the  transverse  processes 
of  the  lower  cervical  vertebra;  to  the  first  rib,  behind 
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the  subclavian  artery,  and  in  front  of  the  brachial 
plexus. 

Traiisversalis  Cendcis  Medius  (Tornblom).  Under 
this  name  a  muscle  has  been  described  as  arising 
from  the  transverse  processes  of  the  second,  third, 
and  fourth  cervical  vertebra;,  and  inserted  into  the 
sixth  and  seventh  cervical  transverse  processes. 

Rectus  Capitis  Amicus  Major.  Varies  occasionally 
in  the  extent  of  its  attachment  to  the  cervical  vertebra;. 
It  is  sometimes  strengthened  by  a  fasciculus  from  the 
transverse  process  of  the  axis,  and  has  been  noted  as 
having  no  origin  from  the  sixth  cervical.  It  is  fre- 
quently united  with  neighboring  muscles,  as  the 
anterior  scalenus,  transversalis  cervicis,  etc. 

Rectus  Capitis  Anticus  Minor.  Occasionally  has  a 
slip  from  the  axis.  Macalister  has  described  a  super- 
numerary muscle  attached  to  the  anterior  portion 
of  the  at'las  (M.  rectus  anterior  medius  of  Gruber). 

Langus  Colli.  The  longus  colli  is  subject  to  some 
variations  in  the  number  of  its  attachments  and  in  the 
degree  of  separation  of  its  constituent  parts. _ 

The  lower  oblique  portion  may  send  a  slip  to  the 
head  of  the  first  rib.  It  is  also  sometimes  prolonged 
to  the  rectus  capitis  anticus  major,  and  has  been  seen 
sending  a  slip  of  msertion  to  the  basUar  portion  of 
the  occipital  bone.  A  supernumerary  longus  colli 
{M.  transversalis  cervicis  anterior  Luschka)  may  arise 
by  thin,  tendinous  slips  from  the  anterior  tubercles 
of  the  transverse  processes  of  the  lower  four  cervical 
vertebra  and  be  inserted  by  two  tendons  into  the 
base  of  the  transverse  process  of  the  atlas  and  the 
body  of  the  axis  (Henle). 

Muscles  of  the  Upper  Limb. — Trapezius  (Cucul- 
laris).  The  attachments  of  this  muscle  are  subject 
to  considerable  variation.  The  muscle  may  be  much 
smaller  than  usual,  and  have  no  occipital  origin  or 
be  attached  to  as  few  as  six  instead  of  twelve  dorsal 
spines;  it  may  be  divided  into  a  cervical  and  a  dorsal 
portion.  Again,  its  spinal  attachments  maj'  be  con- 
fined to  the  upper  three  or  four  dorsal,  or  lower  three 
or  four  cervical  spines,  the  other  portions  being  ab- 
sent. It  is  sometimes  inserted  into  more  of  the 
clavicle  than  normal,  being  continuous  with  the 
insertion  of  the  sternomastoid.  Occasionally  there 
is  a  slip  passing  forward  across  the  subclavian  tri- 
angle to  reach  the  sternomastoid;  this  would  be  in 
front  of  the  third  part  of  the  subclavian  artery,  and 
interferes  somewhat  with  the  operation  of  ligature 
of  that  artery.  Again,  it  may  be  continuous  with 
the  deltoid,  as  is  the  case  in  animals  without  clavicles. 
In  rare  cases  the  portion  attached  to  the  clavicle  is 
absent  or  very  small.  This  arrangement  is  seen  in 
some  of  the  lower  animals.  A  slip  has  been  described 
going  from  the  anterior  border  of  the  muscle  near  the 
clavicle  to  the  sternum;  this  is  a  variety  of  the  sterno- 
scapular  muscle.  Not  infrequently  slips  of  attach- 
ment unite  the  trapezius  to  the  levator  anguli 
scapula;. 

Latissimus  Dorsi.  The  number  of  dorsal  vertebrae 
to  which  this  muscle  is  attached  may  vary  consider- 
ably. It  may  be  attached  to  as  many  as  nine,  and 
as  few  as  four.  The  writer  has  seen  it  attached  to 
all  dorsal  vertebra;.  Its  attachments  to  the  ribs 
also  vary,  the  number  being  sometimes  increased, 
sometimes  diminished.  It  is  occasionally  attached 
to  the  lower  angle  of  the  scapula;  the  writer  has  twice 
seen  it  send  slips  to  the  spine  of  the  scapula. 

Axillary  Band.  This  is  a  muscular  band  which 
crosses  the  lower  part  of  the  axUla  from  the  latissimus 
dorsi  to  the  great  pectoral  muscle  near  its  insertion. 
It  may,  instead  of  uniting  with  the  great  pectoral, 
be  inserted  into  the  eoracobrachialis  or  fascia  cover- 
ing the  biceps.  In  its  course  it  usually  crosses  the 
axillary  vessels,  and  hence  it  is  well  to  bear  this  in 
mind  in  ligaturing  the  axillary  artery  in  its  third  part. 
It  is  sometimes  of  large  size,  being  as  broad  as  6.2 
centimeters,  and  so  may  cover  a  considerable  extent 
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of  the  axillary  vessels.  More  frequently  it  is  a  small 
slip,  from  1  to  3  centimeters  broad.  It  occurs  iu 
about  five  per  cent,  of  all  subjects,  and  is  frequently 
on  both  sides  of  the  same  subject.  The  writer  has 
seen  it  in  eleven  subjects  out  of  250  noted.  This 
muscular  band  exists  normally  in  many  animals,  as 
deer,  etc.,  and  is  the  remains  of  the  continuity  which 
jjreviously  existed  between  the  latissimus  dorsi  and 
the  pectoralis  major. 

Dorsoepitrochlearis.  This  is  a  muscle  which  is  oc- 
casionally seen  in  man  in  a  rudimentary  form,  but 
in  many  of  the  lower  animals,  as  apes,  lemurs,  seals, 
bears,  etc.,  is  a  well-developed  muscle,  and  is  the 
normal  arrangement.  It  is  a  muscular  slip  which 
is  given  off  from  the  lower  border  of  the  tendon  of 
the  latissimus  dorsi,  and  is  attached  to  various  points 
in  the  arm.  It  may  end  in  the  long  head  of  the 
triceps,  some  portion  of  the  internal  intermuscular 
septum,  the  epitrochlear  process  of  the  internal 
condyle,  or  the  olecranon  process  (see  Fig.  4922). 
In  man  the  muscle  is  occasionally  represented  merely 
by  a  fibrous  band,  sometimes  by  a  small, 
muscular  slip  ending  in  a  fibrous  cord,  which 
is  inserted  into  the  internal  condyle,  or  is 
continuous  with  the  internal  intermuscular 
septum. 

Rhomhoideus  Minor  and 
Major.  Both  these  muscles  are 
subject  to  variation  as  to  ex- 
tent of  origin  and  insertion 
They  may  be  divided  into  two 
fasciculi,  as  in  some  anunals 

Rhombo-  occipital 
(occipitoscapular  of 
Woo  d  ) .  This  is  a 
slip  not  infrequently 
seen  in  man,  and  oc- 
curs normally  in  many 
of  the  lower  animals, 
e.g.  the  deer,  cat, 
tiger,  etc.,  as  a  well- 
developed  muscle  im- 
mediately beneath 

the  trapezius,  and  reaching  from  the  occiput  to  the 
base  of  the  spine  of  the  scapula.  In  man  it  gen- 
erally exists  in  an  incomplete  form,  and  varies  con- 
siderably as  to  its  upper  and  lower  attachments. 
Instead  of  reaching  the  scapula  it  may  be  connected 
with  either  of  the  rhomboid  muscles,  serratus  posticus 
superior,  or  levator  anguli  scapula;.  Its  superior 
attachment  may  not  reach  the  occiput,  but  be  con- 
nected with  the  spines  of  the  upper  cervical  vertebrae. 
Again,  in  man,  this  muscle  may  be  represented  by  a 
slip  from  the  aponeurosis  covering  the  splenius  capitis 
to  the  spine  of  the  scapula,  or  by  a  slip  from  the  levator 
anguli  scapula;  to  one  of  the  rhomboids.  In  one  case 
recorded  by  the  writer  it  consisted  of  a  well-developed 
muscular  slip  reaching  from  the  transverse  process 
of  the  atlas  to  the  aponeurosis  over  the  greater  rhom- 
boid {rhomhoalloid  of  Macalister).  The  many  varie- 
ties of  this  muscle  in  man  have  been  carefully  described 
by  Prof.  J.  Wood. 

Levator  Anguli  Scapulce.  This  muscle  varies  consid- 
erably in  the  extent  of  its  attachments  to  the  vertebrae 
and  scapula.  It  is  often  seen  attached  to  as  many  as 
six  vertebrae  and  to  as  few  as  two.  It  has  been  seen 
arising  from  the  mastoid  process  and  occipital  bone 
in  addition  to  its  spinal  origin.  It  may  have  an  at- 
tachment to  the  spine  of  the  scapula,  and  it  some- 
times sends  slips  of  insertion  to  the  first  or  second 
rib.  Occasionally  it  is  seen  divided  into  two  or  more 
slips,  the  portions  connected  with  the  different  ver- 
tebrae remaining  separate.  It  is  often  connected 
with  neighboring  muscles  by  muscular  slips.  The 
writer  has  seen  it  thus  connected  with  the  ser- 
ratus posticus  superior,  serratus  magnus,  deep  sur- 
face of  the  trapezius,  complexus,  splenius  capitis, 
rhomboideus  minor,  and  scalenus  posticus.     These 


F  I  G.    4922. — D,    Dorsoepitrochlearis  ■ 
muscle:  L,  latissimus  dorsi.     (Perrin.) 
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slips  are  regarded  by  Wood  as  varieties  and  modifica- 
tions of  the  occipitoscapular  muscle  of  the  lower 
animals.  In  many  of  the  lower  animals  the  levator 
anguli  scapulffi  is  merely  the  upper  portion  of  the 
serratus  magnus,  forming  with  it  a  single  muscle. 

Levator  Claviculce.  The  levator  clavicular,  which 
normally  exists  in  all  mammals  with  the  exception  of 
man,  is  occasionally  seen  in  him.  It  appears  as  a 
geiiarate  muscular  slip  arising  from  the  transverse 
processes  of  one  or  two  upper  cervical  vertebra', 
and  inserted  into  the  outer  end  of  the  clavicle.  Slips 
of  muscle  from  the  levator  anguli  scapula;,  or  from 
the  upper  cervical  spines,  to  the  scalene  muscles, 
serratus  magnus,  and  ribs,  are  regarded  as  modifica- 
tions of  the  levator  clavicula. 

Cleidocervicaiis  (Gruber).  This  is  a  form  of  the 
above  muscle  arising  from  the  transverse  process  of 
the  sixth  cervical  and  inserted  into  the  outer  end  of 
the  clavicle.  Gruber  looks  upon  it  as  a  supernumer- 
ary scalene  muscle  attached  to  the  clavitle. 

Pectoralis  Major.  Many  variations  of  this  muscle 
have  been  observed.  The  more  common  varieties 
consist  of  a  greater  or  less  extent  of  attachment  to 
ribs  and  sternum,  and  the  separation  of  its  clavicular 
from  its  costal  attachment. 

M.  Testut  divides  the  anomalies  of  this  muscle 
into  eight  groups,  as  follows: 

1.  Fusion  of  the  clavicular  portion  with  the  deltoid. 

2.  Fusion  with  the  great  pectoral  of  the  opposite 
side. 

3.  Union  with  the  rectus  abdominis. 

4.  Union  with  the  biceps  brachii  (see  Fig.  4927). 

5.  Separation  of  the  clavicular  and  sternocostal 
portions  by  an  interspace. 

6.  Division  of  the  costosternal  portion  into  two 
strata  or  layers. 

7.  Anomalies  in  the  mode  of  insertion  into  the  arm. 

8.  Complete  or  partial  absence  of  the  muscle. 

Tostut  divides  the  anomalies  of  the  brachial  inser- 
tion into:  (a)  Insertion  into  the  coracoid  process  and 
aponeurosis  of  the  coracobrachialis.  (h)  Insertion 
into  the  capsule  of  the  shoulder-joint,  (c)  Pro- 
longation of  the  tendon  of  insertion  into  the  capsule 
of  the  shoulder-joint,  (rf)  Supernumerary  insertion 
into  the  humerus,  (f)  Insertion  into  the  brachial 
aponeurosis.  (/)  Insertion  into  the  two  lips  of  the 
bicipital  groove. 

Chondroepitrocklearis  (Duvernoy).  This  is  the 
name  given  by  Duvernoy  to  a  muscular  slip  which 
is  sometimes  seen  arising  from  the  cartilage  of  one 
or  two  ribs,  the  aponeurosis  of  the  external  ab- 
dominal oblique,  the  lower  border  of  the  great  pec- 
toral itself,  or  its  tendon;  from  one  of  these  origins 
it  passes  down  and  out,  and  is  inserted  in  a  variable 
way  into  the  arm.  It  is  often  inserted  into  the 
internal  intermuscular  septum  and  occasionally 
reaches  as  far  as  the  internal  condyle  of  the  humerus. 

Mr.  .1.  B.  Porrin  has  described  under  the  name  of 
epigastric  slips  a  number  of  muscles  connected  with 
the  lower  border  of  the  pectoralLs  major,  or  arising 
separately  from  the  sixth  or  seventh  rib  and  inserted 
into  the  tendon  of  the  great  pectoral,  or  into  the 
fascia  covering  the  coracobrachialis  muscle.  They 
may  also  be  connected  with  the  latissimus  dor.si. 
These  muscles  are  developed  to  a  high  degree  in 
many  mammals,  and  are  well  seen  in  pigeons  and 
fowls. 

Muxcuhis  sternalis.  Syn. :  Rectus  sternalis.  stcrnalis 
brutorum  (Albinus),  pr&ternal  (Te.stut).  The  mus- 
culus  sternalis  is  a  supernumerary  muscle  which  has 
always  excited  a  great  deal  of  interest  among  anato- 
mists; even  yet  its  proper  morphological  significance 
is  not  fully  determined.  It  is  seen  in  about  three  or 
four  per  cent,  of  ordinary  individu.als,  but  in  anen- 
cephalous  monsters  is  nearly  always  present.  Its 
fibers  are  generallv  at  right  angles,  and  superficial, 
to  the  great  pectoral;  it  is  often  bilateral,  but  more 
frequently  unilateral,  and  is  subject  to  many  varia- 


tions. Frequently  it  has  no  attachment  to  bone  but 
rests  on  the  great  pectoral,  attached  above  and  Ijclow 
to  fascia  (see  Fig.  492.3).  It  is  often  attached  to  the 
sternum  and  costal  cartilages  of  one  side  or  both, 
and  is  occasionally  continuous  above  with  the  sternal 
origin  of  the  stornomastoid,  and  below,  with  the 
external  abdominal  oblique. 

It  usually  arises  from  the  first  piece  of  the  sternum, 
and  is  inserted  into  some  of  the  ribs  and  costal 
cartilages,  generally  the  fifth  and  sixth.  It  may  be 
continuous  in  part  w-ith  the  great  pectoral  itself  and 
be  associated  with  deficiency  of  that  muscle.  Some- 
times it  is  of  small  size,  but  occasionally  it  is  (|uitc 
a  large  muscle,  eight  to  ten  centimeters  long,  and  three 
to  five  centimeters  broad.  It  has  been  recognized 
under  the  skin  in  the  living.  It  derives  its  nerve 
supply  from  the  .same  .source  ns  the  pectoral  muscles, 
viz.,  the  anterior  thoracic.  The  muscle  is  regarded 
by  Sir  William  Turner,  Dr.  Dob.son,  and  othcr.s  as  a 
remnant  of  a  skin  muscle.  Ilenle,  Theile,  Bourrienne, 
and  others  look  upon  it  as  a  prolongation  downward 
of  the  sternomastoid.  Halbertsma  thought  it  a 
muscle  sui  generis  peculiar  to  man,  and   having  no 


Flo.   -lOaS. — S,  Musculus  stcrnalis,  nltachcd  above  and  below  to 
fascia.     (Shepherd.) 

animal  representative.  D.  .1.  Cunningham  thinks 
it  a  new  inspiratory  muscle  appearing  in  man,  and  is 
of  opinipn  that  it  occurs  more  commonly  in  females, 
costal  inspiration  being  more  pronounced  in  them. 
In  dissections  of  anencephalous  monsters  made  by 
the  writer  the  nerve  sui)ply  was  traced,  in  nearly 
all  the  specimens  examined,  to  the  anterior  thoracic. 
These  dissections  convinced  him  that  this  nui.scic 
belongs  to  the  pectoral  and  not  the  panniculus  group. 

Pectoralis  Minor.  The  origin  of  this  muscle  varies 
considerably.  It  m.ay  arise  from  the  second,  third, 
and  fourth  "ribs,  instead  of  the  third,  fourth,  and  fifth. 
Not  infrequently  it  arises  from  four  ribs,  and  the 
writer  has  occa.sionally  seen  it  arise  by  five  digifa- 
tions  from  the  five  upper  ribs.  It  has  been  de- 
scribed as  attached  to  onlv  two  ribs,  and  Testut,  in 
his  work  on  "Muscular  .Vnomalies."  describes  a  case 
in  which  it  arose  bv  a  single  digitation  from  the  fourth 
rib;  in  this  case  the  subclavius  muscle  was  of  large 
size.  Sometimes  the  pectoralis  minor  is  divided  into 
a  number  of  slips  corresponding  with  the  ribs  from 
which  it  arises.  It  is  occasion.iUy  connected  with 
the  great  pectoral.  In  one  case  the  writer  .saw  it 
connected  bv  muscular  slips  with  the  latissimus  dorsi 
and  coracobrachialis,  and  these  two  .slips  were 
connected  together  by  a  third  (see  Fig.  4924). 

The  variations  of  insertion  of  the  pectoralis  mmor 
are  numerous.     The  muscle  not  infrequently  pas.ses 
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over  the  coracoid  process  and  is  inserted  into  the 
capsule  of  the  shoulder-joint  and  great  tuberosity 
of  the  humerus.  It  very  frequently  is  united  at  its 
insertion  to  the  coracobrachialis.  In  one  case  the 
writer  saw  it  inserted  into  the  coracobrachialis  by  a 
tendinous  expansion,  five  centimeters  broad;  in  this 
case  the  coracoid  process  received  no  fibers  of  inser- 
tion. In  many  of  the  carnivora  and  quadrumana 
this  muscle  is  normally  inserted  into  the  humerus. 
In  rare  cases  the  pectoralis  minor  is  divided  into  two 
layers  which  have  distinct  insertions,  and  sometimes 
it  is  absent. 

Pectoralis  Minimus.  Gruber  has  described  a  slip, 
to  which  he  gives  the  above  name,  arising  from  the 
first  piece  of  the  sternum  and  cartilage  of  the  first  rib; 
from  this  origin  it  passes  outward  between  the  sub- 
clavius  and  lesser  pectoral  to  be  inserted  into  the 
coracoid  process.  Some  regard  it  as  a  variety  of  the 
chondroscapular  muscle  of  Wood. 


Fia.  4924. — a,  a,  a.  Muscular  slips  connecting  the  pectoralis 
minor  (P)  with  the  coracobrachialis  (C)  and  the  latissimus  dorsi 
(/.).     (Shepherd.) 

Subclavius.  The  subclavius  is  not  infrequently  in- 
serted into  the  coracoid  process  as  weU  as  the  clavicle; 
occasionally  it  has  no  clavicular  attachment,  but  is 
wholly  inserted  into  the  root  of  the  coracoid  process. 
It  has  been  described  as  double  by  some  anatomists, 
but  the  supernumerary  muscle  willbe  described  below 
as  the  stcrnoscapular.  Walsham  describes  a  case 
in  which  the  subclavius  had  an  insertion  into  the 
humerus,  as  is  normally  seen  in  birds.  The  subclavius 
is  sometimes  absent,  its  place  being  taken  by  the 
stcrnoscapular. 

Sternochondroscapular  (Wood).  Syn.:  Scapulocos- 
talis  minor  (Macalister),  subclavius  posticus  (Rosen- 
miiller).  This  is  a  supernumerary  muscle  of  a  some- 
what cylindrical  shape,  which  is  attached  externally 
to  the  root  of  the  coracoid  process  or  upper  border  of 
the  scapula,  passes  inward  over  the  subclavian  artery 
and  brachial  plexus  of  nerves,  beneath  the  clavicle 
and  subclavius  muscle,  to  be  attached  by  a  round 
tendon  to  the  costal  cartilage  of  the  first  rib,  first 
piece  of  the  sternum,  or  both. 

Sometimes  this  muscle  passes  over  the  clavicle  in 
place  of  beneath  it,  and  occasionally  it  does  not  reach 
as  far  as  the  coracoid,  but  may  be  inserted  into  the 
anterior  border  of  the  clavicle  (sternoclavicular  an- 
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terior).  A  variety  of  the  sternoclavicular  muscle 
which  the  writer  has  seen  is  one  which  reaches  from 
the  sternoclavicular  articulation  to  the  anterior  border 
of  the  trapezius.  In  its  course  it  passes  over  the 
clavicle  and  across  the  subclavian  triangle,  covering 
the  third  portion  of  the  subclavian  artery  (see  Tra- 
pezius). In  ligature  of  the  subclavian  it  is  well  to 
bear  this  anomaly  in  mind.  When  the  stcrno- 
scapular muscle  exists  there  is  sometimes  absence  of 
the  subclavius  muscle;  the  writer  has  seen  this  occur 
once  only  out  of  seven  cases;  in  three  cases,  however, 
the  subclavius  was  much  reduced  in  size.  W.  Gruber 
saw  absence  of  the  subclavius  in  seven  out  of  eleven 
cases  of  sternoscapular  muscle. 

Comparative  anatomy:  In  the  Norway  rat,  guinea- 
pig,  wombat,  etc.,  the  sternoscapular  muscle  is  nor- 
mally present.  In  the  horse  it  is  a  well-developed 
muscle.  In  animals  without  clavicles  having  a 
sternoscapular  muscle  it  is  regarded  as  the  homologue 
of  the  subclanvius. 

Chondrocoracoid  is  a  small  muscle  described  by 
Wood  as  arising  from  the  first  costal  cartilage  by  a 
round  tendon,  and,  passing  outward  below  the  sub- 
clavius, is  inserted  into  the  coracoid  process  superficial 
to  the  coracobrachialis. 

Many  other  supernumerary  e  avicular  muscles 
have  been  described,  such  as  the  scapuloclavicular, 
coracoclavicular,  supraclavicular,  infraclavicular,  etc., 
but  they  are  so  rare  that  it  is  only  necessary  to  mention 
them  and  refer  readers  wishing  to  learn  more  about 
them  to  the  special  works  on  muscular  anomalies 
mentioned  in  the  introduction  to  this  article. 

Serralus  Magnus.  The  serratus  magnus  may  arise 
from  nine  ribs  instead  of  eight,  and  occasionally  it 
receives  a  slip  from  the  tenth.  Again,  some  of  the 
highest  or  lowest  digitations  may  be  wanting,  the 
muscle  thus  being  attached  to  only  six  or  seven  ribs. 
Occasionally  some  of  the  central  "digitations  are  ab- 
sent, and  the  muscle  is  then  divided  into  two  portions. 
Wood  has  described  two  large  muscular  bands,  dis- 
tinct from  the  serratus,  arising  from  the  ninth  and 
tenth  ribs,  and  inserted  into  the  inferior  angle  of  the 
scapula.  He  regards  these  bands  as  homologues  of 
the  depressor  scapula;  of  birds.  Sometimes  there  is 
more  or  less  complete  fusion  of  the  serratus  with  the 
levator  anguli  scapulae.  In  many  mammals  it  forms 
one  muscle  with  the  levator. 

Muscles  of  the  Shoulder. — Deltoid.  This  muscle 
is  not  subject  to  many  variations.  It  is  sometimes 
divided  into  several  distinct  portions,  viz.,  the 
clavicular,  acromial,  and  spinal,  as  in  carnivora. 
The  clavicular  and  acromial  portions  are  often  sepa- 
rated by  an  interspace;  not  infrequently  the  clavicular 
portion  is  intimately  connected  with  the  contiguous 
]iart  of  the  great  pectoral,  the  division  between  them 
being  determined  only  by  the  cephalic  vein.  The 
clavicular  portion  may  also,  in  some  cases,  be  con- 
tinuous with  the  fibers  of  the  trapezius,  as  in  animals 
without  clavicles. 

The  insertion  of  the  deltoid  varies  in  position  and 
extent;  in  some  cases  it  is  inserted  much  lower  than 
usual.  Macalister  has  described  a  rare  anomaly  of 
this  muscle,  viz.,  the  prolongation  of  its  tendon  as 
far  as  the  lower  end  of  the  radius;  he  considers  this 
to  be  the  homologue  of  the  extensor  plicae  alaris  of 
birds. 

Testut  has  described  a  slip  going  from  the  clavicular 
portion  of  the  deltoid  to  the  internal  condyle,  crossing 
in  its  course  the  brachial  vessels;  he  calls  it  the  chido- 
epilrochlearis.  The  deltoid  not  infrequently  receives 
accessory  slips  from  the  axillary  or  vertebral  borders 
of  the  scapula,  and  also  from  the  spine  and  subspinous 
aponeurosis. 

Supraspinatus.  Variations  of  this  muscle  are  ex- 
tremely rare.  It  is  very  constant  both  as  to  its  size 
and  attachments.  Occasionally  fibers  of  the  great" 
pectoral  are  inserted  into  it.     The  writer  once  saws 


i 


REFERENCE   HANDBOOK   OF   THE    MEDIC.VL   SCIEN'CES 


Muscles,  Anomallei)  of 


its  tendon  pass  over  the  capsule  of  the  shoulder-joint 
in  a  pulley-like  depression,  and  become  continuous 
with  the  deep  portion  of  the  insertion  of  the  pectoralis 
major  (see  Fig.  4925). 


PM 


4925. — A'5,  TeDcIon  ot  the  supraspinatus,  continuous 
of  the  teodon   of  the   pectoralis   major    (PM), 


with  the  deep  port 
(Shepherd.) 


Infraspinatus  is  occasionally  fused  with  the  teres 
minor.  It  may  be  connected  with  the  deltoid  by  a 
strong  fasciculus,  and,  again,  it  may  be  divided  into 
several  slips. 

Teres  minor  is  occasionally  divided  into  two 
portions,  the  lower  being  called  the  teres  minimus. 

Teres  major  may  be  reduced  to  the  size  of  the  teres 
minor.  It  is  .sometimes  inseparably  connected  with 
the  latissimus  dorsi,  as  in  some  of  the  lower  animals. 
A  fasciculus  has  been  described  descending  on  the 
fascia  of  the  arm  externally.  It  is  analogous  to  the 
tensor  fascite  of  the  leg. 

Subscapularis.  Varies  but  little.  A  small  acces- 
sory muscle  (subscapulocapsularis,  subscapularis 
minor)  h:is  been  described  by  W.  Gruber,  Macalistcr, 
and  others,  which  goes  from  the  axillary  border  of  the 
scapula  to  the  capsule  of  the  shoulder-joint  or  humerus. 
Knott  describes  some  fibers  given  off  from  the  lower 
border  of  the  subscapularis  and  inserted  into  the 
aponeurosis  and  skin  of  the  axilla.  These  are  re- 
garded as  remnants  of  the  panniculus  carnosus  muscle 
of  the  lower  animals. 

Curnow,  Walsham,  and  others  have  described  a 
muscle  arising  from  the  inner  bicipital  ridge,  or  the 
groove  itself,  and  passing  up  to  be  inserted  into  the 
capsule  of  the  shoulder-joint  near  the  insertion  of  the 
coracobrachialis.  Testut  describes  this  muscle  under 
the  name  of  hrachiocapsularis. 

Coracobrachialis.  Professor  Wood  considers  that 
this  muscle  consists  typically  of  three  portions — 
superior,  middle,  and  inferior.  In  man  the  middle 
and  part  of  the  inferior  portion  exist  most  constantly, 
the  two  portions  being  separated  by  the  musculo- 
cutaneous nerve.  Both  the  superior  and  inferior 
divisions  are,  however,  occasionally  seen  in  addition 
to  the  middle  division  (coracobrachialis  proprius. 
The  superior  (coracnbrachialis  superior  vel  breris), 
when  it  exists  in  man,  arises  from  the  coracoid  process. 


passes  over  the  subscapularis  muscle,  and  i.s  inserted 
below  the  lesser  tuberosity,  or  more  rarely  into  the 
capsule  of  the  shoulder-joint  (coracocapsularis).  This 
is  the  normal  arrangement  in  many  animals,  as  the 
dog,  cat,  etc. 

The  inferior  division  {coracobrachialis 
longus)  is  also  occasionally  seen.  It  may 
be  of  large  size  and  be  inserted  into  the 
internal  condyle  or  into  a  supracondyloid 
process  when  that  anomalj-  exists.  It  is 
sometimes  represented  at  its  lower  por- 
tion by  a  fibrous  band;  this  is  the  internal 
brachial  ligament  of  Struthers.  As  a  rule, 
the  inferior  portion,  when  present,  passes 
over  the  axillary  artery,  anrl  must  be  kept 
in  mind  when  ligaturing  that  vessel  (see 
Fig.  4926). 

The  coracobrachialis  occasionally  is  not 
pierced  by  the  musculocutaneous  nerve. 

Comparative  .\natomy:  In  animals 
which  swim  or  climb,  as  the  beaver,  bear, 
etc.,  the  coracobrachialis  longus  is  well 
developed.  In  most  of  the  quadrumana 
there  is  a  double  insertion  of  the  cor- 
acobrachialis, and,  in  the  guinea-pig,  the 
median  variety  only  is  present,  as  in  man. 
In  some  animals,  as  the  kangaroo,  the  mus- 
cle is  absent  altogether.  It  has  once  been 
found  absent  in  a  human  monster.  The 
coracocapsularis  is  present  normally  in 
many  animals,  e.g.  the  dog,  cat ,  etc. 

Biceps  Brachii.  This  muscle  is  rich  in 
varieties.  The  most  common  is  the  pres- 
ence of  a  third  head,  which  arises  near  the 
insertion  of  the  coracobrachialis,  and  in 
close  connection  with  the  brachialis  an- 
ticus.  The  proportion  of  subjects  having 
a  third  head  Is,  in  the  writer's  experience, 
one  in  seven;  Theile  makes  it  one  in  nine; 
Hallett,  one  in  fifteen;  Wood  and  Macallster,  one  in 
ten.  In  two  hundred  and  fifty  subjects  examined  the 
writer  found  it  five  times  on  both  sides  of  the  same 
subject.     The  third 

head    generally    soon  JQ  J  \ 

joins  the  coracoid  head 
about  its  middle,  but 
it  is  occasionally  seen 
quite  separate  as  far 
as  the  bicipital  fascia, 
into  w  h  i  c  h  it  is  in- 
serted. The  third 
head  usually  lies  out- 
side the  vessels,  but 
sometimes  is  seen 
covering  them.  It 
may  arise  from  the 
bicipital  groove,  one 
of  the  ridges,  or  even 
from  the  great  tuber- 
osity. The  writer  has 
seen  it  arise  from  the 
lower  edge  of  the  great 
pectoral  near  its  inser- 
tion (see  Fig.  4927). 

The  third  head  is  re- 
garded by  some  as  an 
offshoot  from  the  bra- 
chialis anticus.  Stru- 
thers has  described  a 
muscular  slip  which 
comes  off  from  the  in- 
ner border  of  the  bi- 
ceps, passes  over  the 
brachial  vessels,  and  is  inserted  into  the  internal  in- 
termuscuKir  septum  or  internal  condyle. 

The  biceps  hiis  been  seen  with  as  many  as  four  and 
even   five   heads.     The  supernumerary   heads,   as   a 
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Kio.  4926. — .4,  Coracobrachialis 
longus  passing  over  the  brachial 
vessels  (,.4x)  to  reach  the  internal 
condyle;  C.  normal  coracobrachialis. 
(After  Wood.) 


Muscles,  Anomalies  of 
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rule,  have  their  origin  from  the  bicipital  groove, 
body  of  humerus,  coracoid  process,  capsule  of 
shoulder-joint,  or  tendon  of  the  pectoralis  major. 
The  coracoid  and  glenoid  portions  of  the  biceps  muscle 
may  fail  to  unite,  being  completely  separate  to  their 
insertion.  The  long  head  is  occasionally  absent,  the 
muscle  being  uniceps  instead  of  biceps,  as  in  some 
animals.  The  ^0713  or  glenoid  head  may  not  pierce 
the  capsule,  but  arise  from  the  capsule  itself,  the 
humerus,  or  the  great  pectoral  tendon.  The  tendon 
of  the  biceps  sometimes  pierces  the  tendon  of  the 
pectoral  (see  Fig.  4927).  This  is  a  very  rare  anomaly. 
It  is  not  uncommon  in  old  joints  that  have  become 
dry  from  rheumatic  disease  to  find  the  long  tendon 
worn  through,  and  perhaps  attached  to  the  groove 

outside  the 
capsule,  or 
to  the  head 
of  the  bu- 
rn e  r  u  .s ,  or 
absent  alto- 

^     if  If/.  a\SoVogi'^i 

condition 

must  not  be 

confounded 

\\-  i  t  h      the 

a  n  o  m  a  1  y 

above  d  e  s - 

cribed. 

The    short    or    coracoid 

head    ma^     also    in    rare 

_(j'B  ca^eh  be  absent. 

"  The    biceps    may  send 

a  '^lip  of  insertion  to  the  coro- 

noid   process     capsule  of  the 

elbo^^ -joint,   or   fascia  of  the 

fiireirm      It  is  sometimes  con- 

ntcti-d  \\ith  the  pronator  teres, 

sujimator    longus,     brachialis 

anticus,  and  palmaris  longus, 

by    muscular    slips.     In    one 

case,   in  which  the  muscular 

slip    crossed    the  artery   and 

went   to   the   pronator  teres, 

the  bicipital  fascia  was  given 

o(T  from  it. 

Tlie  semilunar  fascia  is  often 
of  larger  extent  than  usual, 
and  may  have  a  high  origin. 
It  may  be  developed  into  an 
almost  true  tendon.  It  not 
infrequently  sends  offshoots 
to  neighboring  parts. 

Brachioradialis  (Wood). 
The  writer  once  saw  this  mus- 
cle. It  arose  from  the  supra- 
condyloid  ridge  above  the 
supinator  longus,  and  between 
it  and  the  deltoid;  it  coursed 
down  the  arm  between  the  long  supinator  and  biceps, 
and  was  inserted  into  the  oblique  line  of  the  radius 
immediately  above  the  insertion  of  the  teres.  Wood 
looks  upon  this  muscle  as  a  variety  of  a  fourth  head 
to  the  biceps. 

Comparative  Anatomy:  A  third  head  is  the  normal 
arrangement  in  many  animals,  e.g.  bat,  seal,  rhi- 
noceros, etc.  The  long  or  glenoid  head  is  absent 
in  many  animals,  especially  birds.  The  short  or 
coracoid  head  is  not  present  in  man^^  animals,  as 
the  seal,  porcupine,  paca,  and  the  carnivora,  as  the 
dog,  cat,  bear,  hyena,  etc.  The  glenoid  head  in  these 
comprises  the  whole  muscle.  In  some,  as  the  Ameri- 
can bear,  the  carocoid  head  is  represented  by  a  very 
thin  tendinous  strand. 

Brachialis  Anticus.  Subject  to  frequent  varia- 
tions. It  may  be  divided  into  two  or  three  portions. 
On  one  occasion  the  writer  saw  a  slip  arise  in  com- 
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Fia.  4927— AB,  Third 
head  of  biceps.  "  arising 
from  the  pectoralis  major 
iPM),  which  is  perforated 
by  the  long  tendon  of  the 
biceps;  CB,  coraeobrachi- 
alis.     (Shepherd.) 


mon  with  the  outer  head  of  the  triceps,  and  after 
ending  in  a  round  tendon,  join  the  brachialis  anticus 
near  the  coronoid  process.  The  muscle  maj-  be  in- 
serted into  the  capsule  of  the  elbow-joint,  radius, 
bicipital  fascia,  or  fascia  of  the  forearm;  it  may  be 
connected  with  neighboring  muscles,  as  the  biceps, 
deltoid,  coracobrachialis,  pronator  teres,  or  supinator 
longus.  All  these  varieties  have  been  seen  by  the 
writer.  When  there  is  a  continuity  of  this  muscle 
with  the  supinator  longus  it  simulates  a  normal  con- 
dition which  exists  in  apes  and  monkeys,  assisting 
them  in  twisting  their  bodies  when  hanging  by  their 
anterior  extremities. 

Triceps  Extensor  Cubili.  This  is  one  of  the  most 
constant  muscles  in  the  body  as  to  its  insertion.  One 
of  the  most  common  varieties  is  a  fourth  head  arising 
from  the  inner  side  of  the  humerus.  Thig  fourth 
head  may  come  from  the  axillary  border  of  the  scapula. 
The  scapular  head  may  have  a  more  extensive  origin 
than  usual.  The  writer  once  saw  a  strong  muscular 
slip,  continuous  with  the  deltoid  and  separated  by  a 
bursa  from  the  teres  minor,  have  a  tendinous  inser- 
tion into  the  scapular  head  near  its  origin.  In  some 
animals,  as'  the  American  black  bear,  the  scapular 
head  is  of  huge  size,  and  arises  from  the  whole  axillary 
border  of  the  scapula. 

Gruber,  Macalister,  and  Testut  each  report  a  case 
of  a  slip  going  from  the  coracoid  process  and  capsule 
of  the  shoulder-joint  to  the  triceps. 
In   one   instance  the   writer  saw    a  ^ 

fleshy  slip   between   the  triceps  and 
teres  major. 

Dorsoepitrochlearis  (ac- 
cessorius  tricipitis).  Oc- 
casionally the  muscle  to 


Fig.  4928. — EA,   Epitrochleoanconeus  covering  the  ulnar  ii 
(Sutton.) 

which  the  above  name  is  given,  and  which  is  commor 
in  quadrumana  and  other  animals,  is  seen  in  man.  It 
has  already  been  described  with  the  latissimus  dorsi.' 

Epitrochleoanconeus.  Exists  frequently  in  man. 
Gruber  found  it  in  one  in  three;  Macalister,  one  in 
four;  and  Wood,  one  in  seventeen.  It  is  triangular 
in  shape,  the  apex  being  attached  to  the  back  of  the 
internal  condyle  and  the  base  to  the  olecranon  process. 
The  ulnar  nerve  passes  beneath  it  and  supplies  it 
(see  Fig.  4928).  This  muscle  is  exceedingh-  common 
in  mammals.  According  to  Gallon,  it  is  universally 
present  in  the  edentata,  less  frequent  among  the  pri- 
mates, disappears  among  the  anthropoid  apes,  and 
emerges  again  occasionally  in  man  as  an  anomaly. 
Mr.  Galton  considers  that  it,  like  the  supracondyloid 
process,  is  now  "an  almost  functionalh'  useless  heir- 
loom, which  has  descended  to  us  from  remote  an- 
cestors." Mr.  J.  B.  Sutton  says  that  when  the 
epitrochleoanconeus  is  not  represented  as  a  muscle, 
its  place  is  occupied  by  a  collection  of  fibrous  tissue 
having  the  exact  shape  and  attachments  of  the  muscle, 
and  forming  a  bridge  under  which  goes  the  ulnar 
nerve. 

Subanconeus.  This  consists  of  a  few  muscular 
fibers,  which  are  seen  on  removing  the  triceps  from 
the  lower  part  of  the  humerus;  they  extend  from  the 
lower  end  of  the  humerus  to  the  capsule  of  the  elbow- 
joint.  It  is  homologous  with  the  subcrureus  muscle 
found  in  the  lower  limb  beneath  the  c|uadriceps  ex- 
tensor. It  is  looked  upon  by  many  anatomists  as  a 
dependent  of  the  triceps. 
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MuM-les  Anommlles  or 


Anc<>nr)is.  May  vary  as  to  the  closeness  of  its 
connection  with  the  triceps  or  extensor  carpi  ulnaris. 

Pronator  Radii  Teres.  The  coronoid  head  is  some- 
times wanting,  in  most  animals  it  does  not  exist. 
Occasionally  there  is  a  third  head  which  arises  from 
the  internal  intermuscular  septum,  or  from  a  supra- 
condyloid  process  when  that  variation  is  present;  in 
such  cases  the  direction  of  the  brachial  artery  is  often 
changed. 

Sometimes  the  third,  or  supernumerary,  head  arises 
from  the  tendon  of  the  biceps  or  brachialis  anticus. 
The  pronator  teres  may  have  its  insortion  lower  down 
the  radius  than  usual.  It  may  also  be  divided  into 
two  portions,  as  in  birds.  The  coronoid  portion  may 
be  separated  entirely  from  the  condyloid,  or  there 
may  be  a  doubling  of  each  of  these  portions. 

The  pronator  teres  may  be  connected  with  the 
palmaris  longus,  carpi  radialis  flexor,  or  subliniis 
digitorum  in  the  forearm  and  the  biceps,  brachialis 
anticus,  and  coracobrachialis  in  the  arm. 

Flexor  Carpi  Radialis.  It  may  receive  an  additional 
slip  of  origin  from  the  biceps  tendon  and  fascia,  the 
coronoid  process,  or  the  radius.  It  may  have  an 
insertion  partly  into  the  annular  ligament,  trapezium, 
scaphoid,  or  fourth  metacarpal  bone. 

Palmaris  Longus.  This  is  one  of  the  most  variable 
muscles  in  the  body.  It  is  absent  in  about  ten  per 
cent,  of  individuals,  and  in  rare  cases  is  represented 
only  by  a  tendinous  band.  It  does  not  exist  in  the 
solipeds,  ruminants,  or  pachyderms.  The  form  varies 
considerably.  There  may  be  a  central  fle^shy  portion, 
with  a  long,  slender  tendon  at  each  end;  the  muscular 
portion  may  be  at  the  distal  end.  It  has  been  seen 
muscular  throughout,  and  again  has  been  .seen  to 
consist  of  two  bellies  united  by  tendon.  The  palmaris 
longus  is  occasionally  double;  when  a  second  muscle 
exists  it  generally  arLses  by  tendon,  or  is  connected 
with  the  carpi  ulnaris,  or  sublimis  digitorum  muscle. 
It  may  arise  from  the  intermuscular  septum  between 
the  two  last-mentioned  muscles,  by  a  tendinous 
origin,  and  continue  as  part  of  the  ulnaris  as  far  as  the 
middle  of  the  forearm,  then  form  a  large  belly  which 
ends  in  a  tendon  near  the  wrist.  The  writer  has  seen 
it  furnish  the  origin  of  the  flexor  brevis  minimi  digiti; 
a  somewhat  similar  arrangement  e^cists  in  the  cebus 
and  magot.  Occasionally  it  receives  an  additional 
slip  of  origin  from  the  coronoid  process  or  radius. 
It  sometimes  terminates  variously  in  the  fascia  of 
the  forearm,  muscles  of  the  little  finger,  annular 
ligament,  scaphoid,  and  pisiform  bones,  and  tendon 
of  the  flexor  carpi  ulnaris.  The  writer  once  saw  the 
tendon  of  this  muscle  near  the  wrist  give  off  a  broad 
muscular  slip,  which  was  inserted  into  the  base  of  the 
first  phalanx  of  the  little  finger.  Most  of  the  ano- 
malies of  this  muscle  correspond  to  the  normal 
arrangement  in  some  of  the  lower  animals. 

Flexor  Carpi  Ulnaris.  Is  frequently  inserted  into 
the  fifth  metacarpal  bone.  It  has  been  seen  sending 
a  slip  of  insertion  to  the  fourth  metacarpal.  It 
sometimes  gives  off  a  slip  to  the  annular  ligament,  but 
this  is  regarded  as  a  supernumerary  palmaris  longus. 
as  are  also  those  cases  in  which  a  separate  portion 
from  the  epicondyle  passes  down  to  be  inserted  into 
the  pisiform  bone.  It  is  in  rare  cases  double.  I 
have  once  seen  this  muscle  absent  on  the  left  side  of 
a  female  subject. 

Flexor  Subli?nis  Digitorum.  The  radial  origin  of 
this  muscle  is  sometimes  wanting.  The  muscle  is 
occasionally  subdivided,  each  of  the  tendons  being 
connected  with  a  separate  fleshy  bell}-.  This  is  more 
common  with  the  index  and  little  fingers,  and  may  be 
classed  among  the  anomalies  called  progressive.  The 
tendon  to  the  little  finger  may  be  absent,  or  the 
superficial  flexor  m.ay  be  connected  by  slips  with  the 
deep  flexor  and  the  long  flexor  of  the  thumb.  This 
is  the  arrangement  in  most  mammals,  and  in  man. 
and  his  order  onlv,  is  seen  the  marked  differentiation 
of  the  flexors.     One  of  the  lumbrical  muscles  occa- 


sionally arises  from  the  sublimis  digitorum.  This 
muscle  may  send  a  muscular  slip  to  the  annular  liga- 
ment and  palmar  fascia;  this  is  the  arrangement  in 
the  bear,  and  is  supposed  to  represent  the  palmaris 
longus. 

Flexor  Projundus  Digitorum.  In  many  animals 
this  muscle  is  intimately  blended  with  the  foregoing, 
but  in  man  is  generally  quite  distinct;  not  infrc(|uently, 
however,  it  is  connected  with  the  sublimis  digitorum 
and  also  with  the  flexor  pollicis.  It  occasionally  has 
an  additional  origin  from  the  internal  condyle  and 
coronoid  process  (the  accessories  ad  flexorem  pro- 
fundum  of  Gantzer),  which  may  join  any  one  of  the 
perforating  tendons,  commonly  those  going  to  the 
index  and  middle  fingers  (Wood).  This  is  the  normal 
arrangement  in  many  mammals.  The  writer  saw 
this  coronoid  slip  very  well  developed  on  both  sides 
of  a  negro  subject.  He  also,  some  years  ago,  found 
a  strange  variety  of  the  accessorius  muscle  occurring 
on  both  sides  of  the  same  subject.  The  muscle  arose 
from  both  the  internal  condyle  and  inner  side  of  the 
coronoid  by  fleshy  fibers,  developed  into  a  large 
muscular  liclly  which  divided  into  two  portions,  each 
ending  in  a  tendon,  the  innermost  going  to  the 
terminal  phalanx  of  the  little  finger,  and  the  outermost 
to  the  terminal  phalanx  of  the  index,  superficial  to  the 
tendon  of  the  sublimis.  On  both  sides,  near  the 
origin  of  this  accessory  muscle,  a  large  slip  went 
to  the  profundus  digitorum. 

The  profundus  digitorum  may  have  an  origin  from 
the  radius;  when  this  occurs  it  joins  the  indicial 
portion  of  the  muscle. 

Flexor  Indicis.  The  indicial  portion  of  the  pro- 
fundus may  be  quite  distinct  from  the  rest  of  the 
muscle.  In  one  case  the  writer  saw  it  connected  with 
the  flexor  longus  pollicis  by  a  tendinous  intersection. 
.\  flexor  indicis  is  found  in  the  gorilla  and  chimpanzee. 

The  tendon  to  the  little  and  middle  fingers  may  also 
be  quite  separate  and  distinct  from  the  rest  of  the 
profundus,  .\ccessory  slips  are  not  infrequently 
found  going  to  join  the  various  tendons  of  the  muscle. 

Lumhricales.  Varieties  of  these  muscles  are  com- 
mon; they  may  be  diminished  in  number  to  three,  or 
increased  to  five  or  six.  Two  may  be  inserted  info 
one  finger,  or  one  into  two  by  the  bifurcation  of  a 
muscle.  Occasionally  the  perforating  tendons  of 
the  fourth  and  fifth  fingers  are  furnished  by  lumbrical 
muscles.  The  third  muscle  is  more  frequently  ab- 
normal th.an  the  others.  The  writer  has  seen  the 
lumbrical  muscle  of  the  little  finger  arise  in  the  middle 
of  the  forearm  from  the  sublimis  digitorum  by  a 
round  tendon,  this,  after  passing  under  the  annular 
ligament,  developed  a  large  fleshy  belly  which  was 
insertefl  into  the  fifth  finger.  This  might  be  re- 
garded as  a  case  of  absence  of  the  fourth  lumbrical 
muscle,  its  place  being  taken  by  a  slip  from  the 
sublimis. 

Flexor  Longus  Pollici.i.  Hiis  frequently  a  slip  of 
origin  from  the  coronoid  process  and  internal  con- 
dyle. This  slip  has  been  seen  to  pierce  the  radial 
nerve.  The  muscle  may  be  conne<"ted  by  a  slip  with 
the  superficial  and  deep  flexors,  and  also  with  the 
pronator  teres.  It  is  sometimes  fused  with  the  pro- 
fundus digitorum  so  as  to  form  a  single  muscle,  as  is 
the  case  in  nearly  all  mammals.  It  is  sometimes  fu.sed 
with  the  indicial  portion  of  the  profundus,  when  that 
part  forms  a  distinct  flexor  indicis,  as  in  the  gorilla. 
It  has  been  observed  sending  a  slip  to  the  index  finger 
and  also  to  the  first  lumbricalis. 

Pronator  Quadratus.  The  pronator  quadratus  is 
sometimes  entirely  wanting;  it  may  consist  of  two, 
three,  and  even  four  Layers  crossing  each  other.  The 
attacliment  to  the  bones  of  the  forearm  may  be  greater 
than  usual.  It  occasionally  sends  a  muscular  slip 
from  its  ulnar  or  radial  attachment  to  the  carpus. 
It  mav  consist  of  two  distinct  triangular  portions  with 
the  bases  reversed:  the  anterior  arising  from  the  ulna 
by  aponeurotic  fibers  and  inserted  into  the  radius 
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by  fleshy  fibers,  the  deeper  and  inferior  portion  in- 
serted into  the  ulna  by  fleshy  fibers,  and  arising  by 
aponeurosis  from  the  radius  (Fenwick,  Sappey,  and 
Macalister).     (See  Fig.  4929.) 

The  muscle  may  consist  of  a  single  triangle,  as  in 
some  animals,  e.g.  the  macaque,  seal,  etc. 

Flexor  Carpi  Radialia  Breris  (Wood)  (Radiocarpus 
of  Fane).  This  is  a  small  muscle  occasionally  seen. 
It  arises  from  the  anterior  surface  of  the  radius  below 
the  oblique  line,  and  is  inserted  into  the  annular 
ligament,  trapezium,  os  magnum,  or  other  part  of 
the  carpus.  It  may  also  be  inserted  into  one  of  the 
metacarpal  bones.  A  variety 
of  this  muscle  is,  in  rare  cases, 
seen  arising  from  the  ulna  (ul- 
nocarpus). 

Supinator  Lnngus.  The  var- 
iet  ies  of  this  muscle  are  few  in 
number.  It  sometimes  has  a 
hi-iher  attachment  to  the  hu- 
merus than  usual,  and  its  inser- 
tion into  the  styloid  process 
may  be  extended  upward  along 
the  radius.  It  may  have  no 
attachment  directly  to  the  ex, 
ternal  condyle  of  the  humerus, 
and  in  such  a  case  it  is  closely 
connected  with  brachialis  anti- 
PQ  cus.  The  writer  once  saw  a 
slip  from  the  supinator  at- 
tached to  the  middle  of  the 
outer  border  of  the  shaft  of 
the  radius. 

The  tendon  of  the  supinator 

may   be    divided   into  two  or 

t^j,;^_Z_/?*  '^,       three   slips.     In    cases   of   ab- 

f^^^~0^    V,     senee  of  the  radius  this  muscle 

-^  ^      -^  ^     is  wanting. 

Occasionally  it  is  double, 
the  accessory  portion  (brachio- 
\  radialis)  arising  with  it  and 
being  inserted  into  the  radius 
in  the  neighborhood  of  the 
oblique  line.  It  not  infre- 
C|uently  is  connected  with 
neighboring  muscles,  viz.,  the 
deltoid,  brachialis  anticus  (as 
in  monkeys),  flexor  carpi  ra- 
dialis longior,  and  the  abductor 
pollicis.  The  tendon  may  be 
yierced  by  the  radial  nerve. 

Extensor  Carpi  Radialis  Lon- 
gior et  Brevior.  These  muscles 
are  sometimes  completely 
fused.  In  many  mammals 
(horse,  pig,  etc.)  they  form  a 
single  muscle,  which  ends  in  two  tendons.  In  man 
the  fusion  may  be  only  partial.  The  tendons  of  one 
or  other  of  the  muscles  may  be  subdivided.  The 
radialis  longior  may  have  an  additional  insertion  into 
the  second  or  third  metacarjjal  bone.  Wood  has  de- 
scribed a  muscle  which  he  calls  the  extensor  carpi 
radialis  accessorius.  It  arises  from  the  humerus  be- 
low the  radialis  longior,  and  is  inserted  into  the  first 
metacarpal  bone,  first  dorsal  interosseous  muscle, 
abductor,  or  short  flexor  of  the  thumb.  The  writer 
has  seen  a  digastric  slip  given  off  from  the  extensor 
carpi  radialis  longior,  which  joined  the  abductor  pol- 
licis. Testut  has  described  an  abducteur  liumera!  dii 
pouce,  arising  from  the  external  condyle,  and  inserted 
into  the  first  phalanx  of  the  thumb.  The  long  ex- 
tensor is  occasionally  united  with  the  supinator  longus. 
Macalister  has  recorded  absence  of  the  short  extensor. 
Extensor  Communis  Digitorum.  The  varieties  of 
this  muscle  relate  chiefly  to  the  increase  or  diminu- 
tion of  the  tendons  of  insertion.  The  tendon  going 
to  the  little  finger  may  be  absent,  and  also  that  going 
to  the  index-finger.     It  is  more  common  to  have  an 
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Fig.  4929. — The  Prona- 
tor Quadratus,  PQ,  con- 
sisting of  two  triangular 
portions  with  bases  re- 
versed.    (Fenwick.) 


increase  than  a  diminution  of  tendons.  Any  one  of 
the  tendons  may  be  subdivided,  and  as  many  as  eleven 
have  been  observed  by  Perrin  and  RUdinger,  due  to 
doubling  of  some  tendons  and  tripling  of  others. 
Curnow  in  one  case  saw  twelve  tendons  go  to  the  inner 
four  digits  and  five  to  the  thumb,  making  seventeen 
in  all.  Five  and  six  are  commonly  seen,  the  tendons 
of  the  little  and  index-fingers  being  most  often  dupli- 
cated. The  extensor  communis  occasionally  sends  a 
slip  to  the  thumb. 

The  indicial  portion  of  the  muscle  may  be  com- 
pletely separated  from  the  rest,  and  the  extensor 
minimi  digiti  may  be  inseparably  connected  with  the 
larger  muscle. 

Extensor  Minimi  Digiti.  Sometimes  fused  with 
the  common  extensor  or  carpi  ulnaris.  It  may  be 
double,  the  additional  tendon  being  inserted  into 
the  ring  finger.  It  may  have  an  ulnar  attachment, 
and  may  be  inserted  into  the  annular  ligament. 
Complete  absence  of  the  muscle  has  been  observed. 

Extensor  Carpi  Ulnaris.  An  accessory  or  short 
extensor,  going  from  the  lower  end  of  the  fourth 
and  fifth  metacarpal  bone,  has  been  described.  The 
tendon  is  not  unfrequently  prolonged  downward  to 
the  first  phalanx  of  the  little  finger  {ulnaris  quinti). 
It  is  also  frequently  connected  with  the  abductor 
minimi  digiti.  Sir  William  Turner  has  lately  reported 
a  case  of  absence  of  this  muscle;  its  place  was  taken 
by  a  slender  band  of  fibrous  tissue.  Curnow  has 
also  recorded  absence  of  this  muscle. 

Supinator  Brevis.  An  accessory  supinator  brevis 
has  been  observed  going  from  the  external  condyle 
of  the  humerus  to  the  radius  or  ulna.  The  extent  of 
attachment  to  the  radius  may  be  much  greater  than 
usual.  A  sesamoid  bone  is  sometimes  found  in  the 
tendon  of  the  muscle.  This  occurs  normally  in  some 
animals,  and  is  also  seen  in  the  popliteus,  of  which  the 
short  supinator  is  supposed  to  be  the  homologue. 

Extensor  Ossis  Melacarpi  Pollicis.  The  tendon  of 
this  muscle  is  frequently  double,  and  sometimes  is 
triple.  When  double,  usually  both  are  inserted  into 
the  metacarpal  bone,  or  one  into  this  bone  and  the 
other  into  the  trapezium,  as  is  the  normal  arrange- 
ment  in  apes.  The  supernumerary  tendon  may  be 
inserted  into  one  of  the  short  muscles  of  the  thumb. 
The  muscle  may  be  double  throughout,  and  Curnow 
has  in  one  case  seen  it  triple. 

Extensor  Primi  Internodii  Pollicis.  Is  sometimes 
absent,  or  is  not  differentiated  from  the  extensor  ossis 
metacarpi.  Curnow  describes  a  case  of  doubling  of 
this  muscle.     It  is  found  only  in  man. 

Extensor  Secundi  Internodii  Pollicis.  _  Doubling  of 
the  muscles  is  not  uncommon.  Additional  muscles 
are  occasionally  present,  and  have  been  described  by 
Curnow. 

Extensor  Primi  Internodii  Pollicis  et  Indicts.  In 
some  rare  cases  there  is  an  accessory  extensor  present, 
which  arises  between  the  extensor  indicis  and  the 
extensor  secundi  internodii  pollicis;  it  divides  into 
two  tendons,  one  of  which  goes  to  the  first  phalanx 
of  the  thumb,  and  the  other  to  the  index-finger.  This 
muscle  exists  normally  in  the  dog  and  many  other 
carnivora. 

Extensor  Indicis.  The  tendon  of  this  muscle  is 
frequently  divided  into  two  portions,  one  going  to 
each  side  of  the  index-finger;  sometimes  one  of  the 
tendons  goes  to  the  middle  finger.  This  latter  is 
occasionally  seen  as  a  distinct  muscle  (extensor  pro- 
priiis  digiti  medii).  It  arises  from  the  lower  part  of 
the  ulna  or  posterior  ligament  of  the  wrist-joint,  and 
is  inserted  into  the  base  of  the  first  phalanx  of  the 
middle  finger.     It  exists  normally  in  apes. 

A  short  extensor  indicis  is  occasionally  seen  taking 
its  origin  below  the  long  extensor,  from  the  back  of 
the  wrist  or  a  carpal  bone;  it  is  inserted  with  the  long 
extensor  into  the  index-finger.  The  writer  has  seen 
this  accessory  muscle  arise  from  the  radius,  and  pass 
through  a  separate  compartment  in  the  annular  liga/- 
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meiit  to  be  inserted  into  the  index-finger.  The  ex- 
tensor indicis  may  have  a  more  extensive  attachment 
to  the  radius  than  usual.  The  writer  has  seen  it 
connected  by  a  tendinous  slip  with  the  extensor 
secundi  pollicis.  Curnow  describes  one  case  in  which 
the  muscle  divided  into  three  tendons — one  inserted 
normally,  one  with  the  secundi  internodii,  and  one 
with  the  aponeurosis  over  the  middle  finger.  A 
somewhat  similar  arrangement  is  seen  in  the  hedgehog, 
kangaroo,  and  manis.     It  is  rarely  absent. 

Extensor  Brevis  Digilorum.  Very  rarely  met  with. 
It  arises  from  the  back  of  the  wrist,  post-annular 
ligament,  from  the  carpus  itself,  or  the  bases  of  some 
of  the  metacarpal  bones  by  fleshy  fibers;  it  sends 
tendinous  slips  to  one,  two,  or  three  fingers.  The 
writer  has  seen  them  going  to  the  ring  and  index- 
fingers  and  to  the  middle  finger.  It  is  probable  that 
the  extensor  brevis  indicis  and  extensor  medii  digiti 
are  varieties  of  this  muscle. 

This  muscle  is  common  in  reptiles,  and  survives 
only  in  a  few  anomalous  mammals  of  the  order 
Edentata  (Curnow). 

Muscles  of  the  Hand. — Palmnns  Brevis.  Varies 
considerably  as  to  its  degree  of  development.  It  is 
occasionally  altogether  wanting. 

Ab'luclor  Pollicis.  Some  anatomists  describe  the 
muscle  as  normally  consisting  of  two  portions — an 
outer  and  inner.  It  may  receive  a  third  belly  from 
the  opponens  pollicis,  or  be  connected  with  it  by  a 
muscular  slip.  It  may  also  receive  an  accessory  slip 
from  the  extensor  carpi  radialis  longior,  ossis  meta- 
carpi  pollicis,  palmaris  longus,  or  from  the  radius. 
Not  infrequently  a  thin,  muscular  slip  is  seen  going 
from  the  skin  of  the  ball  of  the  thumb  opposite  the 
tuberosity  of  the  trapezium  to  the  abductor  pollicis. 
Some  regard  this  latter  as  a  skin  muscle. 

Flexor  Brevis  Pollicis.  The  deeper  belly  of  the 
muscle  is  often  with  difficulty  differentiated  from  the 
adductor  pollicis. 

Adductor  Pollicis.  This  muscle  is  frequently 
blended  with  the  deep  portion  of  the  short  flexor  of 
the  thumb. 

Abductor  Minimi  Digiti.  Sometimes  divided  into 
two  or  even  three  slips.  It  is  often  united  with  the 
flexor  brevis  minimi  digiti.  It  may  have  an  acces- 
sory slip,  arising  from  tlie  tendon  of  the  ulnar  flexor, 
the  annular  ligament,  fascia  of  the  forearm,  and  tendon 
of  the  palmaris  longus.  The  writer  has  seen  an  acces- 
sory head  arise  from  the  intermuscular  fascia  beneath 
the  flexor  radialis  and  ulnaris.  The  accessory  slip 
may  pass  down  and  cover  the  ulnar  artery. 

Flexor  Brevis  Minimi  Digiti.  May  be  absent  or 
replaced  by  a  slip  from  the  abductor  minimi  digiti 
or  opponens.  An  accessory  head  may  spring  from 
the  lower  third  of  the  inner  border  of  the  ulna,  from 
the  carpi  ulnaris,  or  fascia  of  the  forearm.  A  doubling 
of  the  muscle  has  been  observed. 

Oppniiens  Minimi  Digiti.  May  be  closely  con- 
nected with  neighboring  muscles,  or  receive  a  second 
head  from  the  fascia  of  the  forearm  (Henle). 

Pisiuncinat^is.  This  is  a  muscle  described  by  Calori, 
and  stretches  between  the  pisiform  bone  and  unciform 
process  of  the  unciform  bone. 

Interosseous.  These  muscles  do  not  vary  to  any 
gre.at  extent.  They  may  be  double  in  one  or  two  inter- 
osseous spaces.  Henle  "describes  a  palmar  interosseous 
muscle  of  the  thumb  as  normal.  It  arises  from  the 
metacarpal  bone  of  the  thumb,  and  joins  the  inner 
head  of  the  flexor  brevis  pollicis.  The  arrangement 
of  the  interosseous  muscles  of  the  hand  has  been 
observed,  in  rare  cases,  to  be  similar  to  that  of  the  foot. 
Accessory  Palmar  Abductor  Indicis.  The  writer 
once  saw  a  small  muscle  arising  from  the  third  meta- 
carpal bone,  beneatli  the  adductor  pollicis  and  inner 
head  of  the  flexor  brevis  pollicis.  After  ending  in  a 
round  tendon,  it  was  inserted  into  the  base  of  the  first 
phalanx  of  the  index-finger. 


Muscles  of  the  Lower  Limb. — Gluteus  Maximus. 
The  great  size  of  this  muscle  is  peculiar  to  man, 
principally  on  account  of  his  erect  position.  In 
the  human  species  the  muscle  always  covers  the  ischial 
tuberosity;  in  apes,  this  is  uncovered.  The  varia- 
tions are  important.  The  muscle  may  be  consider- 
ably reduced  in  size.  Maealister  reports  a  case  in 
which  the  muscle  was  attached  above  to  the  last  two 
sacral  vertebra  only.  The  superficial  portion  of  the 
muscle  is  often  separated  from  the  deep  by  a  layer  of 
cellular  tissue.  The  lower  edge  of  the  muscle  is 
sometimes  cjuite  distinct,  and  represents  the  agitator 
Cauda;  of  the  lower  animals;  it  may  be  inserted  into 
the  femur  or  the  femoral  aponeunjsis.  The  gluteus 
maximus  is  occasionally  blended  with  the  tensor 
fascia;,  as  in  the  elephant  and  some  monkeys. 

Ischiofemoral.  The  writer  hii-s  only  once  seen  this 
muscle.  It  arose  from  the  inner  edge  of  the  great 
tuberosity  by  a  round  tendon,  which  soon  developed 
into  a  triangular-shaped  muscle  of  considerable  size; 
it  was  separated  from  the  gluteus  maximus  by  the 
great  tuberosity,  and  joined  it  near  the  femur.  It 
was  itiserted  into  the  lower  end  of  the  gluteal  ridge 
of  the  femur.  The  ischiofemoral  muscle  exists  nor- 
mally in  the  gorilla,  certain  apes,  and  other  animals. 

Gluteus  Medius.  The  deeper  fibers  of  this  muscle 
may  end  in  a  separate  tendon,  which  is  attached  to 
the  upper  border  of  the  great  trochanter.  Its  upper 
or  lower  border  may  be  separated  from  the  rest  of 
the  muscle.  Occasionally  a  bursa  is  interposed  be- 
tween the  tendon  of  the  gluteus  medius  and  thepyri- 
formis.  Some  of  its  fibers  may  be  inserted  into  the 
pyriformis,  or  its  posterior  border  may  be  completely 
fused  with  that  muscle. 

Gluteus  Minimus.  Occasionally  divided  into  an- 
terior and  posterior  portions;  may  send  slips  to  the 
hip-joint,  to  the  pyriformis,  gemelli,  or  vastus  ext«mus 
muscles. 

Accessory  Gluteus  Minimus  (fourth  gluteal;  scan- 
sorius).  The  fibers  of  the  anterior  border  are  in  some 
cases  separated  from  the  muscle,  and  inserted 
variously  into  the  anterior  border  of  the  great  tro- 
chanter, into  the  capsule,  or  near  the  lesser  trochanter, 
where  it  is  connected  with  the  iliacus  tendon.  It 
represents  the  seansorius  muscle  of  apes.  Testut 
looks  upon  it  as  representing  the  extrapelvic  portion 
of  the  iliacus  muscle. 

Tensor  Vaginae  Femoris  (tensor  fascia;).  Varies  but 
little.  May  have  a  supernumerary  origin  from  the 
abdominal  fascia,  iliac  crest,  and  Poupart's  ligament. 
It  is  sometimes  fused  with  the  gluteus  maximus. 
Pi.  duplication  of  the  muscle  has  been  observed  by 
Macali.ster  and  Testut. 

Pyriformis.  The  most  common  variation  of  this 
muscle  is  its  division  into  two  portions  by  the  great 
sciatic  nerve  or  its  external  popliteal  branch.  It  is 
occasionally  fused  with  the  gluteus  medius  more  or 
less  completcl}-.  It  may  be  connected  with  the  gluteus 
minimus  by  a  few  fibers.  Its  tendon  is  sometimes 
united  with  that  of  the  obturator  internu.s,  or  re- 
ceives the  gemellus  superior.  It  may  have  its  origin 
from  as  many  as  five  sacral  vertebra\  or  as  few  as  one. 
It  frequently  has  no  attachment  to  the  first  sacral 
vertebra.  It  may  be  inserted  into  the  capsule  of  the 
hip-joint.  Its  complete  absence  has  been  noted  by 
several  observers. 

Obturator  Internus.  The  variations  of  this  muscle 
are  unimportant.  It  may  receive  supernumerary 
fasciculi  from  various  parts  in  the  pelvis,  as  the  psoas 
minor  muscle,  ischial  tuberosity,  sacrosciatic  liga- 
ments, third  sacral  vertebra,  pubes,  etc.  .\  pubic 
portion  is  sometimes  separated  by  the  obturator 
nerve. 

Obturator  Extemus.  Wood  has  described  a  large 
fleshy  slip  going  from  the  adductor  brevis  to  join  the 
tendon  of  this  muscle,  and  Maealister  has  noted  a 
separation  of  a  ubic  f:i>;ririilM<  hv  the  obturator 
nerve. 
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Gernelli.  The  superior  gemellus  is  not  infrequently 
absent,  or  very  small  in  size.  The  inferior  gemellus 
has  also  been  observed  absent,  but  more  rarely. 
Doubling  of  the  superior  has  been  noticed;  it  has  also 
been  seen  fused  with  the  pyriformis  and  gluteus 
minimus.  The  gemellus  inferior  and  quadratus 
femoris  are  frequently  inseparably  united  to  the 
obturator  intcrnus. 

Quadratus  Femoris.  This  muscle  may  be  much  re- 
duced in  size,  or  absent  altogether;  in  such  a  case,  the 
inferior  gemellus  is  larger.  It  has  been  described  as 
sometimes  double.  It  may  be  united  above  with  the 
gemellus  inferior,  and  below  with  the  adductor 
magnus. 

Biceps  Flexor  Cruris.  The  two  heads  may  be  quite 
separate,  as  in  the  orang  and  chimpanzee.  The  short 
head  may  be  divided  into  several  fasciculi,  or,  in  rare 
cases,  absent  altogether.  This  latter  arrangement 
is  the  usual  one  in  a  large  number  of  mammals. 
There  is  sometimes  a  third  head,  which  may  arise 
from  the  femur,  from  the  ischial  tuberosity,  coccyx, 
sacrum,  facia  lata,  or  gluteal  fascia.  The  third  head 
generally  joins  the  long  head,  though  when  it  arises 
from  the  linoa  aspera,  or  inner  condyloid  ridge,  it 
joins  the  short  head.  The  third  head  has  been  looked 
upon  as  homologous  with  the  caudal  origin  of  the 
biceps  in  the  lower  animals.  In  rare  cases  a  slip 
(ischiocalcaneus)  has  been  seen  going  from  the  long 
head  to  the  gastrocnemius,  external  tuberosity  of  the 
tibia,  femoral  aponeurosis,  and  even  to  the  tendo 
Achillis.  This  arrangement  is  a  modification  of  that 
seen  in  the  lower  animals,  especially  the  bear. 

I  liave  seen  a  muscular  slip  arising  from  the  biceps 
near  its  insertion  and  inserted  by  a  tendinous  expan- 
sion into  the  fascia  covering  the  lower  third  of  leg. 

Semitendinosus  and  Semimeinbranosus.  These  two 
muscles  may  be  fused  into  one.  The  semimem- 
branosus may  be  absent  altogether.  It  has  been  seen 
double.  Occasionally,  it  derives  its  origin  for  the 
most  part  from  the  great  sacrosciatic  ligament. 

The  semitendinosus  may  have  a  supernumerary 
origin  from  the  coccyx,  and  sometimes  gives  off  a 
muscular  slip  about  its  middle,  which  is  inserted  into 
the  fascia  of  the  leg.  This  arrangement  is  normal 
in  some  of  the  lower  animals. 

Psoas  Magnus.  Varies  somewhat  in  volume,  ac- 
cording as  its  origin  is  more  or  less  extensive.  It 
occasionally  forms  a  muscle  quite  distinct  from  the 
iliacus.  It  may  be  divided  into  two  portions,  be- 
tween which  passes  the  anterior  crural  nerve.  This 
is  merely  an  exaggeration  of  the  normal  condition. 
An  accessory  p.soas  is  sometimes  seen  arising  from  the 
transverse  processes  of  some  of  the  lumbar  vertebrre. 
The  writer,  in  a  male  subject,  saw  this  acce.ssory  psoas 
of  considerable  size;  it  arose  from  the  transverse 
process  of  the  fourth  lumbar,  and  as  it  descended 
widened  out  into  a  broad  muscle,  which  joined  the 
magnus  in  the  middle  of  the  iliac  fossa. 

Psoas  Parvus.  Frequently  absent  and  occasionally 
fused  with  the  magnus.  It  usually  arises  from  the 
bodies  of  the  last  dorsal  and  first  lumbar  vertebra^, 
and  soon  becomes  tendinous;  it  then  passes  down  to 
the  inner  side  of  the  magnus,  and  ends  by  being  in- 
serted into  the  iliopectineal  line  and  pectineal  emi- 
nence. It  has  been  noted  as  having  an  insertion  into 
the  lesser  trochanter,  as  in  the  seal,  guine.a-pig,  etc. 

Although  inconstant  in  man,  it  is  a  large,  well-de- 
veloped, and  constant  muscle  in  the  lower  animals. 
Gruber  in  4.50  subjects  found  absence  of  this  muscle  on 
both  sides  in  183,  and  on  one  side  in  69;  Perrin  in 
112  subjects  found  it  present  in  only  32;  Theile  founfl 
it  in  only  1  out  of  20  subjects  examined,  and  Testut,  6 
out  of  32.     It  is  occasionally  double. 

Jliacus.  May  be  divided  into  several  distinct  por- 
tions. The  deep  portion  is  not  infrequently  sepa- 
rated from  the  superficial  by  a  well-marked  cellular 
interval,  and  thus  constitutes  a  separate  muscle. 

Superficial  Iliacus.     Sometimes  seen  arising  from 
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the  crest  of  the  ilium,  last  lumbar  vertebra,  or  upper 
border  of  the  sacrum.  In  one  subject,  the  writer  saw 
this  muscle  on  both  sides:  on  the  right  side  it  was  a 
broad,  flat  muscle,  arising  from  the  posterior  third  of 
the  crest  of  the  ilium,  and  on  the  left  a  fusiform  muscle, 
which  arose  from  the  body  of  tlie  last  lumbar  vertebra 
and  upper  border  of  the  sacrum.  Both  muscles  ended 
in  strong  tendons,  which  were  pierced  by  the  anterior 
crural  nerve,  and  joined  the  iliacus  below  Poupart's 
ligament. 

1  liocapsularis  vel  Iliacus  Minor.  Arises  from  the 
anterior  inferior  spine  of  the  ilium  and  capsule  of  the 
hip-joint;  it  may  be  inserted  into  the  lower  part  of 
the  anterior  intertrochanteric  line,  lesser  trochanter, 
or  iliofemoral  ligament.  In  one  subject  the  writer 
saw  a  well-marked  bursa  separating  it  from  the  iliacus. 

Sartorius.  A  case  of  absence  of  this  muscle  has  been 
reported  by  Meckel.  It  is  occasionally  double  in  its 
whole  course.  An  accessory  portion  has  been  seen 
having  an  insertion  into  the  femur,  patella,  or  tendon 
of  the  normal  muscle. 

The  sartorius,  in  addition  to  its  tibial  attachment, 
may  have  an  insertion  into  the  femoral  aponeurosis, 
the  capsule  of  the  knee-joint,  or  the  femur  itself  in 
the  neighborhood  of  the  internal  condyle.  All  these 
various  insertions  are  seen  normally  in  mammalia. 
.\  tendinous  inscription  in  rare  cases  is  seen  in  this 
muscle.  The  writer  has  only  once  met  with  this 
anomaly. 

Quadriceps  Extensor  Cruris.  Not  subject  to  many 
variations.  Occasionally  the  acetabular  origin  of  the 
rectus  is  wanting,  or  it  may  be  reinforced  by  an  addi- 
tional origin  from  the  anterior  superior  spine.  The 
vasli  muscles  may  be  divided  into  two  portions,  super- 
ficial and  deep;  this  bilaminar  arrangement  is  the 
normal  one  in  many  birds.  The  two  vasti  muscles 
are  often  closely  united. 

The  Subcrureus  is  a  muscle  which  is  very  variable 
in  volume.  It  is  often  divided  into  two  or  more 
separate  muscular  bundles. 

Accessory  Head  to  Quadriceps.  The  writer  once 
saw,  on  the  left  side  of  a  male  subject,  a  super- 
numerary muscle  which  arose  by  a  double  tendinous 
origin  from  the  anterior  portion  of  the  capsule  of  the 
hip-joint  and  the  anterior  border  of  the  great  tro- 
chanter. The  two  tendons  soon  united  to  form  one 
strong  tendon,  which  passes  down  the  thigh  between 
the  iliacus  and  tensor  fasciae,  lying  on  the  vastus  ex- 
ternus;  about  the  middle  of  the  thigh  it  developed  into 
a  strong  muscular  belly  three  inches  long.  After 
passing  beneath  the  rectus  it  joined  the  common 
tendon  of  the  cjuadriceps. 

Gracilis.  The  variations  are  unimportant  and  con- 
sist chiefly  of  a  greater  or  less  extent  of  origin  and 
insertion.     An  accessory  head  is  sometimes  seen. 

Pectineus.  May  be  occasionally  divided  into  two 
portions,  as  in  some  of  the  lower  animals,  each  por- 
tion supplied  by  a  different  nerve — the  inner  by  the 
obturator,  and  the  outer  by  the  anterior  crural.  In 
one  case  the  writer  saw  it  divided  into  a  superficial 
and  a  deep  portion;  the  superficial  arose  from  the 
pectineal  line,  two  inches  outside  the  pubic  spine,  and 
was  inserted  into  the  linea  aspera,  with  the  adductor 
magnus.     The  deep  portion  was  the  normal  muscle. 

The  pectineus  is  not  infreciuently  united  with  the 
adductor  longus;  this  occurs  normally  among  the 
Rodentia,  Carnivora,  and  Quadrumana.  It  may  be 
sometimes  inserted  into  the  capsule  of  the  hip-joint. 

Adductor  Longus.  May  be  divided  into  two  por- 
tions by  the  passage  of  blood-vessels.  It  is  often 
inserted  low  down  on  the  femur,  and  its  tendon  is 
inseparable  from  the  magnus.  It  is  sometimes  fused 
with  the  pectineus. 

Adductor  Brevis.  Occasionally  divided  into  two  or 
three  portions — may  be  continuous  with  the  magnus. 
It  has  been  reported  as  united  to  the  tendon  of  the 
obturator  externus. 

Adductor  Magnus.     The  upper  part  of  this  muscle 
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i^  so  often  separated  from  the  main  portion  that 
Jlenle,  Macalister,  and  other  anatomists  describe  it 
under  the  name  adductor  minimus  or  quadralus.  Its 
upper  border  is  occasionally  completely  united  with 
the  quadratus  femoris.  The  different  parts  of  the 
muscle  are  not  infrequently  separated;  the  portion 
inserted  into  the  internal  condyle  is  frequently  quite 
distinct  {ischiocondyloid). 

Tibialis  Anticus.  This  muscle  has  been  seen  aris- 
ing from  the  femur,  as  occurs  so  generally  in  the 
higher  mammals.  In  the  case  reported  the  leg  was 
congenitally  deformed.  The  tendon  is  occasionally 
double,  the  extra  tendon  being  inserted  into  the  as- 
tragalus or  base  of  the  first  metatarsal,  as  in  apes. 
The  tendon  has  been  seen  divided  into  three  portions, 
and  occasionally  a  sesamoid  bone  is  formed  in  it. 

I  have  seen  a  muscular  slip  from  the  tibialis  anticus 
end  in  a  tendon  which  was  inserted  into  the  pniximal 
plialanx  of  the  fourth  toe.  I  have  also  seen  this  slip 
inserted  into  the  first  phalanx  of  the  great  toe. 

Tihiofascialis  Anticus.  A  small  muscle  described 
by  Wood,  Macalister,  and  Humphrj-,  which  arises 
from  the  lower  third  of  the  anterior  edge  of  the  tibia, 
over  the  tibialis  anticus,  and  is  inserted  into  the 
annular  ligament  and  deep  fascia.  It  is  sometimes 
represented  by  a  tendinous  slip  from  the  tibialis 
anticus,  which  is  inserted  into  the  fascia  of  the  dorsum 
of  the  foot.  Gruber  describes  a  tibioaslragalus 
anticus  ari.sing  from  the  tibia  and  interosseous  liga- 
ment behind  the  tibialis  anticus,  and  inserted  in  the 
neck  of  the  astragalus. 

Extensor  Proprius  Hallucis.  Is  occasionally  united 
with  the  extensor  communis  digitorum,  or  short 
extensor  of  the  toes.  The  muscle  or  its  tendons  may 
be  double,  and  have  a  supernumerary  insertion  into 
the  metatarsal  bone  or  fir.«-t  phalanx  of  great  toe. 
It  is  sometimes  inserted  into  the  second  toe.  Its 
tendon  may  be  divided  into  three  portions  (extensor 
hallucis  longus  tricaudatus). 

Extensor  Ossis  Metatarsi  Hallucis  is  a  small  muscle 
arising  from  the  extensor  hallucis,  tibialis  anticus, 
extensor  communis  digitorum,  or  as  a  separate  muscle 
close  to  the  extensor  hallucis,  going  through  the  same 
compartment  in  the  annular  ligament  as  the  hallucis; 
it  is  inserted  into  the  metatarsal  bone  of  the  great 
toe. 

Extensor  Primi  Inlernodii  Hallucis.  In  one-half 
the  subjects  examined  Professor  Wood  found  this 
muscle;  it  is  generally  an  offshoot  from  the  extensor 
hallucis,  but  sometimes  arises  separately. 

Extensor  Longus  Digitorum  Pedis.  A'aries  consid- 
erably in  the  mode  of  origin  and  the  arrangement  of 
its  tendons.  The  number  of  tendons  may  be  increased 
by  the  doubling  of  any  one.  It  is  not  uncommon  for 
the  tendon  going  to  one  toe  to  give  slips  to  adjacent 
toes.  It  may  have  an  additional  insertion  into  the 
metatarsus.  Occasionally  a  supernumerary  tendon 
is  seen  going  to  the  great  toe.  The  tendons  may  be 
united  on  the  dorsum  by  slips,  as  in  the  hand.  It 
may  be  united  to  a  greater  or  less  extent  with  the 
extensor  proprius  hallucis,  or  extensor  brevis  digi- 
torum. Each  of  the  tendons  may  have  a  separate 
muscular  belh'  in  connection  with  it.  Wood  reports 
a  case  in  which  the  four  tendons  had  each  a  separate 
muscular  belly.  All  these  abnormal  arrangements 
have  their  corresponding  normal  conditions  in  the 
lower  animals. 

Pcroneus  Tertius.  Sometimes  of  large  size,  and 
occasionally  inserted  entirely  into  the  fourth  meta- 
tarsal bone.  Its  tendon  may  unite  with  that  of  the 
extensor  going  to  the  fourth  or  fifth  toe,  or  it  may  unite 
with  the  fourth  dorsal  interosseous.  The  muscle 
may  be  absent  altogether  or  be  double. 

Peroneus  Longus.  Occasionally  fused  with  the 
brevis.  In  one  case  it  has  been  noted  as  arising 
from  the  femur,  as  in  many  lower  animals,  e.g. 
the  bear,  hyena,  etc.  It  may  "have  a  supernumerary 
insertion  into  one  of  the  metatarsal  or    cuneiform 


bones,  as  occurs  in  some  animals.  The  tendon  some- 
times gives  origin  to  the  flexor  brevis  minimi  digiti 
and  outermost  plantar  interosseous  (Wood). 

Peroneus  Accessorius.  This  is  a  small  muscle 
which  arises  from  the  fibula  between  the  peroneus 
longus  and  peroneus  brevis,  and  ends  in  a  tendon 
which  joins  the  long  peroneal. 

Peroiieus  Brevis.  The  tendon  of  this  muscle  is 
occasionally  divided  into  two  portions,  the  super- 
numerary one  going  to  the  fourth  metatarsal  or  cuboid 
bone,  or  to  the  proximal  phalanx  of  the  fifth  toe,  join- 
ing the  extensor  tendon  of  that  toe.  It  may  also  be 
inserted  into  the  abductor  minimi  digiti. 

Peroneus  Quinli  Digiti.  It  arises  from  the  fibula 
beneath  the  peroneus  brevis,  and  is  inserted  into  the 
extensor  aponeurosis  of  the  little  toe.  It  is  seldom 
seen  as  a  distinct  muscle,  being  generally  united  with 
the  peroneus  brevis.  It  is  seen  normally  in  some 
animals,  as  the  bear  and  the  eat. 

Peroneus  Quarlus.  A  muscle  which  is  not  infre- 
quently seen  arising  from  the  back  of  the  fibula,  be- 
tween the  peroneus  brevis  and  flexor  hallucis,  or 
from  the  fascia  of  the  deep  muscles  of  the  calf;  it  is 
inserted  into  the  external  malleolus,  peroneal  tubercle 
of  the  OS  calcis,  or  the  ridges  of  the  cuboid  groove. 
This  is  looked  upon  by  Testut  as  a  variety  of  the 
peroneus  (juinti  digiti. 

In  a  male  subject  the  writer  saw,  on  both  sides,  the 
peroneus  longus  divided  into  two  portions;  the  outer 
and  larger  passed  down  in  the  usual  course  of  the 
long  muscle,  but  the  inner  and  smaller  portion,  which 
arose  principally  from  the  intermuscular  septum, 
ended  in  a  tendon  which  pas.sed  through  the  same 
compartment  in  the  annular  ligament  as  the  outer 
portion,  and  immediately  before  it  reached  the 
peroneal  tubercle  it  divided  into  two  parts,  one  of 
which  spread  out  and  was  inserted  into  the  tubercle; 
the  other  crossed  over  the  tendon  of  the  pcroneus 
brevis  and  was  lost  in  the  fascia  covering  the  dorsum 
of  the  foot;  between  these  two  tendons  pa.ssed  the 
tendon  of  the  peroneus  brevis.  This  was  probably  a 
variety  of  the  peroneus  quinti  digiti  and  peroneus 
quartus  muscles. 

Extensor  Brevis  Digitorum.  The  number  and 
arrangement  of  the  tendons  vary  considerably. 
Very  frequently  one  or  more  of  the  tendons  are 
doubled.  A  slip  not  infrequently  goes  to  the  little 
toe.  The  number  of  tendons  may  be  reduced  to  two; 
occasionally  a  single  tendon  may  have  two  muscular 
heads  in  connection  with  it.  The  innermost  portion 
going  to  the  great  toe  is  often  separated  from  the  rest 
of  the  muscles,  and  is  called  the  extensor  brcris  hallucis. 
Wood  describes  cases  in  which  slips  from  the  tendons 
of  the  extensor  brevis  joined  the  dorsal  interosseous. 
There  may  be  a  special  slip  going  to  the  second  meta- 
tarsal bone  or  long  extensor  tendon  of  the  second  to  . 
This  would  be  the  homologue  of  the  extensor  indicis 
of  the  hand. 

Gastrocnemius.  The  two  bellies  are  sometimes  more 
or  less  completely  separated  from  each  other,  as  in 
the  marmot,  unaii,  coati,  etc.  The  most  common 
anomaly  is  the  existence  of  a  third  head  (.fee  Fig. 
49:J()).  This  consists  of  a  band  of  muscular  fibers, 
which  may  arise  from  either  condyloid  ridge,  the 
j)oplit.eal  surface  of  the  femur,  or  the  posterior  liga- 
ment of  the  knee-joint;  passing  down,  it  most  fre- 
quently joins  on  the  united  muscle.  This  third  head 
may  pass  between  the  popliteal  artery  and  vein,  or 
over  both  vessels  and  ner\-es.  It  is  sometimes  divided 
into  two  portions. 

The  writer  has  seen  a  third  he.-id  arising  from  the 
inner  side  of  the  tendon  of  the  biceps  femoris,  about 
three  inches  above  the  condyles.  It  passed  down, 
and  joined  the  external  head  about  one  inch  above  its 
junction  with  the  internal  one.  This  is  the  normal 
arrangement  in  the  lion  and  some  other  animals. 

A  slip  may  be  given  off  from  the  biceps,  semi- 
tendinosus,  or  adductor  magnus  to  the  gastrocnemius. 
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The  writer,  in  one  female  subject,  saw  complete 
absence  of  the  external  head.  On  removing  the  skin 
and  fat,  the  first  structure  which  came  into  view  was 
the  plantaris  muscle.  Absence 
of  the  whole  muscle  has  been 
observed. 

Occasionally  a  sesamoid  bone 
is  developed  in  the  tendon  of 
the  external  head.  A  similar 
arrangement  exists  in  many 
animals. 

Soleus.  An  accessory  soleus 
is  occasionally  seen  which  arises 
from  the  oblique  line  of  the 
tibia  and  joins  the  inner  side  of 
the  soleus;  it  covers  the  pos- 
terior tibial  artery,  and  is  often 
of  large  size. 

The  soleus  has  been  observed 
of  very  small  size,  the  fibular 
portion  alone  existing. 

It  is  sometimes  inserted  into 
the  OS  calcis  separately  from  the 
gastrocnemius,  an  arrangement 
which  is  common  in  many 
animals.  A  muscular  slip  going 
from  the  tibia  to  the  tendinous 
arch  over  the  popliteal  vessels 
has  been  occasionally  seen. 

Plantaris.  The  plantaris, 
which  is  rudimentary  in  man 
and  gradually  disappearing,  is 
of  large  size  in  some  animals, 
and  in  them  is  continuous  with 
the  plantar  fascia  or  flexor 
brevis  digitorum.  In  man  it  is 
frequently  absent.  It  some- 
times arises  by  two  heads,  the 
supernumerary  one  coming  from  the  posterior  liga- 
ment of  the  knee-joint  or  from  one  of  the  condyles. 
The  writer  has  seen  this  supernumerary  head  arise 
from  the  outer  head  of  the  gastrocnemius  and  the 
middle  of  the  outer  surface  of  the  soleus  by  a  tendinous 
origin . 

The  plantaris  has  been  seen  to  arise  from  the  popli- 
teal fascia  and  fibula.  The  writer  on  one  occasion 
saw  it  arise  solely  from  the 
posterior  ligament  of  the 
knee-joint.  The  mode  of 
its  insertion  varies,  its  ten- 
don sometimes  joins  the 
tendo  Achillis  or  internal 
annular  ligament,  or  ends 
in  the  deep  fascia  of  the  leg. 
It  may  send  a  slip  to  the 
plantar  fascia  {tensor  fascice 
plantaris).  Its  tendon  may 
be  enclosed  in  the  lower 
part  of  the  tendo  Achillis. 

Poplileus.  A  sesamoid 
bone  is  sometimes  devel- 
oped in  its  tendon  of  origin. 
The  muscle  in  rare  cases  is 
absent  altogether. 

Popliteus  Minor.  Is  a 
small  muscle,  rarely  seen, 
which  arises  from  the  femur 
internal  to  the  pLantaris  and 
is  inserted  into  the  posterior 
ligament  of  the  knee-joint. 
Wagstaffe  has  described  an 
accessory  popliteus  which  arose  from  a  sesamoid  bone 
developed  in  the  external  head  of  the  gastrocnemius, 
and  was  inserted  into  the  oblique  line  of  the  tibia 
superficial  to  the  normal  muscle  (see  Fig.  4931). 

Peroneotibialis.  This  is  a  muscle  described  by 
Gruber,  who  met  with  it  in  one  in  seven  subjects.  It 
arises  from  the  inner  side  of  the  head  of  the  fibula,  and 
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Fig.  4931  — AP.  Accessory 
popliteus  arising  from  a  sesa- 
moid bone  (.S);  P,  normal 
popliteus.     (Wagstaffe.) 


is  inserted  into  the  upper  end  of  the  oblique  line  of  the 
tibia.  It  is  placed  beneath  the  popliteus,  and  is 
looked  upon  as  the  homologue  of  the  pronator  teres 
in  the  arm.  It  is  seen  in  many  of  the  lower  animals. 
Flexor  Longus  Digitorum  Pedis.  This  muscle  varies 
somewhat  as  to  its  origin.  It  frequently  receives 
extra  slips  of  origin  from  the  deep  fascia  and  aponeu- 
rosis of  the  leg,  the  tibia,  fibula  or  flexor  hallueis. 
The  writer  has  several  times  seen  muscular  fibers 
originating  extensively  from  the  deep  aponeurosis 
and  flexor  hallueis,  and  crossing  the  tibialis  posticus 
to  reach  the  flexor  digitorum.  In  some  cases  the 
tibialis  posticus  was  completely  hidden  from  view  by 
muscular  fibers.  A  similar  arrangement  is  seen  in  a 
great  many  of  the  apes.  The  tendon  going  to  the 
second  toe  is  sometimes  absent;  in  these  cases  the 
second  toe  receives  a  slip  from  the  flexor  hallueis. 

Flexor  Accessorius  Longus  Digitorxim  Pedis.  This 
muscle  and  its  varieties  have  been  described  under 
various  names,  as  tibioacessorius,  accessorius  ad 
accessorium  (Turner);  peroneocalcaneus  internus  (Mac- 
alister);  pronator  pedis  (Humphry).  It  may  arise 
from  the  tibia  or  fibula  by  a  fleshy  belly  and  in  a 
well-marked  tendon,  which  passes  through  a  separate 
compartment  in  the  annular  ligament,  either  in  front 
of  or  behind  the  flexor  hallueis,  and  finally  ending  by 
joining  the  flexor  accessorius  or  the  tendon  of  the  long 
flexor  before  it  divides.  It  has  been  seen  to  replace 
the  proper  accessorius.  In  its  course  down  to  the  foot, 
its  fleshy  fibers  generally  cover  over  the  posterior 
tibial  vessels  and  nerves.  When  it  arises  from  the 
fibula  and  is  inserted  into  the  tubercle  of  the  os  calcis, 
it  is  called  the  peroneocalcaneus  internus,  and  is  looked 
upon  as  the  homologue  of  the  pronator  quadratus  of 
the  foreram.  The  writer  has  several  times  seen  this 
muscle  arising  from  the  tibia,  and  only  once  from  the 
fibula.  In  one  case  it  arose  by  two  fleshy  heads, 
one  from  the  flexor  hallueis,  and  the  other  for  two 
inches  from  the  inner  border  of  the  tibia  immediately 
below  the  soleus;  the  two  heads  united  to  form  a  single 
belly  which,  after  covering  the  posterior  tibial  vessels, 
ended  in  a  tendon.  This  tendon  passed  beneath  the 
annular  ligament  posterior  to  the  vessels,  and  in  the 
sole  of  the  foot  joined  the  tendon  of  the  long  flexor; 
the  normal  accessorius  was  inserted  into  this  tendon 
instead  of  into  that  of  the  flexor. 

A  flexor  proprius  digiti  secundi,  arising  from  the 
tibia  and  going  to  the  second  toe,  has  been  described 
by  Bahnsen. 

Flexor  Accessorius.  The  outer  head  is  not  infre- 
quently absent.  The  muscle  is  sometimes  much 
reduced  in  size  and  may  even  be  absent.  Its  acces- 
sory long  head  has  already  been  described  under  the 
name  flexor  accessorius  longus  digitorum  pedis. 

The  number  of  digital  tendons  to  which  this  muscle 
can  be  traced  varies  considerably.  Offsets  may  be 
sent  to  the  second,  third,  and  fourth  toes,  and  some- 
times to  the  fifth.  In  rare  cases  it  can  be  traced  to 
only  two  tendons.  The  muscle  has  been  observed 
going  to  the  flexor  hallueis  tendon  instead  of  the  digi- 
torum. It  sometimes  gives  off  a  slip  to  the  fifth  toe 
(as  in  monkeys),  when  the  slip  to  that  toe  from  the 
brevis  digitorum  is  absent. 

Lumbricales.  Absence  of  one  or  more  of  these 
muscles  occasionally  occurs.  The  writer  once  saw, 
on  both  sides  of  the  same  subject,  the  two  outer  ones 
absent.  Two  are  sometimes  seen  going  to  one  toe. 
The  tendons  are  frequently  inserted  into  the  first 
phalanges  of  the  toes. 

Flexor  Hallueis  Longus.  Seldom  varies.  The  ten- 
dons of  the  digitorum  longus  and  hallueis  are  seldom 
completely  separated;  they  are  generally  united  by  a 
slip  from  the  hallueis  to  the  digitorum,  and  sometimes 
by  one  from  the  digitorum  to  the  hallueis.  The  slip 
from  the  hallueis  may  generally  be  traced  to  the 
second  or  third  toes,  sometimes  to  all,  and  sometimes 
to  the  second  only.  In  a  subject  dissected  in  1879 
'  by  the  writer,  the  tendon  of  this  muscle  divided  into 
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three  tendons,  which  went  to  the  great,  second,  and 
third  toes.  The  longus  digitorum  divided  into  four 
tendons  as  usual;  but  those  going  to  the  second  and 
third  toes  were  of  small  size,  and  joined  the  ones  from 
the  hallucis.  The  lumbrical  muscles  were  in  connec- 
tion with  the  digitorum  tendons.  In  this  case  there 
was  no  connection  between  the  tendons  of  the  muscles 
before  division.  A  slip  may  be  given  off  from  the 
flexor  hallucis  in  the  leg,  and  after  passing  under  the 
annular  ligament,  may  join  the  accessorius.  This  is  a 
variety  of  the  muscle  described  above — flexor  ac- 
cesisorius  longus  digitorum  pedis.  In  rare  cases  the 
tendons  of  the  two  long  flexors  are  fused  into  one,  as  is 
seen  in  the  lower  animals.  The  writer  once  saw  a 
sesamoid  bone  developed  in  the  tendon  of  this  muscle 
as  it  passed  over  the  astragalus  and  os  calcis. 

Tibialis  Posticus.  Very  seldom  varies.  Is  occa- 
sionally blended  more  or  less  intimately  with  the  flexor 
hallucis.  A  sesamoid  bone  is  frequently  develojied 
in  its  tendon.  It  has  been  described  as  being  inserted 
into  the  peroneus  longus  tendon,  second,  third,  and 
fourth  metatarsal  bones,  and  cuboid.  Wood  has 
seen  it  combine  with  the  flexor  brevis  hallucis  muscles. 
It  has  been  reported  absent  by  Budge. 

Tibialis  Secundus.  This  is  a  muscle  described  by 
Bahnsen,  Henle,  and  Linhart.  Henle  calls  it  the 
tensor  of  the  capsule  of  the  ankle-joint.  It  arises 
from  the  back  of  the  tibia  below  the  flexor  digitorum 
longus,  and  is  inserted  into  the  posterior  part  of  the 
capsule  of  the  ankle-joint  or  annular  ligament.  A 
shnilar  muscle  has  been  described  as  being  inserted 
into  the  anterior  part  of  the  capsule  of  the  ankle- 
joint. 

Flexor  Brevis  Digitorum.  The  slip  going  to  the 
fifth  toe,  which  is  usually  of  small  size,  and  very  often 
not  perforated  by  the  deep  flexor,  is  sometimes 
absent  altogether.  Five  tendons  have  been  observed, 
two  going  to  the  second  toe.  The  slip  to  the  little 
toe,  when  absent,  is  occasionally  replaced  by  a  small 
muscle  arising  from  the  outer  side  of  the  long  flexor 
tendon  or  flexor  accessorius.  This  arrangement  is 
seen  in  many  of  the  apes. 

The  tendons  of  the  short  flexor  may  be  united  to 
those  of  the  long  flexor,  and  have  a  common  inser- 
tion. Some  portion  of  the  short  flexor  may  arise 
from  the  long  flexor  tendon.  The  writer,  a  few  years 
ago,  saw  a  very  good  example  of  this,  an  arrang  ment 
wliich  is  like  that  which  exists  in  apes.  The  muscle 
consisted  of  two  portions,  superficial  and  deep;  the 
superficial  arose  from  the  inner  tuberositv  of  the  os 
calcis,  and  divided  into  two  tendons  which  went  to 
the  second  and  third  toes;  the  deep  portion,  however, 
arose  by  a  fleshy  origin  from  the  deep  flexor  tendon 
before  it  was  joined  by  the  accessorius;  its  tendons 
were  distributed  to  the  fourth  and  fifth  toes. 

Wood  mentions  a  case  in  which  the  slip  to  the  fifth 
toe  was  augmented  by  another  from  the  long  flexor 
tendon;  they  formed  a  single  tendon,  which  was  not 
perforated  but  blended  with  the  tendon  of  the  long 
flexor  going  to  that  toe. 

Abductor  Hallucis.  Its  tendon  is  sometimes  joined 
by  a  muscular  slip  which  comes  from  the  skin  in  front 
of  the  inner  ankle.  Wood  describes  a  muscular  slip 
from  the  abductor  to  the  base  of  the  first  phalanx  of 
the  second  toe. 

Abductor  Minimi  Digiti.  The  tenflon  is  sometimes 
double. 

Abdurtnr  Ossis  Metatarsi  Quinti.  A  portion  of  the 
above  has  been  described,  by  Wood  and  Bradley,  as  a 
separate  muscle  arising  from  the  outer  tubercle  of  tlie 
OS  calcis,  and  inserted  into  the  base  of  the  fifth  meta- 
tarsal bone;  it  occurs  in  about  every  other  subject. 
Most  anatomists  look  upon  this  as  merely  an  insertion 
of  the  abductor  minimi  digiti,  which  fails  to  exist  in 
about  half  the  subjects  examined.  Occasionally  it 
exists . as  quite  a  separate  muscle  (see  Fig.  4932), 
having  an  extensive  origin  from  under  the  surface  of 
the  OS  calcis.     The  interest  attaching  to  this  muscle 


lies  in  the  fact  that  it  is  the  true  homologue  of  a  muscle 
always  present  in  the  anthropoid  apes. 

Flexor  Brevis  Hallucis.  A  slip  may  be  sent  to  the 
base  of  the  first  phalanx  of  the  second  toe  (Wood). 
It  sometimes  receives  fibres  of  origin  from  the  os  calci.* 
or  long  plantar  ligament.  Occasionally  it  fails  to  be 
attached  to  the  cuboid. 

Adductor  Hallucis.  Occasionally  a  slip  is  seen 
going  to  the  base  of  the  first  phalanx  of  the  second 
toe;  this  may  arise  from  the  second  metatarsal  bone, 
or  sheath  of  the  tendon  of  the  peroneus  longus.  Henle 
tliinks  it  represents  the  iriterosseus  volarUs  primus  of 
the  hand. 

Opponens  Hallucis  (Macallster).  Given  off  from 
the  preceding  muscle  and  inserted  into  the  base  of  the 
metatarsal  bone  of  the  great  toe,  as  in  apes. 

Adductor  Indicis.  The  writer  once  saw  a  large 
muscle  arise  from  the  cuboid  and  sheath  of  the 
peroneus  longus  tendon,  outside  the  adductor  hallucis, 
and  go  to  be  inserted  into  the  base  of  the  first  phalanx 
of  the  second  toe.  This,  no  doubt,  is  the  homologue 
of  the  adductor  indicis  of  quadrumana  and  other 
animals,  as  the  sloth,  elephant,  etc. 

Transversus  Pedis.  The  slip  from  the  fifth  toe  is 
often  wanting,  and  others  may  also  be  absent.  The 
whole  muscle  is  occasionally  absent. 

Superficial  Transcersus  Pedis.  In  1879  the  writer 
saw,  in  the  right  foot  of  a  male  subject,  immediately 
beneath  the  skin,  a  muscle 
which  arose  from  the  bases 
of  the  first  phalanges  of  the 
second,  third,  and  fifth 
toes,  and  was  inserted  into 
the  base  of  the  first  pha- 
lanx of  the  great  toe; 
deeper  down  the  normal 
transversus  pedis  existed 
and  was  of  the  usual  size. 

Flexor  Brevis  Minimi 
Digiti.  A  slip  of  muscle 
is  very  frequently  seen 
given  off  from  the  inner 
border  of  this  muscle,  and 
inserted  separately  into 
the  anterior  luilf  of  the 
lateral  border  of  the  fifth 
metatarsal  bone.  In  some 
cases  it  is  almost  a  dis- 
tinct muscle.  Henle  calls 
it  the  opponens  minimi  dig- 
iti, and  looks  upon  it  as  ,  F'«,  ■'932.— .i(?,  Eiamplc  of 
the  normal  arrangement.  "";  "bductor  oss.s  mctaiar.. 
,,    .  ,,     ,         ,  J  •      ..         quinti    anting    from    os   calcis. 

It  IS  well  developed  m  the    (Bradley  ) 
orang-outang. 

Interosseous.  Seldom  abnormal.  May  vary  some- 
times in  size,  according  to  the  size  and  use  of  corre- 
sponding digit  (Wood).  A  slip  is  occasionally  seen 
arising  from  the  base  of  the  second  metatarsal  bone 
and  sheath  of  the  peroneus  longus.  and  inserted  into 
the  base  of  the  first  phalanx  of  the  second  toe.  Henle 
regards  this  as  the  homologue  of  the  intcrosseus  volaris 
primus  of  the  hand. 

MusscLES  OF  THE  Trunk. — Reclus  Capitis  Posticus 
Minor.  The  writer  has  once  seen  this  muscle  absent 
on  the  right  side.     The  left  was  of  large  size. 

Scrratus  Posticus  Inferior.  Macalister  has  observed 
absence  of  this  muscle.  It  m.iy  consist  of  only  three 
slips,  or  in  rare  cases  there  may  be  as  many  as  five  or 
six  from  the  first  to  the  sixth  rib.  Slips  mav 
be  received  from  the  levator  anguli  scapula?.  1 
have,  in  two  cases,  seen  a  well-developed  muscular 
slip  arising  from  the  mastoid  process,  beneath  the 
sternomastoid,  and  inserted  into  the  upper  border 
of  the  serratus  posticus  superior.  Once  I  noted  a 
slip  passing  from  the  fifth  cervical  transverse  process 
to  this  muscle. 

Serratus  Posticus  Superior.     In  rare  cases  the  whole 
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muscle  has  been  absent.  Absence  of  one  or  more 
(limitations  is  not  infrequent.  It  is  occasionally  of 
larger  size  tlian  normal.  The  writer  once  saw  it 
arise  from  the  four  lower  dorsal  spines,  and  two  upper 
lumbar,  and  go  to  be  inserted  into  the  five  lower  ribs. 

Splenius.  The  extent  of  origin  of  the  splenius 
varies.  It  not  iiifreciuently  reaches  as  high  as  the 
middle  of  the  ligamentum"  nuehte;  it  may  even  be 
attached  to  the  occipital  protuberance  (as  in  the  bear). 
In  one  subject,  on  both  sides,  the  writer  saw  the 
splcnii  attaclied  to  the  whole  length  of  the  ligamcntum 
nucha;,  the  occipital  protuberance,  the  superior  curved 
line  of  the  occipital  bone,  and  the  mastoid  process. 
The  two  muscles  presented  the  appearance  of  an 
inverted  triangle. 

The  splenius  colli  may  have  a  slip  of  attachment 
to  the  third  cervical  transverse  process.  The  writer 
has  seen  it  send  slips  to  the  second  and  third  cervical, 
and  in  one  case  to  the  eerviealis  ascendens.  The 
splenius  capitis  may  be  quite  distinct  from  the  splenius 
colli,  or  these  two  portions  may  be  fused  together. 
The  colli  portion  has  been  reported  absent. 

Rhomboatloid  (Macalister).  Splenius  accessorius, 
adjutor  spleuii  (Walther).  This  muscle  has  already 
been  described  with  the  rhomboid.  It  is  a  muscular 
slip  going  from  the  transverse  process  of  the  atlas 
to  the  serratus  magnus,  rhomboid  or  serratus  posticus 
superior,  and  is  looked  on  by  Wood  as  indicating  the 
first  degree  of  differentiation  in  man  toward  the  for- 
mation of  the  occipitoscapular  muscle  of  the  lower 
animals. 

Ligamenlum  Nxichoe  Replaced  by  Muscle.  The 
writer,  in  one  case,  saw  the  upper  part  of  this  ligament 
replaced  by  strong  muscular  fibers,  which  were  at- 
tached to  the  external  occipital  protuberance,  the 
whole  length  of  the  occipital  crest,  and  the  posterior 
tubercle  of  the  atlas  and  axis.  The  external  border 
of  this  muscle  consisted  of  a  thick,  round  tendon, 
continuous  below  with  the  ligamentum  nuchae,  which 
was  normal  from  the  spine  of  the  third  cervical 
vertebra. 

Sacrolumhalis,  The  inferior  and  superior  accessory 
origins  of  the  sacrolumbalis  are  infrequently  absent. 
The  eerviealis  ascendens  may  arise  as  low  as  the  tenth 
rib,  and   be  inserted  as  high  as  the  third  cervical. 

Spinalis  Cervicis.  This  is  described  by  Henle  as  a 
normal  muscle.  It  is  very  inconstant,  and  arises 
from  the  spines  of  the  fifth,  sixth,  and  seventh  cervical 
and  upper  two  dorsal  vertebrte,  and  is  inserted  into 
the  spine  of  the  axis,  and  sometimes  the  spines  of  the 
third  and  fourth  cervical  vertebra;. 

Extensor  Coccygis  (sacrococcygeus  posticus).  This 
is  the  name  given  to  some  slender  muscular  fibers 
occasionally  seen  going  from  the  lower  end  of  the 
sacrum  or  the  posterior  inferior  iliac  spine  to  the 
coccyx.  It  is  the  homologue  of  the  great  caudal  ex- 
tensor of  the  lower  animals. 

Longissimus  Dorsi.  May  vary  somewhat  as  to  the 
number  and  extent  of  its  attachments.  The  writer 
once  saw  it  receive  accessory  fibers  from  the  spines  of 
third,  fourtli,  fifth,  and  sixth  dorsal  vertebrte. 

Spinalis  Dorsi.  The  number  of  tendons  of  inser- 
tion may  be  reduced  to  three;  one  spine  may  receive 
two  tendons. 

Complexus.  The  biventer  cervicis  may  be  com- 
pletely fused  with  this  muscle.  It  may  be  fused  with 
the  trachelomastoid  or  longissimus  dorsi.  The 
number  of  vertebree  to  which  it  is  attached  may  vary 
from  two  to  seven.  A  supernumerary  fascia  some- 
times arises  from  the  transverse  process  of  the  secontl 
dorsal  vertebra,  and  is  inserted  into  the  occipital 
bone  beneath  the  normal  muscle.  The  biventer 
frequently  receives  accessory  slips  from  some  of  the 
lower  cervical  or  upper  dorsal  vertebral  spines,  or 
from  the  ligamentum  nuchae.  Slips  have  been  seen 
going  to  join  it  from  the  seventh  cervical  transverse 
process. 

MuUifidus  Spince.     The  origin  from   the   seventh 
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cervical  vertebra  may  fail.  Muscular  slips  may  run 
from  the  necks  of  the  first  and  second  ribs  to  the 
fifth  and  sLxth  cervical  vertebrae,  as  well  as  between 
other  ribs  and  vertebrae. 

I  nlerspinales.  Longer  interspinous  bundles  are 
sometimes  found  passing  over  one  or  two  vertebrae. 
In  the  neck  the  bundles  are  broader. 

The  short  Rotatory  muscles  of  the  neck  may  be  occa- 
sionall.v  doubled. 

External  Intercoslals.  The  last  ones  are  sometimes 
wanting.  Not  infrequently  they  extend  as  far  as  tlie 
sternum  between  the  costal  cartilages.  The  lower 
intercostals  occasionally  are  continuous  with  the 
external  abdominal  oblique. 

Internal  Intercostals.  These  frequently  extend  to 
the  vertebral  column.  The  last  two  are  sometimes 
absent,  or  so  small  that  it  requires  a  very  careful 
dissection  to  discover  them. 

Supracostalis  (Wood);  Rectus  Thoracis  (Turner). 
This  is  a  muscle  which  lies  on  the  upper  ribs  in  the 
anterolateral  part  of  the  thorax,  and  generally  ex- 
tends from  the  first  to  the  fourth  rib. 

It  has  been  looked  upon:  (1)  as  the  homologue  of 
the  thoracic  extension  of  the  rectus  abdominis  to  the 
first  rib,  as  is  seen  so  often  in  mammalia,  e.g.  cat, 
otter,  beaver;  (2)  as  a  reproduction  in  man  of  the 
sternocostal  muscles  of  the  lower  animals,  e.g.  dog, 
badger,  etc.;  (3)  as  belonging  essentially  to  the 
scalene  system  of  muscles,  and  corresponding  to  the 
condition  seen  in  many  animals.  In  the  bear  the 
scalene  muscles  extend  back  as  far  as  the  seventh 
or  eighth  ribs.  The  last  view  is  probably  the  correct 
one. 

Triangularis  Sterni.  This  muscle  varies  much  as 
to  its  extent  and  points  of  attachment.  Absence  of 
one  or  both  muscles  has  been  noticed.  Theile  reports 
a  case  in  which  it  extended  to  the  clavicle.  It  is 
sometimes  continuous  with  the  transversalis  abdom- 
inis, of  which  it  is  supposed  to  be  a  remnant  or 
appendage. 

Diaphragm.  The  sternal  portion  of  the  muscle  is 
not  infrequently  wanting  (Quain).  Carruthers  re- 
jiorts  a  case  of  absence  of  the  left  half  of  the  diaphragm 
in  a  child  which  lived  ten  days.  In  this  case  there  was 
hernia  of  the  small  and  part  of  the  large  intestine  into 
the  thorax.  Absence  of  portions  of  the  diaphragm  is 
occasionally  seen,  and  in  these  cases  there  is  nearly 
always  hernia  of  some  of  the  contents  of  the  abdomen 
into  "the  thorax.  At  a  postmortem  held  at  the  Mon- 
treal General  Hospital  in  ISSo  on  a  man  aged  forty,  a 
portion  of  the  left  half  of  the  diaphragm  was  absent, 
and  through  the  opening  the  gi-eater  portion  of  the 
stomach  protruded  into  the  thorax. 

A  fleshy  fasciculus  has  been  seen  passing  from  the 
border  of  the  esophageal  opening  to  the  esophagus. 
Knox  has  described  a  musculus  hepaticodiaphrag- 
maticus  arising  from  the  left  side  of  the  central  tendon 
and  passing  over  the  esophagus  to  the  right,  dividing 
into  two  slips,  one  of  which  went  to  the  undersurface 
of  the  liver  and,  becoming  tendinous,  joined  the 
obliterated  ductus  venosus  and  umbilical  vein;  the 
other  crossed  the  right  crus  and  was  lost  in  the , 
peritoneum. 

Henle  and  Bourgery  describe  a  muscular  slip  going  | 
from  the  costal  cartUage  of  the  seventh  rib  partly  to  j 
the  costal  cartilage  of  the  ninth,  and  partly  across  | 
the  middle  line  of  the  diaphragm  to  the  opposite  | 
border  of  the  sternal  portion. 

A?iomalous  Muscle  of  the  Thorax,  Connected  inth  the 
Diaphragm  {Suhvertehral  Rectus  of  Humphry?)  In  a 
well-developed  male  subject  in  removing  tlie  lung  and 
pleura  the  writer  found  a  long,  flat,  ribbon-shaped 
muscle  running  down  the  left  side  of  the  bodies  of  the 
dorsal  vertebrae.  It  arose  from  the  anterior  surface 
of  the  head  of  the  sixth  and  seventli  ribs.  Becoming 
broader  as  it  descended,  it  ended  in  two  slips,  one 
blending  with  the  left  arcuate  ligament,  and  the  other, 
which   remained   muscular   with   a  tendinous   inter- 
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section,  united,  by  a  blending  of  tlie  two  muscles, 
with  the  left  crus  of  the  diaphrasin. 

Exlernal  Abdominal  Oblir/ue  (obliquus  externus  ab- 
dominis). According  to  MacalishT,  the  number  of 
attachments  to  the  ribs  varies  from  six  to  nine,  and 
one  or  more  slips  may  be  doubled,  generally  those 
arising  from  the  eighth  and  ninth  ribs.  It  is  not  un- 
common to  see  absence  of  the  highest  and  lowest 
digitations.  The  two  lowest  may  be  rudimentary, 
and  an  additional  fasciculus  may  come  from  the 
lumbar  ajwneurosis.  This  muscle  may  be  connected 
with  the  serratus  magnus,  as  well  as  with  the  pectoralis 
major,  by  continuous  fibers.  The  musculus  sternalis, 
when  present,  may  be  intimately  associated  with  the 
external  oblicjue. 

A  fasciculus  has  been  described  going  from  the  ninth 
rib  to  the  skin  over  that  region  (Flesch).  This  is  no 
doubt  a  remnant  of  the  dorsoabdominal  skin  muscle 
of  mammals.  Poland  reports  a  case  in  which  the 
external  abdominal  oblique  became  tendinous  at  a 
horizontal  line  on  a  level  with  the  umbilicus.  It  was 
inserted  as  usual  into  the  ilium  and  pubis,  but  had  no 
connection  with  the  linea  alba  or  linea  semilunaris; 
the  internal  edge  of  the  muscle  being  external  to  the 
semilunar  line,  and  leaving  exposed  the  internal 
oblique.  In  this  case  the  external  oblique  received  a 
special  fleshy  fasciculus  from  the  eighth  rib,  near  its 
cartilage. 

Ivlcrnal  Abdominal  Oblique  (obliquus  internus  ab- 
dominis). This  muscle,  like  the  preceding,  is  subject 
to  variations  in  the  extent  of  its  attachments.  Its 
upper  or  lower  attachments  maj'  be  reduced;  it  may 
have  an  additional  slip  of  insertion  into  the  ninth 
costal  cartilage.  A  tendinous  inscription  in  the  upper 
part  of  this  muscle  has  been  described  as  not  uncom- 
mon; it  generally  proceeds  from  the  tenth  or  eleventh 
rib.  Henle  describes  once  finding  in  the  anterior 
portion  of  this  inscription  a  short,  thin  cartilage. 

Acressory  Abdominal  Oblique  (M.  lateralis  ab- 
dominis). This  is  a  muscle  situated  between  the  two 
oblique  muscles,  which  arises  from  the  ninth,  tenth, 
or  eleventh  rib,  and  passes  down  to  be  inserted  into 
the  crest  of  the  ilium.  The  writer  once  saw  this 
muscle  on  both  sides  of  the  .same  subject;  on  the  riglit 
it  arose  from  the  tip  of  the  twelfth,  and  on  the  left 
from  the  lower  border  of  the  eleventh,  rib;  this  latt«r 
muscle  was  not  inserted  into  the  iliac  crest  directly, 
but  blended  with  the  aponeurosis  of  the  external 
oblique  behind  and  above  the  anterior  superior  spine 
of  the  ilium.  Both  muscles  became  broader  as  they 
reached  their  iliac  attachment. 

In  some  cases  this  muscle  is  attached  to  Poupart's 
ligament  or  to  the  sheath  of  the  rectus. 

Transversalis  Abdominis.  The  extent  of  its  attach- 
ments may  vary.  Cases  are  reported  in  which  it  was 
attached  to  the  whole  lengtli  of  Poupart's  ligament. 
The  spermatic  cord  may  sometimes  pierce  its  lower 
border,  especially  in  those  cases  in  which  the  attach- 
ment to  Poupart's  ligament  is  more  extensive  than 
usual.  Fusion  of  the  muscle  with  the  internal  oblique 
has  been  observed,  and  total  absence  has  been  noticed 
by  Macalister.  A  tendinous  intersection  has  also 
been  seen. 

Rectus  Abdominis.  In  some  cases  this  muscle  has 
been  seen  extending  as  high  as  the  third,  and  even  the 
second,  rib.  It  is  not  uncommon  to  see  a  supernu- 
merary slip  going  to  the  fourth  rib.  In  most  animals 
the  rectus  abdominis  extends  higher  than  it  does  in 
man;  in  many  it  reaches  as  far  as  the  first  ril),  e.g. 
in  the  bear,  otter,  beaver,  cat,  porcupine,  etc.  The 
writer  once  saw  a  slip  go  from  the  upper  jiart  of  the 
rectus  to  the  middle  of  the  lower  border  of  the  pec- 
toralis major.  The  number  of  tendinous  intersec- 
tions may  vary;  as  many  as  six  have  been  noticed  in 
the  negro. 

Pyramidalis.  This  muscle  varies  much  as  to  size. 
It  is  very  frequently  absent,  and  is  occasionally 
double.     \Vhen  absent  the  lower  part  of  the  rectus  is 
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increased  in  size.  It  is  a  muscle  which  i.s  of  no  use  in 
man,  and  is  a  mere  rudiment  of  the  larger  muscle 
which  exists  in  marsupials. 

Quadratus  Lumborum.  Is  sometimes  attached  to 
the  eleventh  rib,  and  to  the  Iwdies  and  transverse 

Erocesses  of  the  tenth  and  eleventh  dorsal  vertebrae. 
ange  figures  a  quadratus  muscle  .sending  a  slip  to 
the  fascia  covering  the  pleura  between  the  twelfth 
dorsal  and  first  lumbar  rib. 

Muscles  of  the  Perineum  ami  Pdei.i. — .Sphincter  Ani. 
The  writer  once  saw  the  superficial  fibers  of  this  muscle 
continued  up  past  the  tendinous  point,  of  the  perineum, 
as  a  flat  muscular  slip  six  millimeters  broad  and  five 
centimeters  long.  This  slij)  blended  above  in  the 
middle  line  with  the  dartos  of  the  scrotum  (see  Fig. 
49.3.3).  Occasionally  fibers  of  the  transversus  perinei 
are  inserted  into  this  mu.scle. 

Coccygeus.  Is  sometimes  inserted  wholly  into  the 
side  of  the  sacrum  (Quain). 

Sacrococcygeus  .i?ilicus  (curvator  coccygis).  This  is 
the  name  given  to  a  few  fleshy  and  tendinous  fibers 
passing  from  the  lower  part  of  the  anterior  portion 
of  the  sacrum  and  coccj-x.  It  is  well  developed  in 
animals  with  tails. 


Fio,  103  5 — A,  Sphincter  am  (•omiinKcl  upward  in  the  middle 
line  and  blending  with  the  dartos  of  the  srrotuni;  F.  perineal  fascia; 
S,  sphincter  ani.     (Shepherd.) 

Transversus  Perinei.  This  mu.scle  is  a  very  variable 
one.  It  is  occasionally  absent,  or  so  small  as  to  be 
with  difficulty  dissected  out.  It  is  sometimes  inserted 
either  partly  or  whoU.v  into  the  accelerator  urina; 
(bulbocavernosus)  muscle  or  sphincter  ani.  This 
muscle  is  not  infreciuently  fan-shaped,  covering  the 
triangular  space  formed  by  the  three  perineal  muscles. 
In  these  cases  the  ischiocavernosus  forms  one  edge 
of  the  fan.  The  fibers  are  inserted  into  the  accelerator 
urin;c,  central  tendinous  point,  and  sphincter  ani. 
The  muscle  is  occasionally  double,  the  extra  slip 
joining  the  accelerator  urinaj  or  levator  ani.  Henle 
describes  a  muscular  slip  springing  from  the  fascia  at 
the  lower  border  of  the  gluteus  maximus.  and  inserted 
into  the  lower  surface  of  the  triangular  ligament. 
In  one  case  of  absence  of  this  muscle,  the  writer 
found  the  deep  transverse  muscle  of  large  size. 

Ischiocavernosus  (erector  penisl.  Houston  has  de- 
scribed a  variety  of  this  muscle  under  the  name  com- 
pressor vevcr  dorsnlis  penis.  It  is  a  slip  arising  in  front 
of  the  ischiocavernosus  and  crus  penis,  which  passes 
upward  and  forward,  and  is  inserted  with  its  fellow 
into  an  aponeurosis  above  the  dorsal  vein.  The 
writer  once  saw  this  extremely  well  developed.  In 
dogs  and  some  other  animals  it  is  a  strong  muscle. 

Bulbocavernosus  (accelerator  urinx).  This  muscle 
is  occasionally  joined  by  the  transversus  perinei. 
Kobelt  describes  the  fibers  which  cover  the  most 
prominent  part  of  the  bulb,  and  which  are  separated 
from  the  others  by  a  more  or  less  distinct  interspace, 
as  the  compressor  hemisphcrii  hulbi. 

Fr.V.\CIS    J.    SlIErHERD. 
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Osteopathy. — The  first  practical  application  of 
the  theories  and  principles  embraced  in  the  school 
of  therapeutics  known  as  osteopathy  was  made,  so 
far  as  we  know,  by  Dr.  Andrew  Taylor  Still,  in  the 
early  seventies.  IJorn  of  Scotch-Irish  stock  of  the 
mountain  region  of  Virginia,  at  the  end  of  the  first  third 
of  the  nineteenth  century,  he  migrated  a  few  years 
later  with  his  parents  to  the  country  just  across  the 
Mississippi  River.  Young  Still  was  one  of  the  rare 
observers  who  from  time  to  time  appear  and  help  to 
interpret  nature's  workings,  and  he  made  the  utmost 
of  his  opportunities  for  communion  with  nature.  He 
knew  something  of  the  stars;  he  studied  animals, 
dissected  the  game. he  killed;  he  was  intimate  with  the 
Indians,  speaking  fluently  the  languages  of  several 
tribes.  He  had  a  turn  for  mechanics  and  qualified 
as  an  expert  engineer  and  millwright. 

He  read  medicine  (his  father  was  a  physician  and  a 
minister)  and  studied  in  one  or  more  medical  colleges 
of  Missouri.  He  served  as  a  surgeon  with  the  Union 
army  throughout  the  Civil  War  and  at  its  close  settled 
down  to  practice  as  a  country  doctor.  Losing  three 
of  his  own  children  a  few  years  later  when  he  and  his 
confreres  were  unable  to  modify  or  mitigate  the  dis- 
ease, he  lost  faith  In  his  remedies  and  finally  ques- 
tioned whether  treatment  by  drugs  was  at  all  in 
harmony  with  body  processes. 

He  was  not  an  iconoclast,  but  an  earnest,  practical 
man.  It  did  not  satisfy  him  to  say  something  was 
wrong;  he  had  to  prove  what  was  right,  and  this  was 
the  task  he  straightway  set  himself.  From  what 
source  came  the  idea  he  developed  perhaps  will  never 
be  known.  His  mechanical  genius,  inspired  by  his 
work  as  an  army  surgeon  and  his  unusual  acquaintance 
with  practical  anatomy,  no  doubt  suggested  the  idea 
of  the  body  being  bulH  along  mechanical  lines  and  his 
work  was  in  effect  a  combination  of  mechanics  and 
surgery.  He  set  to  work  to  interpret  disease  In  other 
terms  and  to  seek  its  cause  from  different  sources 
than  those  in  vogue.  His  studies  gave  him  a  respect 
for  the  body  and  soon  he  declared  his  belief  that  "all 
remedies  necessary  to  health  exist  In  the  human 
body."  He  believed  that  and  went  to  work  to  verify 
it. 

Applying  his  theory  to  therapeutics,  he  believed 
that  nature  had  provided  the  necessary  recuperative 
forces  and  reparative  fluids  and  that  disease  was  due 
to  the  imperfect  working  of  the  body.  To  get  the 
organism  to  work  normally,  then,  was  his  task  in  the 
treatment  of  disease.  Soon  we  find  him  teaching  his 
sons  what  he  knew  and  sending  them  out  to  prove  for 
themselves  by  results  secured  that  these  were  prin- 
ciples which  could  be  taught  to  others.  Those  who 
had  been  relieved  begged  to  be  taught  so  that  they 
might  do  for  others  what  he  had  done  for  them,  and 
twenty  years  after  his  work  began,  with  the  aid  of  a 
graduate  of  Edinburgh  and  others,  he  opened  classes 
for  teaching,  and  in  1892  chartered  the  first  school  of 
osteopathy. 

The  writer  wishes  to  bo  accurate  and  not  polemical, 
hence  few  claims  wUl  be  made  as  to  what  Dr.  Still  dis- 
covered or  what  he  first  declared  to  be  true.  After 
all,  perhaps  there  is  little  difference  in  the  honor  due 
or  the  value  of  the  service  rendered  between  the  dis- 
coverer of  a  truth  and  tlie  one  who  finds  it  forgotten 
and  moss-covered  and  makes  it  pragmatic  and  a  bless- 
ing to  the  world.  So  in  discussing  the  fundamental 
and  characteristic  principles  and  theories  declared  by 
Dr.  Still  we  shall  concern  ourselves  with  them  rather 
than  with  the  question  of  priority  or  their  source. 
Nevertheless,  fairness  demands  it  be  frankly  stated 
that  in  spite  of  crude  and  fragmentary  ideas  along 
manipulative  treatment  lines.  Dr.  Still  gave  the 
world  the  first  concrete  statement  and  the  first  funda- 
mental principle  for  a  system  of  therapeutics,  a 
brief  outline  of  which  will  be  attempted  in  this 
article. 

Impelled  by  experience  to  look  for  causes  for  disease 
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other  than  those  recognized  in  his  profession,  Dr. 
Still  gained  by  an  accident,  for  one  example,  oppor- 
tunity to  detect  the  difference  in  the  temperature  of 
the  spine  and  the  abdomen  of  a  child  ill  from  dysen- 
tery. He  reasoned  out  a  cause  and  working  on  that 
theory  relieved  this  child  and  many  others  in  a  very 
prevalent  and  fatal  disorder  of  the  summer  of  1874. 
This  simple  incident  which  would  have  escaped  a  less' 
careful  observer,  directed  his  attention  to  the  body 
itself  as  the  cause  for  many  ills,  and  the  cures  follow- 
ing his  efforts  to  normalize  circulation  In  these  condi- 
tions encouraged  him  to  extend  this  line  of  inquiry 
to  other  ailments. 

It  is  worthy  of  note  here  that  Dr.  Still's  chief  in- 
quiry in  his  early  work  was  for  the  cause  of  disease. 
Etiology  he  seemed  to  stress  above  diagnosis.  Etiol- 
ogy is  emphasized  by  the  school  of  practice  to-day  and 
is  the  characteristic  feature  of  the  system.  Dr.  Still 
often  quotes  the  statement  of  the  Creator  pronouncing 
His  work  good  when  He  made  man.  He  accepted  man 
as  a  part  of  nature,  complete  in  structure,  and  function- 
ing perfectly  as  long  as  he  obeyed  nature's  laws.  If 
man  was  made  as  other  works  of  nature  are  made, 
complete,  then  the  organism  contained  the  fluids  ancl 
forces  necessary  to  its  existence  and,  furthermore, 
contained  organs  for  generating  these  fluids  and 
forces  when  depleted  or  exhausted. 

In  est.ablishing  his  philosophy  this  was  Dr.  Still's 
major  premise,  then  as  a  .'ikilled  engineer  he  naturally 
looked  to  the  mechanics  of  the  organism — the  inter- 
relation of  parts  of  the  structtire — as  a  possible  cause 
of  disability  and  Illness.  Disorders  of  structure 
which  he  considered  causes  of  faulty  functioning  were 
minute  disturbances  in  the  relations,  not  only  of  the 
spinal  vertebra^,  but  of  all  structures.  Owing  to  the 
importance  of  the  spinal  tissues  great  attention  is 
given  to  this  section.  Now  that  skilful  use  of  the  ar- 
ray clearly  demonstrates  them  In  given  cases  there  Is 
no  need  of  arguing  that  the  characteristic  osteopathic 
lesion  exists.  The  points  to  be  considered  are ;  does 
it  have  an  effect  upon  body  functioning;  can  this 
effect  be  demonstrated;  and  how  does  it  operate  to 
disturb  functioning? 

That  it  has  an  effect  on  function  has  been  proved 
clinically  for  twenty-five  years.  But  as  this  was  rec- 
ognized as  being  not  conclusive  proof,  research  work 
on  animals  was  begun.  For  example,  characteristic 
lesions  (rotation)  were  produced  in  the  midthoracic 
spinal  region  of  dogs  vinder  anesthesia  and  i^ostmor- 
tem  examination  revealed  various  stages  of  Inflamma- 
tion and  degeneration  in  stomach  or  other  disturbed 
viscus  receiving  nutrition  from  the  lesloned  areas  of 
the  cord.  Animals  lesioned  lower  in  the  spine  devel- 
oped albuminuria,  and  on  postmortem  examination 
many  of  them  showed  structural  changes  in  the  kid- 
ney. In  many  animals  in  which  albuminuria  per- 
sisted for  weeks  after  the  lower  dorsal  lesion  had 
existed  the  condition  cleared  up  when  the  lesion  was 
adjusted  by  osteopathic  manipulation.  In  other 
small  animals,  as  dogs  and  monkeys,  thyroid  disturb- 
ances, in  many  instances  typical  goiters,  were  caused 
by  lesions  in  tlie  cervical  region,  some  of  which  became 
normal  after  the  spinal  lesion  produced  had  been 
reduced. 

The  nature  of  the  disturbance  and  the  tracts  over  ' 
which  it  passes  to  the  involved  viscus  Is  Interesting. 
The  lesion  seems  to  act  as  an  irritant  to  the  nerves 
(chiefly  vasomotors)  in  the  Immediate  neighborhood, 
affecting  the  blood-vessels,  and  resulting  In  vascular 
and  nutritional  disturbances  of  the  segments  of  the 
cord  supplied  through  them,  and  the  viscera  and  mus- 
cles receiving  nutrition  from  these  disturbed  seg- 
ments undergo  changes.  The  osseous  lesion,  there- 
fore, is  the  predisposing  cause  in  most  cases,  and 
abuse,  indiscretions,  microorganisms  as  exciting 
causes  bring  on  the  trouble.  Of  the  gross  anatomy 
the  deeper  muscles  and  ligaments  about  the  lesioned 
joint  are  so  involved  that  structural  apposition  is 
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compromised  with  a  resultant  effect  on  nervous  con- 
duction and  coordination. 

Is  tlie  ptiagocytic  activity  of  tlic  blood  affected  by 
osteopatliic  stimulation  and  by  efforts  to  correct 
lesions  of  the  spine  in  the  human  subject?  It  appears 
to  be  well  established  by  malcing  tests  of  the  blood 
before  and  at  intervals  after  this  form  of  treatment 
that  the  activity  of  the  phagocytes  is  greatly  in- 
creased and  remains  so  for  several  hours,  gradually 
reducing  to  normal. 

With  these  facts  to  back  up  years  of  clinical  ex- 
perience, osteopathy  maintains  that  this  contribution 
to  the  etiology  of  disease  and  of  disability  is  clearly 
established  and  of  proved  value.  A  word  as  to  what 
experience  and  research  have  taught  as  to  the  cause 
of  the  osteopathic  lesion  may  be  in  order.  We 
suggest,  among  others,  overfatigue,  bad  habits, 
wrong  environment,  dietetic  and  mental  errors,  pro- 
longed exposure,  trauma.  To  these  sliould  be  added 
muscular  imbalance  due  to  failure  of  the  sacrum  and 
innominate  to  assume  a  proper  position  when  the 
child  begins  to  carry  its  weight  on  its  legs.  This 
faulty  position  of  the  base  of  the  spine  causes  oblitera- 
tion of  the  normal  anteroposterior  curves  of  tlie  spine 
and  is  a  cause  of  weak  spines  as  well  as  specific  lesions 
and  faulty  shape  of  thorax,  abdomen,  and  pelvis. 
Again,  a  prolific  cause  of  lesion  is  the  prolonged  con- 
tracture of  spinal  tissues  due  to  irritation  from  an 
organ  which  has  been  overused  or  abused.  This 
pathological  state  of  the  gross  tissue  about  the  spine 
reacts  as  an  irritant  to  the  viscus  and  a  vicous  circle 
is  thus  established. 

Why  should  the  spinal  lesion  not  have  the  effect 
claimed  for  it,  and  why  should  not  its  removal  result 
in  restoring  normal  functioning?  These  are  basic 
questions  in  connection  with  the  practice  of  osteo- 
pathy. Perliaps  few  experimental  physiologists  and 
biologists  will  now  question  the  major  contention  in 
the  osteopathic  philosophy.  As  abstract  proposi- 
tions perhaps  most  physicians  will  agree  with  them. 
The  main  point  of  difference  seems  to  be  in  the  view- 
points from  which  the  human  organism  is  seen  or  the 
application  to  be  made  of  the  facts.  What,  then,  is 
a  human  being  and  what  is  his  relation  to  conditions 
about  him? 

About  forty-five  years  ago  Dr.  Still  declared  that 
"man  is  a  machine" — a  vital  organism  in  which  the 
whole  conditions  each  part,  and  every  part  conditions 
every  other  part.  About  the  same  time  he  asserted 
that  the  "rule  of  the  artery  is  supreme"  and  the  begin- 
ning of  disease  in  any  part  is  marked  to  the  minute 
of  the  disturbance  of  its  circulation.  In  the  field  of 
disease  incited  by  microorganisms  osteoiiathy  does 
not  deny  the  fact  of  germ  invasion,  nor  that  particul.ir 
microorganisms  determine  the  character  of  the  infec- 
tion, but  it  does  maintain  that  most  of  these  organ- 
isms are  able  to  cause  pathological  conditions  only 
when  an  area  of  reduced  vitality  or  lowered  resist- 
ance is  found.  The  intervertct)ral  lesion  in  most 
cases  lowers  resistance  by  disturbing  the  circulation 
of  the  part,  and  the  exciting  cause,  germ  or  what  not, 
sets  up  disease  processes.  "Blood  is  life"  (of  the 
tissues)  and  live  tissue,  clean  of  effete  matter,  offers 
the  best  possible  resistance  to  germ  invasion.  Osteo- 
pathy undertakes  in  most  cases  of  infectious  disease 
to  find  the  cause  of  that  lowered  resistance — the  cause 
predisposing  to  the  disease  through  the  disturbed 
circulation — and  perhaps  remove  it.  And  it  goes 
further  and  locates  such  causes  for  lowered  resistance 
before  the  acute  stages  have  developed  and  [lerhaps 
before  infection  has  taken  place  and  in  removing  the 
predisposing  cause  it  believes  it  is  doing  the  most 
efficient  ])rophylactic  work. 

Therefore,  osteopathy  maintains,  and  took  this 
ground,  we  believe,  before  any  other  system,  that  func- 
tional integrity  is  dependent  on  mechanical  intact ness 
and  that  chernical  immunity  (at  least  within  reason- 
able limits)  may  be  secured  when  unimpaired  struc- 


ture makes  perfect  functioning  possible.  The  appli- 
cation of  this  theory  is  basic  in  therapeutics.  Viewing 
the  body  as  a  vital  mechanism  which  maintains  nor- 
mal functioning  or  health  by  free  interplay  and  co- 
operation of  organ  and  function  with  other  organs 
and  functions,  and  realizing  that  this  communication 
must  take  place  for  the  most  part — if  not  solely — 
through  the  spinal  cord,  and  accepting  as  a  fact  that 
spinal  lesions  disturb  the  segments  of  the  cord  at  the 
point  of  lesion,  it  is  not  an  unreasonable  theory  of 
etiology  that  minute  as  well  as  gross  disturbance  of 
articulation  of  the  spinal  vertebraj  may  be  the  cause 
of  trouble. 

Structural  intactness  is  essential  if  tlie  human  organ- 
ism is  to  fulfil  its  functions  as  a  self-regulat  ing  organism. 
This  is  particularly  true  of  the  spinal  mechanism.  It 
is  no  less  essential  if  it  is  to  protect  itself  as  an  or- 
ganism capable  of  adapting  itself  to  its  environ- 
ment. These  are  the  basic  propositions  in  osteo- 
pathic philosophy.  No  thoughtful  student  has  failed 
to  observe  the  remarkable  surplus  of  mechanism,  as 
two  kidneys  when  one  will  care  for  life,  and  the  great 
superabundance  of  tissue  in  many  single  organs, 
sliown  to  be  surplus  when  part  of  the  organ  is  reniovcfl 
or  destroyed  and  the  remainder  proves  sufficient 
for  necessary  function,  all  of  which  illustrates  that 
self  repair  is  a  vital  attribute  and  that  maintenance 
and  recovery  of  health  are  dependent  upon  integrity 
of  structure. 

No  less  important  is  the  capacity  for  overfunction 
of  most  of  our  organs  and  still  more  remarkable  is  the 
power  of  organs  to  come  to  the  aid  of  otiiers  in  time  of 
their  failure  or  unusual  demand  by  the  body.  Men- 
tion of  the  aid  of  the  skin  to  kidneys  and  lungs,  that 
of  the  thyroid  and  suprarenals,  rapid  increase  of 
leucocytes,  etc.,  will  suggest  a  line  of  thought  which 
the  reader  will  apply  to  the  many  cooperative  func- 
tions of  the  body.  True,  some  of  these  may  be  direct 
stimulations  by  means  of  the  blood  stream  itself^ 
but  the  fact  of  reaction  of  organ  to  organ  does  not 
need  to  be  argued.  Furtlier,  the  reaction  to  outside 
stimulation,  the  autoprotective  and  adaptive  facul- 
ties of  the  body — the  response  of  motor  to  sen.<;nry 
and  special  sense  organ.s — all  demand  free  paths 
for  communication  and  response. 

For  all  of  these  reactions  the  normal  spinal  coni  is 
essential  and  a  segment  or  section  of  a  tract  is  dis- 
turbed by  lesions  of  the  spinal  column  and  perhaps  by 
persistent  contractures  of  deep  spinal  muscles. 
Degeneration  is  not  necessary  to  interfere  with  nor- 
mal responses  nor  to  divert  them  from  their  normal 
pathways  over  less  direct  circuits.  Besides,  the 
lesion  of  the  spine  in  particular  is  constantly  sending 
irritating  impulses  into  the  nervous  .system  and  is 
undoubtedly   the    inception    of  many  disorders. 

In  this  connection  it  may  be  stated  that  in  one 
osteopathic  institution  devoted  to  the  treatment  of 
mental  cases,  favorable  results  are  being  secured 
in  a  large  proportion  of  cases  of  dementia  precox, 
manias,  and  other  functional  insanities,  the  best  results 
being  obtainedin cases  which  are  oftraumatic  origin,  or 
in  cases  in  which  little  change  in  brain  itssue  has  taken 
place.  Still  force,  as  we  have  intimated,  is  only  one 
cause  of  deranged  structural  mechanism. 

In  development,  function  produces  structure  and 
function  is  dependent  on  structure;  perfect  function- 
ing— health — must  have  intact  structure.  Life  itself 
is  said  to  be  function  and  the  function  of  self-repair 
exemplifies  the  actual  completeness  of  the  Viody. 
These  fimctions  are  clearly  demonstrated,  for  example 
in  cases  of  infection,  as  it  is  only  the  response  of  thn 
body  defensive  organism  that  terminates  the  condi- 
tion. If  it  were  not  so  the  infection  would  continun 
indefinitely  or  until  the  body  forces  were  exhausted. 
The  fact  that  infectious  disea.ses  are  "self -limiting' 
is  the  proof  of  the  presence  of  antigens,  and  the  idea  of 
immunity  is  found  in  Dr.  Still's  writings  years  before 
it  was  mentioned  elsewhere. 
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I^iiiiitation  of  space  prevents  the  mention  of  niuch 
that  is  basic  in  osteopatliic  principles  and  forbids  a 
I'onsideration  of  their  application  in  treatment. 
Perhaps  sufficient  has  been  said  to  indicate  to  the 
student  wherein  the  osteopath  bases  his  confidence  in 
the  human  organism,  and  wh.y  he  recognizes  symp- 
toms as  being  the  natural  functioning  for  the  disturbed 
.slate  of  the  organism,  and  why  be  believes  that  unless 
llie  svmijtoms  become  too  pronounced  they  should 
not  be  interfered  with  by  treatment.  Yet,  if  abnor- 
mal structural  conditions,  including  deep  and  per- 
sistent contracture  of  spinal  tissues,  are  found  in  acute 
diseases  there  is  no  need  for  the  osteopathist  to  be- 
come a  nihilist  in  treatment,  for  it  is  clearly  proved 
that  the  normalizing  of  structure  tends  to  normalize 
function  and  gives  the  recuperative  and  reparative 
forces  of  the  body  the  best  opportunity  to  restore  and 
preserve  the  organism.  H.  L.  Chiles. 


Oxalic  Acid,  Poisoning  by. — Poisoning  from  this 
.substance  is  very  common  because  of  its  extensive 
household  use,  aiid  because  it  is  so  readily  confounded 
with  other  white  crystalline  substances.  It  has 
proved  fatal  in  doses  "of  thirty-five  grains  while  as 
much  as  an  ounce  has  failed  to  kill.  The  soluble 
oxalates  cause  poisoning  of  the  same  sort  but  much 
less  frequently.  O.xalic  acid  is  a  highly  irritant  poison, 
like  the  mineral  acids  and  caustic  alkalies.  It  causes 
gastritis,  sloughing  acid  ulceration,  but  not  to  the 
extent  seen  in  poisoning  with  those  substances. 
Whether  there  is  a  true  acidosis  in  oxalic  acid  poison- 
ing is  not  clear  but  the  drug  attacks  the  nervous  sys- 
tem with  special  violence,  causing  both  ordinary  and 
tetanic  convulsions.  The  kidneys  suffer  greatly, 
and  hematuria  and  anuria  may  be  present  with  uremia 
in  fatal  cases.  In  more  subacute  cases  nephritis  is 
set  up.  Some  of  the  acid  escapes  in  the  urine  as  oxalate 
of  lime. 

The  prognosis  of  oxalic  acid  poisoning  is  in  general 
grave.  The  early  supervention  of  convulsions  and 
hematuria  with  burns  in  the  mouth  and  the  history 
;ire  usually  sufficient  for  an  impromptu  diagnosis. 
The  antidote  is  lime  water  both  by  lavage  and 
internally.  Other  therapy  must  be  symptomatic. 
Edward  Preble. 


Ozone  is  an  allotropic  modification  of  oxygen, 
produced  by  the  condensation  of  three  molecules 
of  oxygen  into  two  molecules  of  ozone.  This 
means  that  the  molecule  of  oxygen  has  two  atoms, 
while  the  molecule  of  ozone  contains  three  atoms. 
Its  formation  mav  be  expressed  bv  the  equation: 
3O2  =  2O3. 

Ozone  may  be  produced  by  the  slow  oxidation  of 
phosphorus  in  moist  air,  by  the  passage  of  silent 
oh'ctric  discharges  through  air  or  oxygen,  also  by  the 
action  of  concentrated  sulphuric  acid  upon  barium 
dioxide.  This  last  method  is  represented  bv  the 
equation:  SBaO.  -f-  3II..SO4  =  SBaSOi  +  3H,0  +  O3. 

However  prepared  and  wherever  found,  ozone  is 
very  apt  to  be  mixed  with  a  large  amount  of  oxygen 
or  air.  Thus  diluted,  it  has  a  strong,  penetrating  and 
characteristic  odor.  It  is  a  powerful  oxidizing  agent, 
giving  up  one-third  of  its  oxygen  very  readily;  indeed, 
its  oxidizing  power  is  superior  to  that  of  oxygen  itself. 
It  liberates  iodine  from  potassium  iodide,  and  this 
property  is  utilized  for  the  purpose  of  determining 
how  much  ozone  is  in  a  gas,  as  the  iodine  thus  set  free 
oan  be  calculated  by  titration:  2KI  -|-  O3  -|-  H-0  = 
<>2  +  2K0H  -I-  I,. 

The  presence  of  ozone  may  be  detected  also  by  the 
blue  color  which  it  produces  in  freshly  prepared  tine- 
lure  of  guaiac. 

Atmospheric  ozone  and  its  practical  bearings  are 
thus  summarized  in  the  article  "Ozone,"  in  Thorpe's 

596 


Dictionary  of  Applied  Chemistry:  "Ozone  is  present  ^ 
in  nunute  quantities  in  the  atmosphere.  The  maxi- 
mum amount  is  certainly  never  more  than  one  part 
in  450,000  of  air.  Its  principal  sources  are  probably 
the  silent  discharge  from  thunder-clouds  and  accom-  , 
panying  the  flash  discharge  of  lightning,  the  evapora- 
tion of  water,  and  especially  of  saline  waters,  as  in  the 
sea  foam,  the  action  of  some  vegetable  products  on 
the  air,  and,  perhaps,  in  the  greatest  degree,  the  action 
of  the  ultraviolet  solar  rays  on  the  atmosjjhere. 
Wurster  found  that  ozone  is  also  formed  by  the  action 
of  sunlight  on  clouds.  When  clouds  are  continually 
formed  from  above  {i.e.  in  sunlight),  all  become  laden 
with  ozone,  while  when  they  are  formed  from  below 
the  upper  layers  are  much  more  charged  than  the 
lower.  The  ozone  present  in  the  atmosphere  prob- 
ably plays  an  important  part  in  keeping  the  air  pure 
and  fresh  and  destroying  the  deleterious  organic 
matter  constantly  passing  into  the  atmosphere  from 
decomposing  flesh,  animal  exhalations,  etc.  In  the 
open  country,  and  especially  by  the  sea  side,  ozone  can 
always  be  detected,  but  in  the  air  of  large  towns  it  is 
either  absent  or  present  in  much  smaller  ciuantities. 
Richardson  (in  1S87)  proposed  the  artificial  produc- 
tion of  ozone  for  the  purpose  of  purifying  the  air  of 
sick-rooms  and  even  of  towns,  but  it  is  only  recently 
that  this  use  has  been  practically  introduced.  When 
present  in  the  air  in  very  minute  quantities  ozone  is 
very  advantageous  to  health,  but  if  the  quantity  pres- 
ent is  enough  to  cause  a  strong  odor  it  is  found  to 
have  a  very  irritating  and  harmful  effect  on  the  mu- 
cous membranes  and  the  system,  producing  headache, 
influenza,  etc.  If  the  quantity  present  is  large  it 
becomes  a  strong  irritant  poison,  causing  acute  in- 
flammation, and  leading  to  fatal  results.  Slightly 
ozonized  air  and  oxygen  is  now  sometimes  used 
medicinally,  especially  in  pulmonary  complaints." 
Ozone  is  a  good  deodorant,  and  it  is  also  used  for  the  • 
sterilization  of  water.  R.  J.  E.  Scott. 


Paraffin  Wound  Dressings. — During  the  great 
war  in  Europe,  paraffin  has  been  applied  to  a  notable 
extent  and  for  a  variety  of  purposes — as  a  dressing 
for  burns,  as  a  wound  dressing,  as  a  varnish  for  trench 
foot,  etc.  The  impression  that  such  use  derives  from 
the  fact  that  paraffin  is  cheap  and  handy  (like  oakum 
in  our  Civil  War)  is  not  borne  out  by  facts.  So  far 
as  known  at  present,  the  use  of  this  substance  is  due 
essentially  to  the  efforts  of  one  man  who  has  em- 
ployed it  in  various  conditions  for  many  years. 
Barthe  de  Sandfort  first  combined  paraffin  with  resin 
as  a  substitute  for  "Dax  mud"  which  was  applied 
hot  to  rheumatic  patients  at  Dax.  The  two  sub- 
stances when  melted  together  and  applied  hot  served 
as  a  good  mechanical  substitute  for  the  mud  which 
was  recommended  for  home  treatment.  The  idea 
fell  flat  and  soon  afterward  de  Sandfort  became  a 
railway  surgeon  in  China  and  employed  his  mixture 
as  an  occlusive  in  cases  of  recent  burns.  The  im- 
mediate and  end  results  were  alike  excellent.  He 
returned  to  France  in  1904  and  during  the  ten  years 
preceding  the  war  the  "ambrine",  as  the  mixture  was 
termed,  was  used  by  himself  and  a  few  colleagues  in 
hospital  practice  for  burns.  When  hostilities  began, 
the  'War  Department  would  not  at  flrst  adopt  his  dis- 
covery but  when  after  many  months  his  superior 
results  had  become  obvious  he  received  a  partial  recog- 
nition, in  that  severe  burns  were  placed  under  his 
charge  while  ambrine  was  supplied  for  first-aid  ap- 
plication at  the  front.  In  regard  to  the  conserva- 
tive attitude  of  the  profession  it  should  be  known  that 
the  formula  for  making  ambrine  remains  a  secret 
with  de  Sandfort  and  that  it  is  supplied  by  him  at  a 
relatively  high  price.  Nevertheless,  it  has  been 
possible  to  imitate  it  so  closely  that  substitutes  of 
efficacy  equal  to  the  original  are  readily  manufac- 
tured and  have  been  largely  used. 
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In  August,  1916,  deSandfort  roportedover  .300  cases 
of  burns  treated  with  his  metliod  whicli  was  described 
in  full.  The  substance  was  a  ini.\ture  of  paraffin 
and  resin  and  the  name  atnbrine  is  this  connection 
refers  only  to  the  color  or  in  other  words  is  purely 
descriptive.  The  two  substances  mix  when  heated 
without  any  chemical  transformation.  Ambrino 
occurs  in  cakes  of  paraffin  consistency  which  fuse  at 
about  SO'  C.  For  application  it  must  be  heated  to 
about  160°  F.  and  employed  at  that  temperature; 
application  to  the  recent  burn  causes  no  added  suffer- 
ing. It  is  spread  upon  the  burned  surface  in  a  very 
thin  la^'cr,  upon  which  is  superposed  a  very  thin 
layer  of  cotton,  followed  in  turn  by  more  of  the  ani- 
brine.  In  twenty-four  hours  the  dressing  is  taken  off 
and  all  discharge  and  dead  tissue  removed  with  care 
and  thoroughness.  After  drying  with  a  liot  air  jet 
the  dressing  is  renewed.  The  results  may  be  summed 
up  as  absence  of  suffering,  rapid  healing,  and  freedom 
from  disfiguring  cicatrices — in  a  word  they  arc 
ideal. 

Among  those  to  employ  substitutes  for  ambrine  as 
a  remedy  for  burns  were  Bertoye  of  the  French  army 
and  Colonel  Hull  of  the  British  army.  The  first 
named  contented  himself  with  using  paraffin  alone 
or  with  the  addition  of  paraffin  oil  or  vaseline.  By 
heating  the  substance  to  8.5°  C.  and  applying  it  with  a 
nebulizer  he  obtained  results  which  compared  very 
favorably  with  those  of  ambrine  itself.  Up  to  this 
period  tie  Sandfort  had  recommended  his  ambrine 
only  perfunctorily  for  wounds  and  Bertoye  makes  a 
similar  recommendation  for  paraffin.  He  cautions 
against  the  use  of  the  latter  if  suppuration  occurs  or 
has  occurred,  for  paraffin  is  at  best  a  simple  occlusive 
and  not  an  antiseptic. 

Colonel  Hull  {British  Medical  Journal,  Jan.  1.3, 
1917)  devised  some  elaborate  formula^  in  the  attempt; 
to  equal  or  surpass  ambrine  in  efficiency  and  cheap- 
ness. His  principal  formula  is  as  follows:  Resorcin, 
1  part;  oil  of  eucalyptus  2  parts;  olive  oil  .5  parts; 
soft  paraffin,  25  parts;  hard  paraffin,  67  parts.  The 
hard  paraffin  is  melted  separately  and  the  soft  paraffin 
and  olive  oil  added.  Resorcin  is  dissolved  in  alcohol 
before  addition  (it  dissolves  in  absolute  alcohol  in 
the  proportion  of  1  to  2).  Last  of  all  the  eucalyptus 
oil  is  adder!  when  the  temperature  is  near  5.5°  C.  Hull's 
second  formula  differs  from  the  first  only  in  the  sub- 
stitution of  beta-naphthol  0.25  per  cent,  for  resorcin 
one  per  cent.,  when  the  latter  is  beyond  reach.  Hull 
states  that  his  results  with  this  formula  are  in  every 
respect  equal  to  those  obtained  from  ambrine.  They 
include  rapid  cicatrization,  absence  of  pain  and  infec- 
tion, and  absence  of  cicatricial  deformity.  If  the  burn 
has  already  become  infected  Hull  does  not  employ  his 
paraffin  mixture  for  forty-eight  hours  and  during  this 
interval  makes  use  of  hot  boric  acid  fomentations. 
In  any  case  the  surface  is  first  accurately  dried,  after 
a  preliminary  irrigation  with  saline  infusion.  For 
drying  one  uses  gauze  or  electrical  heat  such  as  is 
employed  by  coiffeurs  for  drying  hair.  The  paraffin, 
which  melts  at  near  50°  C.  is  used  just  above  its  melt- 
ing point,  a  thin  laj'er  being  applied  to  the  burn.  .\ 
vaporizer  may  be  used  to  make  the  application;  but 
this  is  not  necessary,  as  a  soft  camel's  hair  pencil  or 
similar  apparatus  will  answer.  Over  the  layer  of 
paraffin  is  placed  a  thin  sheathing  of  absorbent  cotton 
with  more  melted  paraffin  is  superposed.  .\n  ordi- 
nary cotton  and  roller  dressing  goes  over  all.  .Vt 
first  the  dressings  are  renewed  daily,  then  every  other 
day.  At  the  second  dressing  all  epidermal  debris 
is  removed.  The  method  of  Hull,  therefore,  agrees 
closely  with  that  of  de  Sandfort. 

Recently  de  Sandfort  has  recommended  ambrine 
strongly  as  a  dressing  for  deep  wounds  which  natu- 
rally heal  only  with  great  deformity.  The  remedy 
is  poured  into  "the  wound  cavity  in  which  it  solidifies 
and  contracts  slightly  leaving  a  small  space  between 
the  granulating  surface  and  the  ambrine  which  serves 


for  drainage.  Granulation  now  takes  place  rapidly 
and  uniformly,  and  with  the  renewal  of  the  applica- 
tions the  cavity  fills  up  with  a  minimum  of  deformitv. 
These  results  have  not  yet  been  confirmed  by  others. 
On  the  other  hand,  Rutherford  Morison  has  found 
that  a  mixture  of  paraffin  with  strong  antiseptics  like 
phenol,  iodoform,  etc.,  and  bismuth  is  the  best  rou- 
tine treatment  for  the  ordinary  severe  infected  wounds 
of  battle.  In  this  connection  one  is  reminded  of 
Beck's  bismuth  pa.stc  for  sinus  treatment,  the  good 
effects  of  which  have  in  part  been  attributed  to  vase- 
line, and  even  before  that  period  soft  paraffin  had  an 
excellent  record  as  a  vulnerary  and  granulation 
stimulant. 

Numerous  authors,  including  those  already  named, 
have  made  more  or  less  use  of  paraffin  in  trench  foot, 
and  de  Sandfort  .states  that  ambrine  produces  in 
congelations  results  which  equal  those  obtained  in  the 
treatment  of  burns.  Edw.«(d  Preble. 


Poison  Gases  in  Warfare. — So-called  poison 
gases  are  of  two  sources,  "drift"  and  "shell."  Drift 
gases  are  liberated  from  cylinders  while  the  latter 
comprise  asphyxiating  fumes  set  free  from  shell 
explosion.  Fumes  liberated  by  ordinary  high  explo- 
sives are  technically  poisonous  and  may  destroy  life 
under  certain  circumstances,  but  in  ordinary  warfare 
are  promptly  diluted  in  the  atmosphere. 

Poison  gases  may  destroy  life  in  several  ways:  (1) 
If  set  free  suddenly  in  large  amounts  they  may 
act  mechanically  by  excluding  the  oxygen  of  the  air  or 
rather  by  so  diluting  the  latter  that  respiration  is  no 
longer  possible.  (2)  Actually  toxic  gases  destroy 
life  by  paralyzing  the  respiratory  center  after  inspira- 
tion and  passage  into  the  circulation.  (3)  Highly 
irritant  gases  may  cause  such  an  exudation  of  lymph 
into  the  respiratory  passages  that  respiration  becomes 
a  mechanical  impossibility.  This  third  form  of 
death  is  that  produced  by  the  gases  used  in  the 
present  war.  'The  chlorine  and  bromine  employed 
act  rapidly  and  in  small  quantities  and  being  heavier 
than  air  are  readily  transported  by  the  wind. 

Knowledge  of  poison  gases  camo  about  naturally 
through  studies  of  poisonous  vapors  in  the  industries. 
It  could  have  been  foretold  that  chlorine  and  bromine 
are  the  logical  gases  to  use  as  weapons.  They  are 
produced  readily  in  large  quantities,  and  easily  stored 
and  transported  in  large  cylinders  for  trade  purposes, 
those  who  handle  the  gases  wearing  respirators. 
Chlorine  is  best  adapted  for  drift  gas.  It  is  confined 
in  lead-lined  cylinders  under  a  pressure  of  ninety 
pounds  per  square  inch.  Projected  from  a  long 
tube  provided  with  a  valve,  it  sinks  to  the  ground  and 
is  carried  by  the  wind  along  the  surface,  adapting 
itself  to  all  excavations.  In  a  concentration  of  the 
))roportiou  of  1  :  10,000  it  is  intolerable  to  the 
breather.  Calculations  as  to  the  amount  of  gas  to 
use  in  an  encounter  have  to  take  account  of  the 
number  of  yards  of  front,  the  depth  of  the  stratum 
of  gas  (ten  feet  and  upward),  the  velocity  of  the 
wind,  and  the  period  of  liberation.  Something  like 
ten  cubic  feet  for  each  yard  of  front,  delivered  for  a 
period  of  ten  minutes,  with  the  wind  at  four  miles 
an  hour  are  conditions  required  to  make  a  1  :  10,000 
dilution  of  the  atmosphere  at  the  enemy  ranks.  Bro- 
mine and  its  compounds  which  liberate  it  are  doubt- 
less used  in  asphyxiating  and  lacrymating  exj>losivc 
shells.  In  very  weak  atmospheric  dilutions  (1  :  1.000,- 
000?)  they  can  virtually  blind  a  man  for  the  time 
being.  To  act  on  the  respiratory  tract  the  concentra- 
tion must  be  much  higher. 

Chlorine  and  bromine  virtu.ally  cause  burns  of  the 
respiratory  mucosa,  with  production  of  an  exudation 
of  lymph"  into  the  lungs.  The  patient  is  virtu.illy 
drowned,  as  in  submersion.  Salivation  and  lacryma- 
tion  occur  and  formation  of  mucus  in  the  nose  and 
mouth    illustrate-s    nature's  attempt    to    produce    a 
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respirator.  The  action  is  a  purely  local  one,  i.e. 
there  is  no  systemic  poisoning  and  all  secondary 
manifestations  "in  the  body  are  due  to  asphyxia. 

When  the  gases  are  inhaled  asphyxia  is  produced, 
.sometimes  with  collapse.  The  patient  is  cyanotic, 
gasps  for  breath,  and  along  with  forced  inspiration 
there  is  a  strangling  cough  and  frothy  expectoration. 
If  death  from  asphyxia  does  not  occur  this  condition 
p.isses  off  gradually,  the  patient  falling  asleep.  This 
stage  lasts  about  thirty-six  hours.  The  second  stage 
of  bronchitis  then  develops.  This  is  usually  not 
severe  but  may  be  intense.  There  may  be  fever  of 
104°  F.,  delirium,  very  rapid  pulse  and  respiration. 
Nephritis  which  .sometimes  appears  is  regarded  as  due 
to  the  prolonged  asphj-xia. 

The  trealmenl  is  not  unlike  that  of  submersion. 
The  air-pa.ssagcs  are  emptied  by  compression  of  the 
thorax  and  artificial  respiration  is  maintained.  Ap- 
paratus of  the  pulmotor  type  should  be  used  on 
collapsed  and  unconscious  patients  with  occasional 
inversion  of  the  body  and  compression  of  the  tliorax. 
In  the  milder  cases  a  rapidly  acting  emetic  will  help 
evacuate  the  breathing  passages.  Oxygen  inhalation 
is  a  logical  remedy. 

It  is  asserted  by  English  scientists  that  poison  gas 
attacks  are  easily  repelled  when  expected.  Respira- 
tors have  long  been  in  use  for  workers  in  chlorine, 
bromine,  and  other  poisonous  vapors.  Early  in  the 
war  complicated  oxygen  helmets  were  described, 
of  the  type  in  use  by  firemen  to  prevent  smoke 
asphyxia. 

In  an  article  of  this  compass  it  is  impossible  to 
consider  all  the  forms  of  poison  gas  which  have  been 
used  in  explosive  shells,  grenades,  etc.,  and  which  are 
formed  upon  explosion  of  ordinary  shells.  Those  who 
handle  explosives  have  suffered  much  from  certain 
poison  fumes  and  dust  and  in  accidental  explosions 
especially  in  confined  rooms,  many  kinds  of  fumes  may 
be  highly  poisonous.  More  or  less  use  has  been 
made  of  carbon  monoxide,  sulphurous  acid,  and  in 
fact  of  most  of  the  irrespirable  gases. 

Edward   Preble. 


Prescription-writing. — A  medical  prescription 
is  a  written  order  to  the  pharmacist  to  take  certain 
quantities  of  certain  medicines,  deal  with  them  in  cer- 
tain pharmaceutical  ways,  "put  up"  the  product  in 
certain  form  for  dispensing,  and  label  the  package 
with  certain  directions  for  the  use  of  a  certain  person 
at  a  given  date.  Correctness  in  prescribing,  there- 
fore, relates  to  the  three  several  matters  of  the  sehc- 
linn  of  the  ingredients  or  composition  of  the  prescription, 
the  fixing  of  quantities  or  computation  of  the  prescrip- 
tion, and  the  actual  toriting  of  the  order  in  technical 
style,  or  expression  of  the  prescription.  These 
several  topics  will  be  considered  seriatim,  in  the  order 
named. 

I.  The  Composino  of  a  Prescription. — Assuming 
that  a  prescription  is  intended  to  fulfill  a  single 
therapeutic  purpose  only,  then  the  first  point  that 
presents  is  whether  a  single  medicine  should  be  pre- 
scribed, or  a  tea7n  of  such  medicines.  As  regards  this 
point,  no  general  rule  can  be  laid  down — the  matter 
will  depend  partly  upon  the  nature  of  the  therapeutic 
indication,  and  partly  upon  the  respective  peculiari- 
ties of  the  individual  drug  and  the  individual  case. 
Thus  to  provoke  einesis,  a  single  drug  is  commonly 
prescribed;  to  excite  diuresis,  a  team;  while  for  purg- 
irig  the  medicine  will  be  single,  if  it  be  castor  or  croton 
oU,  but  multiple,  if  the  selection  be  from  among  the 
resinous  cathartics.  The  advantage  of  a  team  of 
similar  medicines  in  prescription  may  be,  on  the  one 
hand,  a  more  effective,  or,  on  the  other,  a  more  kindly 
accomplishment  of  the  specific  purpose  in  view,  or  it 
may  be  both  possibilities  combined.  Having  fixed 
upon  the  active  member,  or  team  of  members,  of  the 
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prescription,  the  next  point  is  whether  the  medicinal 
working  of  the  same  m.iy  not  be  made  even  more 
effective  or  more  kindly  than  would  otherwise  be  the 
case,  by  the  further  addition  to  the  prescription  of 
some  special  substance.  Thus  the  griping  of  the 
rougher  cathartics  may  be  prevented  by  the  associ- 
ated antispasmodic  action  of  the  pungent  volatile 
oils,  or  of  neurotics,  such  as  belladonna  or  hyoscy- 
amus.  In  the  category  of  additions  to  a  prescription 
for  the  purpose  of  enhancing  kindliness  of  operation, 
belong  flavoring  substances.  Agreeability  of  taste  is 
attained,  in  the  case  of  fluids  by  the  addition  to  the 
proscription  of  sugar,  or  of  syrup,  or  of  preparations 
of  the  more  pleasantly  flavored  aromalics.  Lastly,  in 
composing  a  prescription,  comes  the  thought  of  a 
possibly  necessary  substance  to  give  volume,  or,  in  the 
case  of  a  powder  or  pill,  to  give  form,  or,  in  the  case  of 
.a  fluid  mixture,  to  serve  as  a  diluent,  or  as  a  solvent. 
The  character  and  relative  proportion  of  such  a  mem- 
ber of  a  prescription  will  vary  so  greatly  in  different 
cases,  that  no  gener.al  rule  affecting  the  selection  of 
vehicles  can  be  formulated.  Members  of  a  prescrip- 
tion for  the  several  purposes  named  are  commonly 
referred  to  as,  respectively,  the  basis,  the  adjuvant, 
the  corrigent,  and  the  excipient,  or  vehicle,  of  the  pre- 
scription. In  the  association  of  different  substances 
in  a  prescription,  no  matter  what  the  purpose  of  the 
several  ingredients,  regard  must  always  be  had  for 
the  mutual  chemical  relations  of  the  things  so  brought 
into  mutual  contact,  lest  undesirable  reactions  take 
place  in  the  compounding  (see  Incompatibility, 
Medicinal). 

II.  The  Computing  of  Amounts  in  PREsrRiPTiONS. 
— The  first  point  in  the  matter  of  amounts  in  prescrip- 
tions is,  in  general,  not  to  order  more  of  the  medicine  than 
present  prognosis  seems  to  call  for.  When  in  doubt,  it 
is  wiser  to  order  no  more  than  will  surely  be  within 
bounds,  letting  the  prescription  be  renewed  if  the 
amount  prove  too  little.  Assuming  due  regard  to  be 
paid  to  this  principle,  then  the  determination  of 
amounts  in  a  given  prescription  proceeds,  by  theory, 
thus:  the  amount  of  basis  will  be  the  product  of  the 
two  factors,  quantity  of  dose  and  number  of  doses  re- 
quired, and  the  several  amounts  of  the  other  ingre- 
dients will  be  deduced  from  the  amount  of  the  basis, 
in  accordance  with  the  respective  requirements  of 
relative  proportion.  This  is  the  essential  point  of 
the  theory  of  computing  prescription  amounts;  and 
while  the  prescription  of  solid  mixtures  for  make-up 
into  pills,  powders,  troches,  suppositories,  etc.,  is  easy 
enough,  in  the  prescription  of  fluid  mixtures  many 
additional  considerations  enter  into  relation,  as  fol- 
lows: In  the  first  place,  it  is  customary,  to  have  a 
prescribed  mixture  aggregate  just  a  bollleful  of  some 
one  of  the  sizes  of  the  medicine  phials  of  the  shops. 
Regard  must  therefore  be  had  to  the  several  sizes  of 
such  bottles.  In  the  Un  ted  States  medicine  phials 
are  made  of  capacities  confcming  to  apothecaries' 
measure,  which  capacities  are  severally  as  follows: 
one,  two,  and  four  fluidrachms,  and  07ie,  tvw,  four,  six, 
eight,  twelve  and  sixteen  fluidounces.  Phials  for  metric 
prescription  should  be  of  the  natural  metric  capacities, 
severally,  of  twenty-five,  fifty,  one  hundred,  two  hun- 
dred, etc.,  cubic  centimeters. 

The  second  special  point  affecting  amounts  in  the  [ 
case  of  fluid  mixtures  relates  to  the  case  of  solids  in 
solution,  the  point  being  the  physical  fact  that,  dis- 
solving a  solid  of  a  given  measure  in  its  condition  of 
dry  powder  does  not  augment  the  volume  of  the  solvent  by 
the  full  amount  of  such  meafnire,  but,  on  the  contrary, 
increases  such  volume  so  little  that,  in  the  ordinarily 
comparatively  weak  solutions  used  as  medicines,  the 
increment  can  safely  be  disregarded  in  the  estimation 
of  amounts  for  prescription. 

The  third  point  relates  to  the  system  by  which,  in  a 
given  case  of  a  fluid  mixture  for  internal  giving,  the 
individual  doses  are  to  be  measured.     This  consideration 
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■does  not  obtain  in  the  case  of  solids,  since,  in  such  case, 
doses  are  defined  by  a  stated  number  of  pills,  powders, 
or  troches — are,  that  is,  already  apportioned  by  the 
apothecary.  But  in  the  case  of  a  fluid  mixture,  the 
medicine  is  necessarily  dispensed  in  bulk  (except  when 
put  up  in  capsules),  and  doses  must  be  measured  out 
by  the  administrator  at  the  bedside.  The  point  then 
presents  itself  whether,  in  a  given  case,  the  dose  is  to 
be  measured  by  a  method  of  precision — by  use  of  a 
graduated  pipette,  if  the  dose  be  quite  small,  or  of  a 
graduati'cl  vessel  if  of  ordinary'  or  large  dimension — • 
or  whether  the  determination  is  to  be  by  the  conven- 
tional </(•()/)  or  spoonful.  If  a  graduate  is  to  be  used, 
then  the  jjoint  now  in  question  does  not  present  it.self ; 
but  if  the  drop  or  the  spoonful  is  to  measure  the  dose, 
then  the  consideration  arises,  in  the  apportioning  of 
amounts  in  prescription,  of  the  respective  actual 
dimensions  of  these  variable  measures.  As  regards 
the  drop,  it  must  be  remembered  that  this  measure 
varies  in  dimension,  not  only  according  to  the  viscosity 
and  specific  gravity  of  the  fluid  dropped,  but  also  ac- 
cording to  the  shape,  extent,  and  character  of  the  sur- 
face from  which  the  drop  delivers  itself,  and  even, 
furthermore,  in  the  case  of  drops  delivered  from  a 
phial,  according  to  the  degree  of  fulness  of  the  bottle  on 
the  occasion  of  the  dropping.  A  bottle  with  a  flanged 
mouth,  such  as  the  ordinary  medicine  phial,  yields, 
with  the  same  fluid,  a  comparatively  large  drop  when 
full  or  nearly  so  at  the  dropping,  and  a  comparatively 
small  one  when  at  least  half  empty,  the  difference  in 
the  respective  drop  dimensions  in  the  two  instances 
being  even  as  considerable  as  that  between  the  num- 
bers five  and  three.  As  regards  the  spoonful,  it  must 
be  remembered  that  this  measure,  like  the  drop,  is 
subject  to  variation,  so  that,  in  the  case  of  prescrip- 
tions containing  powerful  medicines,  amounts  should 
be  calculated  on  the  basis  of  the  maximum  capacity  of 
the  measure.  Another  point,  which  should  thoroughly 
be  understood,  relates  to  the  size  of  the  average  spoon 
of  to-day  as  compared  with  the  spoon  of  the  same  de- 
nomination of  past  times.  Coming  down  from  our 
ancestors  is  the  estimate  of  the  tablespoonful  as  the 
measure  of  half  a  fluidounce,  or  16  c.c,  and  of  the 
teaspoonful  as  that  of  a  fluidram,  or  four  cubic  centi- 
meters. These  alleged  equivalences,  true  of  the  aver- 
age of  spoonfuls  of  former  days,  are  still  handed  down 
from  teacher  to  student,  and  so  come  to  be  almost 
universally  applied  in  prescription  calculations.  If, 
however,  the  reader  will  take  a  sample  of  the  average 
kind  of  teaspoon,  and  will  provide  for  himself  an 
accurate  graduate  and  a  phial  of  water,  he  can  learn 
for  himself,  in  two  minutes,  the  fact  that  the  teaspoon- 
ful will  run  much  nearer  six  to  the  fluidounce  than  the 
traditional  eight — will  equal  the  quantity  of /ire  rather 
than  of /o»7- cubic  centimeters.  And  the  average  table- 
spoonful  of  our  own  present  spoons  is  of  the  dimensions 
of  three  rather  than  of /our  to  the  two-fluidounce  mea- 
sure— o{  twenty  rat  her  than  of  sixteen  cubic  centimeters. 
Hence,  it  is  advisable  to  estimate  the  equivalence  of 
the  teaspoonful  as  at  5  c.c.  or  at  the  rate  of  six  to  the 
fluidounce;  and  of  the  tablespoonful  at  20  c.c,  or 
at  the  rate  of  three  to  two  fluidounces — six  to  four 
fluidounces. 

A  fourth  consideration  affecting  the  estimation  of 
amounts  in  the  prescription  of  fluid  mixtures,  obtains 
in  the  prescribing  of  a  solid  to  be  borne  in  solution  in 
an  inert  fluid  menstruum,  the  point  being  the  matter 
of  the  proper  proportion  between  solid  and  solvent^. 
Of  course,  the  proportion  must  be  compatible  with 
the  solubilitv,  in  the  selected  menstruum,  of  the  given 
solid ;  and  if  the  dose  is  to  be  diluted  extemporaneously, 
the  concentration  of  the  prescribed  solution  may  be  to 
any  degree  so  compatible  with  solubility.  If,  how- 
ever, as  so  often  is  the  case,  the  prescription  purposes 
a  solution  fit  for  direct  administration  without  fur- 
ther dilution,  then  the  consideration  of  taste  enters 
into  relation.  An  overstrong  solution  will  be  rough 
to  the  taste,  and  may  also  be  irritant  or  even  corrosive 


to  the  alimentary  mucous  membranes;  while,  on  the 
other  hand,  if  the  solution  be  inordinately  weak,  the 
volume  required  for  the  carrying  of  a  proper  dose  of 
the  dissolved  basis  may  be  inconvenientlj-  Large.  Of 
course,  in  this  matter  the  individual  peculiarities  of 
the  constituents  of  a  given  prescription  will  require 
individual  consideration;  but,  in  a  general  way,  the 
truth  obtains  that  the  teaspoonful  is  best  made  the 
carrier  of  not  more  than  Ixcvnty-five  centigrams,  or 
five  grains;  and,  similarly,  the  tablespoonful  of  not  more 
than,  respectively,  one  gram,  or  twenty  grains,  of  a 
solid  in  solution.  In  the  ease  of  fairly  bland  sub- 
stances, whose  solubilities  will  at  the  .same  time  per- 
mit, twice  these  quantities  may  be  permissible;  but 
such  proportion  should  not  be  exceeded. 

From  this  presentation  of  points  affecting  the  pre- 
scription of  fluid  mixtures,  it  appears  that,  in  cases  in 
which  it  is  expected  that  the  whole  bottleful  is  to  be 
used,  the  estimate  of  amounts  must  harmonize  a  trio 
of  conditions  as  follows:  (1)  The  total  must  be  just  a 
bottleful;  (2)  it  must  aggregate  about  the  number  of 
doses  therapeutically  indicated;  and  (3)  at  the  same 
time  the  amount  of  the  active  basis,  while  being  such 
as  to  yield  the  proper  strength  of  .solution,  must  also 
be  such  as  to  admit  of  ready  expression  in  terms  of  the 
system  of  weight  or  measure  employed  in  the  writing. 
In  the  use  of  the  metric  system  this  triple  harmoniza- 
tion presents  no  difficulties,  for  the  simple  reason  that 
since  any  amount  is  etiually  easy  of  expression  by  this 
system,  it  is  only  necessary  to  harmonize  the  first  two 
considerations,  letting  the  amount  of  active  basis  re- 
quired foot  up  to  what  it  will.  When,  however,  the 
apothecaries'  system  is  followed  in  the  prescription,  at 
once  a  complication  arises,  for  the  reason  that  in 
apothecaries'  weight  all  amounts  are  not  equally  ea.sy 
of  expression — some,  indeed,  being  so  awkward  to 
express  as  practically  to  be  unavailable.  Thus,  for 
instance,  although  by  this  system  ratios  are  naturally 
taken  in  duodecimals,  yet  such  a  natural  duodecimal 
multiple  as  seventy-two,  representing  grains,  is  a  mon- 
strosity for  expression.  In  computing,  therefore,  by 
apothecaries'  weight  and  measure,  the  prcscriber  is 
bound  by  the  clumsiness  of  the  denomination  ratios 
of  the  system,  and  so,  for  cases  in  which  the  total 
basis  exceeds  a  dram,  finds  available  for  the  fulfil- 
ment of  the  tripartite  conditioning  set  fortli  above,  a 
certain  set  of  combinations  only.  These  combina- 
tions are  easily  enough  figured  out  for  one's  self;  but 
for  convenience  of  reference  there  are  set  forth,  in 
tabular  form  below,  the  combinations  convenient 
when  the  individual  dose  of  basis  is  to  be  one  or  other 
of  the  several  amounts,  five,  ten,  fifteen,  or  twi-nty 
grains.  If  the  individual  dose  of  basis  be  less  tnan  a 
grain  or  two,  then  the  total  amount  of  basis  required, 
being  but  a  moderate  number  of  grains,  is  easy  enough 
of  expression,  and  the  difficulty  now  under  considera- 
tion does  not  obtain. 

Table  of  Convenient  Combinations  for  the  Prescription  of 

Fluid  Mixtures  by  Apothecaries'  Measohe  and  Weiciit. 

1.  Dose  to  be  borne  in  an  avrrage  leaspoon/ul,  reckoning  six  leiupoonfult 

to  the  fluidounce. 


"3-3 

ii 

-0, 

Amount    ot    basis    to   be   prescribed    in   order   to 
yield     to     the     teaspoonful     the     several    doses 
of— 

a^  3     a  a.'a 

Five 
grains. 

Ten 
grains. 

Fifteen 
grains. 

Twenty 
grains. 

i 

I 

4 

6 
8 
12 

3 
6 
12 
24 
36 
48 
72 

gr.  XV.     1        3  as- 
5  8s.       I       3  i 
3  1.               3  ij- 
3  ij.              5  8s. 
3  ill.             3  vj. 
3  S3.              S  i. 
3  vj.       1       5  js.'. 

5  JM. 
5  iij- 
ovj 
3ix. 
5  jsa. 


3  1- 
3  ii- 

5ss. 

5  J. 

3  las. 

su. 

3  iij. 
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lo  be  borne  in  an  average  tablespoonful,  recko 
a  half  tablespaonfuls  to  the  fluidounce. 


basis    to   be   prescribed 

in   order   to 

•'9-H 

yield    to 
.  of— 

he    tablespoonful    the    s 

everal  doses 

*^  •-*  oi 

^ac 

3-S   g 

Five 
grains. 

Ten              Fifteen 
grains.            grains. 

Twentx 
grains. 

2 

3 

gr  XV. 

3ss. 

3i- 

4 

6 

OSS. 

3  J. 

3  jss. 

5  ij- 

6 

9 

3  jss. 

5  i"j. 

8 

12 

5  )• 

3ij. 

3  iij. 

S  ss. 

12 

IS 

5  jss. 

3  iii- 

3  vj. 

3.    Dose  lo   be   bo: 


■o-h 

ot 

basis    to   b 

e   prescribed 

in   order    to 

■^  3 

yield    to    the    fiuidram 

the    severa 

doses    of — 

a  01 

«-  i 

Five 

Ten 

Fifteen 

Twenty 

«-ag 

zl^ 

grains. 

grains. 

grains. 

grains. 

i 

4 

3j. 

3ij. 

3  j. 

3iv. 

1 

8 

3ij. 

3iv. 

3  ij. 

3  viij. 

2 

16 

9iv. 

3  viij. 

3  55, 

3xvi. 

4 

32 

3  viij. 

3xvj. 

5  j. 

6 

48 

5ss. 

S  j. 

5  jss. 

5  ij. 

8 

64 

3xvj. 

S  ij. 

12 

06 

S  i. 

5  ij. 

5  iij. 

'3  iv. 

4.  Doa 

e  (0  6c  borne 

n  a  Tneasured  half-fluidounce. 

"o  -i 

J.« 

Amount    of    basis    to   be   prescribed   in   order   to 

^c 

JS    " 

yield   to   the    half-fluidounce   the   several    doses 

+J 

of— 

0  .«    ■ 

0-.2  a 

r^^n 

Five 

Ten              Fifteen 

Twenty 

„ao 

3  3  0 

ZO  " 

grams. 

grains.            grains. 

grains. 

1 

2 

gr.  X. 

3  j.              5  ss. 

3ij. 

2 

4 

3i. 

3ij.             3J. 

3iv. 

4 

8 

3ij. 

3  iv.            5  ij. 

3  viij. 

6 

12 

3  j. 

3  ij.              3  nj. 

3  ss. 

8 

16 

3iv. 

3  viij.          5  ss. 

3xvj. 

12 

24 

3ij. 

5  ss.            3  vj. 

3  j. 

III.  The  Expressing  of  a  PnESfRiPTioN. — In 
form,  prescriptions  are  commonly  written  after  the 
following  paradigm : 

For  Mr.  k.  B. 


Take 


Of  substan 


A, 


Of  substance  C, 
Do  so-and-so  (with  theml. 
Label  [the  package] 


quantity  I. 
quantity  y. 
quantity  z  lete.J 


[Dated]  November  22,  lftl7. 

A  very  good  plan,  followed  by  most  practitioners, 
is  to  have  prescrijjtion  blanks  printed  for  their 
personal  use,  bearing  the  imprint  of  name,  address, 
office  hours,  telephone  number,  and  registration 
number.  In  such  case  the  imprint  is  commonly  at 
the  head  of  the  paper.  In  language,  a  prescription  is 
commonly  written  in  part  in  Latin,  and  in  part  in 
the  vernacular.  In  the  United  States  the  use  of  the 
Latin  is  commonly  confined  to  such  portion  of  the 
prescription  as  has  to  do  with  directions  to  the  phar- 
macist for  the  compounding  and  "putting  up"  of 
the  medicine;  the  directions  for  use  are  written  in 
English.     Another,  and  quite  universal,  custom  is  to 

600 


express  by  abbrevialion  or  by  symbol,  in  the  jiharma- 
ceutical  portion  of  the  prescription,  what  might  be 
called  staple  words.     Thus,  in  the  foregoing  )Kir:uligm, 
take  is  expressed  by  the  symbol  "  I^,"  tlic  initial  letter 
of  the  Latin  word  recipe,  signifying  take  thou.     Next, 
titles   of   denominations   of   weight   or   measure   are 
expressed  by  the  commonly  employed  symbols  for 
such  denominations,  and  niimeral  adjectives  by  the 
so-called  Roman  numerals  in  the  use  of  the  apothe- 
caries' system  of  weight  or  measure;  but  by  the  ordi- 
nary Arabic   numerals  when    the  prescription   is  by 
jnetric  weight  or  measure,  as  is  practically  a  nece.ssity 
for  the  expression  of  the  related  integral  and  decimal " 
fractions   by   which   metric   quantities  are  signified. 
Next,  the  word  misce,  signifying  mix  thou — the  most 
commonly  occurring  word  expressing  requirement  of 
pharmaceutical    manipulation,    is    expressed    by    its 
initial  letter  M.,  and  similarly  the  word  signa,  signi- 
fying label  thou,  by  its  initial  letter  S.     Other  com- 
liionly  employed  abbreviations  are  "  aa"  for  ana,  latin- 
ized "Greek  for  the  phrase  of  each;  "no."  for  numero, 
signifying    to   the   number   of;    "q.  s."    for    quantum 
suffici'at,  signifying  as  much  as  may  be  necessary,  and 
"p.  r.  n."  for  pro  re  nat&,  signifying  according  to  need. 
It  thus  appears  that  all  of  the  prescription  requir- 
ing full  dress  in  Latin  is  comprised  in  the  titles  of 
substances  prescribed,  and  in  the  directions  for  the 
compounding.     And  for  the  correct  latinizing  of  such 
items   a   critical   knowledge   of   the   Latin   language, 
though,   of  course,  of  great  advantage,  is  not  indis- 
pensable.    For,  so  far  as  relates  to  the  expression  of 
medicine-titles,  all  that  is  necessary  is  to  know  how  to 
set  these  titles  in  proper  case;  and,  as  concerns  the 
expression   of    pharmaceutical   directions,    it    is   to   be 
remembered  that,  in  the  great  majority  of  instances, 
the  directions  for  compounding  requiring  specifica- 
tion in  prescription  writing,  are  simple  and  set,  so 
that  their  Latin  phrasing  is  easil  ycompassed   by  the 
knowledge  of  the  few  arbitrary  words  and  phrases  con- 
tained in  the  following  lists. 


List  of  Odd  Words 
IN  THE  Expression  of 
SCRIPTIONS. — 1.  Verbs,  i 
accusative  case  (analogu( 


and  phrase8  of  common  occurrence 
Phahmacedtical  Directions,   in  Pre- 

1  imperative  mood;  "object"  to  be  in  the  ■ 
of  the  English  objective): 


Adde,  add. 
Cdla,  strain. 
Divide,  divide. 
Extinde,  spread. 
Fa;  make. 

Flltra,  filter. 
Mdcera,  macerate 
Misce.  mix. 
S6he,  dissolve. 
Tere,  rub. 

2.    Verbs,   in   subjunctive    m 

ood,   taking  a  subject 

BMHat,  let  [itl  boil. 
Flat,  let  li(l  be  made  I 
Fiant,  let  [them]  be  ms 

ntol. 

de  [into]. 

•ith  its  1 


I 


(neuter),    to    be 


(neuter),  to  be  take: 
e  accusative  case; 


3.    Verbal  adjective  (participle)  to  ag: 
number,  and  case: 

Dividendus    (masculine) ;    -a    (feminine) ;    - 
divided. 

Sumendus  (masculine);  -o  (feminine) ;  -Mm 

4    Prepositions:  noun  following  to  be  in  the 

Ad,  to;  up  to.  In.  into.  Supra,  upon 

5.  Prepositions:  noun  following  to  be  in  the  ablative  c 

Cum,  with.  Pro,  for.  Sine,  with 

6,  Miscellaneous  Words  and  Phrases: 


.\na,  of  each. 
Bene.  well. 


Dein  or  deinde,  thereupo 

Et.  and. 

Graddtim,  gradually. 

In  the  instance  of  a  pharmaceutical  operation  which 
cannot  be  expressed  in  Latin  by  the  application  of  the 
foregoing  vocabulary,  the  wi.se  course,  even  for  the 
Latin  scholar,  is  to  forego  elegance  and  write  the 
direction  in   the  vernacular. 


Gutldtim,  by  drops. 

Non,  not. 

Non  repetdtur,  lit  it 

not  be 

repeated. 

Semel,  once. 

Simul,  together. 

,S/rf/tm,  at  once. 

Ter,  thrice. 
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As  regards  the  rendering,  in  proper  Latin  case,  of 
the  titles  of  the  ingredient  substances  of  a  prescription, 
the  points  are  as  follows:  There  are,  in  Latin,  six 
cases  in  the  declension  of  nouns  and  adjectives,  but 
of  these  cases  four  onl_v  are  concerned  in  the  latinizing 
of  medicine  titles.  These  four  are,  respectively,  as 
follows:  The  nominalwe  case,  corresponding  to  tlie 
English  nominative,  is  the  case  in  w-hich  titular  words 
stand  in  simple  statement — by  which,  in  short,  names 
are  learned.  Thus,  we  recognize  prepared  chalk  by 
the  Latin  title  Crela  prceparata,  wherein  the  two  words 
of  the  title  are  in  the  nominative  case.  Next,  the 
genitive  case  corresponds  to  the  English  objcclim 
case  after  the  preposition  of,  and  is  the  case  in  which 
titular  words  most  commonly  stand  in  prescription 
writing.  For,  in  the  first  place,  compound  titles, 
even  in  simple  statement,  commonly  afford  an  in- 
stance of  the  genitive,  as  in  the  case  of  the  title 
tincture  of  opium.  Here  the  phrase  of  opium  is 
rendered  in  Latin  by  the  word  opium  set  in  the  geni- 
tive case.  Then,  in  the  second  place,  in  prescrib- 
ing, the  order  for  the  "taking"  of  a  given  ingredient 
is,  in  the  enormous  majority  of  instances,  a  direction 
for  the  taking  of  a  specified  quantity  of  the  substance 
in  question.  A  prescription  for  a  phial  of  laudanum, 
that  is,  will  read:  "Take  of  tincture  of  opium  one- 
half  fluidounce."  In  such  case  the  titular  word  of 
the  preparation  itself — in  this  instance  the  word 
tincture — will  have  to  stand  in  the  genitive,  since 
now  it,  also,  follows  the  preposition  of.  With  the 
exception,  therefore,  of  a  few  conditions  when  titular 
words  stand,  in  prescription  expression,  in  the  accusa- 
tive, the  rule  is  that  all  titular  nouns  and  adjectives 
which,  in  simple  statement  of  the  title,  stand  in  the 
nominalire,  require,  in  prescription  orders,  to  be  set 
in  the  genitive. 

The  third  Latin  case  that  concerns  the  prescriber  is 
the  nccufiative,  the  Latin  analogue  of  the  English 
objective  following  a  transitive  verb.  Titular  nouns  and 
adjectives  take  the  accusative  under  the  two  following 
circumstances:  First,  when  the  order  is  not  the  com- 
mon one  to  take  a  certain  specified  measure  or  weight 
of  the  thing,  but  to  take  the  thing  itself  in  a  condi- 
tioned entirety.  A  common  instance  of  this  circum- 
stance is  where  yolk  or  white  of  ega;  is  an  ingredient  of 
a  prescription.  ~  Hence,  in  prescribing  yolk  the  order 
is  commonly  to  take  the  yolk  of  one  egg,  or  of  two,  or  of 
three  eggs,  "as  the  case  may  be;  in  which  case  the  title 
word  yolk,  standing  as  the  direct  object  of  the  transi- 
tive verb  lake,  requires  to  be  put  in  the  accusative. 
Another  commonly  occurring  instance  where  the 
accusative  must  appear,  is  where  the  prescriber 
writes  for  a  certain  number  of  a  ready-made  medicinal 
entity,  such  as  pills  or  troches,  of  standard  composition, 
and  hence  of  independent  title.  Thus,  to  prescribe 
the  pharmacopocial  compound  cathartic  pill,  the  sim- 
plest way  is  to  order  directly  the  desired  number  of 
the  alreadv  made  pills,  which  the  pharmacist  keeps  in 
stock.  Such  prescription,  therefore,  reads:  "Take 
compound  cathartic  pills  to  the  number  of"  so  many, 
and  so  the  word  for  pills,  with  its  dependent  adjectives, 
appearing  as  the  immediate  object  of  the  verb  take, 
stands  in  the  accusative.  The  second  circumstance 
determining  the  setting  in  the  accusative  of  titular 
nouns  and  adjectives  occurs,  in  one  form  of  writing, 
in  cases  in  which  the  prescription  orders  that  a  given 
substance  be  taken  up  to  the  attainment  of  a  certain 
total  bulk  or  weight.  This  form  of  order  most  com- 
monly obtains  in  the  prescripiion  of  fluid  mixtures, 
where  it  is  often  convenient  to  order  in  spocihed 
quantities  the  necessary  amounts,  respectively,  of 
basis  or  adjuvant;  but,  as  regards  the  inert  vehicle 
simply  to  direct  the  compounder  to  "take"  the  vehicle 
.substance  until  the  whole  mixture  shall  attain  the 
measure  of  the  desired  bottleful.  In  such  case  the 
order  for  the  vehicle  mav  be  phrased  in  either  of  two 
stvles— in  the  one  of  which  the  titular  words  will 
appear  as  usual  in  the  genitive,  but,  in  the  other,  in 


the  accusative.  The  phrase  in  the  latter  style  is 
according  to  the  model,  take  so-and-so  up  to  [the  meas- 
ure of]  so  much.  Here  the  title  of  the  substance 
"taken"  is  the  immediate  object  of  the  verb  take,  and 
therefore  stands  in  the  accusative;  the  phrase  up  to  the 
measure  of  being  expressed  by  the  preposition  ad. 
Tlie  other  style  of  phrasing  the  order  is  after  this 
model:  Take  of  so-and-so  as  much  as  may  be  necessary 
to  attain  the  measure  of  so  much.  Here  the  title  of  the 
medicine  once  more  follows  the  preposition  of,  and 
hence  appears  in  the  genitive.  In  the  rendering  of 
the  order  in  this  style,  the  Latin  phra.se  quantum 
sufficiat  ad  (commonly  abbreviated  to  q.  s.  ad)  is  the 
tran.slation  of  the  English  "as  much  as  may  be  neces- 
sary to  attain  the  measure  of." 

The  fourth  and  last  Latin  case  that  concerns  the 
prescriber  is  the  ablative,  a  case  corresponding  to 
the  English  objective  after  certain  prepositions.  The 
prepositions  governing  the  ablative  that  occur  in 
prescription  writing  are  cum,  "with,"  pro,  "for,"  and 
sine,  "without."  But  as  regards  the  ablative,  the 
special  point  obtains  that  the  circumstances  of  pre- 
scription phrasing  never  require  the  rendering  in  the 
ablative  of  a  title  word  which  in  the  title  appears  in  a 
dilTerent  case.  The  few  instances  of  the  ablative  in 
medicine  titles  are  therefore  fixed,  and  the  ablatives 
so  occurring  are  ea-sily  learned  by  rote. 

The  expression  of  case  is,  in  Latin,  effected  by  modi- 
fication of  the  ending  of  the  word  itself  which  is  to  be 
fieclined,  and  in  such  modification,  adjectives  share  as 
well  as  nouns.  Different  modifications  are  employed 
to  signify  case  in  the  singular  and  plural  number, 
respectively,  and  of  such  modifications  there  are,  in 
ordinary,  five  distinct  systems,  constituting  the  five 
.several  declensions  of  nouns  and  adjectives,  besides 
cases  of  irregular  declension  presented  by  certain 
pronouns  and  cardinal  numerals.  Of  the  five  syste- 
matic declensions,  one,  the  fifth,  affords  but  a  single 
example  in  prescription  Latin,  namely,  the  ablative  re 
of  the  noun  res  in  the  oft-quoted  phrase  pro  re  nalA. 
Of  the  other  four  declensions,  examples  occur  in  pre- 
-scripf ion-writing  of  the  nominative,  geniliie,  accusa- 
tive, and  ablative  cases,  respectively,  in  the  singular 
number,  and  of  the  nominative,  genitive,  and  arcu.'inliie 
in  the  plural.  The  following  table  shows  the  endings 
for  the  several  cases  so  enumerated,  so  far  as  concerns 
nouns  and  adjectives  embraced  in  the  prescriber's 
vocabulary.  Endings  for  nouns  not  in  such  vocabu- 
larv  are  purposely  omitted,  as  are  also  the  irregular 
declensions  of  pronouns.  In  the  table  the  italicized 
letters  m.,  /.,  and  n.,  signify  respectively,  that  the 
case  endings  in  the  columns  beneath  are  those  of 
nouns   or   adjectives   of   the    masculine,  feminine,   or 

Table  of  Parts  of  Latin  Declensions  so  Far  as  Exemplified 
BY  Words  Used  in  Prescription-writiso. 

1.  Regular  Declensions  of  \ouns  and  Adjeciitrs. 


^1 

Second 
declension. 

Third 
declension. 

e 

/. 

m.*                      n. 

m.  and  /.           n. 

m.t 

SlNOnLAR. 

Nominative 

Genitive 

Accusative 
.\blativo 

-a     (-C) 
-X    (-es> 
-am  (-en) 

-a 

-us  (-08)  -um  (-on) 
-i 
-um  (-on) 
-o 

(various)  (various) 
-em        (like  no„,  1 

-fts 

Plcral. 
Nominative 
Cu-nilivc... 
.\ccU8ative 

-arum 
-as 

-OS                        -a 

-es                           -:i 

•  Except  juniperu*,    prunut,   rfcammw,    tambucut,    and    utmut, 

feminine. 

t  Except  quercua,  feminine. 
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neuler  gender;  for,  as  appears  in  the  table,  case  endings 
often  differ,  even  in  the  same  declension,  according 
to  the  gender  of  the  word.  The  endings  of  the  first 
and  second  declensions,  severally,  which  appear  in 
parcnlkcxis,  are  the  endings  of  certain  Greek  nouns, 
adopted  into  Lathi  with  something  of  the  Greek  form 
retained.  The  table  also  gives  a  list  of  words  of 
foreign  origin  applied  as  drug  titles,  which,  following 
the  Latin  idiom  in  such  case,  make  no  change  of  ending 
to  signify  case — are,  in  short,  indeclinable. 

Fifth  Declension  exemplified  only  in  ablative  singular 
re  in  phrase  pro  re  natd. 


2. 

Declension    0/ 

Cardinal    .Vu 

merals. 

Unus,  One. 

Duo.  T 

wo.            'rre.*.  Three, 

1 

m.         /. 

Nominative....  un-us    -a    -urn 

Genitive i           -ius 

Accusative -urn    -am    -um 

1  . 

du-o             -a 

m  -orum 

m.  and  f.  n. 
-es           -ia 

All  other  cardinal  numerals  a. 


Alcohol. 
Amyl, 
Buchu, 
Cajuput. 

Catechu. 
Chloral. 
Cu^so. 


als  are  indecHnahle. 

E   Drug-titles — all   neuter. 

Elixir, 

Naphthol. 

Eucalyptol, 

PyroEsllol 

Gambir. 

Quebracho 

Kamala. 

.Salol, 

Kino, 

Sassafras. 

Matico. 

Sumbul. 

Menthol, 

Thymol. 

Methyl, 

As  appears  at  a  glance  from  the  foregoing  table,  in 
the  case  of  any  noun  or  adjective  belonging  to  either 
of  the  three  declensions  numbered  as  first,  second,  and 
fourth,  respectively,  if  the  nominative  be  given,  any 
other  case  can  at  once  be  formed  by  substituting  the 
proper  case  ending  for  that  of  the  nominative.  In 
words  of  the  third  declension,  however,  this  possibility 
in  very  many  cases  does  not  obtain.  For  in  this 
declension  the  nominative  often  stands  apart  from 
the  other  cases  in  the  way  of  having  the  very  root, 
or  "stem,"  of  the  word  curtailed  or  modified  in  its 
construction.  Thus,  the  stem  anlhemid-,  giving 
genitive  anthemidis,  accusative  anthemidem,  and 
ablative  anthemide,  gives  nominative  anthemis — a 
word  in  which  the  full  stem  does  not  appear.  Simi- 
larly, the  root  flur-,  giving  genitive  floris,  etc.,  gives 
nominative  flos;  and  root  rho-,  giving  genitive  rhois, 
offers  the  much  modified  nominative  form  rhus. 
Hence,  for  the  proper  rendering  in  oblique  case  of 
nouns  or  adjectives  of  the  third  declension,  it  becomes 
necessary  to  learn  arbitr.arily  the  form  of  some  one  of 
the  oblique  cases — most  conveniently  the  genitive — 
as  well  as  that  of  the  nominative. 

A  special  point  concerned  in  the  expression  of  case 
contains  in  the  case  of  adjectives,  to  the  effect  that 
very  many  of  these  words  form  their  case  endings 
after  different  ones  of  the  declension  models,  accord- 
ing to  the  gender  of  the  noun  to  which  the  adjective 
is  attached.  In  compound  drug  titles,  therefore, 
which  include  an  adjective,  the  gender  of  the  noun 
modified  b}'  the  adjective  becomes  necessary  to  know 
for  the  intelligent,  proper  rendering  of  the  adjective's 
case  ending.  In  the  third  declension  all  genders 
appear,  and,  although  in  nouns  of  certain  nominative 
endings  the  ending  carries  with  it  the  gender,  yet  in 
the  case  of  many  other  nouns  this  is  not  so,  and  genders 
must  be  learned  arbitrarily.  HappOy,  however,  the 
nouns  of  the  third  declension,  among  drug  titles, 
which  bear  an  associated  adjective,  are  few. 

From  the  above  analysis  it  is  evident  that,  in  the 
case  of  a  given  noun  in  the  nominative,  the  rendering 
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of  the  same  in  an  oblique  case  can  proceed  by  rule 
according  to  the  foregoing  declension  table,  if  only  the 
declension  of  the  noun  be  known;  with  the  further 
item,  in  the  instance  of  a  noun  of  the  third  declension, 
that  some  one  oblique  case,  as  well  as  the  nominative, 
be  known,  for  the  affording  of  the  full  stem  of  the 
word.  Similarly,  the  proper  case  dress  of  any  given 
adjective  can  be  fixed  if  the  scheme  of  declension  of  the 
adjective  itself  be  known,  on  the  one  hand,  and,  on  the 
other,  the  gender  of  the  noun  to  which  the  adjective 
is  to  be  affixed — adjectives  requiring  to  agree  with 
their  respective  nouns  in  gender,  number,  and  case. 
This  requisite  information  concerning  nouns  and 
adjectives  of  prescription  use  is  afforded  in  the  two 
following  tables — the  one  giving  a  key  to  the  declen- 
sions of  nouns,  with  genders,  and  also,  in  the  case 
of  nouns  of  the  third  declension,  genitive  endings — • 
and  the  other  showing  the  schemes  of  declension  of 
adjectives. 

Table  Showing  Declension  and  Gender  of  Nouns  Occurring 
IN  Titles  of  U.  S.  Pharmacopceial  Medicines  and  in  Com- 
mon Prescription  Terms. 

Nominalive     singular     ending     in     -a: 
All  First   Declension  and  Feminine,   except   (of  Greek   origin)   the 
following    in   ~ma: 


Physostig'n 

3d,  n. 
Aspidosper': 

3d.  n. 
E'nema  (ene'matis),  3d,  n 


(physostig'matis),    Catapias' 

3d.  n 
(aspidosper'matis) , 


na     (cataplas'niatit 

Gargaris'ma      fgargaris'mati; 

3d,  n. 
Theobro'ma       (theobro'mati; 

3d,  n. 


Juni'perui 
Pru'nus, 


All  .Se~ 
.  2d.  /. 


linative    .Singular    ending 


Nominative  S 
Comprise 


Masculine,  except — 

IRhus  (rho'is),  3d.  f  (" 
bra"). 

Fruc'tus,  ith,  m. 

Spir'itus. 
iQuer'cus, 

ngular  ending  in  -os ; 
nly  the  following — 


Flos  Cflo'ris),  3d. 


Nominative  Singular  ending  in  -um: 

All   Second   Declension,   Neuter. 

Nominative  Singular  ending  in  -on: 

Comprise    only    the    following — ■ 


Eriodic'tyon, 

Hsematox'ylon, 

Toxicoden'droc 


2d,  ; 


lEri'geron    (erigeron'tis),  3d, 
Li'mon  (Hmo'nis),  3d,  m. 


Nouns  of  all  other  endings  ore  of  Third  Declen 

Ending  in  -c: 
Lac  (lac'tis),  n. 

Ending   in    -el ; 

Fel  (fe'llis),  n.  IMel  (me 


(-to) 
Confe'ctio  (confectio'ni 
Lo'tio  (lotio'nis),  /. 
Po'rtio  (portio'nis),  /. 
Tritura'tio  (trituratio'n 


.Ether  (se'theris),  m. 
Pi'per  (pi'peris),  n. 
Zi'ngiber  (zingi'beris). 


I  (-ago) 

Mucila'go  (mucila'ginis), /. 
j  {-bo  and  -po) 

Ca'rbo  (carbo'nis),  m. 

Pe'po  (pepo'nis),  m. 
ISa'po  (sapo'nis).  m. 


Li'quor  (liquor'is),  m. 

i-ur) 
[Surphur  (sul'phuris),  n. 
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Endiriii 


(-as.  genitive  -alU)  (-is,  genitive  -eris) 

Ace'tas  (aceta'tisi,  m.  Pul'vis  (pul'verLs),  m. 
|ond  all  mil-names  in  -a>.]  (-ia,  genitive  -i«) 

Can'nabis  (can'nabis).  /. 

(-as,  genitive  -adit)  Digita'lis  (digita'lis).  /. 

Ascle'pias  (asclepi'adis).  /.  Hydraa'tis  (hydraa'tis),  /. 

(-Id,  genitive  -itia)  Sina'pis  (sina'pis),  /. 
A'raenis  (arseni'tis),  m. 
[and  all  sail-names  in  -is]  (_„,,  ,„  ante.) 


(-IS,  genitive  -idis) 
An'themis  (anthe'midis),  /. 
Can'tharis  (cantha'ridis  ),/. 
Colocyn'this  (polocyn'thidia),  /. 
Hamame'its  (hamame'lidis).  /. 
I'ris  (i'ridis),  /. 
Ma'cis  (ma'cidis)./ 


;  (bora'cis),  m 
X  (styra'cis).  i 


Cor'tex  (cor'ticis).  l 
Ru-niex  (ru'micis). 


(—us,  see  antt.) 

(-ns) 
IJu'glans  (juglan'dis),  /. 

(-P») 
A'deps  (a'dipisl,  m. 

(-r») 
Pars  (par'tis),  /. 


(-«) 
Fix  (pi'cis),  /. 
Ra'dix  (radi'cis), 

i-ux) 
.Xux  (nu'cis)./.. 

(-/r) 
Calx  (cal'cis),/. 


Table  Showing  Schemes  of  Declension  and  Gender  of  Adjec- 
■m-ES  OcccBRiNG  IN  V .  S.  Pharmacop<eial  Medicinal  Titles 

AND  IN   PkESCRIPTIGN-PHRASES. 

Scheme  I. — Second  and  First  Declensions  Combined. 
Masculint.  Feminine.  Xeuter. 

-us  [2d  dec  1  -a  list  dec.l  -urn  (-on)  [2d  dec  | 


.^CHEM 

Masculine  and  Feminine, 
-is  (genitive  -is). 


II. ^Third   Declen 


Seuler. 
:  (genitive  -is). 


Scheme    III. — Third    Declension. 
Masculine  and  Feminine, 
-or  (genitive  -oris). 

Scheme    IV. — Third   Declension. 
All  Genders. 

-ens  (genitive  singular  -entis);  (genitive  plural  -entium). 

A  final  point,  concerning  the  expression  of  a  pre- 
scription, is  that,  having  regard  to  the  fact  that  a  slip 
of  the  pen  on  the  part  of  the  writer,  or  a  slip  of  the 
understanding  on  the  part  of  the  pharmacist,  may 
convert  what  was  meant  as  a  missive  of  mercy  into  a 
death  warrant,  it  behooves  the  prescriber  most  sol- 
emnly to  execute  his  task  deliberately,  thoughtfidlij, 
and,  in  chirography,  legihly,  abjuring  all  dangerous 
doak-of-ignorance  abbreriation  of  medicine-titles;  and, 
finally,  to  fail  not  of  that  trusty  safeguard  against 
error,  a  review  of  the  paper  after  tlie  writing. 

Edward  Ccrtis. 

R.  J.  E.  Scott. 


Protozoa. — Fundamentally  distinguished  from  all 
other  types  of  animal  life  (^Ietazoa)  in  the  fact  that 
the  body  consists  of  a  single  cell  or  a  colony  of  .simple 
cells,  the  forms  included  here  are  for  the  most  part 
easily  recognized.  Some  forms  display  plant  char- 
acteristics of  structure  or  function  and  are  difficult  to 
classify.  A  few  higher  types  of  colonial  protozoa 
manifest  the  first  steps  in  intercellular  differentiation 
that  suggest  the  transition  to  the  Metazoa. 

While  the  Protozoa  are  structurally  simple,  they 
possess  nevertheless  specialized  parts,  the  cell  organs 
or  organcllic  for  the  performance  of  individu.al  func- 
tions. Especially  conspicuous  are  the  external  loco- 
motor organs  pscudopodia,  flagella,  and  cilia,  which 
are  commonly  used  in  distinguishing  the  chief  groups. 
Internally  one  finds  vacuoles  of  two  types,  the  non- 
contractile  related  to  nutrition  and  the  contractile 
■that  arc  respiratory  and  excretory  in  function.  Ex- 
cept in  the  mombraneless  forms  a  special  orifice  allows 
the  ingestion  of  solid  food  particles  and  sometimes 
another  provides  for  the  egestion  of  solid  waste.     Pro- 


tective shells  and  cyst  membranes  appear  in  many 
types,  the  latter  being  especially  frequent  in  parasitic 
forms. 

Anuclear  forms  (Monera  of  Haeckel)  have  not  been 
conclusively  demonstrated,  but  the  typical  uninuclear 
condition  is  varied  by  a  binudear  type  characteristic 
of  special  groups.  Multinuclear  forms  are  also  known. 
Division  is  the  common  method  of  reproduction  and 
may  be  simple  or  multiple,  either  in  the  free  or  the 
encysted  stage.  In  the  fusion  of  similar  spores  (iso- 
gametes)  or  dissimilar  (macro-  and  micro-gametes), 
and  in  the  temporary  fusion  with  mutual  exchange 
of  chromatic  substance  are  seen  proce.s.sc-s  that  suggest 
strikingly  the  sexual  processes  of  metazoa  and  are 
generally  if  not  universally  present  in  Protozoa. 

The  life  cycle  is  often  complicated  among  parasitic 
types  by  the  alternation  of  a  free-living  with  a  para- 
sitic stage,  or  of  two  parasitic  stages  in  different  hosts. 
In  either  case  these  stages  may  be  characterized  by 
different  types  of  reproduction  and  the  sexual  and 
asexual  phases  are  often  liighly  differentiated.  These 
modifications  are  much  better  known  by  the  researches 
of  most  recent  years,  and  single  instances  are  described 
under  the  different  headings  below. 

Protozoa  furnish  not  only  organ  parasites  as  do  the 
helminthes,  but  also  many  cell  parasites  and  even 
nuclear  parasites;  and  the  different  pha.ses  in  the  life 
cycle  may  illustrate  different  types  of  parasitism  as 
the  malarial  Plasmodium  is  successively  a  cell  parasite 
in  the  erj'throc\-1:e,  an  organ  parasite  in  the  blood, 
and  a  tissue  parasite  in  the  wall  of  the  mosquito's 
midgut.  The  conditions  of  parasitism  pre.sent  them- 
selves among  Protozoa,  viz.,  in  the  degeneration  of 
superfluous  structures,  formation  of  hold-fast  organs 
(suckers,  hooks),  an  accentuation  of  the  reproductive 
activity,  alternation  of  generations,  and  an  adjust- 
ment of  the  parasitic  life  cycle  to  the  habits  of  the 
host. 

Encysted  Protozoa  are  abundant  in  moist  regions 
and  as  such  cysts  open  under  the  influence  of  moisture 
they  may  appear  in  the  alimentary  canal  or  in  dis- 
charges from  the  body  without  being  true  parasites 
or  having  the  power  to  exist  continuously  under  such 
conditions.  Species  also  maintain  them.selves  over 
long  periods  in  the  alimentary  tract  without  exercising 
any  deleterious  influence  on  the  host.  Thus  End- 
amceba  coli  of  Schaudinn  is  believed  to  be  thoroughly 
innocuous  and  is  denominated  a  commensal  by  him 
and  subsequent  writers.  Such  an  interpretation  of 
the  role  of  any  species  evidently  depends  on  the  state 
of  knowledge  and  though  well  established  in  this 
instance  in  other  cases  has  changed  radically  under 
renewed  investigations. 

The  most  serious  morbid  conditions  evoked  by  pro- 
tozoan parasites  are  due  to  those  which  destroy  cells 
and  tissues.  Some  other  species  are  believed  to  cause 
active  proliferation  of  host  cells  and  to  produce  tumors 
or  excrescences.  All  attempts  to  ascribe  the  origin 
of  cancer  to  such  organisms  have  thus  far  failed,  but 
plant  growths  of  somewhat  similar  character  have 
been  traced  to  unicellular  organisms. 

The  effect  of  i)rotozoan  parasites  is  not  only  purely 
mechanical  in  the  destruction  of  tissue  but  involves 
also  a  physiological  factor.  The  influence  of  met- 
abolic products  set  free  in  the  protoplasm  of  the  host 
cell  and  ultimately  disseminated  widely  in  the  Viody 
of  the  host  is  often  toxemic  in  a  conspicuous  fashion. 
This  effect  is  most  thoroughly  understood  in  the  case 
of  the  malarial  plasmodium. 

The  protozoan  infection  m.iy  be  self-terminating 
or  cyclical  in  character.  Possibly  a  type  of  immunity 
is  acquired  by  the  host  or  the  individual  reproductive 
cycle  of  the  parasite  has  definite  limits  which  cannot 
be  transcended  without  a  change  of  host.  Much  ex- 
perimental work  has  been  carried  on  to  secure  attenu- 
ated cultures  of  various  Protozoa,  but  results  are  as 
yet  uncertain. 

Encysted  forms  constitute  undoubtedly  the  ordi- 
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nary  means  of  infection  with  protozoan  parasites.  I'n- 
successful  experiments  with  cysts  are  due  to  unknown 
or  uncontrolled  factors  such  as  age,  temperature, 
alkalinity  or  acidity  of  media,  need  of  an  intermediate 
host,  etc.  In  highly  specialized  forms  such  as  the 
blood  parasites,  the  transfer  may  demand  the  medium 
of  a  blood-sucking  insect  and  in  this  latter  host  some 
phase  of  the  life  history  is  usually  if  not  always  com- 
pleted, so  that  before  this  is  accomplished  the  insect 
is  non-infective. 

Control  of  infection  of  the  human  host  depends 
clearly  upon  adeciuate  knowledge  of  the  life  cycle  of 
the  parasite  and  its  means  of  transmission.  The 
brilliant  successes  achieved  in  the  prevention  of  ma- 
laria and  yellow  fever  were  consequent  upon  the  ex- 
perimental determination  of  the  carrier  and  with  its 
elimination  an  efTective  prophylaxis  was  possible.  So 
long  as  the  knowledge  of  the  life  cycle  is  confined  to 
the  history  of  the  single  phase  within  the  human  host, 
prophylaxis  must  be  vague  and  uncertain.  The  great 
advances  in  knowledge  of  human  parasitic  Protozoa 
during  the  past  decade  have  been  due  to  the  coopera- 
tive efforts  of  observers  trained  both  in  zoology  and 
medicine  and  to  comparative  studies  on  similar  Pro- 
tozoa parasitic  in  other  hosts. 

Classification. — In  the  previous  edition  of  the 
Hamdbook  the  Protozoa  were  divided  into  four  groups 
(classes)  on  the  basis  of  the  organs  of  locomotion,  viz., 
Sarcodina  with  pseudopodia,  Mastigophora  with  flag- 
ella.  Infusoria  with  cilia,  and  Sporozoa  without  special 
locomotor  organs.  The  investigations  of  recent  years 
compel  a  modification  of  this  system  to  the  extent  at 
least  of  the  division  of  the  last  group  into  two  classes 
and  a  rather  radical  rearrangement  within  the  Mas- 
tigophora. The  classification  of  the  Protozoa  is  still 
uncertain  and  especially  so  for  all  those  forms  of  whicli 
the  life  history  is  unknown.  From  a  single  stage  in 
the  life  cycle  very  misleading  conclusions  may  be 
drawn  since  ameboid  phases  occur  in  almost  all  groups 
and  flagellate  spores  are  found  among  the  true  amebx. 
No  one  single  structure  is  adequate  as  a  diagnostic 
feature  or  a  determining  factor  in  assigning  forms  to 
proper  taxononic  groups;  the  total  morphological 
complex  is  needed  to  indicate  true  relationships  and 
so  long  as  that  is  known  only  in  part,  the  location  of 
any  form  in  the  scheme  of  classification  must  bo  ten- 
tative. Even  more  artificial  are  those  schemes  which 
are  based  upon  habit,  a  characteristic  long  since 
abandoned  in  the  classification  of  higher  organisms 
but  revived  periodically  even  yet  for  Protozoa.  The 
Hematozoa  include,  for  instance,  true  flagellates  and 
Sporozoa,  forms  as  diverse  as  tapeworms  and  round- 
worms, which  no  one  proposes  to  group  together 
merely  because  they  agree  in  being  parasites  of  the 
alimentary  canal.  From  the  following  synopsis  are 
omitted  all  except  those  groups  which  include  para- 
sites and  nearly  all  except  those  including  human 
parasites.  For  a  fuller  account  of  the  group  the  reader 
should  consult  the  works  of  Calkins,  Minchin,  Braun, 
Liihe,  and  Doflein. 

To  the  worker  in  other  fields  some  confusion  ap- 
pears to  rule  in  the  classification  of  Protozoa  because 
(1)  of  the  use  of  different  names  by  different  authors 
for  what  is  actually  or  substantially  the  same  group 
of  organisms,  and  (2)  of  the  varied  rank  assigned  to 
the  same  group  in  different  treatises.  1  have  tried 
by  the  use  of  synonyms  to  prevent  difficulties  of  the 
first  type  and  as  regards  the  second  have  endeavored 
to  find  and  follow  the  best  usage,  conscious  of  the 
fact  that  no  rule  can  determine  what  rank  should  be 
given  to  a  group  and  that  there  is  much  justification 
in  the  constant  tendency  to  raise  the  rating  of  lower 
groups  as  they  become  better  known.  The  groups 
called  classes  below  may  equally  justly  be  designated 
subphyla,  or  even  phyla. 

Class  I.  Sarcodina. — Protozoa  having  the  power 
in  the  adult  condition  to  form  everywhere  change- 
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able  processes  of  the  body  protoplasm  (i)seudopodia) 
which  are  primarily  locomotor  organs.  Usually 
capable  of  forming  shells  of  chitin,  lime,  or  silica, 
which  may  localize  the  formation  of  pseudopodia. 
No  preformed  openings  for  ingestion  or  egestion  of 
food.  Reproduction  by  simple  division  and  by  spore 
formation. 

Subclass  1.  Rhizopoda. — Naked  or  shelled  Sar- 
codina with  lobose  or  reticulate  pseudopodia.  Spore 
forms  ameboid  or  flagellate,  produced  by  multiple 
division  of  active  or  encysted  cell. 

Order  1.  Gymnama-bina. — Naked  forms,  mostly  in 
fresh  water.   A  few  species  parasitic ;  also  in  moist  earth. 

Many  authors  place  the  Mycetozoa  (Myxomycetes), 
commonly  called  slime  fungi,  here  as  one  of  the  classes ' 
under  the  Sarcodina.  These  forms  which  have  gener- 
ally been  regarded  in  the  past  as  plants  are  in  many  ; 
respects  distinctly  animal-like  and  if  included  at  all 
among  the  Protozoa  must  fall  in  this  class.  So  far  as 
known  they  are  all  parasitic  upon  plants  or 
saprophitic. 

The  other  subdivisions  of  the  Sarcodina  contain  no  , 
true  parasites. 

Class  II.  Mastigophora  (Flagellata). — Protozoa 
of  variable  form,  naked  or  with  cell-membrane,  with 
one  or  a  few  flagella  for  locomotion  and  securing  food. 
Fixed  opening  for  ingestion  of  food  and  contractile 
vacuole  present.  Nucleus  usually  single,  rarely 
blepharoplast  (kinetonucleus)  also  present.  Small 
forms  with  numerous  colonial  types;  In  fresh  and  salt 
water  and  also  parasitic. 

Subclass  1.  Flagcllata  (Euflagellata). — Small  usually 
active,  elongate  forms  with  ilagclla  at  anterior  end, 
often  also  an  undulating  membrane.  Yellow,  brown, 
and  green  chromatophores  often  found  together 
with  plant-like  nutrition;  some  forms  ingest  food  like 
amebae.  Reproduction  by  longitudinal  division  of 
free  form  involving  flagellum  or  by  multiple  division 
in  encysted  stage. 

Order  1.  Protomonadina  (Monadidea). — Very  small 
flagellates  with  poorly  differentiated  ectosarc  or  none, 
hence  often  apparently  ameboid  in  form,  with  one 
to  four  flagella  having  each  a  basal  granule  but  na 
blepharoplast.  Least  differentiated  group  in  th& 
class  Mastigophora. 

Order  2.  Hexamitoidea. — Bisymmetrical  forms  with 
four  to  eight  flagella  bilaterally  distributed.  Nucleus 
dumb-bell-shaped . 

Order  3.  Binucleata. — Nucleus  and  blepharoplast 
present,  and  both  arise  from  division  of  originally 
single  nucleus.  Flagella  and  basal  granule  connected 
with  blepharoplast.  Characteristic  parasites  in  in- 
testine and  other  organs  of  insects  and  in  blood  and 
lymph  of  vertebrates. 

The  other  subdivisions  of  the  Mastigophora  do  not 
contain  any  parasites  of  man. 

Class  III.  Sporozoa  (Telosporidia). — Exclusively 
parasitic  forms  in  the  adult  condition  without  any 
external  locomotor  organs,  without  mouth  or  anal 
pore,  without  contractile  vacuoles;  with  a  single 
nucleus.  Reproduction  always  by  the  formation,  usu- 
ally within  a  firm  membrane,  of  spores  without  polar 
capsules.  Spore  formation  restricted  to  a  single 
point,  viz.,  after  fertilization,  and  involves  entire 
mass.  Cell  parasites  throughout  life  cycle  or  at  least 
at  start  of  same. 

Order  1.  Gregarinida. — Cell  elongated,  single  or 
divided  into  two  regions  by  transverse  partition  of 
ectosarc;  cuticula  and  mj^onemes  present.  Vegeta- 
tive form  (trophozoites)  in  epithelial  cells,  later  in 
intestinal  lumen  or  body  cavity.  Sporogony  intro- 
duced by  encystment  of  two  cells  then  formation  and 
fusion  of  gametes  which  copulate  in  the  cyst.  A  large 
group  of  species  parasitic  in  invertebrates. 

Order  2.  Coccidioidiea. — Cell  spherical  or  oval,  with- 
out cuticula  and  myonemes.  Trophozoites  parasitic 
in  cells  and  increasing  by  multiple  division.  Gametes, 
free,  encystment  after  copulation.     Spores  with  a  defi- 
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nite  number  of  sporozoites.  Parasites  of  some  inverte- 
brates (moUusks,  myriapods)  and  of  vertebrates. 

Order  3.  Hiemosporidia. — Body  witliout  cuticula 
and  myonemcs,  of  variable  form.  Parasites  of  red  or 
white  blood  corpuscles  of  vertebrates  in  a  sexual  phase 
of  life  cycle,  and  in  blood-sucking  insects  during  sexual 
phase.  Microgametes  flagellate;  no  encysted  spores, 
Grouped  by  Hartmann  among  the"  Binucleata 
(Mastigophora). 

Class  IV.  Cnidosporidia  (Neosporidia). — Exclu- 
sively parasitic  forms  without  flagella  or  cilia,  but 
sometimes  with  pseudopodia.  Protoplasm  often 
multinuclear,  forming  internally  cnidr)spores  which 
contain  each  a  plasmaspore  (amebula)  and  one  or  more 
polar  capsules.  Spore  formation  starts  early  and  con- 
tinues throughout  life  of  mother  cell.  Spore  pro- 
duction very  large.  No  flagellate  stage  anywhere  in 
life  cycle.  Sporozoites  always  aniebulie.  These 
forms  are  thought  to  have  descended  from  Sarcodina. 

Order  1.  Microsporidia.  Very  small  spores,  oval, 
with  only  a  single  polar  capsule,  not  visible  in  life. 
Cell  parasites  of  invertebrates. 

Order  2.  Myxosporidia. — Spores  bilaterally  sym- 
metrical with  bivalve  shell  and  two  polar  capsules 
conspicuous  in  life.  (Very  rarely  reported  as  possess- 
ing one  or  four  polar  capsules.)  Spores  originate  in 
pairs  from  pansporoblast  and  alwaj^s  contain  ame- 
boid sporozoite.     Abundant  in  fishes. 

Order  3.  Actinomyxidia. — Spores  triradiate,  with 
three-valved  cover,  three  polar  capsules  and  eight  or 
more  ameboid  sporozoites  in  a  single  pansporoblast. 
In  Sipunculids  and  01igocha;tes.     Rare. 

Order  4.  Sarcosporidia. — Spores  very  numerous, 
crescentie,  uninuclear,  with  one  polar  capsule;  ai\d 
some  independent  motion.  Mature  forms  very  large, 
spindle-shaped  parasites  in  muscle  fibers  of  reptiles, 
birds,  and  mammals.     Inadequately  known. 

Order  5.  Haplosporidia. — Little  known  forms  re- 
garded by  some  as  fungi.  Parasitic  in  rotifers, 
annelids,  Crustacea,  and  fishes.  One  species  in  man. 
Position  in  system  very  problematic. 

Class  V.  Infusoria. — Body  definite  in  form;  ecto- 
sarc  firm,  provided  cilia  in  simple  rows  or  united  in 
membranella;  or  cirri.  Orifice  for  food  ingestion  often 
highly  specialized  and  provided  with  secondary  struc- 
tures in  the  Ciliata  or  absent  in  Suctoria.  Myonemes 
and  contractile  vacuoles  with  canal  system  usually 
present.  Two  types  of  nuclei  in  adult  at  ordinary 
times.  Division  in  free  stage  transverse;  multiple 
division  rare  and  only  in  encysted  stage.  Partial 
fusion  with  exchange  of  nuclear  substance  (conjuga- 
tion) and  complete  fusion  both  known. 

Subclass  1.  Ciliata. — Cilia  persistent  in  free  stage. 
Cytostome  present.  Mostly  free-living.  Some  para- 
sitic forms  in  man. 

Order  1.  Halotricha. — Cilia  uniform  in  length,  no 
membranelte.     Arrangement  of  cilia  variable. 

Order  2.  Heterotricha. — Heavier  and  larger  cilia 
and  membranellae  form  sinistral  spiral  adoral  zone; 
general  surface  also  ciliated. 

The  other  orders  contain  no  parasitic  forms. 

Subclass  2.  Suctoria. — Cilia  only  in  swarming  stage. 
Sucking  tubes  replace  cytostome.  Usually  parasitic; 
in  lower  forms  only. 

In  conformity  with  the  general  tendency  I  have  ex- 
cluded from  consideration  the  Spirocha'ta>  which  were 
treated  among  the  Protozoa  in  the  first  edition  of  the 
Reference  H.\xdbook.  I  have  also  omitted  the 
Chlamydozoa  as  they  are  called  by  some  authors.  In 
both  instances  it  must  be  said  that  the  protozoan 
nature  of  the  forms  mentioned  has  not  been  adequately 
demonstrated. 

ScARcoDi\.\. — The  class  Sarcodina  includes  protozoa 
that  lack  an  external  membrane  or  cell  wall  during  the 
vegetative  stage  and  that  form  p.seudopodia  or  proc- 
esses of  body  substance  by  which  locomotion  is  pro- 
duced and  food  material  is   grasped  and  engulfed. 


Most  of  them  build  a  shell  or  covering  of  lime,  silica, 
chitin,  or  even  foreign  materials.  The  common  free- 
living  amcba  which  in  structure  is  so  similar  to  the 
leucocj-te  is  the  typical  representative  of  the  class. 
Pseudopodia  and  the  shell  are  the  main  factors 
utihzed  in  the  subdivision  of  the  group. 

The  order  Amccbina  comprises  forms  with  lobose 
pseudopodia  and  the  suborder  Gymnama-bina  is 
restricted  to  such  as  lack  a  shell.  All  para.-itic  Sar- 
codina belong  here  and  are  indistinguishable  in  general 
morphology  from  the  free-living  forms  of  the  class. 
These  parasitic  species  are  probably  descended  from 
sUme-inhabiting  free-living  forms  which  would  re(|uire 
relatively  little  adjustment  to  adapt  them.selves  to  the 
parasitic  existence.  They  are  contained  in  a  few  sim- 
ply defined  and  poorly  separated  genera  that  in  fact 
generally  include  free-Uving  as  well  as  parasitic  spe- 
cies, p'ormerly  all  such  forms  were  designated  merely 
'"Ameba;"  none  of  them  really  belong  in  that  genus  of 
free-living  species,  but  those  that  cannot  be  definitely 
located  are  best  left  for  the  present  under  the  original 
designation.  The  general  structure  of  these  organ- 
isms is  exceedingly  simple  and  uniform. 

The  protoplii^Mi  shows  ordinarily  a  marginal  zone  of 
hyaline  ectoplasm  and  a  central  mass  of  more  fluid 
granular  endoplasm.  In  the  latter  circulate  non-con- 
tractile vacuoles,  food  particles,  and  one  or  more 
nuclei.  Fixed  at  the  inner  boundary  of  the  marginal 
ectoplasm  are  sometimes  contractile  vacuoles;  they 
are  rarely  found  in  par:isitic  species.  Reproduction  is 
ordinarily  simple  cell  division  proceeding  at  times  with 
great  rapidity  and  producing  large  numbers  of  individ- 
ual units;  this  is  the  multiplicative  reproduction  of 
the  species.  Entering  into  the  life  cycle  periodically, 
perhaps  only  under  definite  circumstances  which 
usually  at  least  would  include  conjugation  and  the 
exchange  of  nuclear  substance,  there  come  encj-st- 
ment  and  the  formation  of  swarm  spores  character- 
istic in  number  and  type  for  the  species;  this  con- 
stitutes the  propagative  reproduction.  Such  swarm 
spores  may  be  ameboid  or  flagellate  but  are  regularly 
minute  and  are  retained  in  the  cyst  during  the  period 
of  transition  from  the  original  host  to  a  new  one.  On 
reaching  the  latter  by  any  favorable  conditions  they 
escape  from  the  cyst  and  after  growth  .=tart  upon  the 
luultiplicative  period  again.  These  -stages  are  known 
in  a  few  species  and  inferred  to  be  present  in  the  life 
cycle  of  others  also.  Infection  can  be  achieved  experi- 
mentally by  the  transfer  of  cysts  or  more  rarely  of 
the  vegetative  stage. 

The  differentiation  of  species  is  difficult  at  best. 
One  mav  after  long  practice  determine  well-known 
forms  with  a  degree  of  accuracy  by  the  inspection  of 
vegetative  stages,  but  the  anatomical  differences  are 
trivial  and  opinions  are  divergent  iis  to  the  number  of 
species  which  can  be  discrimin.ated  in  this  fashion. 
The  most  reliable  criteria  are  taken  from  the  character 
of  cyst  and  spores  and  these  factors  are  largely  used  in 
the  description  of  species  and  genera.  Many  ameba> 
in  vegetative  form  are  only  developmental  stages  of 
other  organisms  and  not  actually  species  of  Sarcodina. 
It  is,  moreover,  difficult  to  di.stinguish  parasitic 
organisms  and  various  tissue  elements  of  the  human 
body  so  that  in  fact  certain  suppo.scd  parasites  have 
been  shown  to  be  in  reality  body  cells  and  in  other 
cases  the  same  confusion  while  not  demonstrated 
seems  to  have  existed. 

Endamoeba  Leidy  1S79  was  described  from  a  form 
found  in  the  rectum  of  cockroaches.  Nearly  twenty 
years  later  Casagrandi  and  Barbagallo  proposed  inde- 
pendently the  name  Entanuvba  to  designate  forms 
found  in  the  human  intestine.  Schaudinn  adopted 
their  name  in  his  epoch-making  discu.ssion  of  the 
human  intestinal  ameba?.  It  is  not  easy  to  distin- 
guish species  with  the  information  avail.able  nor  is  the 
genus  well  defined.  Should  it  later  appear  that  the 
Endamaha  blatlce  of  Leidy  represents  a  different  genus 
from  the  Entarmeba  coli  of  Schaudinn,  then  one  of  the 
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later  generic  designations  would  replace  Casagrandi 
and  Barbagallo's  name.  Meantime  Leidy's  original 
spelling  is  clearly  entitled  to  retention. 

No  lists  yet  available  serve  to  distinguish  sharply 
the  various  species;  the  structure  of  the  nuclei  and 
es|X!cially  the  details  of  cyst  formation  are  the  best 
data  at  hand  for  their  separation.  Knowledge  of 
most  forms  is  as  yet  very  fragmentary.  Many 
attempts  have  been  made  to  grow  intestinal  amebn' 
in  cultures  but  it  seems  clear  at  present  that  none  have 
been  successful,  and  the  tyjjes  really  found  in  these 
cultures  are  free-living  species.  Dysentery  induced 
in  e.xperimental  animals  after  the  administration  of 
material  from  such  cultures  must  be  explained  on  the 
basis  of  some  error  in  technique.  It  is  impossible  to 
believe  that  marked  structural  differences  can  be 
induced  in  a  species  of  ameba  by  cultural  conditions  as 
some  authors  have  maintained. 

The  first  described  cases  of  intestinal  amebse 
probably  date  from  Lambl  in  1860,  though  confusion 
with  other  protozoa  is  not  excluded.  Lewis  in  1870 
and  Cunningham  in  1871  undoubtedly  saw  ameba;  in 
feces  in  Calcutta.  The  classic  description  of  Losch  in 
1875  from  the  St.  Petersburg  clinic  gives  an  extended 
account  of  the  organisms  and  the  disease,  together 
with  the  pathology  as  determined  from  the  necropsy 
of  a  case  that  had  succumbed  to  intercurrent  pneu- 
monia. Losch  also  tried  to  infect  four  dogs  by  injec- 
tion and  concluded  from  the  results  that  the  organism 
he  had  was  not  pathogenic;  it  seems  probable  that 
the  opposite  was  true. 

Within  the  period  during  which  intestinal  amebse 
have  been  known,  views  have  varied  widely  as  to  their 
significance.  The  early  opinion  that  they  are  all 
harmless  gave  way  to  the  view  that  all  species  can  pro- 
duce dysentery  or,  as  stated  by  some,  that  any  intes- 
tinal ameba  may  under  circumstances  become  patho- 
genic. Various  authors  have  also  contended  that  the 
intestinal  amebic  are  only  secondary  factors  in  the 
production  of  dysentery  or  at  most  incidentally  related 
to  the  disease.  At  present,  however,  it  seems  reason- 
ably clearly  established  that  side  by  side  in  the  human 
intestine  are  to  be  found  harmless  commensals  and  dis- 
ease-producing parasites,  and  that  the  pathogenic  and 
non-pathogenic  forms  are  not  different  stages  in  the 
life  history  of  the  same  organism,  but  distinct  species. 
There  is  also  a  tendency  to  regard  different  types  as 
representative  of  distinct  genera.  How  far  this  is 
justified  is  not  clear  at  the  present  date. 

The  parasites  are  frequently  spoken  of  as  tropical 
and  the  dysentery  caused  is  referred  to  as  "tropical 
dysentery."  In  fact,  however,  the  famous  report  of 
Losch  on  the  existence  of  such  a  disease  concerned 
cases  in  St.  Petersburg,  Russia,  and  many  other 
records  have  been  published  from  northern  Europe. 

In  North  America  the  literature  includes  records  of 
cases  from  nearly  every  State  in  the  Union,  including 
detailed  accounts  from  New  York,  Michigan,  Minne- 
sota, and  even  Alaska,  where  the  disease  was  thought 
to  have  been  contracted  on  the  Tanana  and  Yukon 
Rivers.  Sanford  has  recently  tabulated  the  distribu- 
tion of  cases  observed  at  the  Rochester,  Minnesota, 
Mayo  Chnic.  In  all  among  5,000  fecal  examinations 
were  found  819  persons  from  northern  States  of  whom 
284  sheltered  Endamceha  coii  and  5.35  E.  hislohjticn; 
the^se  included  cases  from  every  northern  State  and 
from  the  Canadian  northwest.  There  were  in  addi- 
tion cases  from  the  southern  States  and  from  the 
tropics._  It  was  pointed  out  that  "the  entire  syn- 
drome is  not  so  severe  in  the  average  ameba-infected 
patient  of  the  North  as  it  is  in  those  of  the  South  or 
tropics." 

In  the  Philippines  a  series  of  one  thousand  cases 
showed  37.5  per  cent,  infected  with  Endamoeba,  9.2 
per  cent,  with  a  monad,  and  0.2  per  cent,  with 
Balantidium. 

Of  importance  in  the  spread  of  the  disease  are  the 
immune  carriers  in  whom  amebiasis  exists  in  a  mild 
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form  over  a  long  period  of  time.  Equally  serious 
from  the  human  standpoint  are  the  other  hosts  in 
which  the  parasite  may  exist  and  by  which  it  may  be 
multiplied  and  distributed.  The  horse  and  rat  are 
both  naturally  infected  at  times  with  intestinal 
amebaj  and  a  typical  dysentery  has  been  produced  in 
the  latter  experimentally  as  well  as  in  the  cat.  Infec- 
tion is  furthermore  distinctly  a  rural  and  not  an  urbaa 
symptom. 

When  one  attempts  to  decide  what  names  are  to  be 
applied  to  definite  types  in  the  genus  Endamceba  the 
situation  is  hopelessly  involved.  Losch  named  the 
form  he  studied  Amceba  coli  and  declared  it  was  non- 
pathogenic, although,  as  Braun  indicates,  his  records 
contain  unmistakable  evidence  to  the  contrary. 
The  first  to  distinguish  clearly  two  species  in  this  genus 
was  Schaudinn,  who  designated  the  non-pathogenic 
type  E.  coli  and  the  pathogenic  form  E.  kislolylica. 
These  names  have  been  rather  widely  employed, 
although  Schaudinn's  E.  coli  is  certainly  not  the  spe- 
cies coli  of  Losch.  Very  recently  E.  tetragena  Viereck 
has  been  in  frequent  use  for  one  pathogenic  tj-pe,  but 
it  has  been  shown  to  be  identical  in  fact  with  E.  his- 
tolytica of  Schaudinn  and  hence  should  be  suppressed. 
As  a  matter  of  fact  Councilman  and  LaFleur  were  the 
first  to  describe  clearly  a  pathogenic  type  and  its 
work;  to  this  form  they  gave  the  name  E.  dy.ienterifF, 
antedating  the  work  of  Schaudinn  by  ten  years. 
Unless  there  are  different  species  involved,  the  patho- 
genic type  should  take  the  name  E.  dyscnterirF  or  go 
back  to  E.  coii  (Losch)  nee  Schaudinn.  To  the  latter 
serious  objections  may  be  raised  apart  from  the  con- 
fusion involved.  In  view  of  the  existing  confusion  I 
have  followed  Schaudinn. 

Endnmceha  coli  Schaudinn  1903.  (Syn.:  Amctha 
coli  Losch  1875  (?)  in  part;  Enlamoeha  coli  Schaudinn 
1903;  Loeschia  coli  Chatton  1912;  E.  homiiris  Casa- 
grandi e  Barbagallo  1897;  E.  tropicalis  Lesage  ITOS; 
E.  nipponica  Koidzumi  1909;  E.  william.H  Prowazek 
1911.)  Diameter  7  to  70  m,  average  25  to  35  m-  Move- 
ment sluggish;  pseudopodia  few,  small,  blunt;  not  well 
differentiated.  Transparent  with  gray  tone ;  ectoplasm 
andendoplasm  not  distinct  even  when  ameba  is  mov- 
ing; endoplasm  finely  granular  with  intestinal  contents 
but  no  erythrocytes;  vacuoles  non-contractUe.  Nu- 
clear membrane  thick  with  masses  of  chromatin  on 
inner  surface.  Division  simple  also  multiple  with 
formation  of  eight  daughter  nuclei,  each  of  which  be- 
comes nucleus  of  ameboid  spore.  Fertilization  auto- 
gamous, followed  by  formation  of  cyst  with  eight 
nuclei.  Cysts  large,  100  to  25  m,  average  15  m  in  diame- 
ter (always  with  eight  nuclei  or  more). 

Abundant  in  feces,  both  in  health  and  in  disease. 
Cosmopolitan  in  occurrence,  variable  in  frequency  but 
generally  more  frequent  in  tropical  regions  and  least  so 
in  rigorous  climates.  According  to  Schaudinn  it  is 
present  in  healthy  individuals  in  West  Prussia  in  50 
per  cent,  of  all  cases,  in  Berlin  in  20  per  cent.,  along  the 
Adriatic  in  66  per  cent.  In  the  Philippines  from  50 
to  75  per  cent,  of  healthy  soldiers  and  native  scouts  are 
infected. 

In  North  America  it  has  been  reported  from 
nearly  every  one  of  the  LTnited  States  and  from  various 
provinces  in  Canada.  Its  frequence  can  hardly  be 
other  than  general  and  abundant  as  the  number  of 
cases  has  increased  steadily  with  the  range  and  ac- 
curacy of  the  examinations.  Experimentally  Walker 
and  Sellards  determined  an  incubation  period  of  one 
to  eleven  days  with  an  average  of  about  five  days  for 
this  species.  The  normal  seat  of  the  species  is  the 
upper  part  of  the  colon,  and  the  vegetative  forms 
appear  in  the  feces  only  when  the  latter  are  semi- 
fluid by  reason  of  disease  or  the  administration  of 
medicaments. 

The  cysts  first  discovered  by  Grassi  were  studied 
carefully  by  Casagrandi  and  Barbagallo.  They  were 
determined  to  be  the  means  of  transmitting  the  in- 
fection by  Calandruccio,  who  himself  ingested  such  ■ 
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cysts  and  some  twelve  clays  later  found  the  motile 
araebfe  in  the  feces.  Schaudinn  demonstrated  ex- 
perimentally that  only  such  cysts  as  contain  the  nor- 
mal number  of  eight  nuclei  are  capable  of  developing 
and  that  others  which  at  times  compose  the  major 
part,  or  even  up  to  eighty  per  cent,  of  those  evacuated, 
are  incapable  of  further  development.  In  old  dry 
fecal  matter  only  the  forms  with  eight  nuclei  are 
present.  In  the  colon  of  the  next  host  eight  small 
amebre  emerge  from  each  of  these  cysts  and  begin  a 
new  infection  and  vegetative  period.  Following  the 
analogy   of   Endamaeha  hlallie  it  is  inferred  that  the 
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small  amebie  are  gametes  and  must  fuse  before  de- 
veloping. In  moist  earth  cysts  live  a  month,  in  fecal 
masses  longer,  and  in  dry  earth  or  in  water  only  a  few 
days. 

That  one  of  the  human  intestinal  amebae  could  be 
recognized  to  be  not  pathogenic  was  first  shown  by 
Schaudinn  and  this  he  named  Endamocha  coli.  He 
showed  that  it  lives  in  the  intestine  as  a  harmless 
commensal,  never  producing  sjinptoms  of  diarrhea 
or  dysentery.  It  has  been  known  for  years  that 
amebae  were  to  be  found  in  the  feces  of  healthy  persons 
and  in  cases  where  no  dysentery  was  present,  but  work- 
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Fig.  4935—    4    ^ha  c  I       in  Inte  t  nal  Mu  us       Magnitu-a. 
(From  Braun  after  Losch  t  • 

ers  had  failed  to  distinguisli  between  these  and  those 
found  in  cases  of  dysentery.  Schauduiu's  great  serv- 
ice consisted  in  describing  accurately  the  two  types 
and  separating  them.  His  views  were  confirmed  soon 
thereafter  by  Craig  and  have  been  established  beyond 
question  bv  the  experience  of  many  workers  and  un- 
broken confirmatory  evidence.  The  anieba  has  been 
observed  in  healthy  individuals  for  months,  and  even 
years,  and  many  experimenters  have  injected  material 
containing    such    ameb:e   into  various  animals,   and 

•In  advance  of  the  appearance  of  Schaudinn's  figures  it  did 
mot  seem  advisable  to  do  more  than  quote  the  name  given  in 
the  original  from  which  these  cuts  were  taken. 


even  into  man  himself,  without  producing  any  evil 
results. 

Endamcpha  coli  is  readily  confused  with  the  patho- 
genic species  to  be  discussed  later  and  this  may  lead 
to  a  diagnosis  of  amebic  dysentery  where  other  causes 
are  responsible  for  the  condition.  Craig  believes  that 
such  confusion  is  frequent.  For  this  reason  earlier 
statistics  on  the  occurrence  of  amebic  dysenterj-  are 
vitiated  and  present-riay  records  unaccompanied  by 
accurate  diagnosis  of  the  type  of  ameba  found  in  the 
stools  are  equally  inadmissible.  Owing  to  the  wide- 
spread occurrence  of  E.  coli  in  territory-  where  amebic 
dysentery  is  found  an  accurate  differential  diagnosis 
between  this  and  the  succeeding  species  is  essential 
and  will  be  secured  by  the  use  of  the  comparative 
table  taken  from  Craig.     (See  also  Fig.  4936.) 

Differentiation  op  K.  HiftTOLrncA  and  E.  coli. 
Vegetative  Stage  of  Development:  Living  Preparations 


E.  histolytica. 
Actively  motile 
Ectoplasm    glass-like.       CI 
difTerentiated  from  endoplasi 

ndistinct  or  ii 


£.  coli. 
Sluggishly  motile 
ly     Fctoplasm  poorly  difTerentiatiKl 
from    cndoplaam,    not    glau- 
like  in  appearance 
Nucleus  visible  and  diatinet 


Nucleus   often 

visible 
Erythrocytes   present   in   endo-     Erythrocytes  absent  from  endo- 


plaam 
blood 


vhen    stools    contain 


large  i 


npact  karyo 


anii 


plasm    when    stools    contain 

blood.    Very  characteristi( 

Vegetative  Stage  of  Development:  Stained  Preparation 
Delicate  nuclear  membrane  and     Thick    nuclear    membran 

minute  karyosome,  when  Aw 

tolytica    type    of    nucleus    i 

present 
Well-defined      karyosome     sur-     Centriole  Renerally 

rounded  by  an  unstained  area         indistinct 

and    containing    a    rentriole. 

when  the  tetragena  type  of  nu- 
cleus is  present 
Smaller  granules  and  clumps  of     Large   gran 

chromatin    on    inner    side    of         chromatii 

nuclear  membrane 
Cyclical  changes  very  marked  i 

the  nucleus  when  the  titraoena 

tj-pe  is  present 
Erythrocytes   present   in   endo-     Erythrocytes  absent  from  endo- 


nurlear  membrane 
Cyclical  changes  less 
nucleus 


rkpil  i 


pla 
blood 


ivhen    stools    contain 


plasm     when    stools    contain 
blood 


Precystic  Stage  of  Development:  Living  and  Stained  Prcpantions 
In  both  the  living  condition  and  in  stained  preparations  the 
difTerentiatiou  of  E.  histolytica  and  E.  coli  is  most  difficult  in  this 
stage  of  development,  and  often  impossible;  the  diagnosis  should 
rest  on  the  character  of  the  vegetative  or  cystic  forms  that  are 
almost  invariably  present  together  with  the  precystic  forms 

Cystic  Staee  of  Development:  Living  and    Stained    Preparations 


E.  histolytii 
Cyst  smaller 
Cyst   wall   thin,  double  outline 

leas  frequently  observed 
Cyst      contains      characteristic 

chromidial  bodies 
Cyst  contains  from  one  to  four 

nuclei,  never  over  four 


E.  coli. 

Cyst  larger 

Cyst  wall  thick,  double  outline 
frequently  observed 

Cy^t  does  not  contain  chromid- 
ial bodies 

Cyst  contains  from  one  to  six- 
teen nuclei,  the  normal  num- 
ber being  eight  when  the  c>'8l 
is  fully  developed 

In  the  use  of  the  table  one  should  hold  in  mind  con- 
stantly the  statement  of  Craig  that  "a  differential 
diagnosis  of  these  species  does  not  rest  on  the  presence 
of  a  single  morpi)ological  feature,  but  should  only  be 
made  after  a  careful  consideration  of  all  morpho- 
logical data  as  well  as  the  life  cycle  of  the  organisms 
investigated." 

Etidamaba  kUtohjHca  Schaudinn  1003.  (Syn.: 
Amccba  coli  Losch  1875;  Amceba  (iyiieT}teri(e  Council- 
man and  Lafleur  1S91  (?)  in  part ;  Entarturha  dyscjiieria? 
Craig  1905;  Endamosba  Utragnia  Viereck  1907;  Enta- 
macba  africana  Hartmann  1907;  VicTickia  tetragena 
Chatton  1012.)— Diameter  10  to  70  ^i.  usually  25  to  40 
n  when  quiet.  More  actively  motilethan  E.  coH,  Pseu- 
dopodia  blunt  ordigitiform!  refract ile.  clearly  differen- 
tiated.    Ectoplasm    and    endoplasm    well    defined; 
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cctoplasin  glass-like,  clear;  endoplasm  granular  with 
numerous  non-contractile  vacuoles  and  erythrocytes. 
Nucleus  variable;  in  cases  of  aciite  dysentery  difficult 
to  sec  in  life,  excenlric,  usually  close  to  cell  membrane, 
very  delicate,  no  nuclear  membrane,  chromatin  scanty ; 
karyosome  minute.  In  chronic  cases  of  dysentery 
nucleus  of  Mragena  type,  distinct  in  life,  with  well- 
defined  nuclear  membrane  and  considerable  chro- 
matin in  form  of  granules;  difficult  to  distinguish  from 
nucleus  oi  E.  colt.  Division  simple;  cysts  10  to  20  m 
in  diameter,  average  12  m;  chromidia  present;  never 
more  than  four  nuclei. 

The  differences  in  the  appearance  of  the  nucleus 
under  varying  conditions  were  so  great  as  to  have  led 
to  the  establishment  of  an  independent  species  E. 
telTagena  by  Viereek  in  1907  and  many  students  con- 
tributed to  a  knowledge  of  this  common  type  but  in 
1911  Walker  dcnionstrated  that  it  was  in  fact  identical 
with  E.  hhlohjlica  of  Schaudinn,  who  had  erred  in  his 
description  of  the  life  history  of  the  latter  form.  The 
error  had  been  perpetuated  by  many  students.  There 
is  now  general  acceptance  of  Walker's  views  on  this 
point. 


Fii;.  4936. — Endammba  coli.  a,  Motile  form  from  stool  of 
healthy  person;  note  dense  granular  structure  of  cytoplasm,  rela- 
tively large  amount  of  chromatin,  and  its  peripheral  arrangement 
in  the  nucleus,  b.  Encysted  form;  note  large  size,  relatively  thick 
cyst  wall.  8  annular  nuclei,  and  absence  of  chromidial  bodies,  c, 
Endam<eba  histolytica,  from  stool  of  acute  case  of  endamebic  dys- 
entery, motile  form;  note  reticulated  structure  of  cytoplasm  and 
scanty  chromatin  in  annular  nucleus,  d.  The  "tetragena"  type 
from  chronic  case  of  entamebic  dysentery;  note  nucleus  contains 
heavier  peripheral  ring  of  chromatin  part  of  which  is  detached  from 
nuclear  membrane:  central  karyosome,  consisting  of  central  granule 
surroundeii  by  circle  of  chromatin  granules,  e,  Encysted  form 
from  convalescent  case  entamebic  dysentery;  note  small  size,  cyst 
wall,  4  annular  nuclei,  and  chromidial  body.  (After  Walker  and 
Sellards.) 

According  to  experiments  of  Viereek,  Ilartmann, 
and  others  the  incubation  period  of  the  tetrngcna  form 
lasts  five  to  twelve  days  and  the  disease  from  one  to 
four  weeks.  Walker  and  Sellards  make  it  one  to  forty- 
five  days  with  an  average  of  nine.  The  dysentery 
produced  in  experimental  animals  is  intense  and  the 
stools  swarm  with  the  amebfe.  Ulcers  are  found  in 
the  large  intestine,  especially  the  colon  and  liver,  and 
the  death  of  the  animal  is  not  infrequent. 

_  Attention  should  be  directed  to  the  fact  that  Schau- 
dinn's  description  of  the  method  of  cyst  formation 
rests  upon  an  error  and  the  phenomena  he  noted  were 
really  involved  in  a  process  of  degeneration.  The 
small  cysts  with  four  nuclei  normally  are  thoroughly 
characteristic  of  this  species  and  readily  distinguisha- 
ble from  the  cysts  of  E.  coli  already  described. 

While  E.  coli  has  no  power  to  penetrate  the  healthy 
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epithelium,  E.  histolytica  is  able  to  enter  anywhere 
and  force  its  way  through.  In  this  process  the  amebs 
push  the  cells  apart,  and  even  force  them  free  from 
the  layer.  These  features  were  first  described  cor- 
rectly by  Jiirgens,  who  gave  a  full  and  accurate  ac- 
count of  this  species.  His  discoveries  on  the  cat  have 
been  confirmed  by  the  observations  of  Schaudinn  on 
man  also.  The  ameboe  were  found  in  sound  regions 
of  the  mucosa  in  the  glands  of  Lieberkiihn,  and  could 
be  followed  on  into  the  submucosa.  Undermining  of 
the  mucosa  and  abscess  formation  follow  in  later 
stages  of  the  malady.  These  investigations  demon- 
strate clearly  that  E.  histolytica  is  a  true  tissue  para- 
site, like  the  Myxosporidia,  and  indeed  the  most 
dangerous  of  all  Protozoa  yet  known,  and  that  it  is 
the  cause  of  ulcerous  amebic  enteritis.  They  go 
further,  however,  than  the  intestinal  wall,  as  they  pene- 
trate lymph  follicles  and  evoke  abscess  formations 
which  burst  inward.  They  enter  blood-vessels  and 
in  one  way  or  another  reach  the  liver,  where  they  occa- 
sion huge  abscesses,  characteristic  of  the  malady. 
They  may  even  penetrate  to  the  lungs  and  the  brain 
with  similar  results  in  producing  abscesses. 

Jiirgens  is  the  only  author  who  in  the  opinion  of 
Schaudiim  has  characterized  this  species  in  recog- 
nizable form,  although  the  species  was  probably  be- 
fore many  authors,  who  were  unable  to  differentiate 
it  clearly  from  the  other  species,  E.  coli,  with  which 
it  was  certainly  associated  in  some  cases  reported. 

Schaudinn  first  demonstrated  conclusively  that 
Endamaiba  histolytica  is  the  cause  of  one  form  of  dys- 
entery in  man  and  that  the  malady  may  be  trans- 
mitted by  feeding  the  spores  of  the  amcba  to  experi- 
mental aniinals.  In  fact  material  from  the  active  stage 
of  the  disease  which  contains  only  vegetative  forms  of 
the  ameba  will  not  produce  a  dysentery,  whereas  feces 
from  cases  that  are  recovering  will  do  so  since  at  that 
time  cysts  are  present.  This  discovery  explains  the 
unsuccessful  experiments  of  earlier  observers.  Schau- 
dinn's  experiments  have  been  repeated  by  later  work- 
ers with  the  result  of  confirming  fully  his  views.  Thus 
Craig  in  1905  was  successful  in  two-thirds  of  the  feed- 
ing experiments  undertaken  to  test  the  pathogenicity 
of  E.  histolytica. 

The  form  of  the  lesions  found  in  amebic  dysentery, 
the  universal  presence  of  the  amcba  in  them,  the  con- 
sistent production  of  the  disease  in  a  high  percentage 
of  experimental  animals  which  constantly  show  the 
typical  lesions  with  the  parasite  and  from  which  the 
disease  can  be  further  transmitted  to  experimental 
animals  together  with  the  relation  of  the  parasites  to 
the  lesions  as  determined  by  microscopic  examination, 
constitute  final  proof  that  Endamoeba  histolytica  is  a 
cause  of  amebic  dysentery  in  man. 

In  1913  Walker  and  Sellards  published  the  results 
of  epoch-making  experiments  on  prisoners  in  Bilibid 
prison.  They  tried  some  sixty  feeding  experiments 
with  different  species  of  amebse  which  were  most 
carefully  controlled,  and  the  species  fed  and  recovered 
from  the  experimental  host  were  determined  in  every 
case.  They  established  as  facts  (1)  that  the  cultivable 
amebaj  cannot  live  as  parasites  in  the  human  intesti- 
nal tract;  (2)  that  Endamaiba  coli  is  non-pathogenic  to 
man;  and  f.3)  that  Endamocha  histolytica  is  the  essen- 
tial etiologic  factor  in  endemic  tropical  dysentery. 

According  to  Walker  and  .Sellards  carriers  of  End- 
amceba  histolytica  are  common  in  endemic  regions. 
Such  persons  are  constantly  evacuating  in  feces  a 
multitude  of  the  resistant  cysts  and  this  renders  them 
the  chief  agency  in  the  dissemination  of  the  disease. 
Prophylactic  measures  to  be  of  real  significance  must 
be  directed  against  these  carriers  and  the  first  step  is 
the  recognition  of  such  persons  by  general  and  accur- 
ate fecal  examination  coupled  with  sanitary  disposal 
of  fecal  matter  and  followed  by  adequate  treatment  of 
all  carriers.  In  this  connection  it  must  be  kept  in 
mind  that  the  incubation  period  of  amebic  dysentery 
is  long  and  latent  infections  are  common. 
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Endanusba  gingivalis  (Gros  1849).  (Syn.:  Ameeha 
gingivalis  Gros  1849;  A.  buccalis  Steinberg  1862; 
A.  dentalis  Grassi  1879;  (?)  A.  pulmonalis  Artault 
1898;  Endamoeba  buccalis  Prowazek  1904;  A.  karlulisi 
Doflein  1901.) 

These  forms  were  discovered  by  the  early  authors 
in  scrapings  from  the  human  teeth  and  gums.  Some 
■,vho  have  endeavored  to  confirm  the  observations 
failed  to  find  such  organisms  in  the  cases  they  inves- 
tigated so  that  their  general  presence  is  negatived. 
In  a  later  publication  Grassi  himself  suggested  that 
perhaps  he  had  salivarj'  corpuscles  under  observation, 
and  some  such  error  is  possible.  On  the  other  liand, 
this  will  not  explain  all  cases.  The  record  of  Verdun 
and  Bruyant  in  1907  of  Amoeba  coli  from  molar  ab- 
scesses in  man  and  numerous  later  observations  dem- 
onstrates beyond  question  that  under  certain  circum- 
stances amebie  of  this  general  type  do  occur  in  the 
oral  cavity  or  in  pathological  lesions  connected  with 
it  more  or  less  intimately.  As  early  as  in  1892  Flexncr 
reported  typical  ameba;  from  an  abscess  of  the  lower 
jaw  at  Baltimore,  and  in  1904  Prowazek  published 
what  is  probably  the  most  satisfactory  account  of  an 
oral  ameba  found  in  material  from  the  cavities  of  de- 
cayed teeth  at  Rovigno  and  again  at  Trieste.  He 
recognized  its  resemblance  to  E.  histolytica  Schaudinn 
but  felt  it  could  be  differentiated  from  that  species. 

Recently  emphasis  has  been  laid  by  some  writers 
on  the  pathogenic  significance  of  oral  endameba?  and 
a  causative  role  has  been  assigned  them  in  the  pro- 
duction of  gingival  and  alveolar  pyorrhea.  In  one  of 
these  recent  investigations  Smith  and  Barrett  were 
led  to  bring  all  these  forms  together  under  the  original 
name  of  Gros  although  they  confess  that  data  are  not 
available  to  render  the  view  more  than  probable. 

Attempts  by  these  authors  to  infect  the  colon  with 
pyorrhea  material  rich  in  E.  gingiralis  failed  consist- 
ently so  that  they  incline  to  regard  this  form  as  dis- 
tinct from  the  intestinal  types  despite  the  absence  of 
known  morphological  distinctions.  Suggestive  as  are 
these  findings  further  experimentation  is  necessary  to 
determine  the  specificity  of  these  organisms  and  their 
relation  to  the  disease. 

Mention  must  also  be  made  in  this  connection  of 
one  of  the  most  carefully  studied  cases,  viz.,  that  of 
Amoeba  kartulisi  Doflein  1901.  Diameter  0.03  to 
0.0.38  mm.  without  distinct  ectosarc  and  endosarc. 
Plasma  coarsely  granular,  with  very  small  nucleus 
(or  nucleolus  ?),  demonstrable  only  by  staining.  Move- 
ment more  rapid  than  in  Endamoeba  coli.  Usually 
only  one  or  a  few  pseudopodia,  long,  digitate,  and 
rapid  in  formation.     Reproduction  not  observed. 

This  species  was  found  by  Kartulis  in  Alexandria, 
where  it  was  obtained  in  an  .Arabian,  from  a  tumor  the 
size  of  an  orange  on  the  right  mandible.  In  the  thick 
pus  and  on  fragments  of  extracted  bone  the  ameba' 
occurred  together  with  numerous  bacteria.  They  had 
been  feeding  on  blood  and  pus  corpuscles.  Although 
apparently  distinct  from  Endamoeba  coli.  Doflein  in- 
clines to  regard  their  connection  as  not  impossible. 

Endainreba  mortinatnlium  Smith  and  Weidman  1910 
was  first  found  bv  the  authors  in  the  kidneys,  liver, 
and  lungs  of  a  stillborn  fetus  at  full  term  and  later  in 
the  lungs  of  a  two  months  old  child  that  died_  from 
pneumonia.  The  organism  measured  38  by  2.5  /i,  or 
m  extreme  cases  onlv  22  ^in  diameter.  Pseudopodia 
were  few,  short,  arid  thick.  The  endopl.asm  was 
coarselv  granular.  The  nucleus  was  large,  being  one- 
third  to  one-half  the  diameter  of  the  cell  and  rich  in 
chromatin;  it  possessed  a  distinct  nuclear  membrane, 
and  contained  a  large  karyosome  and  at  times  a 
centriole.     The  status  of  the  species  is  uncertain. 

The  genus  Cr.aigia  w.is  founded  by  Calkins  in  1913  to 
include  small  amebic  with  auniflagell.ite  swarm  spore. 
The  forms  are  small  wth  little  differentiation  into 
ecto-  and  endoplasm  when  quiet.  One  species  occurs 
in  man  having  been  found  by  Craig  in  1906  in  cases  of 
chronic  diarrhea. 
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Craiffia  hominis  Calkins  1913.  (Svn.:  Faramaba 
hominis  Craig  1906.)    (Figs.  4937  and  4938.) 

The  species  is  described  by  Craig  as  possessing  an 
accessory  nuclear  body  in  the  endoplasm.  The 
flagellate  form  is  smaller  than  the  amebic,  is  spher- 
ical, with  a  small  cone  at  the  biiseof  the  flagellum. 
Both  amebic  and  flagellate  stages  divide.  Cysts 
measure  15  to  18  /i,  have  a  double  membrane,  and  con- 
tain numerous  minute  flagellate  organisms. 

The  species  is  important  because  of  the  ease  with 
which  it  may  be  confu.sed  during  the  ameboid  stage 
with  other  intestinal  ameba>,  and 
during  the  flagellate  stage  with  a 

Trichomonas  or  other  flagellates. 

Originally  found  in  native 
Filipinos  it  was  subsequently 
discovered  in  .American  soldiers 
recently  returned  from  the 
Philippine  Islands  and  later  still 
by  Bretz  in  Memphis,  Tennessee. 
Evidence  is  lacking  to  show  its 
relation  to  the  diarrhea  in  con- 
nection with  which  it  was  dis- 
covered. Craig  was  unable  to 
produce  infection  experiment- 
ally in  kittens  and  no  patho- 
logic lesions  are  known  to  be 
caused  by  it.  Consequently  its 
pathogenicity  remains  xubjtidicc. 

From  Endamasba  hislolylica  or 
E.  coli  it  may  be  distinguished 
by  small  size,  morphology  of  nu- 
cleus, presence  of  an  accessory 
nuclear  body,  structure  of  cysts 
and  production  of  flagellate 
spores  within  the  cysts.  From 
Trichomonas  homitiis  it  is  dis- 
tinguishable by  larger  size, 
spherical  form,  single  flagellum,  (After  Craig.) 
and  absence  of  undulating  mem- 
brane. .A  second  species  C.  migrans,  was  described 
by  Barlow  from  some  of  the  Honduras  cases.  The 
cysts  contain  fewer  swarm  spores,  but  the  individual 
spores  are  larger.  There  is  no  accessory  nuclear 
body,  the  flagellum  has  a  peculiar  banded  appear- 
ance and  stains  more  deeply  than  that  of  C.  hominis. 
Finally  on  attaining  full  size  each  flagellate  becomes 
an  ameba  without  dividing  instead  of  producing 
several  successive  generations  of  flagellates  before  as- 
suming the  ameboid  form  as  in  C.  hominis.  These 
observations  await  confirmation. 


Fio.  4937. — Craitia 
hominis,  X  laOO.  a. 
Dividing  flagellate 
form;  6.  young  flagel- 
late form;  c,  fully  de- 
eloped  flagellate  form. 


Imo.  4938. — Craigia  hominil,  X  1200.  o,  Typical  organism  in 
amebic  Stage;  6.  cyst  showing  one  nucleus;  c,  c>-st  shotting  granular 
appearance  of  cytoplasm  and  the  preaence  of  numerous  nuclei. 
(.\fter  Craig.) 

The  genus  Vahlkampfia  was  established  in  1912  by 
Chatton  to  include  small  ameba-  of  the  so-called  Umax 
type.  They  have  one  or  more  nuclei  and  one  or  more 
contractile  vacuoles.  The  nucleus  contains  a  very- 
large  karvosome  and  often  a  distinct  centriole.  The 
cyst  is  uninuclear  though  rarely  it  contains  more  than 
a  single  nucleus. 

These  species  live  in  water,  moist  earth,  and  rarely 
as  parasites  in  man.  They  are  easily  cultivated  on 
artificial  media  and  have  been  the  occasion  of  much 
confusion  because  under  such  conditions  they  have 
been  taken  for  Endamo-ba.     These  species  have  usu- 
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ally  reached  the  fecal  material  in  which  they  are  found 
secondarily;  though  in  a  few  cases  their  origin  could 
be  definitely  traced  to  the  colon,  liver  abscesses,  and 
other  places  in  the  human  organism.  There  is  no 
evidence  that  they  are  in  any  respect  pathogenic  to 
the  human  host.  Their  frequence  and  the  ease  with 
which  they  can  be  reared  in  fecal  cultures  make  them 
conspicuous  in  experimental  work.  Vahlkavipfia  loh- 
ospinosa  Craig  1912  has  been  cultivated  on  artificial 
media  for  more  than  eight  years  without  modification 
in  its  structure.  Various  species  were  fed  experimen- 
tally to  men  in  Manila  by  \Valker  and  Sellards  without 
establishing  themselves  in  the  human  intestine  or 
evoking  any  symptoms  of  dysentery,  and  the  conclu- 
sions of  these  authors  that  culture  ameb;p  are  noir- 
pathogenic  and  incapable  of  living  parasitically  in 
man  have  been  generally  accepted. 

The  genus  ChUimijdnphrys  Cienkowski  1876  includes 
amebs  with  a  thin  transparent  shell,  oval  in  form,  with 
a  single  orifice  at  the  pole  for  the  exit  of  pseudopodia. 
Chlamydophrys  enchelys  (Ehrenberg)  lives  in  the  feces 
of  various  animals.  Schaudinn  by  experiments  on 
mice  anfl  on  himself  determined  that  the  cysts  pass 
through  the  gut  unaltered  and  burst  open  in  the  ex- 
truded feces  releasing  there  young  forms  without  a 
shell.  The  formation  of  the  new  shell  foOows  imrne- 
diately.  When  the  contents  of  the  colon  are  alkaline 
the  release  of  the  spores  and  the  formation  of  a  new 
shell  ni.ay  take  place  in  the  intestine.  But  the  species 
is  in  no  true  sense  a  parasite,  and  under  normal  condi- 


ed  in  acetic  acid. 


I,  Living;  b,  from  specimen  pre- 
X  500.     (After  Ijima.) 


tions  does  not  emerge  from  the  cyst  until  the  feces  are 
evacuated. 

Endamceba  undulans  Castellani  1905  was  discovered 
in  a  case  of  chronic  dysentery  in  Ceylon,  in  company 
with  Endamnha  histolytica  and  Trichomonas  intes- 
linalis.  It  was  oval  or  spheroidal,  25  to  30  ^l  in  diame- 
ter, and  emitted  periodically  a  single  n.arrow  elon- 
gated pseudopodium  which  was  soon  retracted.  No 
flagella  were  present,  but  an  undulating  membrane  in 
constant  rapid  motion  spanned  obliquely  the  length  of 
the  body.  Although  the  discoverer  denied  explicitly 
the  possibihty  of  this  being  a  flagellate,  Braun  thinks 
it  may  clearly  be  regarded  as  such.  No  other  inter- 
pretation has  been  offered. 

The  following  forms  are  classified  rather  tentatively 
under  the  generic  name  Ameba  as  our  knowledge  of 
the  life  history  at  least  is  too  limited  to  allow  of 
greater  precision. 

Ainwba  miurai  Ijima  1898. — This  form  was  found 
by  Miura  and  described  by  Ijima.  It  occurred  in  the 
serous  fluid  accumulation  of  peritoneal  and  pleural 
cavities  in  a  woman,  twenty-six  years  old,  who  dierl 
from  peritonitis  and  pleuritis  endotheliomatosa.  The 
ameba;  were  absent  at  first  from  the  feces,  but  made 
their  appearance  two  days  before  the  patient's  death, 
concomitantly  with  hemorrhage  in  the  intestine. 
Living  and  dead  individuals  were  found  together  in  the 
freshest  serous  fluid  under  rigid  precautions  against 
contamination,  and  this  is  regarded  bj-  Ijima  as  evi- 
dence of  the  pathogenic  role  of  the  parasite.  It  has 
been  reported  since.  Luhe  states  that  the  supposed 
ameba'  were  only  "exudate  cells." 

Amaha  urogenilalis  Baelz  1SS3. — Diameter  0.022  to 
0.05  mm.  Plasma  coarsely  granular,  containing  one 
or  sever.al  nuclei,  excretory  products,  and  erythro- 
cv'tes.  Movement  slow,  by  formation  of  short  pseu- 
dopodia.    Encysted  forms  possibly  occur. 
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Originally  found  in  numbers  in  the  bloody  urine  and 
vaginal  mucus  of  a  Japanese  woman,  twenty-three 
years  old,  who  shortly  before  her  demise  from  tuber- 
culosis manifested  hematuria  with  strong  cystic  ten- 
esmus. In  Jurgen's  case  chronic  cystitis  was  asso- 
ciated with  small  mucous  cysts  filled  with  ameba; 
these  forms  and  Endamaba  coli  and  E.  histolytica,  either 
structurally  or  clinically  is  not  easy  at  present. 

Amwba  pulmonalis  Artault  1898. — In  an  examina- 
tion of  the  contents  of  a  large  pulmonary  cavity 
among  the  leucocytes  were  found  a  small  number  of 
ameba"  which  were  distinguishable  by  firm  contour, 
much  finer  and  more  uniform  granulation,  and  a  dis- 
tinct nucleus  or  vacuole.     In  appearance  like  the  epi- 
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Fig.    4940. — Leydcnia 
Magnified. 


(From  Doflc 
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thelial  cells  found  in  sputum,  they  manifested  changes 
in  form  and  position  through  the  slow  formation  of 
pseudopodia.  They  were  also  more  highly  refract- 
ive, and  resisted  methylene  blue  or  fuchsin  longer 
than  leucocytes,  but  when  preserved  they  stained 
readily  and  were  indistinguishable  from  the  latter. 
Despite  the  conjectures  of  the  discoverer  their  real 
nature  remains  entirely  unknown. 

Leydcnia  gemmipara  Schaudinn  1896. — Irregularly 
■spherical  or  polygonal  in  form  when  resting  (Fig. 
4940,  a),  surface  with  prominent  verrucosities.  Ecto- 
sarc  and  endosarc  not  distinctly  limited,  but  pseudo- 
podia more  hyaline  than  the  opaque  body  with  nu- 
merous highly  refractive  yellowish  granules.  Diameter 


gemmipara.     a,    h,    c.    Young   individuals 
n,  Nucleus.      MagniSed.      (From  Doflein 


of  body,  3  to  36  it.  Nucleus  single,  spherical,  distinct 
in  life,  and  in  the  preserved  specimen  regularly  one- 
fifth  the  diameter  of  the  body;  movement  very  slow, 
produced  by  formation  of  a  broad,  hyaline  lamella  at 
the  anterior  margin;  streams  of  granular  endosarc 
extend  to  the  margin  of  this  lamella  (Fig.  4940,  b), 
and  may  even  project  beyond  it  as  pointed  pseudo- 
podia. The  endoplasm  contains  granules,  ery.stalline 
bodies,  interpreted  as  excretory,  and  numerous 
vacuoles  which  increase  in  size  toward  the  center.  A 
pulsating  vacuole  is  present  and  contracts  at  intervals 
of  about  fifteen  minutes. 

Two  or  more  individuals  frequently  unite  without 
fusion  of  the  nuclei,  and  Plasmodia  are  formed  by  the 
union  of  many  single  individuals.  Both  division  and 
gemmation   occur.     In   the   former  the   size   of  the 
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resulting  amebiu  may  be  very  difforent,  but  is  always 
proportional  to  the  size  of  the  nuclei  (5:1).  The  nu- 
cleus divides  directly,  and  the  bud  which  originates  as 
a  protuberance  from  the  surface  of  the  ameba  gradu- 
ally works  free  and  becomes  an  independent  individ- 
ual, which  may  at  once  undergo  multiple  division, 
giving  rise  to  a  mass  of  small  spore-like  forms  (Fig. 
4941). 

Many  years  ago  Liebcrkfihn  observed  in  ascites 
fluid  associated  with  malignant  tumors  peculiar  cells. 
In  1896  Leyden  found  them  in  the  ascitic  fluid  of  two 
patients  positive  with  evidence  of  gastric  carcinoma 
and  of  tumors  in  the  peritoneal  cavity.  Theameba; 
appeared  in  numbers  in  fluid  drawn  olt  from  the  cav- 
ity, and  could  be  kept  alive  in  fluid  preserved  several 
days  under  aseptic  conditions.  Schaudinn  studied 
the  ameba?  carefully  and  pronounced  them  to  be 
parasitic;  later  he  advanced  the  view  that  this  form  is 
probably  an  accidental  commensal. 

Mastigophora. — The  class  Mastigophora  consists  of 
Protozoa  characterized  by  the  possession  of  one  or 
several  flagella.  These  processes  of  which  at  least  one 
is  usually  directed  ant  eriad  serve  to  propel  the  organism 
and  to  secure  food  for  it.  The  cell  is  usually  elongate, 
and  may  be  without  epicyte  and  ameboid  in  character 
or  with  a  firm  membrane  or  more  rarely  covered  by  a 
shell.  A  definite  orifice  (cytostome)  for  the  ingestion 
of  food  and  a  contractile  vacuole  are  usually  present. 
The  nucleus  is  usually  single;  one  finds  also  a  chro- 
matin granule  at  the  base  of  the  flagellum  and  in  one 
group  also  a  special  accessory  nucleus  (blepharoplast 
or  kinetonucleus)  to  which  the  flagella  are  directly 
connected. 

The  group  shows  relationships  in  many  directions 
and  affords  almost  unbroken  lines  of  transitional 
forms  to  the  Sarcodina  and  to  Protophyta.  The 
minuteness  of  many  of  the  flagellates  and  the  lack  of 
knowledge  concerning  the  life  history  render  it  diffi- 
cult to  classify  many  forms  that  have  been  reported. 
Here  as  among  other  groups  of  Protozoa  it  is  impossi- 
ble to  determine  the  true  position  and  relationship  of 
any  species  which  is  known  only  in  the  vegetative 
stage.  Among  the  three  subclasses  only  one  is  of 
significance  in  human  pathology;  the  Eufiagellata,  or 
Flagellata  s.  sir.  contains  many  important  parasites 
of  man,  and  the  higher  animals.  This  group  is  di- 
vided into  three  orders,  each  of  which  includes  human 
parasites. 

The  Protomonadina  are  very  small  forms  and  often 
form  colonies.  They  have  at  the  anterior  end  one 
flagellum,  two  similar  flagella,  or  two  or  three  dissimi- 
lar flagella.  In  many  parasitic  species  an  undulating 
membrane  accompanies  a  single  flagellum. 

Absence  of  an  undulating  membrane  and  presence 
of  only  a  single  flagellum  at  the  anterior  end  charac- 
terize the  family  Cercomonadidaj,  which  further  is 
peculiar  in  its  mode  of  nutrition.  Food  particles  are 
ingested  at  the  anterior  end  by  formation  of  vacuoles 
or  true  pseudopodia  at  the  base  of  the  flagellum.  The 
species  are  small  and  colorless;  in  form  round  or  oval, 
with  a  very  large  flagellum,  which  is  projected  ahead 
in  locomotion.  The  forms  reported  from  the  human 
body  and  assigned  to  this  group  are  imperfectly 
known,  often  found  but  a  single  time,  and  in  many 
cases  probably  pseudoparasites  of  vitrious  degrees. 
The  most  frequently  cited  species,  which  very  likely 
does  not  really  belong  in  this  genus,  is 

Cercomonas  liomitiis  Davaine  18.54. — Lengtli  10  to 
12  n.  Body  pyriform,  rounded  anteriorly,  pointed 
posteriorly,  with  single  flagellum  at  anterior  end  twice 
as  long  as  body.  Movement  rapid,  capable  of  attach- 
ing themselves  by  posterior  tip.  Smaller  variety  8  it 
long. 

Found  in  the  dejecta  of  a  cholera  patient,  the  smaller 
variety  in  typhoid  dejecta.  Various  later  accounts 
have  been  assigned  to  this  species,  including  that  of 
Lambl  in  1875,  which  he  erroneously  identified  as  the 


s.amc  species  he  described  under  this  name  in  1S.59. 
'I'lie  latter  will  be  discussed  under  its  present  name  of 
fntmlia  duodenalis.  Some  authors  have  assigned  the 
former  species  to  Trichomonas,  forgetful  of  the  fact 
that  it  posse.sses  but  a  single  flagellum. 

Typical  Cercomonads  iiavc  been  found  in  the 
alimentary  canal,  the  bronchial  svsfem,  in  pleural 
exudate,  and  in  an  Echinococeus  cvst.  Encysted 
forms  have  also  been  described.  The  intestinal  origin 
of  such  forms  as  were  found  in  feces,  may  have  been 
due  to  secondary  contamination  of  the  fecal  material. 
Among  numerous  records  only  those  of  Councilman 
and  Lafleur  and  of  Dock  concerning  the  occurrence 
of  such  forms  in  this  country  need  be  mentioned. 
Recently  Musgrave  refers  to  it" as  common  in  Manila. 
.V  diarrhea  caused  by  monads  is  recognized  by  in- 
vestigators in  the  Philippine  Lslands. 

Monas  pyophila  R.  Blanchard  189.5.  (Svn.:  M. 
pynphyla  Neveu-Lemaire  1902.)  Form  similar  to 
large  spermatozoa,  3  to  6  ;i  in  diameter  of  body,  with 
long  filament  from  rounded  pole,  resembling  a  flagel- 
lum, yet  capable  of  retraction  when  the  form  becomes 
nearly  spherical.  A  cuticular  layer  extends  inward, 
dividing  the  body  into  three  regions.  Movement 
rapid,  accompanied  by  change  of  form. 

Found  by  Grimm  in  sputum  and  pus  of  abscesses  in 
lung  and  liver  of  patient  in  Japan. 

Cercomonas  sp.  described  by  Wenyon  from  a  cul- 
ture of  human  feces  and  cultivated  in  artificial  media 
also  was  reported  to  have  two  flagella,  which  does  not 
agree  with  the  type  of  the  genus. 

Cercomonas  parva  Hartmann  and  Chagas  1910  was 
also  cultivated  from  human  feces  in  Rio  de  .Janeiro. 
The  description  is  very  complete  but  the  relation  to 
man  and  especially  its  pathogenic  significance  remain 
entirely  undetermined. 


Fio.  4042.— Ci/>tomumis     urinaria.     Magnified.     (From     Braun. 
after  Kunstler.) 

Cyslomonas  urinaria  (KUnstler  1883).  (Syn.:  Boilo 
urinarius  Kunstler  1883;  Cyslomonas  urinaria  R. 
Blanchard  188tj;  Plnaionionas  urinaria  Kunstler  of 
Braun  1895.)  Body  beot-shaped,  10  n  long,  4  to  5  /* 
broad,  the  broad  anterior  end  notched,  the  posterior 
end  in  the  form  of  a  long  slender  filament.  (Fig.  4942.) 
Nucleus  anterior;  two  similar  flagella  originate  from 
anterior  notch. 

In  1856  Hassall  described  an  infusorian  which  he 
had  observed  in  alkaline  urine  that  had  stood  some 
time  open  to  the  air.  It  was  subsequently  found  in 
fifty  samples  of  urine  from  various  sources  left  open 
similarly,  suflScient  proof  of  the  contamination.  In 
1883,  however,  Kiinstler  reported  a  form  under  the 
same  name  from  fresh  urine,  which  was  accordingly 
attributed  to  the  urinary  passages.  Blanchard  held 
this  to  be  in  reality  a  new  species  and  renamed  it, 
bringing  it  in  connection  with  a  form  described  by 
Salisbury  as  Trichomonas  irregularis.  Braun  regards 
the  latter  as  rather  Tr.  raffinalis,  and  distinct  from  the 
former,  for  which  he  inclines  to  the  view  that  it  wjis 
actually  a  contamination.  This  is  the  more  probable, 
as  Th.  Barrois  found  many  flagellates  in  "freslily 
voided"  urine  in  Lille,  when  subsequent  examination 
yielded  no  trace  of  these  parasites  in  urine  of  the  same 
patients.  Recently  Sinton  has  reported  a  similar 
ease.  While  the  presence  of  such  forms  in  human 
urine  is  beyond  question,  their  origin  from  the  human 
urinary  passages  is  yet  to  be  demonstrated,  and  con- 
tamination is  both  easy  and  immediate  if  rigid  meas- 
ures against  it  are  not  followed.  That  all  such  cases 
require  the  most  .searching  examination  is  evince<i  by 
a   recent   experience  of  my  own   in   finding   objects 
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whiclj  were  probably  much  contracted  rotifers  in 
preparations  made  from  "absolutely  fresh"  urine. 

In  the  Tetramitida;  are  included  species  of  elongated 
form  with  usually  pointed  posterior  end.  The  an- 
terior end  bears  four  flagella.  They  have  no  cuticula, 
or  pellicle,  hence  may  also  manifest  ameboid  move- 
ments. One  of  the  flagella  may  be  represented  by  an 
undulating  membrane.  Two  genera  embrace  human 
parasites. 

Trichomcmas  Donn6. — Generally  pyriform,  with 
anterior  end  rounded  or  almost  pointed.  Posterior 
end  moderately  pointed.  Nucleus  near  anterior  end, 
vacuoles  near  posterior,  no  contractile  vacuole.  Either 
throe  equal  flagella  from  anterior  tip,  and  also  an 
undulating  membrane  (subgenus  Trichnmonas  s.  str.), 
or  with  three  equal  flagella  directed  anteriad  and  one 
much  longer  extending  posteriad  from  the  same  point 
of  insertion  (subgenus  Trichomnslix).  Under  special 
conditions  the  undulating  membrane  may  become 
loosened  and  appear  as  a  fourth  flagellum,  or  all  the 
flagella  may  be  cast  off  and  the  organism  become 
ameboid. 

Trichnmonas  vaginalis  Donn6  1837. — Length  15  to 
25  ju;  breadth  7  to  18  ft.  Body  very  mobile,  usually 
pyriform  or  spindle-shaped  (Fig.  4943),  with  posterior 
end  drawn  out  and  sharply  pointed  and  anterior  end 
more  or  less  rounded.  The  posterior  tip  is  half  as 
long  as  the  rest  of  the  body.  At  anterior  pole  origi- 
nate three  flagella  of  equal  length,  and  an  undulating 
membrane  which  winds  spirally  about  the  body  to  the 
base  of  the  posterior  tip.  Large  basal  granule  at  root 
of  flagella.  Plasma  finely  granular,  nucleus  near  an- 
terior end;  posterior  to  it,  according  to  Blochman,  two 
longitudinal  rows  of  prominent  granules.     Division 


Fl<:.   4943.- — Trii-homonas  vaginalis,      a.  From  osmic-ncid  prepara- 
tiou;  b,  living.     Magnified.     (.After  Blochmaim.) 

lias  been  reported;  encystment  in  flagellate  stage 
produces  round,  thick-walled  cysts;  encysted  organ- 
ism without  flagella. 

This  species  is  present  in  females  in  whom  vaginal 
catarrh  is  associated  with  an  acid  reaction  of  the 
secretion.  It  has  been  found  in  girls  of  six  or  seven 
years  and  in  aged  w-omen;  other  conditions  affect  its 
presence  as  little  as  age,  save  that  menstruation,  alka- 
line injections,  or  other  conditions  provided  they  alter 
the  reaction  of  the  mucosa  result  in  its  disappearance 
temporarily  at  least.  A  low  temperature  (15°  C.  or 
less)  is  also  fatal  to  its  existence.  Dock  and  others 
have  demonstrated  the  presence  of  this  species  in  the 
urine  of  males;  the  infection  doubtless  resulted  from 
intercourse  and  was  made  possible  by  an  already  abnor- 
mal condition  of  the  male  urethra,  as  was  shown  in 
the  cases  under  discussion.  Dock  was  unsuccessful  in 
infecting  guinea-pigs  and  dogs,  and  the  means  of 
transference  from  one  female  to  another  is  unknown. 
According  to  Hausmann  thirty  to  forty  per  cent,  of 
females  are  infected.  The  parasites  are  easily  demon- 
strated in  the  vaginal  mucus,  where  they  move  slowly 
about  among  epithelial  fragments  and  mucous  cor- 
puscles; but  for  successful  demonstration  the  urine 
must  be  examined  as  soon  as  passed.  Whether  their 
relation  to  the  vaginal  catarrh  is  primary  or  secondary 
remains  entirely  undecided. 
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Trichomonas  intcstinalis  (R.  Leuckart  1879). 
(Syn. :  Protoryxoviyces  coj/rinarius  Cunningham  1881; 
M onocercomonas  hominis  Grassi  1882;  Cirnccnomonas 
hominis  Grassi  1882;  Trichomonas  hominis  Grassi 
1888;  Cercomonas  coli  hominis  May  1891;  Monocer- 
comonas  hominis  Epstein  1893.) 

Length  10  to  15  /u,  breadth  2  to  5  /i.  Very  similar  to 
Tr.  vaginalis  but  smaller,  without  rows  of  granules; 
posterior  end  more  sharply  set  off  and  measuring  only 
one-third  the  length  of  the  body.  Three  flagella 
relatively  short  with  large  basal  granule ;  the  free  edge 
of  the  undulating  membrane  has  sometimes  been  in- 
terpreted as  a  fourth.  Small  basal  granule  for  un- 
dulating membrane  which  extends  beyond  posterior 
tip  of  protoplasm.  Nucleus  in  anterior  third,  round 
or  oval,  smaller  than  in  Tr.  vaginalis.  Encystment 
from  ameboid  stage.  Cyst  formation  has  been  fully 
described  but  is  questioned  by  later  authors  and 
may  be  left  open  at  present.  Kruse  and  Pasquale  ob- 
served groups  of  individuals  which  may  have  arisen 
by  division.  Before  copulation  this  species  loses  its 
flagella  and  creeps  about  with  bluntly  lobose  pseudo- 
podia.  This  species  is  ordinarily  identified  as  the 
Cercomonas  hominis  of  Davaine  (1854)  and  the  C.  in- 
tcstinalis of  Lambl  (1875),  but  recent  studies  have  dem- 
onstrated the  individuality  of  this  from  the  two  cited. 

Tr.  iniestinalis  parasitizes  in  the  anterior  and  middle 
regions  of  the  human  alimentary  canal,  and  has  been 
repeatedly  found  in  various  parts  of  the  world.  It 
occurs  also  in  the  oral  cavity  in  decaying  teeth,  where 
it  nourishes  itself  on  micrococci.  It  has  been  reported 
frequently  from  diseased  conditions  associated  with 
diarrhea,  such  as  typhoid,  cholera,  intestinal  catarrh, 
gastric  carcinoma,  and  once  in  pulmonary  gangrene. 
The  species  lives  only  in  fluids  of  an  alkaline  reaction. 
Its  occurrence  in  the  dejecta  of  healthy  adults  has 
been  taken  to  indicate  a  commensal  rather  than  a 
parasitic  habit;  but  it  at  least  rapidly  mutiplies  in  con- 
nection with  morbid  ]5roces.ses,  and  this  may  exercise 
an  important  influence  on  the  progress  of  the  disease. 
An  etiological  significance  cannot,  in  the  present  state 
of  knowledge  be  attributed  to  this  species;  yet  the  ex- 
jieriments  of  Epstein  showed  that  an  infection  is  ap- 
parently produced  by  drinking  water  and  followed 
by  diarrhea  in  childen.  Experimental  infection  of 
animals  has  not  yet  succeeded,  and  the  presence  of 
this  species  in  the  oral  cavity,  both  in  health  and  in 
disease,  indicates  infection  through  widely  dispersed 
cysts. 

Some  accounts  referred  to  supposable  new  species 
more  probably  concern  this.  Such  are  the  forms  de- 
scribed by  Steinberg  from  the  oral  cavity  as  Tr, 
elongata,  fr.  caudala,  Tr.  flagellala,  as  well  as  perhaps 
also  Cercomonas  biflagellata,  together  with  the  Tr. 
pulmonalis  of  Schmidt  and  Artault  from  sputa  or 
contents  of  a  pulmonary  cyst. 

The  genus  Tetramitus  Perty  1852  is  characterized 
by  a  huge  cj'tostome  in  which  the  undulating  mem- 
brane is  located.  The  nucleus  is  close  to  the  anterior 
end. 

Tetramitus  mesnili  (Wenyon  1910).  (Syn.:  Mao- 
rostoma  mesnili  Wenyon  1910;  Fanapepea  intestinalis 
Prowazek  1912.) 

Length  15  ;u,  breadth  5  to  7  ti.  Flagella  equal  to  or 
longer  than  body.  Axial  rod  through  length  of  body. 
Plasma  highly "  vacuolated.  Division  longitudinal. 
Cysts  5  to  7  M  in  diameter. 

Discovered  by  Wenyon  in  feces  of  a  native  from 
Bahama,  found  later  by  Rodenwaldt  in  a  patient  suf- 
fering from  amebic  enteritis,  and  recovered  by  Prowa- 
zek from  the  intestine  of  a  monkey  (Cynocophalus), 
It  is  also  reported  by  Brumpt  in  natives  of  Samoa, 
abdundantly  in  colitis,  by  Natlan-Larrier  from  the 
Ivory  Coast,  and  by  Theodosia  from  Crimea. 

Octonitu.t  hominis  (Chalmers  and  Pekkola  1916). — 
Body  pyriform  5  to  6  m  long  by  2.8  to  3  m  broad. 
Nucleus  spherical  in  anterior  third;  well  defined  ble- 
pharoplast.    Six  flagella  directed  anteriad,  though  one 
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or  more  may  be  turned  posteriad  by  accident.  Two 
axostyles  with  posterior  tiagellum  at  end  of  each.  A 
single  human  case  reported  from  the  Anglo-Egyptian 
Sudan. 

Giardia  Kunstler  1882  (commonly  known  as 
Lamblia). — A  peculiar  symmetrical  flagellate  with 
arched  dorsum,  rounded  anterior  end,  and  elongated 
pointed  posterior  tip.  At  anterior  tip  one  flagellum 
on  each  side,  and  near  the  center  two  on  either  side; 
posterior  end  with  two  additional  flagella.  A  con- 
cave sucking  disc  (?)  on  ventral  surface  near  anterior 
end.  Two  oval  nuclei  with  anterior  poles  somewhat 
close  together;  large  central  caryosome  in  each. 

Giardia  inlcsiinalis.  (Syn.:  Cercomonas  intcstinalis 
Lambl  1859  nee  1875,  riec  Perty  1852;  Hcxamitus 
duodenalis  Davaine  1875;  Dimorphus  muris  Grassi 
1879;  Megaslomaentericum  Grassi  1881;  M.intesiinale 
R.  Blanchard  1886;  Lamblia  intestinalis  R.  Bl.  1888; 
L.  duodenalis  Stiles  1902.) 

Length  10  to  16,  or  even  21  ^i;  maximum  breadth  5 
to  7  or  even  12  m,  with  eight  flagella  nearly  equal  in 
length  (9  to  14  ii).  In  form  bilaterally  symmetrical 
(Fig.  4944).  in  ventral  as- 
pect it  is  rounded  anteriorly 
and  prolonged  posteriorly  into 
a  very  mobile  steering  tail 
flattened  in  the  frontal  piano. 
A  shallow  cordiform  excava- 
tion of  the  ventral  surface 
near  the  anterior  end  corre- 
sponds to  the  peristome  and 
serves  as  an  organ  of  attach- 
ment; its  margin  is  raised  and 
contractile,  but  is  interrupted 
posteriorly;  all  flagella  point 
posteriad;  the  anterior  pair 
follow  the  margin  halfway 
around  before  leaving  the 
body;  the  lateral  pair  origi- 
nate near  the  anterior  margin 
in  the  peristome,  but  are 
bound  to  the  body  until  they 
come  to  project  beyond  the 
contour  of  the  animal;  the 
median  pair  originate  in  the 
notch  of  the  peristome  margin 
and  are  vibratile  through 
their  entire  length,  being  the 
FiQ.  4944. — Giardia  duo-  chief  organs  of  locomotion;  the 
denalis.  Living,  from  Kali-  caudal  pair  are  inserted  at  the 
bit   Intestine.     Magnified,     tip    of    the     bodv.      The     twO 

(Combined  sketcli.  After  ^^^i  nuclei  near  "each  other  lie 
'^'^"^""■'  dorsal  to  the  peristome.    Con- 

tractile vacuole  and  cytostome 
are  wanting.  Division  is  said  to  occur  in  both  the 
free  and  encysted  stages  by  simple  binary  fission  and 
by  multiple  fission.  The  encysted  form  is  oval,  witli 
heavy  transparent  wall,  and  measures  10  m  in  length 
by  7 )i  in  breadth.  Schaudinn  reports  that  copulation 
has  been  observed  and  is  followed  by  encyst  ment. 

This  species  was  first  reported  by  Lambl  from  the 
dejecta  of  children  in  Prague.  It  has  been  reported 
from  Germany,  Austria,  Italy,  Russia,  Finland, 
Sweden,  Egypt,  Central  and  South  America,  and  the 
United  States  from  the  human  host,  in  which  it  seems 
to  be  a  frequent  parasite.  It  also  occurs  in  rat,  mouse, 
dog,  cat,  rabbit,  sheeji,  and  certain  wild  species,  and  is 
undoubtedly  a  common  and  widely  distributed  para- 
site. In  ]\ianila  Mu.sgrave  reports  it  is  associated 
with  amebiasis;  when  in  numbers  it  is  .always  related 
to  chronic  diarrhea  to  which  in  his  opinion  it  bears  a 
decided  causative  relation.  Fantham  and  Porter  have 
demonstrated  finally  that  the  species  is  pathogenic  to 
man  producing  a  persistent  or  recurrent  diarrhea,  the 
virulence  of  which  is  variable  but  usually  severe. 
Pure  giardia  dvsentery  occurred  in  14  per  cent,  of 
hospital  patients  from"Gallipoli;  in  another  scries  70 
per  cent,  of  those  e.xamined  harbored  the  parasite. 


Its  normal  scat  is  the  duodenum  or  jejunum,  rarely 
other  parts  of  the  canal,  where  it  sits  with  the  peris- 
tome applied  to  the  curved  outer  face  of  an  epithelial 
cell  (Fig.  4945)  on  the  villi.  Although  often  in  such 
numbers  that  apparently  everj'  cell  is  oecu[)icd,  yet  no 
pathological  effect  has 'been  demonstrated  to  be  ex- 
ercised by  these  parasites.  Normally  only  cyst-s  occur 
in  the  colon  and  feces,  but  in  diarrh'cic  conditions  tho 
free  living  forms  are  torn  loose  and  reach  the  exterior. 

In  a  numerical  study  Porter  calculated  the  evacua- 
tions of  a  single  patient  in  one  stool  as  ten  million  to 
fifteen  billion  cysts  in  different  cases.  These  large 
numbers  persisted  over  a  period  of  three  months  or 
more. 

Grassi  determined  by  experimental  autoinfection 
that  the  cysts  are  the  means  of  infection,  and  was 
unable  to  detect  in  himself  any  symptoms  incident  to 
the  parasitism  of  the  species.  It  is  probable  that 
cereals,  or  prepared  food  which  becomes  contaminated 
by  rats  and  mice,  constitute  the  ordinary  avenue  by 
which  the  infection  of  man  is  brought  about.  The 
role  of  rodents  in  the  distribution  of  cysts  is  evident, 
but  they  serve  also  as  reservoirs  of  the  disease  which 
occurs  in  cats  as  well  among  hou.so  animals. 

In  the  Order  Binucleata  the  families  are  not  well 
defined  so  that  the  individual  genera  may  be  discussed 
without  taking  up  the  prcibleni  of  their  association  in 
families.     The   genus    CryiiUihia    Leidy    lS4f)    fSyn.: 


Flo.  4945. — Giardia  duudtiialis.  a,  On  epithelial  cells  of  intes- 
tinal villus.  X  370.  b,  .Single  cell  and  parasite.  X  1,070. 
(After  Grassi  and  Schcwiakoff.) 

Try-panoplasma  Laveran  and  Mesnil  1901)  is  taken  as 
type  of  the  first  family,  the  Cryptobiida; to  which  be- 
longs also  the  important  genus 

Prowazekia  Hartmann  and  Chages  1910. — Dis- 
tinguished from  Bodo  by  the  possession  of  blepharo- 
plast  as  well  as  nucleus,  both  of  which  lie  in  the  an- 
terior half  of  body,  the  sjiherical  nucleus  behind,  and 
the  spindle-shaped  large  blopharoi)la.st  anterior  to  it. 

Prowazekia  asiatica  (Castellani  and  Chalmers  1910). 
(Syn.:  Bodo  asiatica  Castellani  and  Chalmers  1910.) — 
Length  10  to  16 ;j,  breadth  5  to  Sju.  Oval  with  one 
side  flattened  and  opposite  side  arched.  Cysts  6  to 
7 /J  in  diameter;  flagella  distinct  on  encysted  from. 
Found  in  Ceylon  in  fluid  stools  with  .Vncylostonia. 
Easy  to  cultiviite  on  media. 

Another  species  Pr.  cruzi  was  taken  by  Martin  from 
dejecta  of  intestinal  cases  in  Tsinptau;  and  Pr.  iicin- 
bergi  was  reported  from  Tonkin  in  similar  cases  atnons 
both  Europeans  and  natives.  Since  other  species 
occur  generally  free-living  these  are  often  regarded 
as  .accidental  or  casual  rather  than  truly  parasitic;  a, 
pathogenic  significance  is  not  assigned  them  by  most 
authors. 

The  family  of  the  Trypanosomida'  includes  only 
true  parasites  with  a  single  flagelluin  and  sometimes 
an  undulating  membrane.  Some  live  in  the  gut  of 
invertebr.atcs,  especially  insects;  but  the  best  known 
are  found  free  in  the  blood  system,  or  as  intracellular 
para.sites  in  the  higher  vertebrates. 

The  genera  found  in  lower  forms  are  not  ea.>iv  to 
distinguish.     Prowazek  separates  Leptonionas,  ller- 
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petomonas,  Crithidia,  and  Trj'paiiosoma  on  the  basis 
of  differences  in  the  flagella  and  basal  granule  but  the 
types  intergrade,  and  growth  or  division  stages  of  one 
approximate  if  they  do  not  resemble  exactlj-  other 
genera,  so  that  the  arrangement  suggested  is  open  to 
question.  The  first  three  are  of  great  importance  be- 
cause of  their  occurrence  in  the  same  hosts  with  im- 
])ortant  human  parasites  of  the  genus  Trypanosoma 
and  their  frequent  confusion  with  the  latter  in  some 
developmental  stages.  The  life  history  of  these  forms 
is  only  partially  worked  out;  known  stages  show  such 
modifications  in  form  as  to  render  the  confusion  still 
greater  and  even  among  the  best  known  forms  the 
developmental  cycle  is  not  well  established. 

The  genera  are  all  elongate,  rod-  or  si)indle-shaped 
forms  with  an  anterior  flagellum,  a  basal  granule  and 
a  distinct  oval  nucleus  (Fig.  4946).  In  Leptomonas 
the  flagellum  emerges  sharply  from  the  anterior  end. 
In  Herpotomonas  the  flagellum  has  two  fibrilloe  and 
two  basal  granules.     In  Crithidia  the  blepharoplast 


Flo.  4946. — Diagram  of  structure  in  (o)  Loptornonas,  (b)  Herpe- 
tomonas,  (c)  Critliidia,  and  (d)  Trypanosoma.      (After  Prowazek.) 

is  very  near  the  nucleus  and  the  flagellum  forms  the 
marginal  chord  of  a  short  undulating  membrane.  In 
Trypanosoma  the  blepharoplast  is  located  behind  the 
nucleus  and  the  flagellum  passes  anteriad  nearly  the 
entire  length  of  the  body  as  the  margiiuil  chorcl  of  a 
long  undulating  membrane.  Crithidia-like  stages  oc- 
cur in  the  life  history  of  Trypanosoma  during  the 
development  of  the  latter  in  blood -sucking  arthropods, 
so  that  in  a  particular  case  it  is  apparently  impossible 
to  say  whether  the  given  form  belongs  to  one  genus 
or  the  other. 

Leptomonas  occurs  in  the  gut  of  many  insects  and 
also  other  invertebrates;  Herpetomonas  is  known 
from  the  intestine  of  Diptera;  Crithidia  is  reported 
from  blood-sucking  arthropods  'nhere  also  one  finds 
developmental  stages  of  Trypanosoma.  The  first 
three  genera  all  form  cysts  and  under  circumstances 
this  furnishes  a  means  of  distinguishing  them  from 
Trypanosoma,  but  the  latter  possesses  Crithidia-stages 
in  development  so  that  some  authors  reject  Crithidia 
entirely  as  a  distinct  genus.  The  number  of  species 
reported  for  these  genera  is  very  large  and  the  differ- 
ences exceedingly  minute  so  that  the  entire  classifica- 
tion is  at  present  in  confusion.  Several  forms  para- 
sitic in  man  demand  extended  consideration  here. 

Trypanosoma  Gruby  1843. — Elongate  spindle- 
shaped  flattened  body  with  undulating  membrane 
along  one  side.  Flagellum  projects  from  anterior  end 
and  is  continuous  posteriad  as  thickened  margin  of 
undulating  membrane  to  basal  granule  near  blepharo- 
plast (kinetonucleus)  which  lies  not  far  from  rounded 
posterior  end.  Vacuoles  wanting,  also  cytostome. 
Nutrition  through  osmosis  in  which  hemoglobin  is 
taken  up  from  blood  plasma.  Nucleus  (trophonu- 
cleus)  oval  or  spherical,  near  center  of  body.  Repro- 
duction by  longitudinal  division  preceded  by  mitotic 
division  of  both  nuclei.  Flagellum  and  undulating 
membrane  do  not  divide  but  are  formed  anew  on 
one  individual.     Incomplete  longitudinal  division  re- 
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pcated  rapidly  leads  to  formation  of  rosette  masses 
which  may  arise  also  in  some  cases  by  agglutination. 
Other  types  of  reproduction  in  blood  uncertain. 

Alternation  of  hosts  general  (except  in  Tr.  equiper- 
dwn)  through  the  agency  of  blood-sucking  forms, 
mostly  insects  for  species  parasitic  in  land  animals 
and  leeches  for  species  found  in  aquatic  hosts.  Most 
authors  incline  to  the  view  that  the  trypanosomes  de- 
velop a  sexual  generation  in  the  invertebrate  host, 
thus  manifesting  alternation  of  generations  as  well  as 
of  hosts,  but  the  conditions  are  complicated  and  as  yet 
to  some  extent  imcertain. 

In  the  blood  of  vertebrates  various  forms  of  the 
trypanosome  cell  have  been  observed;  the  larger 
plump  types  with  poorly  developed  locomotor  organs 
are  interpreted  as  female  gametes  and  the  slenderer 
forms  with  well-developed  locomotor  apparatus  as 
male.  According  to  Prowazek  these  differences  be- 
come more  marked  after  transfer  to  the  invertebrate 
host,  and  he  has  seen  maturation  stages  of  Tr.  letcisi 
in  the  gut  of  the  rat  louse  where  there  appear  slender 
males  with  greatly  elongate  nuclei  and  heavy-bodied 
females  with  oval  nucleus.  These  two  fuse  to  form  a 
motile  ookinete  or  after  disappearance  of  the  flagella 
a  resting  stage.  After  reaching  the  body  cavity  these 
forms  are  supposed  to  attain  the  proboscis  and  during 
the  act  of  sucking  blood  desert  the  louse  for  the  blood 
system  of  the  vertebrate  host.  This  record  of  life 
cycle,  which  resembles  strongly  that  of  the  malarial 
organism,  is  more  or  less  definitely  denied  by  other 
investigators  who  have  been  unable  to  find  the  stages 
indicated. 

According  to  another  view,  the  adult  Tr.  lewisi 
from  the  rat  blood  when  taken  into  the  rat  flea  force 
their  way  into  the  gastric  epithelium  and  there  by 
schizogony  give  rise  to  slender  trypanosomes  that  fre- 
quent the  rectum  in  enormous  numbers,  in  what  is 
called  a  Crithidia-stage.  The  migration  of  the  bleph- 
aroplast to  the  posterior  portion  of  the  cell  produces 
young  trypanosomes  which  are  evacuated  in  the  feces 
and  when  brought  by  chance  in  contact  with  the  mu- 
cous membrane  of  the  rat,  penetrate  into  the  blood 
stream. 

According  to  the  latest  view  (Robertson  1912)  in 
T.  gambiense  the  parasite  neither  enters  the  cells  of 
the  intestine  nor  penetrates  to  the  body  cavity  of  the 
fly.     After  a  meal  of  blood  multiplication  produces 


Fio.  4047. — Trypanosoma  lewisi,  a,  Adults  with  erythrocyte, 
from  st.aired  preparation.  X  1,000.  b,  Multiplication  rosette, 
less  highly  magnitied.      (.\fter  Francis.) 

trypanosomes  of  various  size  in  the  midgut  of  the  fly. 
By  the  tenth  or  twelfth  day  long  slim  trypanosomes 
are  numerous  and  begin  to  migrate  into  the  proven- 
triculus.  This  type  is  non-infective.  They  migrate 
further,  into  the  hypopharynx  and  then  into  the  sali- 
vary glands  which  occurs  on  about  the  sixteenth  to 
the  thirtieth  day.  Here  they  grow  shorter  and  broader, 
i.e.  assume  the  Crithidia-type  and  are  attached  to  the 
walls  of  the  glands.  From  them  arise  short  broad  try- 
panosomes that  swim  about  freely  and  these  forms 
are  infective.  According  to  this  author  no  conjuga- 
tion and  no  sexual  processes  occur  in  the  tsetse  fly, 
the  invertebrate  host. 
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The  trypanosoiues  may  be  successfully  reared  in 
pure  cultures  according  to  the  method  first  employed 
by  McNeal  and  Novy.  Such  cultures  have  been 
maintained  for  several  years  and  have  suffered  many 
transfers  without  destruction.  A  very  mild  infection, 
when  indeed  the  parasites  cannot  be  detected  in  the 
blood  stream  of  the  host,  may  be  disclosed  by  the 
inoculation  of  a  culture  tube.  Injection  of  blood  from 
a  suspected  host  into  the  testes  of  a  rabbit  is  followed, 
if  any  inTection  is  present,  by  an  enrichment  of  the 
trypanosomes  so  they  can  easily  be  demonstrated. 

Much  difference  of  opinion  prevails  as  to  the  num- 
ber of  species  and  their  limits.  Most  of  them  are  very 
poorly  known,  although  several  so-called  species  were 
discovered  as  much  as  sLxty  years  ago.  Various 
species  are  recognized  in  -^'arious  parts  of  the  world 
as  the  cause  of  specific  diseases  among  domesticated 
animals,  which  have  assumed  economic  importance 
of  the  first  rank.  The  most  prominent  of  these  are 
the  following,  together  with  the  range  and  host  of 
each  species  listecl.  Laveran  and  Mesnil  regard  the 
first  and  second  species  as  non-pathogenic. 

Trypanosoma  lewisi,  in  rats  and  (?)  the  hamster, 
reported  from  Europe,  Asia,  Africa,  and  North  Amer- 
ica, and  causing  at  times  fatal  epidemics. 

Trypanosoma  theileri,  ia  cattle,  producing  the  gal- 
ziekte  in  South  Africa. 

Trypanosoma  brucei,  in  cattle,  horses,  mules,  and 
wild  animals,  gives  rise  to  the  nagana  or  tsetse-fly  dis- 
ease in  Africa  south  of  the  Sahara. 


Fin.  4948. —  Tryiian. 
from  btaiiietl  preparat 


se,     with    erythrocyte,     draw 
X  about  1,900.      (.\fter  Dutton.) 


Trypanosoma  equiperdum,  in  horse,  ass,  and  other 
domesticated  species  by  inoculation,  causes  dourine 
found  in  the  circum-Mediterrauean  region,  and  has 
been  imported  into  all  regions.  It  occurs  in  North 
America. 

Trypanosoma  evansi,  in  mammals,  especi.ally  domes- 
tic, where  it  causes  the surro  in  India,  China,  Burmah, 
and  the  Philippines. 

Trypanosoma  cquinum,  in  horses,  causing  mal  dc 
caderas  in  South  America. 

Trypanosoma  hippicum,  in  mules  at  Panama,  caus- 
ing murrina. 

Although  but  little  evidence  is  at  hand,  the  weight 
of  opinion  is  against  any  possibility  of  the  transmission 
of  these  species  to  man. 

Trypanosoma  gambiense  Dutton  1902.  (Syn.: 
T.  hominis  Manson  1903;  T.  nepveu  Sambon  190:5; 
T.  fordii  Maxwell-Adams  1903;  T.  gamhiae  Maxwell- 
Adams  1903;  T.  ngadcnse  Castellani  1903;  T.  casld- 
lanii  Kru.se  1903.)  Length  in  stained  preparation 
(Fig.  4948),  including  flagcUum  18  to  25  n  width  2  to 
28  PL.  Free  part  of  ilagelhim  about  one-tliird  of  total 
length.  Anterior  end  attenuated  along  flagellum,  pos- 
terior end  roughly  conical,  vcrj'  blunt.  Oval  nucleus 
just  anterior  to  center  of  body,  occupying  entire  width 
of  animal.  Near  posterior  end  dark  spot,  the  blcpharo- 
plast  (centrosome  of  Laveran  and  ^Iesnil),  and  just 


anterior  to  it  a  large  vacuole  well  marked.  The 
flagellum  ends  at  the  upper  edge  of  this  vacuole. 

The  first  record  of  the  occurrence  of  a  trypanosome 
in  man  is  said  to  have  been  published  bv  Nepveu  in 
1891,  and  again  in  1898.  The  description  given, 
however,  is  too  scanty  to  admit  of  any  opinion  regard- 
ing its  special  character,  though  many  are  inclined 
to  interpret  it  as  a  member  of  the  genus.  Trypano- 
soma gambiense  was  discovered  in  1901  V:)y  Dutton  in 
-the  blood  of  an  Englishman  in  government  employ  on 
the  Gambia  River.  The  ca,se  was  under  observation 
some  time,  namely,  until  the  patient  died  in  .Januarv, 
1903,  having  manifested  the  following  clinical  fea- 
tures: general  weakness,  irregular  lapsing  fever  lasting 
one  to  four  days  with  apyrcxial  periods  of  two  to  five 
days,  some  edema,  injection  of  the  skin,  enlargement 
of  the  spleen,  constant  frequent  pul.se,  and  hurried 
breathing.  These  symptoms  were  associated  with  no 
definite  organic  lesions. 

In  many  prepared  slides  and  fresh  blood  mounts 
there  were  found  no  malarial  organisms.  The  number 
of  trypanosomes  present  varied  from  one  to  fifteen, 
but  ]n  apyrcxial  periods  none  were  detected  in  the 
blood.  The  parasite  usually  progressed  with  the 
flagellum  in  front,  but  occasionally  reversed  direction 
for  a  short  distance.  In  slow  progression  wave-like 
motions  started  in  the  flagellum  and  were  communi- 
cated to  the  undulating  membrane;  in  rapid  motion 
the  body  rotated  on  its  longitudinal  axis  so  that  the 
undulating  membrane  appeared  as  if  spirally  attached. 
In  one  instance  a  mononuclear  leucocj'te  was  observed 
which  had  partially  engulfed  a  trypanosome,  only  the 
flagellum  and  a  small  part  of  the  anterior  end  of  the 
body  remaining  free. 

In  films  of  blood  taken  from  a  child  three  years  old 
the  parasite  was  discovered  again  and  a.ssociated  with 
it  malarial  organisms.  Annett  pointed  out  that  the 
chronic  character  of  the  disea.se,  the  rarity  of  the 
parasites,  their  apparent  absence  at  long  periods 
from  the  peripheral  circulation,  and  the  occasional 
rise  in  temperature  favor  confusion  with  malaria  in 
diagnosis. 

Later  further  cases  have  been  identified.  It  is 
evidently  not  rare  in  tropical  Africa  and  seems  to  have 
been  identified  in  India  also.  All  now  agree  that  this 
trj-panosome  fever  is  merely  the  first  stage  of  sleeping 
sickness,  to  be  described  later. 

The  tr>-panosomes  appear  in  lymph  glands,  espe- 
cially in  the  neck,  where  they  are  most  easily  demon- 
strated by  gland  puncture.  This  renders  possible  an 
early  diagnosis  of  the  disease.  In  1903  in  Uganda 
Castellani  found  Trypanosom.a  in  the  cerebrospinal 
fluid  of  natives  afflicted  with  the  so-called  "sleeping 
sickness."  This  hitherto  entirely  unexplained  dis- 
ease, epidemic  in  certain  regions  of  .\frica,  is  char- 
acterized by  a  drowsy  condition  culminating  in  deep 
coma,  with  an  all  but  universally  lethal  outcome  in 
from  three  to  twelve  months.  Hyperemia  of  the 
arachnoid  vessels  is  among  the  marked  pathological 
features.  Bacteriological  investigations  had  remained 
without  result,  and  the  theory  of  Manson  that  the 
cause  of  the  malady  lay  in  the  presence  of  Filaria 
pcrsta7is  had  already  proved  inacceptable.  Cas- 
tellani's  hypothesis  has  been  tested  by  a  long  series 
of  investigations  bv  English,  French,  German,  and 
Portugese  Royal  Commissions  which  have  demon- 
strated beyond  question  the  presence  and  relation  of 
the  organisn\  to  the  disease,  and  of  the  trypanosome 
fever  to  sleeping  sickness. 

The  parasite  of  sk'e|)ing  sickness  which  was  origin- 
ally regarded  as  a  separate  species,  Tnipannsoma  cas- 
lilianii  Sambon,  has  been  shown  ]>ositively  to  be  the 
same  as  the  blood-inhabiting  form  previously  dis- 
covered. The  invasion  of  the  nervous  system  marks 
the  transition  from  the  early  to  the  later  stage  of  the 
disease.  The  trypanosomes  cannot  be  found  in  the 
cerebrospinal  fluid  of  early  cases,  but  are  always 
present  in  the  Ij-mph  glands  in  this  stage,  of  which 
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glandular  enlargement  is  a  constant  and  characteristic 
feature. 

The  trypanosome  brings  about  conspicuous  changes 
in  the  blood.  There  is  a  marked  reduction  in  the 
number  of  erythrocytes,  which  may  even  fall  to  one- 
third  the  normal  number;  the  leucocytes  are  increased 
in  number,  but  there  is  no  eosinophilia.  In  the  blood 
the  distribution  of  the  trypanosomes  is  very  irregular 
and  variable.  They  occur  also  in  lymph  glands  and 
in  the  testicles. 

Sleeping  sickness  is  found  at  present  throughout 
equatorial  Africa,  especially  around  the  great  lakes 
and  in  the  valleys  of  the  great  rivers  (Niger,  upper 
Nile,  Congo).  Its  extent  has  apparently  increased 
greatly  witliin  recent  decades.  Its  distribution  agrees 
with  that  of  Glossina  palpalis,  the  tsetse  fly,  by  the 
bite  of  which  the  disease  is  transmitted.  Experi- 
mental work  has  given  complete  justification  to  the 
native  belief  that  the  bite  of  this  fly  was  responsible 
for  the  disease.  Adults  of  GI.  palpalis  bred  in  confine- 
ment have  been  infected  by  sucking  the  blood  of 
mammals  with  sleeping  sickness,  and  have  transmitted 
the  disease  to  healthy  hosts.  Moreover,  stages  in  the 
development  of  the  trypanosome  are  found  in  the  gut 
of  such  flies  although  up  to  date  the  interpretation  of 
such  stages  is  not  acceptably  worked  out. 

According  to  the  views  of  certain  investigators,  the 
fly  is  a  mere  mechanical  vector,  and  the  supposed 
developmental  forms  in  its  gut  are  not  developmental 
stages  of  the  human  parasites  but  merely  parasites  of 
the  fly.  Certain  it  is  that  mechanical  transfer  of  the 
parasite  is  possible  both  by  experimental  apparatus 
and  through  the  flies  which  are  infective  for  a  short 
time  after  biting.  The  infective  power  of  fresh 
intestinal  contents  of  the  fly  lasts  at  most  two  days 
after  feeding  on  an  infected  mammal.  Thereafter 
these  contents  are  non-infective  for  a  period  of  twentv- 
four  days.  During  this  time  the  development  men- 
tioned is  going  on.  After  this  period  the  fly  becomes 
infective  again  and  remains  in  that  condition  for  life, 
or  at  least  for  ninety-six  days  in  experimental  cases. 
These  facts  favor  the  view  that  the  parasite  manifests 
alternation  of  generations.  Minchin  maintains  that 
both  a  direct  and  an  indirect  transfer  take  place  here 
as  in  the  dissemination  of  protozoan  blood  parasites 
by  biting  insects  generally.  Sambon  conjectures  an 
hereditary  transmission  of  this  parasite  from  one  tsetse 
fly  to  the  next  generation. 

Gl.  7norsitan.s  is  believed  to  carry  the  disease  also, 
and  experimentally  another  fly  of  the  Congo,  Man- 
sonia  uniformis,  may  function  as  inoculator  of  the 
parasite.  The  number  of  successfully  infected  tsetse 
flies  does  not  exceed  five  per  cent,  in  laboratory  experi- 
mentation, and  among  1840  flies  caught  at  large  on  Vic- 
toria Nyanza  was  only  sixteen.  The  species  is  readily 
transferable  experimentally  to  all  sorts  of  laboratory 
animals,  even  to  birds.  Evidence  accumulated  by 
field  parties  in  Africa  shows  that  so-called  "virus- 
reservoirs"  must  exist,  but  their  character  is  not 
clear.  To  be  sure,  antelopes  were  experimentally 
infected,  but  other  investigators  have  sought  in  vain 
in  heavily  infected  regions  for  a  wild  or  domesticated 
animal  in  which  the  trypanosome  could  be  detected. 

Sleeping  sickness  is  universally  fatal  in  outcome,  and 
the  former  view  that  the  whites  enjoyed  a  racial  im- 
munity to  the  disease  has  proved  to  be  only  a  relative 
freedom  from  infection  due  to  clothing  and  habits  of 
life.  The  severe  effects  are  probably  due  to  a  toxin 
produced  by  the  parasites,  and  this  substance  induces 
nrofound  changes  in  the  nervous  tissue  so  that  even 
the  destruction  of  the  parasites  is  unavailing  in  the 
late  stages  of  the  disease.  In  the  lymph  glands  some 
parasites  undergo  involution,  assuming  an  ameboid 
condition,  and  ultimately  perishing.  Trypanosomes 
are  also  subject  to  phagoc\-tosis,  but  possibly  only 
when  abnormal  or  degenerate.  These  are  the  forms 
which  accumvdate  in  and  block  the  cerebral  capillaries 
in  acute  cases. 

616 


The  parasite  and  the  disease  may  be  transmitted  to 
the  chimpanzee  and  some  monkeys  in  which  the  dis- 
ease runs  a  characteristic  human  course.  The  use  of 
arsenical  prejjarations,  especially  atoxyl,  in  the  treat- 
ment of  the  disease  is  extensive.  Koch  and  others  re- 
gard it  as  specific ;  but  this  conclusion  is  controverted 
by  other  observations. 

Much  experimental  work  has  been  done  in  chem- 
ical therapeutics,  with  serums  and  splenic  extracts, 
through  ingestion  of  attenuated  cultures  and  by  ex- 
posure to  various  types  of  rays.  Three  groups  of 
chemicals  are  efficient  in  the  treatment  of  trypano- 
some infections:  (a)  benzidin  dyes,  (b)  basic  tri- 
phenyl-methane  dyes,  and  (c)  arsenical  compounds. 
Experimentally  complete  cure  has  apparently  been 
efi'ected  by  maximum  doses  of  these  compounds. 
With  lesser  doses  and  prolonged  treatment  the  para- 
sites may  disappear  from  the  blood  for  a  time,  but 
later  on  make  their  appearance  again.  Those  which 
recur  have  undergone  a  pronounced  change  in  their 
biological  characters  and  constitute  a  strain  resistant 
to  the  therapeutic  agent  employed.  Such  a  strain 
manifests  chemo-resistance  of  a  specific  character 
toward  the  particular  substance  used  to  develop  it 
and  an  increased  resistance  toward  other  compounds 
of  the  same  group.  On  the  other  hand,  the  develop- 
ment of  resistance  toward  one  group  causes  no  increase 
whatever  in  the  resistance  toward  other  groups.  By 
continued  experiments,  however,  a  strain  ha.s  been 
produced  manifesting  a  triple  resistance.  Chemo- 
resi.stance  once  acciuired  persists  unchanged  while  the 
resistant  trypanosomes  are  passed  through  normal 
animals  even  for  140  transfers  extending  over  fourteen 
months.  The  literature  on  trj-panosomiasis  is  enor- 
mous and  the  varying  results  announced  cannot  be 
reconciled  at  the  present  date. 

Trypanosoma  rhodesiense  Stephens  and  Fantham 
1910.— Length  12  to  39  m:  of  short  forms  1.3  to  21  m;  of 
long  slender  type  25  m  and  over;  average  length  24  ^. 
Some  parasites  were  found  in  which  the  nucleus  was 
located  near  the  posterior  end,  even  beyond  the 
blepharoplast.     These  forms  were  thick  and  stumpy. 

The  trypanosomes  with  posterior  nuclei  occurred  in 
all  experimentally  inoculated  animals,  but  not  in  man 
where  the  parasites  were  rare  in  peripheral  blood. 
Observations  established  a  cyclical  variation  in  the 
number  of  parasites  in  the  blood  of  an  infected  person; 
the  cycle  covered  about  one  week.  It  was  experimen- 
tally established  by  Yorke  that  T.  rhodesiense  is  more 
virulent  than  T.  gamhien.se  in  all  laboratory  animals 
and  is  resistent  to  atoxyl.  Death  in  himian  cases  has 
come  within  five  to  nine  months,  and  in  experimental 
animals  causes  an  acute  disease  with  death  in  a  rela- 
tively brief  period. 

The  parasite  was  discovered  in  the  blood  of  an 
Englishman  who  had  contracted  the  disease  in  north- 
eastern Rhodesia  and  who  had  never  been  in  Glossina 
palpalis  territory.  Other  records  come  from  Nyassa- 
land,  German  East  Africa,  and  Portuguese  East 
Africa.  A  long  series  of  inoculation  experiments 
demonstrated  the  individuality  of  this  species  and 
its  virulence,  which  is  so  great  that  laboratory  ani- 
mals cannot  be  immunized  against  it. 

Kinghorn  demonstrated  that  Glossina  morsitans 
is  the  inoculator  of  this  parasite.  He  also  showed  that 
sixteen  per  cent,  of  wild  game  in  northern  Rhodesia 
is  infected  with  it  naturally.  Kingman  and  Yorke 
found  that  the  infectivity  of  the  fly  depended  on  the 
climate;  the  ratio  of  infective  to  non-infective  flies  in 
the  hot  valleys  is  about  1  :  .500,  whereas  on  high  cool 
plains  it  is  only  1  : 1,300.  Eleven  to  twenty  days  are 
necessary  in  the  hot  valleys  to  complete  the  changes 
in  the  fly  preliminary  to  its  becoming  infective.  But 
at  cooler  localities  the  trypanosomes  persist  in  the  fly 
in  an  incomplete  stage  for  sixty  days  or  more  and  in 
fact  never  w'ere  brought  in  these  experiments  to  the 
infective  stage.  The  life  history  as  determined  by 
Bruce  and  others  in  1914  is  on  the  whole  similar  to 
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that  of  Tr.  gambiense.  According  to  these  authors 
evidence  is  accumulating  that  T.  rhodeaiense  and  T. 
brucei  arc  identical.  Laveran  by  cross-immunity 
tests  was  led  to  declare  they  are  clearly  distinct. 

Trypanosoma  nigeriense  was  described  by  Macfie  in 
1913  from  South  Nigeria.  It  is  polymorpliic  and 
almost  indistinguishable  morphologically  from  Tr. 
gambiense,  though  he  inclined  to  the  view  that  it  was 
shorter.  Certainly  forms  grown  by  the  inoculation 
of  this  strain  into  a  guinea-pig  are  much  smaller,  being 
only  Sm  long.  The  parasite  is  common  in  the  young. 
Enlargement  of  cervical  glands  is  noticeable  at  an 
early  stage  but  the  disease  does  not  appear  to  be  viru- 
lent and  is  not  epidemic.  True  cases  of  sleeping 
sickness  are  almost  unknown.  The  parasite  may  be 
only  a  variety  of  Tr.  gavibiense. 

A  related  form  which  perhaps  should  be  placed  in 
the  same  genus  comes  from  South  America.  It  is 
designated: 


ta- 


Fiu.  4949. — 6chi2olrypaiiuin  cruzi:  Outline  of  Life  Cycle 
Stages  2  to  9  included  in  man;  9  to  14  and  1  in  Conorhinus;  1 
metacyclic  Btage  in  which  transfer  to  man  occurs;  2.  3.  4.  sch\z 
ogony  in  viscera  of  man;  5  to  9.  transformation  to  mature  blood 
inhabiting  trypanosome  form;  10.  Crithidia  Btage  dividing  in  gut 
10',  Leishmania  stage  ia  stomach;  11  to  14,  metamorphos 
oyclic  stage  in  rectum.     (After  Brumpt.) 

Schizolrypanum  cruzi  (Chagas  1909).  (Syn. :  Trypan- 
osoma cruzi  Chagas  1909). — Average  length  20  ii.  (Fig. 
4949.)  Slender  (male?)  and  blunt  plump  (female?) 
forms  present  in  blood;  according  to  Urumpt  these  arc 
merely  of  different  age.  At  start  of  infection  the 
parasites  lie  in  erythrocji;es,  partly  at  least.  Multi- 
plication has  never  been  seen  in  blood  stream  during 
the  trypanosome  st.age;  it  takes  place  in  various  inter- 
nal organs  and  is  intracellular  schizogony.  Small 
round  bodies  2  to  3  m  in  diameter,  with  nucleus  and 
blepharoplast  but  without  flagella,  divide  rapidly  and 
fill  the  infected  cell,  which  perishes.  Largo  mas.scs  of 
such  bodies  collect  in  muscles,  glands,  neuroglia,  and 
connective  tissue.  They  have  been  likened  to  Leish- 
man  bodies  (v.  infra).  At  times  they  appear  again  as 
trypanosomes  in  the  blood  stream. 

Chagas  found  a  second  type  of  multiplication  in  the 
lungs.  Trypanosome  forms  lose  their  flagella,  become 
bent,  the  ends  fuse,  and  the  mass  divides  into  eight 
minute  forms  that  invade  erythrocytes  and  transform 


into  trypanosomes.  Some  lose  the  blepharoplast 
whereas  others  retain  it,  and  these  were  regarded  as 
sexually  differentiated  gametes  which  fuse.  But 
these  observations  have  not  been  confirmed. 

The  parasites  are  transferred  from  host  to  host  by 
the  cone-nosed  bug  {Conorhinus  megislus  or  Trialoma 
megista)  or  other  species  of  that  genus.  It  has  been 
found  also  in  .species  of  Cimex,  in  Umilhodorua  mou- 
bata,  in  Rhodnius  prolixus.  The  Conorhinus  is  fre- 
quent in  houses  of  the  poorer  classes  in  Minas  Geraes, 
Brazil,  and  attacks  the  inhabitants  at  night,  especially 
the  children.  The  parasite  was  originallv  discovered 
in  the  bug  and  later  in  a  small  monkey  it  had  bitten. 
Subsc(|uently  Chagas  found  it  in  the  blood  of  an  in- 
fant which  had  enlarged  glands  with  extreme  anemia 
and  an  irregular  fever.  Most  laboratorj-  animals  can 
be  infected  by  allowing  the  infected  bugs  to  bite  them. 
Chagas  also  cultivated  the  parasite  on  blood  agar. 

In  the  intestine  of  Conorhinus  the  parasites  meta- 
morphose into  Crithidia  stages  and  maintain  them- 
selves a  long  time  in  the  stomach  region  by  division. 
In  the  midgut  one  finds  Leptomonas  forms  that  be- 
come Crithidia  forms  and  divide  rapidly.  In  the  end- 
gut  these  become  by  migration  of  the  blepharoplast 
metacyclic  trypanosomes  ready  to  reinfect  the  mam- 
maUan  host.  This  occurs  not  as  originally  supposetl 
by  the  bite  of  the  bug  but  through  the  fece.s,  for  the 
metacyclic  stages  in  the  droppings  penetrate  epiderm 
or  mucosa  and  settle  in  cells  where  schizogony  takes 
place;  the  products  of  this  process  enter  the  blood 
.stream  as  trypanosomes.  Brumpt  was  able  to  estab- 
lish this  method  of  transfer  by  smearing  the  droppings 
of  infected  bugs  on  the  mucous  membranes  of  mouth, 
rectum,  and  conjunctiva  of  susceptible  mammals. 
The  experiment  succeeds  though  less  readily  on  the 
epidermis. 

The  disease  produced  is  known  as  human  trypano- 
somiasis, South  American  trypanosomia.sis,  or  ("hagas' 
disease.  In  infants  the  parasites  give  rise  to  an  acute 
febrile  disease  which  may  be  fatal.  If  the  di.sease  is 
prolonged  beyond  thirty  days  the  fever  falls  and  the 
chronic  phase  ensues.  This  is  the  usual  manifestation 
.and  is  general  in  older  persons;  it  is  marked  by  dis- 
tinct symptoms  of  h\-pothyroidism.  Chagas  has  re- 
cently found  the  panisitc  in  infants  a  few  days  old, 
and  even  in  a  fetus;  as  the  flagellate  stage  occurred 
in  the  blood  of  the  mother  its  passage  into  the  off- 
spring was  .assumed  as  demonstrated.  This  same 
author  regards  the  sloth  as  the  probable  reservoir  of 
the  parasite  and  a  species  of  Triatoma  which  lives 
in  its  burrows  as  the  transmitter. 

Another  group  of  forms  which  in  certain  stages 
show  marked  similarity  to  that  just  discussed  is  that 
to  which  the  well  known  Leishman-Donovan  bodies 
belong.  They  are  properly  included  in  a  separate 
genus  under  the  name 

Leishmania  R.  Ross  1903. — Schizogonic  forms 
spherical  or  oval,  with  nucleus  and  blcpharopl.ist, 
without  organs  of  locomotion;  intracellular  parasites 
in  endothelial  cells  of  spleen,  liver,  and  bone  marrow, 
or  in  leucocytes.  Multiplication  by  longitudinal  fis- 
sion, also  by  rosettes  (a  sexual  pha.so?).  Schizogonic 
cycle  in  warm-blooded  host.  Flagellated  forms  de- 
veloped in  cultures  at  lower  temperatures.  Spo- 
rogony  in  insects  (?).  Sporogonic  forms  unknown. 
Several  species  parasitic  in  man  during  schizogonic 
cycle. 

Leishmania  donovani  Ross  1903.  (Syn.:  Piroplasma 
donovani  Laveran  et  Mesnil  1903;  Herpclonionas 
donovani  Rogers  1904.) — Schizogonic  form  small, 
ovoid,  2  to  ,5  /I  by  1.5  to  2  m;  protoplasm  finely  granular 
and  vacuolated;  two  chromatin  masses,  the  larger  a 
spherical  nucleus  and  the  smaller,  a  bacilHform  bleph- 
aroplast. In  nearly  every  organ  of  the  body,  but 
especially  in  the  endothelial  cells  of  the  blood-  and 
lymph- vessels;  abundant  in  the  spleen,  bone  marrow, 
and  liver  and  occur  also  in  lungs,  testes,  kidneys,  intes- 
tinal and  dermal  ulcers.     Multiplication  by  division. 
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The  parasites  are  probably  always  (?)  intracellular, 
but  during  the  operation  of  spleen-puncture  the  cells 
in  which  they  lie  rupture  readily  so  that  in  smears 
they  often  appear  free  or  in  clusters  like  malarial 
rosettes.  The  rupture  of  these  cells  inlra  vilani  must 
also  frequently  occur  naturally  during  growth  and 
thus  the  organisms  set  free  in  the  blood  stream  are 
widely  distributed  throughout  the  body. 

Sterile  blood  acidified  with  a  little  sodic  citrate  has 
been  used  as  Ihc  culture  medium  and  is  ineffective  if 
held  at  body  temperatures.  Some  developmeTit  takes 
place  at  27°  C.  but  20°  to  22°  C.  appears  most  suitable. 
Then  the  parasites  multiply  rapidly  by  longitudinal 
division.  In  cultures  they  enlarge  rapidly  to  a  diame- 
ter of  7  to  9  M.  gradually  assuming  a  pyriform  shape 
which  soon  becomes  flagellated.  Such  forms  carry  a 
single  flagellum  but  no  undulating  membrane;  they 
measure  12  to  20  ^  in  length.  They  have  been  seen 
to  throw  off  also  fine  linear  forms,  comparable  to 
spirochetes  in  delicacy.  Thus  far  experimental  trans- 
mission to  vertebrates  has  been  unsuccessful.  Efforts 
to  infect  mo.squitos,  ticks,  and  lice  were  also  without 
results.  The  long  time  during  which  the  disease 
clings  to  houses  indicates  that  the  organism  may  be 
transmitted  to  a  second  generation  of  the  infecting 
agents  through  the  ovs,  as  has  been  established  in 
the  case  of  some  other  related  flagellates.  One  must 
a.ssume  that  blood-sucking  insects  are  the  transmit- 
ting agent.  Cimex  rolundatus  and  Conorhinus  ruhro- 
fasciaius  are  especially  under  suspicion  and  Patton 
apparently  raised  early  stages  of  the  extra-human 
cycle  in  the  bedbug. 

The  parasite  is  the  cause  of  kala-azar,  also  known 
as  Dumdum  fever  or  tropical  splenomegaly,  which  is 
characterized  by  a  high  mortality.  It  is  endemic  in 
certain  parts  of  India,  especially  Assam.  Desi)ite  the 
fact  that  it  is  not  responsive  to  quinine,  it  was  formerly 
regarded  as  a  peculiarly  bad  form  of  malaria.  It  also 
occurs  in  Ceylon,  China,  Arabia,  Algeria,  and  Egypt, 
though  previously  unrecognized.  Rogers  has  demon- 
strated that  kala-azar  is  a  house  disease.  The  aban- 
donment and  destruction  of  native  houses  has  proved 
a  valuable  though  partial  prophylactic  measure. 

The  parasites  can  be  demonstrated  in  the  blood  in 
many  cases  though  with  difficulty.  The  organisms 
should  be  sought  for  in  the  leucocj-tes.  Examination 
of  peripheral  blood  from  the  finger  or  cultures  of  sus- 
pected blood  serve  to  determine  the  presence  or  ab- 
sence of  the  parasite. 

Leishmania  tropica  (Wright  1903).  (Syn.:  Helco- 
soma  iropicum  Wright  1903;  Ovoplasma  orientale 
Marzinowsky  and  Bogrow  1904;  L.  vmghtii  Nicolle 
1908;  Crilhiiliiim  rnnninghami  Carter  1909;  Leish- 
mania furunculDxn  Brumpt  1913.) — Schizogonic  cycle 
alone  known,  in  large  uninuclear  cells  of  granulation 
tissue  in  cutis.  Morphologically  very  similar  to  L. 
donovani.  Originally  discovered  by  Cunningham  in 
188.5,  these  bodies  were  first  definitely  described  by 
J.  H.  Wright  in  1903.  The  organisms  occur  in  pro- 
fusion in  the  granulation  cells  from  Oriental  sore,  or 
Delhi  boil,  a  chronic  ulcer,  locally  endemic  in  many 
warm  countries.  It  is  common  at  various  points  in 
northern  Africa,  Asia  Minor,  and  southern  Asia  as  far 
as  India.  Manson  proclaims  it  to  be  a  disease  of 
camel-using  countries  and  to  occur  in  both  dogs  and 
camels. 

The  flagellate  stage  is  obtained  in  three  to  four  days 
in  cultures.  The  form  is  slender,  20  by  2  to  4  ^,  and 
has  a  flagellum  as  long  as  the  body.  Experimentally 
the  infection  is  transmitted  easily  from  man  to  man, 
also  to  apes,  dog,  mouse;  but  not  in  reverse  direction 
from  all  hosts.  Naturally  the  parasite  only  occurs 
on  man.  The  boils  occur  on  exposed  parts  of  the 
body,  and  one  thinks  naturally  of  insect  transmission. 
Mosquitos,  flies,  and  bedbugs  have  been  suspected 
but  no  experimental  evidence  has  yet  been  secured. 
Mechanical  transfer  to  scratches  or  wounds  has  also 
been  suggested,  but  here  again  evidence  is  lacking. 
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The  specific  distinctness  between  L.  tropica  and  L. 
fionot'ojiimay  be  inferred  from  their  geographical  di.stri- 
bution;  for  example,  kala-azar  is  unknown,  in  the  Pun- 
jab where  Delhi  sore  is  common.  Furthcrniore,  kala- 
azar  is  a  fatal  disease,  while  Oriental  sore  is  eminently 
benign.  It  is  believed  that  one  at  tack  of  the  latter  con- 
fers immunity  against  furtlicr  infection,  and  the  Jews  in 
Bagdad  at  one  time  practised  on  their  children  Orien- 
tal sore  inoculation.  The  relation  of  the  two  species 
may  be  somewhat  analogous  to  that  between  the  organ- 
isms of  smallpox  and  vaccinia.  Of  especial  interest  is  a 
recent  piece  of  work  by  Gonder  (1914).  He  infected 
mice  with  culture  material  of  this  species  injected  intra- 
peritoneally.  The  resulting  general  infection  was  ac- 
companied by  enlargement  of  liver  and  sjilccn  and  fol- 
lowed later  by  the  appearance  of  periplicral  lesions 
on  feet,  tail,  and  head.  He  suggests  from  this  that 
Oriental  sore  is  a  general  infection  overlooked  in  its 
earlier  stages,  and  producing  dermal  lesions  in  later 
stages. 

In  Mexico,  Venezuela,  and  Brazil  occurs  a  similar 
form  to  L.  tropica  which  some  regard  as  a  separate 
species,  as  seems  wisest,  under  the  name 

Leishmania  brasilie?isis  Vianna  1911.  (Syn.:  L. 
tropica  var.  americana  Laveran  and  Nattan-Larrier, 
1912.)  Morphologically  identical  with  the  preceding 
species.  Found  among  laborers  in  the  great  forests  of 
Brazil  and  adjacent  regions  where  the  parasite  is  un- 
known in  the  towns  and  cities.  The  start  of  the  in- 
fection is  attributed  to  the  bite  of  a  tick,  a  biting  fly, 
etc.,  as  the  transmitting  agent  is  naturally  assumed 
to  be  a  blood-sucking  arthropod.  Nothing  is  known 
of  the  development  of  the  parasite. 

Cases  have  been  reported  from  Brazil,  Peru,  Para- 
guay, Bolivia,  Surinam,  French  Guiana,  Venezuela, 
and  Panama. 

The  disease  is  known  as  forest  yaws,  Bahia  boil, 
"espundia,"  etc.  The  sores  develop  along  the  line  of 
lymph  vessels  and  go  over  from  the  skin  into  the  mu- 
cosa of  the  nose,  mouth,  and  pharynx,  anrl  into  the  ear. 
The  disease  is  obstinate  and  has  a  somewhat  different 
course  from  Oriental  sore.  These  facts  as  well  as 
the  extreme  geographic  separation  afford  a  basis  for 
separating  the  parasites  even  though  little  is  known 
concerning  them. 

In  Egypt  Thompson  and  Balfour  found  dermal 
ulcers  in  negroes  which  they  called  Leismania  nodules. 
The  parasites  in  these  sores  were  regarded  by  Brumpt 
as  a  distinct  species,  L.  nilotica;  so  little  is  known  of 
the  organism  that  judgment  on  its  individuality  must 
be  suspended. 

Leishmania  infantum  Nicolle  1908. — Morpholog- 
ically not  distinguishable  from  L.  donovmi.i,  even  in 
flagellate  stage.  Physiologically  differentiated  by 
several  features:  (1)  It  can  be  cultivated  witli  greater 
ease  on  firm  media  and  can  be  maintained  in  cultu'^es 
whereas  it  is  difficult  to  grow  in  citrated  blood.  The 
exact  reverse  is  true  of  L.  donorani.  (2)  It  occurs 
naturally  in  dogs  in  the  circum-Mediterranean  region 
whereas  L.  donovani  is  not  known  to  occur  spontane- 
ously in  any  animal  save  man.  (3)  It  can  be  trans- 
mitted experimentally  to  dogs  and  monkeys  with  ease 
while  L.  donovani  is  inoculated  into  these  or  other 
laboratory  animals  with  great  difficulty  and  in  rare 
instances.  (4)  It  has  been  found  mostly  in  chUdren 
from  two  to  five  years  of  age  and  rarely  in  youths 
while  adults  are  infected  in  only  a  single  case  on 
record. 

The  disease  is  known  as  infantile  splenomegaly  or 
also  as  canine  kala-azar.  It  is  found  in  the  entire  cir- 
cum-Mediterranean area  and  also  in  Russia;  probable 
cases  have  been  reported  in  northern  China. 

The  number  of  dogs  infected  reaches  2  per  cent,  in 
Tunis,  5  per  cent,  in  Li.sbon,  14  per  cent,  in  Athens  and 
Malta,  16  per  cent,  in  Rome,  24  per  cent,  in  Turkes- 
tan, and  81  per  cent,  in  Messina.  The  disease  is 
acute  in  puppies  and  fatal  in  three  to  five  months; 
a  chronic  type  was  observed  in  older  dogs  and  lasted 
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a  year  and  one-half.  The  transmitting  agent  is  the 
dog  flea  and  probably  also  the  human  flea.  Experi- 
mental infection  has  been  achieved  with  culture 
material  and  with  intestinal  contents  of  infected  fleas 
nibbed  on  the  skin  of  dogs  and  mice  as  well  as  through 
the  bites  of  fleas  from  infected  horses. 

In  children  the  disease  is  much  like  kala-azar  save 
that  dermal  and  intestinal  ulcers  are  not  developed, 
but  the  parasites  have  been  found  in  mucous  flakes 
from  the  feces  of  an  infant  in  Malta. 

Since  many  experiments  show  that  natural  flagel- 
lates from  the  gut  of  the  flea  can  be  transmitted  to 
various  hosts,  Fantham  and  Porter  on  the  basis  of 
most  important  recent  experiments  are  led  to  con- 
clude that  the  various  leishmaniases  occurring  in 
different  parts  of  the  world  will  prove  to  be  insect- 
borne  hcrpetomoniases. 

Hisloplnsma  capsidalum  Darling  1900  was  described 
from  cases  of  splenomegah'  found  at  Panama.  The 
organisms  were  minute  round  or  oval  bodies  enca.sed 
in  a  capsule  and  distributed  through  endothelial  cells 
of  blood-vessels  in  the  viscera.  Flagellate  stages  were 
found  in  the  lungs  and  spleen.  The  parasite  was 
placed  near  Leishmania  by  its  discoverer  but  is  thought 
by  others  to  be  a  yeast.  La  Rocha-Lima  has  apparently 
demonstrated  its  yeast  character. 

ToxnpUisma  gnridii.  originally  found  in  wild  animals, 
has  been  reported  by  Castellani  from  a  case  of  spleno- 
megaly in  a  Sinhalese  boy.  The  bodies  are  oval  or 
reniform  and  occur  in  cells  of  blood,  spleen,  liver,  etc. 
Difl'crent  names  assigned  to  material  from  various 
hosts  seem  not  to  be  justifled  from  present  knowledge, 
which  is  moreover  too  fragmentary  to  determine  the 
real  nature  of  the  suspectecl  parasites.  They  suggest 
in  form  and  habit  the  Leishmanias. 

Hoennnjsfozoon  brasiliense  Franchini  1913  was 
described  from  the  blood  of  an  Italian  physician  who 
had  lived  eighteen  years  in  Brazil.  Several  forms  of  the 
parasite  were  distinguished:  (a)  small,  oval  bodies,  3 
to  ()  n  long  and  1  to  2.  .5  m  broad  with  dist  inct  nucleus ;  (6) 
lancet-shaped  forms  12  to  16 /i  long  with  nucleus  and 
blepharoplast  but  no  flagella;  (c)  Leptomonas  forms 
with  a  single  flagellum  which  were  taken  from  the 
liver;  (tl)  spherical  non-flagellate  forms;  and  {r)  cysts 
about  the  size  of  an  erythrocyte.  The  parasites  were 
seen  by  several  investigators  who  pronounced  them 
new  and  distinct  from  any  known  species.  The  patient 
sufl'ered  from  anemia,  fever,  enlargement  of  liver  and 
spleen,  and  also  a  pulsating  liver  cyst.  The  case  ter- 
minated fatally. 

SpoROzoA. — The  class  Sporozoa  .s.  sir.  as  now  con- 
ceived corresponds  to  the  group  of  Telosporidia  of 
earlier  date.  It  includes  Protozoa  of  a  consistent  para- 
sitic habit,  which  are  entirely  without  external  loco- 
motor organs  of  any  kind.  They  have  only  one  nucleus 
and  at  some  point  in  their  life  cycle  produce  numerous 
descendants,  which  are  usually  covered  by  a  firm  shell 
and  accordingly  denominated  "spores."  The  spores 
are  without  polar  capsules  and  are  produced  at  a  single 
fixed  point  in  the  life  cycle,  not  continuously  through  a 
period;  furthermore  they  are  formed  after  fertilization. 
These  young  forms  always  start  the  life  cvrle  as  eel! 
parasites,  and  in  many  cases  retain  that  habit  through- 
out the  entire  life  cycle.  In  all  but  rare  cases  alter- 
nation of  generations  appears  in  the  course  of  the  life 
history.  All  forms  are  true  parasites,  and  all  subsist 
only  on  fluid  nourishment  obtained  by  osmosis. 

In  1879  Leuckart  brought  together  under  the  head- 
ing Sporozoa  the  imperfectly  known  and  somewhat 
isolated  groups  of  gregarines  (Oregarinidia),  the  psoro- 
sperm  sacs  of  Mttller  (.Myxosporidia),  the  oval  or 
spherical  psorosperms  of  Eimcr  (coccidia),  and  Rainey's 
or  Miescher's  corpu-scles  (Sarcosporidia).  Later  in- 
vestigators added  the  Microsporidia,  Amo-bosixiridia. 
and  Hiemosporidia.  This  assemblage  was  later  sub- 
divided into  two  subclasses,  Telosporidia  and  Neo- 
spnridia,  distinguished   bv  the  fact  that  the  former 


produce  spores  only  at  the  close  of  a  vegetative  period 
while  the  latter  do  so  during  the  entire  period.  Fur- 
ther studies  have  accentuated  the  differences  between 
the  two  groups  and  the  Neosporidia  have  been  given 
independent  rank  as  a  separate  class,  the  name  Sporo- 
zoa being  restricted  to  the  forms  earlier  known  as  Telo- 
sporidia. 

Two  types  of  reproduction  usually  alternate  in  the 
life  history  of  the  organism.  The  first  subserves  the 
rapid  multiplication  of  the  para.sife  within  the  host, 
and  is  appropriately  designated  by  Doflein  multi- 
I)licative  reproduction;  wlien  highly  developed  it  will 
evidently  transform  an  organism,  harmless  because 
insignificant,  into  an  abundant  destroyer  of  tissue  and 
the  exciter  of  disea.sc.  The  other  type  of  reproduction 
is  connected  with  the  spread  of  the  species,  the  infec- 
tion of  new  hosts,  and  may  be  denoted  after  Doflein 
the  propagative  reproduction.  All  sorts  of  .secondary 
or  collateral  structures  a.ssist  in  the  transport  of  the 
spores,  their  protection  during  this  period,  and  their 
attainment  of  the  new  host.  The  morphology  of  the 
propagative  reproduction  serves  to  characterize  the 
major  subdivisions  of  the  Sporozoa;  the  multiplicative 
reproduction  varies  often  widely  among  closely  related 
forms. 

.■\mong  the  Sporozoa  one  may  distinguLsh  several 
orders  on  the  basis  of  the  habit  of  the  jiarasites  and  the 
mode  of  fertilization  which  prevails.  The  Gregari- 
noidea,  or  gregarines,  are  elongate,  spindle-shaped 
forms  in  which  the  body  may  be  single  or  divided  into 
two  regions,  the  protonierite  and  the  deutomerite. 
The  latter  houses  the  nucleus;  the  former  posses.ses 
often  an  organ  of  attachment,  the  epimerite.  The 
epicyte  is  well  developed  and  within  it  lies  a  layer  of 
contractile  threads  (myonemes)  which  form  a  net- 
work. The  vegetative  stage  is  long;  it  begins  withthe 
parasite  in  an  epithelial  cell,  or  attached  to  it.  and 
ends  with  the  fully  developed  parasite  in  the  cavity  of 
the  gut,  or  rarely  of  other  organs.  Schizogony  occurs 
in  one  group,  and  is  wanting  in  another;  sporogony 
comes  at  the  close  of  the  vegetative  jieriod.  Two 
individuals  are  enclosed  in  a  cyst  and  produce  gametes, 
either  isogametes  or  heterogametes.  which  fuse  and  the 
resulting  spore  forms  a  hea\'y  wall  and  produces  a 
definite  number  of  sporozoites.  These  gregarines  are 
abundant  parasites  of  annelids  and  arthropods,  but 
do  not  occur  in  vertebrates. 

The  order  of  the  Coccidioidea  are  spherical,  rarely 
oval,  without  distinct  epicyte  or  myonemes.  The 
vegetative  forms  are  strict  cell  ])arasite.s  and  multiply 
rapidly  by  schizogony.  Sporogony  comes  at  the  end 
of  the  vegetative  period,  the  gametes  are  unlike,  and 
the  microgametes  (male)  are  produced  in  large  num- 
bers. The  spores  are  thick-walled  and  contain  a  fixed 
number  of  sporozoites.  Some  occur  in  invertebrates, 
but  many  are  important  vertebrate  parasites.  Only  the 
suborder  of  the  Einieriidea  contain  human  parasites. 

The  adult  Eimeriidea  occur  as  parasites  in  epithelial 
cells,  particularly  of  the  alimentary  canal  and  its 
adnexa,  though  the  excretory  organs,  the  male  sexual 
organs,  and  the  spleen  are  also  affected.  The  proto- 
I)lasin  of  the  host  cell  is  ordinarily  the  seat  of  the 
parasite.  Only  rarely  is  more  than  a  single  parasite 
found  in  an  epithelial  cell.  In  form  the  Eimeriidea 
are  uniform  and  constant,  being  spherical,  oval,  or 
elliptical,  and  without  organs  of  locomotion  of  any 
sort  or  organs  of  attachment.  Their  size  is  regularly 
insignificant.  A  noteworthy  characteristic  is  the 
absence  of  differentiation  into  ectoplasm  and  endo- 
plasm.  The  plasma  of  the  cell  is  finely  granular, 
alveolar,  and  without  reserve  bodies  or  food  vacuoles. 
The  nucleus  is  large,  vesicular,  and  characterized  by  a 
single  prominent  central  nucleolus. 

No  contractile  vacuole  is  present.  The  cell  and 
nucleus  increase  graduallv  in  size  at  the  expense  of  the 
host  cell,  which  ultimately  in  most  cases  degenerates 
to  a  mere  empty  membrane  encircling  the  parasite. 
Its  nucleus  now  undergoes  multiple  division,  the  pro- 
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toplasm  arranges  itself  in  individual  masses  about  the 
many  daughter  nuclei,  and  there  results  a  stage  in 
which  a  rosette  of  young  forms  (Fig.  4950)  encircles  a 
central  portion  of  protoplasm,  known  as  the  reliquary 
body  or  residual  mass.  Thisis  without  nuclear  matter 
and  (lost  iued  to  play  no  further  part.  It  is  left  behind 
and  perishes  when  the  young  forms  wander  out  to  in- 
fect new  epithelial  cells  of  the  same  host  and  repeat  the 
process  just  sketched.  This  is  multiplicative  repro- 
duction of  schizogony.  It  serves  to  effect  the  auto- 
infection  of  the  host,  and  is  the  period  of  asexual  re- 
production. The  cell  parasites  which  undergo  these 
changes  are  schizonts,  while  the  young  forms  are 
denominated  merozoites.  The  merozoites  are  cap- 
able of  active  movements  by  contraction  and  twistings, 
or  with  a  gliding  movement  in  which  a  trail  of  mucus 
is  left  behind.  The  growth  of  merozoites  to  schizonts 
in  the  epithelial  cells,  the  production  of  new  mero- 
zoites,  and  the   infection  of  new  cells  proceed  often 


Fio.  4930. — Eimeria  sliedm.  Adult  Schizont  Completely  Divided 
into  Merozoites.  Cyst  formed  of  degenerated  host  cell  is  not  rep- 
resented.    Magnified.     (After  Simond.) 

with  considerable  rapidity,  but  only  within  certain 
limits,  for  a  new  type  of  reproduction  intervenes. 

In  this  which  regularly  begins  under  the  pressure  of 
excessive  infection  of  the  host,  the  merozoites  develop 
not  to  schizonts,  but  to  forms  of  two  sorts,  which  at 
first  sight  are  very  similar  to  schizonts,  and  but  little 
different  from  each  other.  The  one  form  is  opaque 
with  a  richly  granular  plasma;  the  other  has  a  clear 
but  dense  plasma;  the  opaque  form  is  the  macro- 
gamete,  and  attains  maturity  by  the  rejection  of  a 
portion  of  its  nuclear  substance.  The  clear  cell, 
known  as  a  microgametocyte,  undergoes  multiple 
nuclear    division.     The  many  nuclei  produced  then 


cycle,  that  previously  was  designated  as  the  propa- 
gative  reproduction.  It  is  also  known  as  the  sexual 
spore-forming  period,  or  sporogony,  and  in  most 
species  takes  place  outside  of  the  host,  after  the  oocyst 
has  been  evacuated  in  feces  or  urine.  The  steps  in  the 
process  of  sporogony  may  be  outlined  next  in  general 
terms  (Fig.  4951). 

The  nucleus  of  the  oocyst  (a)  divides  twice,  and 
about  the  four  daughter  nulei  the  protoplasm  separates 
into  four  parts  known  as  sporoblasts  ((*),  and  some- 
times also  a  residual  mass  of  protoplasm  (c).  Each  of 
these  sporoblasts  surrounds  itself  with  a  firm  mem- 
brane and  becomes  a  sporocyst  ((/),  while  later  within 
each  sporocyst  after  nuclear  division  two  sporozoites 
are  formed  and  a  residual  mass  of  protoplasm  is  left 
unused.  The  sporozoites  are  characteristically  sickle- 
shaped  or  crescentic,  and  abandon  the  sporocyst  when 
this  reaches  the  alimentary  canal  of  the  new  host,  and 
is  opened  by  the  action  of  the  alimentary  secretions. 


a  D  c 

Fig.  4951. — Eimeria  hominis.  Sporogony.  a,  b.  Oocyst;  c, 
sporoblasts  with  residual  mass;  d,  sporocysts  with  contained  sporo- 
zoites.    Magnified.      (From  Braun  after  Uiek.) 

The  entrance  of  the  sporozoites  into  the  epithelial 
cells  and  their  growth  to  schizonts  completes  the  life 
cycle.  These  facts  are  graphically  represented  in 
Luhe's  table  reproduced  here;  stages  connected  by  a 
single  vertical  line  ()  are  successive  generations, 
those  joined  by  the  sign  of  equality  (  =  )  result  from 
growth  or  metamorphosis  within  the  single  generation. 
A  simplification  by  suppression  of  the  entire 
schizogenic  cycle,  so  that  the  macrogamctes  and 
microgametocytes  arise  directly  from  the  sporozoites 
which  have  penetrated  epithelial  cells  is  the  most  strik- 
ing modification  of  this  general  plan  of  development. 


Development  of  En 


Sporozoite  =Schizont 


Merozoite  =  Schizont 


Merozoite  =  Schizont 


Merozoite  =  Schizont  Merozoite  =9  Macro-    Merozoite  =  (f  Mi( 
I  gametocyte  gametocyte 


(Schizogony  soon 


:  9  Macrogamete 


ozoite  =  9  Macro-    Merozoite  =  d"  Mi( 
gametocyte  gametocyte 


cf  Microgamete 


Copula  =  Sporont  (Oocyst) 

1 

Sporoblast  =  Sporocyst 

I 

Sporozoite  =  Schizont 


lite  =  Schizont 


(Schizogony  soon 
ceasing) 


migrate  to  the  surface,  each  collects  a  small  part  of  the 
plasma  about  itself,  and  projects  as  an  elongated 
spindle-shaped  structure,  the  microgamete  or  male 
cell,  which  becomes  free,  forms  two  flagella,  and  enters 
upon  active  locomotion.  The  major  portion  of  the 
microgametocyte  is  abandoned,  and  subserves  no 
further  function. 

The  microgametes  swarm  about  the  macrogametes, 
and  as  soon  as  one  has  succeeded  in  entering,  the 
macrogamete  forms  at  once  a  firm  membrane,  which 
forbids  entrance  to  other  microgametes.  The  two 
nuclei  unite  and  the  act  of  fertilization  is  completed. 
The  product  is  known  as  an  oocyst,  copula,  or  sporont, 
and  forms  the  starting-point  of  "a  new  period  in  the  life 
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Leger's  proposal  to  use  the  number  and  foru^  of  the 
sporocysts  and  of  the  sporozoites  for  the  subdivision 
of  the  group  has  been  generally  adopted.  The  ad- 
joined table  gives  a  review  of  the  common  genera 
arrangement  according  to  Leger's  scheme. 

Most  of  the  human  parasites  thus  far  recorded  from 
this  group  fall  within  the  limits  of  a  genus  named 
Coccidium  by  R.  Leuckart  in  1S79,  and  this  name  has 
been  generally  incorporated  into  works  on  the  subject. 
However,  Stiles  and  Luhe  independently  called  atten- 
tion to  the  fact  that  the  name  Eimeria,  introduced  in 
1875  by  Aime  Schneider,  has  the  right  of  priority,  and 
must  replace  the  other  form  according  to  laws  of 
zoological    nomenclature.     The    name    coccidia   has 
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Ripe  oocyst  contain 


Numerous  sporozoite 


Eight  sporozoitea. 
Four  sporozoites. . 


[  No  sporocysts 

ASPOnoCYaxiDEA LeKcrella 

i  One  sporozoite Barrouuia 

Many  aporocysts  each  with ...   I  Two  aporozoitca Adeles 

Poi.Y8POBOCT8TiDE.\.  f  Three  sporozoitea Eucoccidium 

,  J  Four  sporozoitea Kloaaia 

'  Two  sporocysts  each  with  four  sporozoites. 

DispOROcrsTiDEA Isoapora 

Four  sporocysts  each  with  two  sporozoitea. 

TETnAsponoCYSTlDEA Fimeria 

.Two  sporocysts  each  with  two  sporozoitea Cycloaporm 


been  very  generally  used  for  the  entire  group  as  well 
as  heretofore  for  the  genus,  and  this  may  evidently 
lead  to  serious  misunderstanding.  Henceforth  the 
name  coccidia  should  be  used  only  in  a  general  seaso. 

The  most  important  characteristic  of  the  genus 
Eimeria  is  the  formation  in  each  oocyst  of  four  sporo- 
cysts, each  with  two  sporozoites.  A  residual  mass  of 
protoplasm  is  always  present  in  the  sporocj-st  with  the 
sporozoites,  and  a  similar  residual  mass  is  sometimes 
formed  in  the  oocyst  with  the  growth  of  the  sporo- 
blasts.  Of  the  many  species  assigned  to  this  genus, 
the  most  important  and  better  known  forms  wliich  are 
patliogenic  to  man  and  some  domestic  animals  arc 
included  in  the  following  key. 

1.  Oocyst    with    residual    mass 2 

1.  Oocyst   without    residual   mass 'i 

2.  Oocyst  oval,  33  to  49  m  by  16  to  28  im;  sporocyst 
spindle-shaped     (rabbit,     n\au.)...E.     stiedoe     (Lind.) 

2.  Oocyst  spherical  or  cylindrical,  15  to  32  a»  by 
11  to  17  Mi  sporocyst  oval  (mouse) 

E.   falciformis    (Scubergh). 

3.  Simple  forms.  Oocyst  oval  to  cylindrical,  24 
to  35  M  by  13  to  20  n E.  hominis  (Riv.). 

3.  Twin  forms Isospora  higcmina  (Stiles). 


a  o  c 

Fia.  4952. — Eimeria  sliedm.  Sporogony  from  Liver  of  Rabbit. 
CI.  Young  oocyst:  h,  same  with  protoplasm  contracted  preparatory 
to  division;  c,  same  divided  into  four  sporocysts,  eacli  containing 
two  sporozoites  which  have  already  developed.  Magnified,  (n) 
h,  after  Leuckart;  c,  after  Simond.) 

Eimeria  sliedce  (Lindemann  1865).  (Syn. :  Monn- 
cyslilis  stiedce  Lindemann  1805;  Psorospcrmium  cuyti- 
culi  Rivolta  1878;  Coccidium  onfoTme  Leuckart  1879; 
C.  cuniculi  Railliet  1893 ; Pfciffcria  princeps  Labb6  1896 ; 
Pfeifferella  princeps  LabbtS  1899.  Eimeria  cuniculi  Lijhe 
1902.) — AU  stages  are  known.  Oocyst  (Fig.  4952)  in  the 
liver  of  rabbit,  oval  33  to  49  m  long,  15  to  28  m  broad. 
Cyst  wall  heavy,  smooth,  with  opening  at  one  pole. 
The  coarsely  granular  protoplasm  completely  fills 
the  cyst,  but  later  contracts  to  a  spherical  mass  at  the 
center  (17  m  in  diameter).  Spore  formation  outside 
the  host  requires  two  to  three  weeks.  The  entire 
sphere  divides  into  four  sporocysts  each  with  a  thick 
covering  and  with  the  length  of  12  to  15  m  and  a  breadth 
of  7  M.  Two  comma-shaped  sporozoites  are  formed  in 
each  sporocyst,  and  a  granular  residual  mass  of  proto- 
plasm lies  in  the  hollow  between  their  enlarged  ends 
(Fig.  4953).  The  sporozoites  are  set  free  by  gastric 
digestion.  They  ascend  the  gall-ducts,  penetrate  the 
epithelial  cells,  and  when  fullv  grown  measure  20  to 
50m  in  length  bv  20  to  39m  in  breadth.  They  divide 
into  from  3bto200merozoites  (Fig.  4950)  which  spread 
the  infection,  lltimatcly  the  format  ion  of  macro- and 
microgametes  leads  to  the  fertilized  sporont  stage,  the 
oocvst. 


This  species  is  abundant  in  the  rabbit,  in  which  it 
parasitizes  in  the  epithelium  of  gall-ducts  and  liver. 
According  to  the  degree  of  infection  sooner  or  later 
inflammation  and  proliferation  of  the  epithelium  lead 
to  the  formation  of  nodules  of  caseous  matter,  con- 
taining amid  various  remnants  coccidia  in  all  stages  of 
development.  These  conditions  mav  lead  to  severe 
sickness  or  even  to  the  death  of  the  host ;  in  other  cases 
the  animal  recovers,  as  the  process  of  schizogonv  ap- 
pears to  have  distinct  self-limitations.  The  infection 
is  spread  by  the  contamination  of  food  with  spore- 
infected  feces. 

Several  cases  of  human  infection  are  on  record. 
Evidently  conditions  favor  such  infection  only  rarely. 
To  the  four  positive  c;ises  cited  by  Leuckart,  all  in 
Germany  and  Austria,  SUcock  has  added  another  from 
London.  A  number  of  doubtful  cases  are  also  in- 
cluded here  by  some  authorities.  The  observation  of 
Thomas  in  Boston,  according  to  which  this  species  was 
found  in  a  small  cerebral  tumor  surrounded  by  bone 
tissue,  cannot  be  accepted  in  view  of  the  normal  condi- 
tion of  the  liver  and  intestine,  and  has  been  universally 
questioned  by  reviewers.  The  supposed  coccidia  do 
not  belong  to  any  species  yet  reported  from  man,  on 


Flo.  4953 
sporozoites  a 
nified.     (From  Railliet,  aft 


1,   b,   .'sporocysts  each   with   two 
1  single  sporozoite.     Highly  mac- 
'  Balbiani.) 


account  of  their  size  (14  to  22  m  long).  Most  probably 
they  are  not  coccidia  at  all. 

Eimeria  hominis  (Riv.  1878),  nee.  R.  Blanchard 
1895.  (Syn.:  Cylospermium  hotninis  Rivolta  1878; 
Coccidium  pcrforans  R.  Leuckart  1879;  C.  hominis 
Railliet  1893;/^/CT/«Tf«a  princeps  (Labbe  1899)  in  part.) 
—Oocyst  (Fig.  4951)  24  to  26,  or  even  35  m  long  by  28 
to  14  or  even  20  m  broad,  plumper  than  those  of  E. 
slicd(F,  from  which  also  they  differ  in  the  constant 
presence  in  sporulation  of  a  residual  mass  of  proto- 
plasm that  is  said  to  be  constantly  absent  in  the 
latter  species.  (Compare  Figs.  4951  and  4952.)  Here 
also  only  three  to  four  days  are  necessary  to  bring  the 
division  of  the  contents  of  the  oocyst  into  sporoblasts 
(sporocysts). 

This  species,  so  closely  related  to  E.  sliedtr  that 
many  authors  regard  them  as  identical,  is  found  in  the 
intestin.ll  epithelium  of  the  rabbit,  where  it  evokes 
serious,  often  fatal  epidemics.  Railliet  and  Lucet  have 
demonstrated  tliat  infection  takes  place  by  the  inges- 
tion of  ripe  sjjorcs,  and  rapid  schizogony  brings  about 
in  .a  few  days  serious  autoinfcction  involving  the  epi- 
thelium and  Liebcrkiihn's  glands  so  as  to  occlude  the 
latter.  Tlic  forms  found  in  horse,  goat,  cattle,  sheep, 
pig,  and  other  wild  species  are  often  regarded  as  varie- 
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ties,  but  the  considerable  differences  in  form  and 
size  make  it  more  probable  that  some  at  least  repre- 
sent distinct  species. 

Elmer  found  in  two  bodies  examined  in  Berlin  the 
epithelium  of  the  intestine  filled  with  coccidia,  and 
even  in  large  part  destroyed  by  them.  These  arc 
probably  referable  to  this  species.  Other  authors 
have  reported  the  discovery  of  coccidia  in  himian  feces 
at  various  times  without  furnishing  data  for  the 
determination  of  the  species  concerned. 

Isospora  A.  Schneider  1S81  belongs  to  the  Disporca 
in  which  are  formed  two  spores  each  containing  four 
sporozoites. 

Isospora  hujemina  (Stiles  1891).  (Syn.:  Cylospir- 
mium    irilloruin    iiilcHti indium    canis    el  fclis    Rivolta 


Fin.   4954.— /sosjmrn  fci 
tine  of  Dog. 


n  Tri 
Highly  magnified. 


on  of  Villus  from  Intes- 
(Aftcr  Stiles.) 


1874;  Coccidium  bigemium  Stiies  1891.) — Oocyst  (Fig. 
4955)  12  to  15m  by  7  to  10m  (in  dog),  or  8  to  10  m  by 
7  to  9  M  (in  cat),  or  8  to  12  m  by  6  to  8  m  (in  polecat). 
The  oocyst  divides  into  two  parts,  each  of  which 
encysts  and  forms  four  sporocysts.  The  oocysts  occur 
not  in  the  epithelium,  but  in  the  central  tissue  of 
intestinal  villi  (Fig.  4954). 

First  seen  as  early  as  1854  by  Fink,  who,  however, 
misinterpreted  the  character  of  the  objects,  this  spe- 
cies has  often  been  confused  with  E.  hominis,  from 
whicli  the  above  characteristics  easily  distinguish  it. 
A  ca.se  of  human  infection,  published  by  Virchow  in 
18G0,  and  another  by  Grunow  in  1901,  very  probably 
belong  here.  The  description  given  by  Railliet  and 
Lucet  of  coccidia  discovered  in  the  feces  of  a  mother 


Fig.  4955. — Isospora  bigcmina,  Sporogony.  a,  o,  c,  Division 
into  two  masses;  d,  e,  form.ltion  of  sporoblasts  with  residual  mass. 
Highly  magnified.      (After  Stiles.) 

and  child  who  had  long  suffered  from  chronic  diarrhea 
corresponds  well  with  this  species  in  the  small  size  of 
the  bodies  found.  It  is  evidently  only  an  occasional 
parasite  of  man,  and  infection  probably  results  from 
lack  of  cleanliness  or  too  intimate  association  with  pet 
dogs  or  cats.  Possibly  the  forms  discussed  as  varie- 
ties from  different  hosts  actually  represent  different 
species.  Stiles  has  found  this  species  in  dogs  killed  in 
Washington,  D.  C.  In  1906  Bancroft  and  Cross 
recorded  its  occurrence  in  dogs  at  Baltimore. 

Isospora  were  discovered  in  feces  of  soldiers  in- 
valided from  Gallipoli  and  treated  in  London  hospitals. 
The  percentage  of  cases  was  very  small. 

Imperfect  knowledge  of  these  forms  has  caused  all 
sorts  of  questionable  structures  to  be  referred  to  the 
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group.  These  usually  have  been  reported  from  man 
in  connection  with  some  abnormal  condition,  and  fre- 
quently only  in  a  single  instance.  In  most  cases  only 
scanty  data  are  given,  and  even  of  the  best  known  of 
these  problematic  structures  too  little  can  be  said  to 
determine  their  true  nature  or  position  in  the  zoolog- 
ical scheme.  It  is  best  to  call  attention  to  certain  of 
these  cases  briefly. 

The  form  known  as  Coccidioides  immitis  Rixf ord  and 
Gilchrist,  doubtfully  included  here  in  the  first  edition 
of  this  work,  has  been  shown  by  more  recent  studies  on 
later  cases  to  be  in  reality  a  species  of  Oidium.  For 
further  details  see  Jour.  Med.  Research,  1904,  1905. 

The  psorospermcysts  of  Lubarsch  and  Ribbert, 
which  were  supposed  to  play  a  part  in  diseases  of  the 
urinary  passages,  are  in  reality  metamorphosed  nests 
of  epithelial  cells  normally  found  in  the  urethra.  The 
structures  found  by  Kunstler  and  Pitres  in  pleural  exu- 
date and  interpreted  by  Blanchard  as  a  sporozoon, 
Eimeria  hominis  R.  Blanchard  1895,  I  have  preferred 
to  interpret  as  Echinorhynchus  eggs  (o/.  Nematoda, 
vol.  vi,  p.  704).  More  uncertain  still  are  Severi's 
"  monocystic  gregarines  "  from  the  lung  parenchyma  of 
a  stillborn  chUd.  They  are  described  as  oval  in  form, 
exceedingly  variable  in  size  (3  to  30  by  1.5  to  15  m) 
covered  by  a  thin  membrane,  and  either  free  or  in  epi- 
thelial cells ;  it  is  difficult  to  interpret  them  in  any  sat- 
isfactory manner.  Some  of  these  doubtful  structures 
are  discussed  under  the  HEemosporidia,  to  which  they 
show  a  certain  similarity. 

An  error  of  the  reverse  type  is  that  frequently  made 
in  the  past  of  diagnosing  eggs  of  parasites  as  coccidia. 
Thus  nematode  eggs  have  more  than  once  been  reported 
as  coccidia,  and  eggs  of  trematodes  many  times. 
Were  it  not  for  the  extremely  small  size  of  the  structures 
described,  the  case  of  J.  J.  Thomas,  noted  above, 
concerning  coccidia  in  a  brain  tumor  would  find  its 
easy  explanation  in  this  same  manner. 

The  third  order  or  the  Ha;mosporidia  includes  forms 
that  are  exclusive  and  highly  specialized  parasites. 
The  body  form  is  different  in  various  groups  and  at 
various  stages  in  development;  in  general  they  are 
elongate  or  ameboid.  The  cell  is  without  epicyte  and 
myonemes.  Schizogony  takes  place  in  blood-cells  or 
internal  organs  of  vertebrates  and  sporogony  on 
transfer  into  a  blood-sucking  invertebrate.  AH  forms 
show  alternation  of  generations  and  of  hosts.  The 
asexual  forms  are  found  in  the  blood  corpuscles  of 
vertebrates  and  the  sexual  forms  of  the  species  that 
occur  in  mammals  are  produced  in  a  blood-sucking 
insect  in  which  the  process  of  sporogony  is  carried  out 
in  the  wall  of  the  alimentary  canal;  the  sporozoites 
later  collect  in  the  salivary  glands,  whence  they  are 
injected  by  the  act  of  biting  into  a  new  host  to  start 
anew  the  schizogonic  cycle.  Doflein  calls  them 
coccidia  adapted  to  parasitism  in  the  blood  system. 

Some  authors,  finding  flagellate  stages  in  the  life 
cycle  and  an  accessory  nuclear  structure  which  they 
interpret  as  a  blepharoplast,  assign  the  hemosporidia 
to  the  Flagellata,  where  they  are  placed  among  the 
Binucleata  along  side  of  the  t.rypanosomes.  Further 
evidence  is  necessary  to  establish  this  view. 

The  life  history  may  be  outlined  from  that  of  the 
estivoautumnal  parasite  (Fig.  4956).  The  earliest 
stage  of  the  parasite  which  occurs  in  the  erythrocytes 
is  a  minute  ameboid  body  {A)  which  increases  rapidly 
in  size,  manifesting  considerable  ameboid  activity 
(B-E).  In  connection  with  the  growi;h  of  the  organ- 
ism particles  of  a  black  pigment  matter,  named 
melanin,  are  stored  up  in  its  protoplasm  [F,  G).  The 
nucleus  of  the  parasite,  at  first  single,  begins  to  divide 
rapidly  when  the  organism  has  reached  its  maximum 
size  and  the  daughter  nuclei  collect  about  the  rim  of 
the  organism  (H).  Radial  lines  of  division  appear  in 
the  protoplasm  (/),  and  the  whole  falls  into  a  group  of 
young  germs  or  merozoites  (.4)  about  a  central  re- 
sidual mass  of  protoplasm  loaded  with  the  pigment 
already  referred  to.     The  merozoites  infect  new  blood 
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cells,  and  the  process  of  schizogony  is  repeated  until 
conditions,  as  yet  unknown,  bring  in  a  new  set  of 
changes,  the  starting  point  of  another  cycle,  the 
sexual  phase,  or  sporogony. 

The  merozoites  develop  to  individuals  differently 
formed  from  the  schizonts  and  of  two  sorts,  the  one 
finely  granular  and  opaque  ((7"),  the  other  hyaline  in 
appearance  with  a  few  conspicuous  pigment  granules 
(6').  These  forms  are  shaped  like  a  Vx-an  in  the 
species  under  consideration,  and  are  those  previously 
designated  as  half-moon  or  crescentic  bodies.  When 
fully  grown  they  desert  the  corpuscle  (//',  H")  and 
assume  a  spherical  form  (/',  /").  The  macrogamete 
extrudes  a  portion  of  the  nuclear  substance  (A'")  and 
is    mature.     The    nucleus    of    the    microgametoeyte 


Flo.  49.50. — Dovolopment  of  Laverania  malaria.  A.  E,  G,  K. 
Schizogony  in  hutiian  blood;  F\  L,  formation  of  gametes  and  fusion 
of  same;  3/,  S,  T,  sporogony  in  mosquito.  Somewhat  diagram- 
matic.    For  further  details  see  text,     (.\fter  Neveu-Lemaire.) 

divides,  the  parts  migrate  to  the  surface  and  form 
microgametes  by  a  small  accumul.ation  of  plasma 
about  each  (K'),  leaving  a  large  central  residual  mass. 
These  two  gametes  copulate,  their  nuclei  fuse,  and  the 
product  (.1/)  is  the  starting  point  of  the  sporogonic 
cycle,  the  sporont. 

The  changes  leading  to  the  perfection  of  the  sexual 
cells  take  place  only  after  the  blood  has  been  drawn 
into  the  stomach  of  the  new  host,  the  blood-sucking 
insect.  Abnormal  stimuli  may,  however,  bring  about 
some  of  the  changes,  as  in  cultures  of  malarial  blood. 
The  copula  acquires  an  ameboid  form  (A')  necessary 
for  its  attaiment  of  a  location  within  the  tissue  of  the 
new  host.  This  motile  stage,  which  has  been  de- 
nominated the  ookinete,  is  a  gregarine-like  organism, 
and  penetrates  an  epithelial  cell,  where  it  transforms 
itself  into   an   immobile  spherical  oocyst  (.0).     After 


nuclear  division  there  are  formed  in  the  oocyst  numer- 
ous sporoblasts  (P,  Q),  which,  however,  never  acquire 
a  heavy  membrane,  i.e.  never  become  sporocysts  as  in 
the  coccidia.  Each  sporoblast  gives  rise  to  a  large 
number  of  sporozoites  (ft,  ,S'),  which  are  set  free  into 
the  body  cavity  of  the  insect  host  by  the  rupture  of 
the  wall  of  the  oocyst.  They  collect  as  the  result  of 
an  evident  chemotactic  influence  in  the  salivarv  gland, 
and  are  injected  into  a  new  host  when  the  insect  bites. 
There  they  enter  the  erythrocytes  and  the  life  cvcle 
begins  anew. 

Among  the  Ha?mosporidia  are  indudwi  well  known 
forms  such  as  Halteridium,  representative  of  a  special 
family  of  parasites  of  birds,  Leucocytozoon,  type  of 
another  family  of  avian  parasites,  and  Babesia  (often 
wrongly  called  Piroplasma),  type  of  a  third  family 
which  occurs  in  mammals.  Several  species  of  Babesia 
are  important  for  their  relation  to  serious  diseases  in 
domestic  animals  of  which  B.  higeviina,  the  cau.se 
of  Texas  fever  is  especially  prominent  in  North 
America. 

The  most  significant  from  the  human  standpoint  are 
the  members  of  the  family  Plasmodiidae  which  evoke 
intermittent  fevers  in  man.  Distributed  over  the 
entire  world,  yet  most  abundant  in  warmer  climates 
and  moister  regions,  particularly  those  which  are  low- 
lying  and  swampy,  the  malarial  organisms  are  among 
the  most  serious  factors  in  both  hygienic  and  social 
relations  with  which  the  human  race  h.as  had  to  con- 
tend. The  struggle  has  entered  largely  into  the 
history  of  the  past  and  is  only  in  recent  years  ter- 
minating favorably  to  human  culture  in  more  favored 
regions  at  the  present  time.  I  shall  include  them 
here  in  a  single  genus,  Plasmodium. 

The  genus  Plasmodium  includes  two  human  para- 
sites and  that  of  avian  malaria  also,  and  was  estab- 
lished in  18S5  by  Marchiafava  and  Celli.  The  ma- 
larial organism  was  first  seen  and  figured  by  Klencke 
in  184.3  without  any  idea  of  the  significance  of  the 
structures  viewed.  Laveran  in  ISSO  was  the  first  to 
attach  etiological  significance  to  the  structures  he 
found  in  the  erythrocytes  in  cases  of  malaria  and  many 
investigators  participated  in  the  gradual  elucidation 
of  the  life  history.  It  was  1896,  however,  before 
Manson  set  forth  distinctly  the  agency  of  the  mos- 
quito in  transmitting  the  disease.  Just  a  year  later 
Uoss  actually  followed  for  the  first  time  the  fate  of  the 
parasites  of  avian  malaria  in  the  mosquito's  stomach, 
and  their  development  up  to  the  infection  of  a  new  host 
by  the  sporozoites.  Ross's  observations  on  avian 
malaria  were  confirmed  soon  after  by  Gra.ssi  and  other 
Italian  investigators  for  human  species  of  the  malarial 
parasite.  Malarial  parasites  were  first  successfully 
cultivated  in  intro  by  Bass  and  Johns.  Since  then  the 
lirocedure  has  been  repeated  many  times  and  furnishes 
an  invaluable  means  of  studying  the  organism. 

The  continual  changes  in  the  complicated  termi- 
nologj'  of  this  group  render  it  advisable  to  give  here 
Liihe's  outline  which  shows  the  correspondence  in  the 
terms  used.  The  terminology  of  Schaudinn.  which  is 
followed  in  this  article,  has  been  generally  adopted. 

As  various  aspects  are  treated  elsewhere  in  this 
H.\NDBOOK,  it  is  necessary  here  to  insert  only  a  brief 
diagnosis  of  the  species  and  refer  to  the  article  on 
Malaria  for  further  details. 

Plasmodium  malari(F  (Laveran  1SS31.  (Syn.:  OsciUa- 
ria  j/ia/ariiE  Laveran  18S3;  PlasmoJium  nialaritr  var. 
quartana  Golgi  1S90;  lla-mamaba  malariac  Grassi  et 
Fcletti  1892  W.LaicraHi  var.  9i«jr/nM(iLabb6  1894;  PI. 
malaria  quarlanum  Labb(5  1899;  PI.  golgii  Sambon 
1902.)  Young  form  in  erythrocyte  small  unpigmented ; 
movement  slow;  pigment  in  coarse  granules,  first 
visible  in  about  twenty-four  hours,  and  peripheral  in 
position.  Movement  decreasing  until  in  sixty  hours 
after  the  attack,  or  twelve  hours  before  the  next,  the 
spherical  Pl.asmodia  fill  almost  the  entire  corpuscle. 
Having  reached  a  diameter  of  about  7  n.  schizogony 
begins,  and  nine  to  twelve   (rarely  sis  to  fourteen) 
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merozoites  are  formed  which  are  very  regular  (Fig. 
4957,  e).  The  melanin  granules  move  in  radial  lines 
and  collect  in  the  central  residual  mass,  from  which 
the  merozoites  separate  themselves  in  seventy-two 
hours.  The  synchronous  release  of  these  germs  brings 
another  paroxysm  at  this  time,  whence  the  name  of 
quartan  fever  for  the  disease  induced  by  this  species, 
which  is  also  often  designated  the  quartan  parasite. 
The  gametes  are  few  in  number,  spherical,  and  char- 
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Fig.  4957. — Plasmodium  malarim,  Schizogony,  a,  h.  Growth  of 
schizont;  c,  nuclear  division;  d,  formation  of  merozoites;  e,  release 
of  same  by  destruction  of  erythrocyte,  residual  mass  at  upper  side 
of  group.     Magnified.     (After  Bastianelli  and  Bignami.) 

acterized  by  active  streaming  in  the  protoplasm. 
The  sporogony  of  this  species  in  Anopheles  goes 
on  at  a  minimum  of  16..5°  C,  and  stops  before  the 
maximum  of  30°  C.  is  reached.  Plasmodium  malarice 
is  found  farther  north  than  either  of  the  other  human 
malarial  parasites,  but  docs  not  extend  into  the  tropics. 
Plasmodium  vivax  (Grassi  et  Feletti).  (Syn.:  Hcem- 
ammha  vivax  Gr.  et  Fel.  1892;  PL  malaria  var.  tertiana 
Golgi  1889;  H.  laverani  var.  tertiana  Labb6  1894;  PL 
malariw  tertianum  Labbe  1899.)  Young  stages  in 
the  cr_\i;hrocj-tes  are  very  active.  Pigment  granules 
are  fine,  and  light  brown  in  color.  The  fully  grown 
schizont    completely    fiUs   the   red   corpuscle  which 
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is  usually  swollen  and  bleached  in  color.  This  stage 
measures  8  to  10  ^  in  diameter,  and  produces  fif- 
teen to  twenty  merozoites  in  schizogony,  which 
requires  for  its  completion  just  forty-eight  hours, 
whence  the  common  names  of  tertian  fever  and 
tertian  parasite.  The  pigment  forms  a  solid  mass  in 
the  center,  and  the  merozoites  form  a  double  ring 
about  it,  or  more  frequently  an  irregular  mass.  Schi- 
zogony occurs  preeminently  in  the  spleen.  The  gam- 
etes are  abundant   at   a  certain  period,  of  spherical 
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form,  and  distinguished  from  the  schizonts  above  all 
in  the  form  of  the  pigment,  which  is  in  coarse  gran- 
ules or  bacilliform  masses.  They  reach  two  to  three 
times  the  diameter  of  an  erjiihroc.vte.  The  sporogony 
in  the  body  of  Anopheles  requires  eight  days  at  a 
temperature  of  28°  to  30°  C,  and  17°  C.  is  the  minimum 
for  this  stage  of  development.  This  corresponds  to 
the  occurrence  of  the  disease  in  the  tropics  and  sub- 
tropics.  The  relation  of  the  body  temperature  of  the 
host  to  the  development  of  the  parasite  is  well  shown 
in  the  accompanying  diagram  (Fig.  4958). 

Plasmodium  falciparum  Welch  1907.      (Syn.:  Lnver- 
ania    malarice    Grassi    et  Feletti    1890.     Hcemamaba 
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malaricE  prcpcox  Gr.  et  Fel.  1892,  nee.  //.  prwcox  Gr. 
et  Fel.  1890;  Laverania  malarUt;  Grassi  et  Feletti 
1897;  Plasmodium  prcrcox  Doflein  1901.)  This  is 
the  smallest  of  all  human  malarial  organisms.  Fully 
grown  schizonts  measure  only  .5  ^  in  diameter. 
Young  form  very  active;  pigment  moderate  in  amount, 
very  fine  in  peripheral  zone.  The  schizont  may 
also  remain  unpigmented,  and  this  form  has  been 
regarded  as  a  separate  variety.  Multiple  infection 
of  an  erythrocyte  is  not  rare,  and  the  assumption  of 
a  signet-ring  form  is  very  common.  The  erythrocyte 
shrinks  during  the  growth  of  the  parasite.     In  schiz- 


FlG.  4959. — Laverania  malaria:  Development  in  Btomach  of 
Anopheles  davioer.  a,  Macrogamete  with  remnant  of  erythrocyte; 
6,  same  one-half  hour  after  ingestion  by  mosquito:  c,  microKameto- 
cyte  with  remnant  of  erythrocyte;  tl,  same  one-half  hour  after  in- 
gestion, the  nucleus  has  di\'ided  several  times;  e,  microgametes 
still  attached  to  residual  mass  (so-called  polymitus  stage).  Highly 
magnihed.     (From  Braun,  after  Grassi.) 

ogony  eight,  ten,  or  twelve  merozoites  are  formed, 
rarely  twelve  to  fifteen,  and  these  are  small,  being  only 
1  to  1..5/1  ill  diameter.  But  recent  cultural  studies  in- 
dicate that  thirty-two  sporozoites  are  normally  pro- 
duced. The  length  of  the  schizogonic  cycle  is  not 
well  determined,  as  the  process  takes  place  in  internal 
organs,  especially  the  spleen.  It  is  apparently  irregu- 
lar, though  forty-eight  hours  seems  most  probable. 
The  gametes  are  crescentic  or  reniform,  and  originate 
especially  in  bone  marrow,  and  spleen;  their  produc- 
tion in  these  internal  organs  requires  about  ten  days. 
Further  changes  have  been  most  carefully  followed  in 
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Flo.  4900,— Loterania  malaria,  a,  Ookinet  in  stomach  of  .'In- 
opheles  clavigcr  thirty-two  hours  after  ingestion;  b,  tranasection  of 
Btomaoh  with  partly  developed  oocysts  several  days  later.  Mag- 
nified.    (From  Braun,  after  Grassi.) 

this  species.  In  the  stomach  of  .\nopheles  the.sc  cres- 
cents become  spherical  (Fig.  4959)  and  the  micro- 
gametes  are  formed  and  set  free.  The  fertilizitlioii  is 
completed  by  the  fusion  of  a  single  microgametc  with 
a  macrogamete;  and  the  resulting  motile  ookinet 
(Fig.  49(i0,  a)  penetrates  the  wall,  entering  first  an 
epithelial  cell  and  coming  later  to  lie  between  the 
layers  of  the  wall  (Fig.  4900,  6).  The  oocyst  forms  no 
special  covering,  but  increases  rapidly  in  size.  Sporo- 
blasts  and  then  sporozoites  are  fortned;  the  latter 
have  a  length  of  14  m  and  a  thickness  of  1  m  Jiid  •'re 
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produced  to  the  number  of  ten  thousand  in  a  single 
oocyst.  After  the  rupture  of  the  latter  they  accumu- 
late in  the  salivary  gland,  lying  in  the  secretion  either 
within  the  cells  or  in  the  duct  itself,  whence  they  are 
expressed  in  the  act  of  biting  (Fig.  49G1). 

The  sporogony  requires  eight  days  at  a  temperature 
of  28°  to  .30°  C,  and  18°  C.  is  the  minimum  temperature 
for  the  infection  of  Anopheles.  This  species  gives  rise 
to  the  malarial  fever  designated  as  estivoautumnal, 
pernicious,  tropical,  etc.,  and  is  epidemic  only  in  the 
tropics  and  sub-tropics. 

Certain  varieties  of  the  malarial  organism  have  been 
described  which  .seem  to  demand  .separate  rank.  The 
most  prominent  of  these  is  the  .so-called  quotidian 
malarial  parasite  which  is  rcKiterl  to  Lnvcranin  mnUtrice, 
although  smaller  and  completing  the  schizogony  in 
twenty-four  hours.  This  form  is  found  in  Italy  par- 
ticularly in  summer  antl  fall. 

Among  American  investigators  Craig  has  espe- 
cially emphasized  the  di-stinct  character  of  the  quo- 
tidian variety.  He  considers  it  an  unquestioned  sub- 
species and  has  named  \i  Fhixmndium  falciparum  var. 
quolidianum.  \  variety  of  Plasmodium  firax  first  de- 
scribed by  Craig  in  1900,  was  named  var.  minula  by 
(?) ;  both  investigators  agree  in  regarding  it  as  a  form 
of  the  tertian  parasite. 


Fla.  4961. — Section  Through  Dorsal  Sac  of  Salivary  Gland  from 
Anopheles  with  Groups  of  Sporozoites  of  Laverania  malnntt  both 
in  gland  cells  and  in  duct.  Isolated  sporozoite  at  right  more 
highly  magnified.     (From  Lang,  after  Grassi.) 

Another  new  form  was  described  by  J.  W.  Stephens 
in  1914  under  the  name  Plasmodium  tcnue;  it  came 
from  blood  smears  of  a  child  in  India.  The  form  was 
strikingly  ameboid,  scanty. in  protoplasm,  and  very 
rich  in  chromatin.  Craig  and  Balfour  do  not  regard 
the  species  as  adequately  demonstrated.  Still  other 
forms  from  tropical  regions  have  been  regarded  as 
distinct  species  without  sufficient  evidence  as  yet  for 
this  opinion. 

There  are  yet  other  hematozoa  of  which  it  may  be 
said  that  their  exact  relationship  has  not  been  suffi- 
ciently demonstrated  to  give  them  a  definite  place 
in  the  system.  Prominent  among  these  is  the  para- 
site of  the  spotted  fever  or  tick  fever  of  the  Rocky 
Mountains. 

In  1902  Wilson  and  Chowning  described  ovoid  in- 
tracorpuscular  bodies  in  stained  blood  smears  and 
thought  they  demonstrated  aincbnid  movements  of 
such  .structures  in  fresh  blood.  These  bodies  they 
regarded  as  hematozoaand  named  Piroplasma  hominis. 
Later  studies  have  failed  to  confirm  their  findings. 

The  organism  of  yellow  fever  also  rcniains  to  date 
unknown  despite  many  reports  of  its  discovery. 
Some  facts  indicate  its  relationship  apparently  to  the 
Hannosporidia  as  it  is  present  in  superficial  blood  onlv 
during  the  first  three  to  five  days  of  the  disease,  is 
capable  of  pjissing  throtigh  the  pores  of  a  filter,  and  is 
not  transmitted  by  fomites.     The  mosquito  Slegomyia 
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calopus  is  alone  capable  of  transmitting  the  organisms, 
but  only  after  an  interval  of  ten  to  fourteen  days  after 
biting.  These  facts  accord  with  a  sporozoon  whose 
life  history  includes  the  mosquito  as  an  intermediate 
host  and  a  sporogonic  cycle  having  a  length  of  ten  to 
fourteen  days.  The  organism  has  also  been  conjec- 
tured to  be  a  spirochete,  some  of  which  pass  easily 
through  the  pores  of  a  filter. 

Cyclaslerwn  xavlalinale  Mallory  1905.  (Syn.:  Cy- 
clasler  scarlnlinalls  Mallory  1904,  non  Cott  1856.) — 
Schizogonic  cy<-U'  cmly  known.  In  and  between  cells 
of  epidermis  and  in  subjacent  lymph  spaces.  Schiz- 
onts  round,  oval,  or  slightly  elongated,  ameboid  (?), 
2  to  7  M  in  diameter.  Protoplasm  finely  reticulate, 
becoming  coarser  with  growth  when  they  reacli  10  to 
12  M  in  diamerer.  Rosette  Ijodies  always  spherical, 
4  to  6  ^  in  diameter,  with  ten  to  eighteen  segments  also 
occur.  Fully  developed  rosettes  show  evidenceof  mero- 
zoites  separating  and  moving  away.  The  coarsely 
reticular  bodies  may  be  stages  in  sporogony  (?). 

Superficially  these  bodies  manifest  a  close  resem- 
blance to  the  Plaxmodiurn  malarioe  but  appear  one- 
third  larger.  The  original  discovery  of  Mallory  has 
not  been  confirmed  by  more  recent  investigations  and 
is  much  questioned. 

In  leucemia  also  Lowit  claims  to  have  discovered 
ameboid  organisms  in  the  leucocytes,  and  to  have 
followed  their  development  even  to  sporulation,  i.e. 
schizogony.  These  views  remain  unconfirmed  in  .spite 
of  careful  work  by  Ashburn  and  Craig.  See  their 
article  on  transmission  of  dengue,  Philippine  Journal 
of  Science,  1906-1907. 

A  long  series  of  contributions  concerns  objects  of 
supposed  protozoan  character  which  have  been 
brought  into  etiological  connection  with  various  patho- 
logical conditions  of  the  most  diverse  type  by  investi- 
gators. Such  are  the  pseudococcidia  of  epithelio- 
mata,  of  sarcomata,  of  moUuscum  contagiosum,  etc. 
Three  views  obtain  as  to  the  nature  of  these  bodies, 
according  to  which  they  are  blastomycetes  or  myxo- 
mycetes,  sporozoa  or  other  protozoa,  and  finally 
degenerative  cell  products.  It  cannot  be  said  that 
their  animal  nature  has  been  at  all  clearly  demon- 
strated, and  beyond  the  mere  mention  they  have  no 
right  to  consideration  in  this  article. 

Cnidosporidia. — The  class  Cnidosporidia  contains  a 
series  of  forms  previously  included  under  the  Neospori- 
dia  as  a  subdivision  of  the  Sporozoa.  In  some  par- 
ticulars they  agree  with  the  true  Sporozoa,  as  in  being 
intensive  parasites  without  locomotor  organs  in  the 
adult  condition  and  in  producing  a  multitude  of  en- 
capsulated spores.  As  a  matter  of  fact,  however,  forms 
which  inhabit  cavities  d^  possess  limited  power  of 
ameboid  movement  and  the  process  of  sporulation  is 
rather  different  from  that  among  the  true  Sporozoa. 
Thus  the  formation  of  spores  begins  with  the  young 
forms  at  the  start  of  the  life  cycle  and  continues  in  un- 
broken succession  until  the  vegetative  cell  is  entirely 
transformed  into  spores;  consequently  the  number  of 
spores  produced  is  very  great.  Furthermore,  the 
vegetative  cell  is  usually  multinuclear  and  the  spores 
which  possess  a  heavy  cyst  wall  are  also,  each  spore 
enclosing  an  amebula  together  with  one  or  more  highly 
differentiated  polar  capsules  in  structure  much  like 
the  nettling  cells  of  the  coelenterates. 

The  Cnidosporidia  seem  to  have  been  differentiated 
from  rhizopod  ancestors;  but  the  group  is  as  yet  inade- 
quately known.  Several  orders  are  distinguished,  the 
most  characteristic  of  which  do  not  contain  human 
parasites.  Thus  the  order  Microsporidia  includes 
very  minute  cell  and  tissue  parasites  of  invertebrates, 
especially  of  Arthropoda.  Nosema  bombycis,  the  cause 
of  extensive  and  disastrous  epidemics  among  silk 
worms  in  France  and  Italy,  belongs  to  this  group;  it 
was  the  famous  investigation  of  this  organism  which 
laid  the  foundation  of  Pasteur's  fame.  A  single  form 
from  this  order  occurs  in  the  gall-bladder  of  fishes. 
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The  order  Myxosporidia  includes  common  and 
conspicuous  fish  parasites  which  are  the  cause  of  many 
serious  epidemics  among  both  marine  and  fresh-water 
fishes.  Some  occur  free  in  gall-bladder,  kidney 
ducts,  and  urinary  vesicle;  others  are  tissue  parasites 
chiefly  in  muscles  and  gills.  A  few  species  are  found 
in  amphibia  and  reptiles.  In  contrast  with  the  Micro- 
sporidia these  forms  are  large  and  prominent.  The 
spores  are  covered  by  a  heavy  bivalve  shell,  cemented 
together  at  the  margin.  One,  two,  or  four  polar  cap- 
sules lie  at  the  pointed  pole.  The  amebula  which 
fills  the  other  half  of  the  spore  contains  two  nuclei  and 
.an  iodophile  vacuole.  The  polar  capsules  contain  a 
spirally  coiled  filament  which  at  times  may  be  shot  out 
and  appear  like  a  flagellum.  These  spores  are  impor- 
tant because  in  one  case  at  least  they  have  been 
reported  from  the  human  oral  cavity.  It  is  not  likely 
that  the  parasite  had  infected  the  human  host,  but 
rather  that  during  mastication  they  were  set  free  from 
an  infected  piece  of  fish.  In  view  of  the  frequence  of 
the  parasite,  the  discovery  of  the  spores  under  such 
conditions  is  not  surprising  and  is  likely  to  recur. 


Fia.  4962. — Sarcocystis  miescheriana.  a-d.  Development  of 
sporozoites  from  sporoblasts;  f,  full-grown  sac,  dissected  out  from 
muscle  fiber,  the  radially  striated  capsule  torn  on  the  right  to 
show  the  pansporoblasts  within.  Magnified.  (From  VVasielewski, 
after  Manz.) 

The  order  Sarcosporidia  includes  large  and  con- 
spicuous forms  which  are  very  imperfectly  known. 
The  fully  developed  parasites  are  oval,  elongate,  and 
sacculate  in  form  They  are  chalky  white  in  color 
and  hence  stand  out  prominently  in  the  tissue  of 
mammals  and  birds  in  which  they  are  found.  _  These 
fully  developed  forms  attain  also  a  very  considerable 
size,  even  several  centimeters  in  length  with  an  ex- 
treme diameter  of  some  twenty  millimeters.  At  the 
start  they  parasitize  intracellularly  the  muscle  fibers, 
but  by  the  degeneration  of  these  come  to  lie  in  connec- 
tive tissue.  A  thick  radially  striated  external  mem- 
brane and  a  delicate  internal  membrane  envelop  the 
organism;  one  or  both  membranes  arise  from  the  para- 
site. The  youngest  stages  yet  found  contain  uninuclear 
spheres  4  to  5  m  in  diameter  with  relatively  large  nuclei 
(2  to  3  ^).  Separated  by  a  framework  of  protoplasm 
these  young  forms  known  as  pansporoblasts,  increase 
in  size  with  age  and  become  also  multinuclear.  New 
pansporoblasts  are  continually  being  formed  at  the  ends 
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of  the  sacculate  body  and  in  the  older  ones  nearer  the 
center  the  contents  divide  into  many  finely  granular 
pale  spheres,  the  spor()l)lasts. 

Each  of  the  latter  forms  a  single  sporozoite  which 
graduall.v  assumes  the  definite  form  (Fig.  4962,  a-d). 
These  sporozoites  are  usually  reuiform,  sickle-shaped 
or  crescent  ic,  and  very  small.  Some  investigators 
claim  to  have  seen  a  polar  capsule,  and  this  has  been 
partly  confirmed  by  the  extruded  polar  filaments  pres- 
ent in  some  cases  (Fig.  4903,  b).  Theobald  Smith 
has  observed  the  movements  of  the  sporozoites,  and 
finds  in  Sarcocystis  muris  a  peculiar  gliding  with  sud- 
den revolutions  on  the  long  axis,  carried  out  without 
the  assistance  of  flagella.  Smith's  experiments  dem- 
onstrated for  this  species  direct  infection,  by  feeding 
muscle  tissue  in  which  was  present  the  parasite  with 
ripe,  mobile  sporozoites.      Erdmann  distinguishes  two 


Fio.  4963. — Sarcocystis  lindemanni  from  Human  Larynx  (except 
6).  a.  Longitudinal  section  of  muscle  fiber  with  fully  developed 
sac.  X  250.  c,  Transverse  section  of  same.  X  250.  e.  Section 
Bhowing  chambers  emptied  of  pansporoblasts.  X  565.  d,  Sporo- 
«oitc.  X  1.350.  b,  Sporozoites  of  S.  blanchardi  with  polar  fila- 
ments. X  875.  (6,  From  Wasielewski,  after  van  Ecke-  other 
figures  from  Doflein,  after  Barbaran  and  St.  Remy.) 

developmental  periods:  (1)  from  the  feeding  of  flesh 
containing  sarcosporidia  to  the  appearance  of  the  first 
stages  in  the  musculature  of  the  experimental  animal 
about  thirty  days;  (2)  the  growth  of  the  full-sized 
parasites  in  the  muscles  and  the  appearance  of  cres- 
centic  sporozoites  about  100  days  from  the  original 
feeding.  Crawley's  work  contradicts  these  results 
and  finds  the  necessary  time  is  very  much  less. 

Darling  has  advanced  the  interesting  hypothesis 
that  sarcosporidia  may  be  sidetracked  varieties  of 
Neosporidia  from  invertebrates  which  have  invaded 
the  muscles  of  a  hospitable  though  not  definite  host 
and  cannot  follow  out  the  life  cycle  and  escape  from 
the  compromising  and  aberrant  position.  This  would 
explain  the  very  high  incidence  of  infection  among 
hogs,  cattle,  sheep,  and  horses  that  ingest  vegetation 
contaminated  by  insect  droppings. 


Miescher  in  1843  found  these  parasites  first  as 
cylindrical  sacs  in  the  voluntary  muscles  of  the  house 
mouse.  Some  years  later  Rainev  fouiifl  similar  struc- 
tures m  the  muscles  of  the  pig.  and  the  common  names 
of  these  structures,  often  visible  to  the  naked  eye  are 
associated  with  these  two  investigators.  One  .species 
has  been  certainly  obtained  from  the  human  host 

Sarcocyntis  lindemanni  (Rivolta  1878).  (Syn  • 
Gregarina  lindemanni  Rivolta  1878;  Sarcoryslix  hom- 

inis  Ro.senberg  1892;  S.  lindemanni  Labb<5   1899.) 

Protoplasmic  body  from  the  muscle  fibers  of  the 
vocal  cords,  from  0.1.5  to  1.6  millimeters  long  and  from 
0.077  to  0.17  millimeters  thick;  membrane  delicate, 
somewhat  thickened  at  the  ends  (Fig.  4963  a)  body 
distinctly  chambered  (Fig.  4963,  e).  Sporozoites  (/) 
banana-shaped,  exceedingly  numerous,  8  to  9  ;i  in 
length. 

Several  supposed  cases  are  on  record.  The  most 
certain  is  that  of  Baraban  and  St.  Remy,  who  found 
this  form  in  the  body  of  a  criminal  executed  at  Nancy. 
.\11  the  specimens  of  the  parasite  were  in  the  same 
stage  of  development.  The  infected  mu.scle  fibers  were 
swollen  to  fourfold  their  normal  thickness.  As  Theo- 
bald Smith  remarks,  the  muscular  system  is  not  subject 
to  the  scrutiny  which  the  viscera  undergo  in  pathologi- 
cal investigations,  .so  that  the  presence  of  the.sc  forms 
may  be  much  more  frequent  and  important  than  ap- 
pears as  yet.  Darling  found  Sarcosporidia  in  tissue 
removed  from  the  biceps  of  a  Barbados  negro;  four 
months  later  they  were  not  demonstrable.  In  the 
ca.se  of  iS.  muris  Smith  has  shown  that  the  feeding  of 
muscle  tissue  containing  ripe  mobile  sporozoites  to 
gray  and  white  mice  is  followed  by  an  invasion  of  the 
muscle  fibers  by  the  parasites,  which  readilv  become 
recognizable  after  the  forty-fifth  day.  Nothing  is 
known  regarding  the  development  of  ,S.  lindemanni. 

The  order  Haplosporidia  is  a  somewhat  unnatural 
assemblage  of  poorly  known  forms  whose  relationship 
to  each  other  is  as  little  established  as  their  position  in 
the  Cnidosporidia  where  they  have  been  located  for 
want  of  any  other  place.  Only  one  form  concerns 
human  pathology. 

Rhinosporidium  kinealyi  Minchin  and  Fantham 
190.5.  (Syn.:  R.  seeberi  Fantham.) — Youngest  stage 
granular,  protoplasmic,  irregular,  po.ssibly  ameboid, 
multinucleate  masses  in  submucous  connective  tissue, 
measuring  1  to  1..5m  in  diameter.  .After  formation  of 
a  cyst  wall  each  gives  rise  to  spherical  pansporoblasts 
at  first  only  2  to  2.5  m  in  diameter.  These  develop 
progressively  from  the  center  toward  the  periphery  of 
the  mass  at  the  expense  of  the  peripheral  zone  of  pro- 
toplasm. The  developed  pansporobl.asts  measure  5 
to  6  M  and  are  surrounded  by  a  cell  wall  which  encloses 
minute  spores,  from  four  to  fifteen  in  each  spore-mor- 
ula.  The  spores  are  minute  spherical  bodies  each 
with  a  single  nucleus.  By  bursting  of  the  cysts  the 
spore  morulre  are  scattered  in  the  surrounding  tissue. 
This  endogenous  reproduction  explains  the  tendency 
to  recurrence  manifested  by  the  tumors  which  the  or- 
ganism produces. 

The  parasite  gives  rise  to  small,  pedunculated 
tumors  in  the  nasal  fos-sae,  and  also  in  the  external 
auditory  meatus.  The  tissue  is  studded  with  minute 
white  dots  visible  to  the  naked  eye.  which  appear  under 
the  microscope  as  cysts  filled  with  granular  bodies  in 
three  zones  as  noted  above.  Many  c.ises  are  on  record 
from  India,  where  the  growth  appears  to  be  common 
among  natives.  Others  have  come  from  Cochin 
China,  Ceylon,  South  .America,  and  North  .America. 
A  single  case,  reported  by  Wright,  concerns  a  f.irmer 
who  had  never  been  away  from  the  vicinity  of 
Memphis,  Tennessee.  The  location  of  the  growth 
near  the  vestibule  of  the  nose  suggests  infection 
through  the  work  of  the  finger  nails.  Nothing  is 
known  of  the  life  history. 

I.VFUSORi.\. — The  Infu.soria  or  Ciliophora  are  dis- 
tinguishable  from  all  other  Protozoa  by  the  char- 
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acteristic  organs  of  locomotion  which  are  capilliform 
protoplasmic  processes,  the  cilia,  found  at  least  in 
some  period  of  the  life  history  in  all  members  of  the 
group.  The  lesser  length,  larger  numbers  present, 
and  simple  synchronous  beating  serve  to  differen- 
tiate cilia  from  tlagoUa.  The  ectoplasm,  or  external 
layer,  is  heavier  and  more  highly  differentiated 
than  in  preceding  forms,  hence  the  more  perma- 
nent and  more  complicated  form  of  the  body.  Special 
contractile  filaments,  the  myophanes,  and  peculiar 
cylindrical  bodies  called  trichocysts  are  found  in 
the  ectoplasm,  while  the  cilia  are  attached  to  it 
externally  in  definite  arrangement.  Linear  fusion 
of  cilia  produces  the  vibrating  membrane  and  fused 
masses  form  cirri,  or  spindle-shaped  "legs"  of  the 
quick  moving  species.  At  the  mouth  (cytostomc)  the 
groove  (peristome)  or  inturned  funnel  (cytopharynx) 
of  the  ectoplasm  are  adaptations  for  the  ingestion  of 
solid  food  particles.  A  specialized  anal  pore  (cy- 
topyge)  is  rare.  Contractile  vacuoles  with  a  regular 
canal  system  discharge  excretory  and  respiratory 
functions. 

Typically  these  forms  possess  two  nuclei :  the  large 
somatic  meganucleus  (macronucleus)  and  the  small 
sexual  micronucleus,  usually  adjacent  to  it.  The 
meganucleus  is  variable  in  form  but  always  single  in 
number;  the  micronucleus  is  constantly  spherical  or 
slightly  oval,  and  may  be  multiple  in  the  single  cell. 
The  meganucleus  divides  by  amitosis,  the  micro- 
nucleus  mitotically.  In  conjugation,  the  partial  and 
temporary  fusion  of  two  individuals,  the  meganuclei 
are  destroyed  together  with  a  definite  portion  of  each 
micronucleus;  the  remainder  of  each  micronucleus 
is  divided  ecjually  between  the  two  individuals  and 
from  the  fusion  of  these  portions  of  different  origin 
arise  new  meganuclei  and  micronuclei.  The  view  that 
this  process  is  rejuvenescence  and  essential  for  the 
continued  existence  of  the  type  has  been  rendered 
doubtful  by  recent  experimentation.  There  is  none 
the  less  a  striking  correspondence  in  detail  between  the 
process  and  the  fertilization  of  the  metazoan  ovum. 

Multiplication  takes  place  by  division  or  budding. 
Encystment  commonly  provides  for  bridging  over 
unfavorable  periods  such  as  drought,  heat  or  cold. 
It  may  be  associated  with  multiplication  and  in 
parasitic  types  protects  the  organism  during  the 
transfer  from  one  host  to  another.  Ciliate  protozoa 
are  not  abundant  parasites,  and  some  types  are  thought 
to  be  of  mutual  service  to  the  host  and  hence  symbiotic 
rather  than  parasitic. 

Infusoria  are  grouped  in  two  classes,  the  Ciliata 
provided  with  cilia  always  except  when  encysted,  and 
the  Suctoria  ciliated  during  immature  stages  only. 
The  latter  obtain  nourishment  through  sucking  tubes 
not  found  in  Ciliata.  The  former  furnish  the  only 
human  parasites  arnong  the  Infusoria.  They  are  also 
found  as  ectoparasites  on  aquatic  hosts  and  occur  in 
great  variety  in  all  aquatic  environments.  The  class  is 
subdivided  on  the  basis  of  the  number  and  arrange- 
ment of  the  cilia. 

No  adoral  spiral  of  prominent  cilia Subclass  Aspirigera 

CUiation  generally  uniform Order  Holotricha 

Distinct  adoral  spiral  of  large  cilia Spirigeia 

Adoral  spiral  winds  sinistrad.     Body  finely  and  equally  ciliated 
throughout Order  Heterotricha 

Among  the  Holotricha  the  well-known  Opalina 
ranarum  is  parasitic  in  the  frog  intestine  anrl 
Ichthyophthirius  multifiliis,  parasitic  in  the  skin  of 
many  fresh-water  fishes,  causes  devastating  epidemics 
especially  among  fish  in  confined  areas.  Chilodnn 
cijprini  occurs  as  a  dermal  parasite  on  carp  and  gold- 
fish where  it  produces  serious  disease,  and  Chilodon 
denlalus  has  been  demonstrated  from  the  human 
feces  by  Guiart.  The  species  is  described  as  presei-.t 
in  large  numbers  in  mucus  from  dysenteric  stools. 
With  the  exercise  of  due  care  pure " cultures  of  the 
infusorian  were  obtained.     The  organism  was  proba- 
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bly  only  a  chance  admixture.  Manson  and  Sambon 
also  found  a  closely  related,  and  perhaps  identical 
form,  known  as  Chilodon  uncinatus  as  a  chance  para- 
site of  man.  According  to  Doflein,  Selenew  reports 
the  repeated  discovery  of  a  Chilodon-Uke  species  in 
prostate  secretions  in  gonorrhea. 

In  Guiart's  case  it  seemed  likely  that  the  spores 
present  in  food  or  drinking  water  had  made  the  passage 
of  the  alimentary  canal  unharmed  and  had  swarmed 
out  in  the  feces.  The  case  is  clearly  similar  to  the 
discovery  by  Schaudinn  that  the  resting  spores  of  a 
rhizopod,  Chlatmjdophrys  stercorea,  must  pass  through 
the  canal  in  man  or  some  other  animal  in  order  to 
undergo  development.  In  this  case  the  ameboid 
spores  swarm  out  in  the  colon  but  do  not  develop  the 
characteristic  shell  until  after  discharge  from  the 
human  body. 

Uroncina  Duj.  is  oval  with  arched  dorsal  and  nearly 
flat  ventral  surface,  long  cilia;  peristome  ventral,  half 
body  length,  provided  with  undulating  membrane; 
two  posterior  filiform  appendages  as  long  as  body. 
Mostly  free-living. 

Uronema  caudatum  Martini  1910. — Length  30  to 
43/1,  width  11  to  15  m-  Found  at  Tsingtau  (China) 
in  several  cases  of  dysentery  which  simulated  the 
amebic  form  though  neither  amebse  nor  bacteria 
were  found.     In  two  cases  Prowazekia  was  present 
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Fia.  4964.— Afj/cfoiArrus  /„, 
tn.n.,  macronucleus;  mi.n., 
ificd.      (After  Schaudinn.) 


'ontractile  vacuole; 
peristome.      Mag- 


also.  The  organism  was  maintained  some  time  in 
cultures.  Martini  regarded  them  as  cause  of  the 
dysentery;  they  disappeared  with  the  recovery  of  the 
patients. 

Several  species  of  Heterotricha  occur  in  man. 
Among  these  are  the  following: 

Nydotherus  Leidy  1849,  flattened  reniform  ciliates, 
with  peristome  along  concave  side  from  anterior  pole 
to  central  cytostome.  C.vtopharynx  arcuate.  Mega- 
nucleus spherical,  central  in  position.  Single  large 
contractile  vacuole.  Several  species  parasitic  in  gut 
of  Anura,  Myriapoda,  Insecta;  two  in  man. 

Nydotherus  faba  Schaudinn  1899 — (Fig.  4964). 
Length  26  to  28  m,  breadth  16  to  18  m,  thickness  10  to 
12  M-.  Peristome  narrow,  longitudinal,  on  dextral 
margin,  extending  from  anterior  end  to  center  of 
length.  Cytopharynx  tubular,  short,  without  guide 
spine  at  entrance.  _  Cilia  short,  delicate.  Contractile 
vacuole  left  of  median  line,  near  posterior  end,  empty- 
ing through  special  anal  tube.  Meganucleus  spherical, 
6  to  7  M  in  diameter,  with  chromatin  in  four  or  five 
solid  peripheral  masses,  intervals  filled  by  non-stain- 
ing network.  Micronucleus  1  to  1.5  m  in  diameter, 
near  meganucleus.  Fusion  and  conjugation  not  ob- 
served. Encystment  common,  cy.st  oral,  recogniz- 
able by  meganucleus,  with  characteristic  chromatin 
arrangement. 

Found  in  Berlin  in  a  patient  suffering  alternately 
from  diarrhea   and   constipation,   it   was  present  in 
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feces  in  large  numbers,  accompanied  by  Balardidium 
minulum  and  eggs  of  Augiullula  [?|  and  Ancylostoma. 
From  the  case  history  the  German  physicians  sug- 
gested that  infection  was  acquired  in  the  United  States 
where  the  patient  had  lived  for  some  years  previously. 
Pathogenic  significance  was  not  attributed  to  the 
species. 

Nydotherus  giganteus  (P.  Krause  1906).  (Syn.: 
Balanlidium  giganteus  Krause  1906;  N.  giganteus 
Braun  1908.)— Length  90  to  400  m,  width  00  to  1.50  ^. 
Bodj'  vermiform,  broad,  flat,  thickened  at  posterior 
end  which  is  slightly  excised.  Anterior  end  more 
acutely  rounded  than  A'^.  faba  and  turned  .-ilightly 
lateral.  Macronucleus  bean-shaped;  two  contractile 
vacuoles. 

The  species  was  discovered  in  Breslau  in  a  case  of 
typhoid  associated  with  Trichomonas  hominis.  It  is 
readily  distinguished  from  N.  faba  by  form  and  much 
greater  size.  Its  presence  was  associated  with  an 
alkaline  reaction  of  the  intestinal  contents  and  it  was 
maintained  for  weeks  in  thermostat  cultures  kept  at 
37°  C.  and  mixed  with  alkaline  bacteria.  Encystment 
followed  immediately  on  transfer  to  external 
conditions  and  drop  in  temperature. 

[Nyctotherus]  africanus  Castellani  1905. — 
Length  40  to  .50  ti,  width  25  to  40  /x.  in  form 
of  a  butter  ladle.  Cilia  fine,  short,  except  at 
basal  margin.  Meganucleus  spherical,  with 
chromatin  arranged  as  in  A'^.  faba.  Neither 
oral  groove  nor  food  vacuoles  observed. 

Found  in  company  with  other  parasites  in 
feces  of  a  Baganda  negro.  Abundant  after 
death  in  intestine  and  cecum.  Its  pathological 
significance  was  not  demonstrated.  The  very 
peculiar  form  will  not  permit  of  its  retention 
in  this  genus. 

Balanlidium  ClaparSde  and  Lachmann. 
Body  oval;  anterior  end  slightly  truncate. 
Peristome  terminal  or  nearly  so.  Cytopharynx 
short,  funnel-shaped,  with  supporting  ribs. 
Meganucleus  spherical  or  reniform.  Characteristic 
parasites  of  worms,  amphibia,  pig,  and  man,  distin- 
guished by  Schaudinn  as  follows: 

[  Peristome  extends  to  center  of  body  or  further;  cytopharynx 

\       present 1 

(  Peristome  very  much  shorter;  cytopharynx  wanting 2 

[  Meganucleus  reniform;  cyst  spherical ;  four  contractile  vacuoles 

1  I  B,  entozoon  Clap,  and  Lach 
i  Meganucleus  spherical;  cyst  oval;  one  contractile  vacuole.  .  .  . 

B,  minuium  Schaudinn 
[  One  contractile  vacuole;  meganucleus  oval;  cyst  spherical.  .  .  . 

2  \  B.  duodeni  Stein 

I  Two  contractile  vacuoles 3 

I  Body  elongated,  spindle-shaped  or  cylindrical 

3  j  B.  elonqatum  Stein 
i  Body  oval B.  coli  Stein 

Balanlidium  coli  (ISIalmsten  1857).  (Syn.:  Para- 
mecium coli  Malmsten  1857;  B.  coli  Stein  1867.) — 
Length  70  to  100  it  (or  even  200  m,  Janowski)  width 
50  to  70;u.  Body  oval,  slightly  iDlunter  at  anterior 
end.  Peristome  short-,  just  dextral  to  anterior  tip. 
Ectoplasm  distinct  ;endoplasm  contains  droplets  of  oil, 
mucus,  and  both  leucocytes  and  er%-throcytcs  from  the 
ho.st.  Meganucleus  reniform;  micronucleus  adjacent, 
small.  Two  contractile  vacuoles  on  right;  only  tem- 
porary cytoijyge.  Free  forms  divide  often.  Encyst- 
ment cominon;  cyst  spherical,  with  impervious  mem- 
brane, witliiu  which  conjugtition  has  been  observed. 

The  species  occurs  abundantly  in  the  colon  of  the 
pig.  It  is  not  infrequent  in  man  and  has  been  re- 
ported from  the  orang  and  some  monkeys.  Its  pres- 
ence in  man  is  associated  with  an  alkaline  fecal 
reaction. 

The  pig  may  be  regarded  as  the  normal  host  and 
here  it  occurs  in  the  rectum  and  cecum  as  well  as  in 
the  colon,  and  though  present  in  large  numbers,  excites 
no  abnormal  symptoms  whatever.  In  the  feces  of 
the  pig  encysted  forms  are  abundant  and  are  supposed 


to  bring  about  the  infection  of  new  hosts  .since  the 
free  form  is  very  susceptible  to  changes  in  environ- 
ment and  cannot  endure  even  for  a  brief  time  an  acid 
medium;  hence  could  not  pass  the  .stomach.  Since 
the  pig  is  coprophagous  the  inge.stion  of  cv.sts  will  be 
frequent;  but  experimental  infection  wa.s  entirelv  un- 
successful in  the  hands  of  Grassi  and  Calandruccio, 
even  for  the  pig.  More  recently  Brumpt  was  able 
to  produce  infection  per  os  and  per  anum  by  injecting 
material  into  monkeys  (Macacu.i  cynomolgus)  and 
young  pigs.  However,  the  infection  of  these  expcri- 
inental  animals  was  not  followed  by  morbid  condi- 
tions; on  the  contrary  the  infection  achieved  was 
gradually  lost.  Minor  clifTerences  in  size  have  lerl 
some  investigators  to  maintain  that  the  species  in  pig 
and  man  are  not  identical.  Others  regard  additional 
undeterrninod  factors  as  necessary  for  the  on.set  of 
pathological  conditions,  and  still  others  attribute  the 
ditferences  to  virulent  and  non-virulent  races  of  the 
parasite. 

The  organism  was  discovered  in  1857  by  Malmsten 
in  a  man  who  had  experienced  an  attack  of  cholera 


after   Casagrand 


Barbagallo.) 
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two  years  previously  and  since  recovery  had  suffered 
from  diarrhea.  He  found  the  parasites  abundant  in 
discharges  from  a  rectal  fistula  and  even  after  the 
healing  of  the  fistula  they  persisted  in  the  feces.  Acid 
enemata  effected  their  ultimate  disappearance  from 
the  intestinal  contents.  Another  case  gave  oppor- 
tunity at  the  necropsy  to  determine  the  precise  loca- 
tion of  the  parasite  which  was  evidently  the  anterior 
region  of  the  large  intestine. 

The  important  experiments  of  Walker  show  the 
main  facts  concerning  the  pathology  of  the  infection. 
In  all  his  cases  the  Balanticlia  never  entered  the  tissue 
through  lesions  due  to  bacteria  or  other  causes  but 
alwavs  forced  their  way  in  at  points  where  the  intes- 
tinal epithelium  was  sound.  They  produced,  further- 
more, abscesses  in  the  submucosa  tliat  were  bacterio- 
logically  sterile  so  that  one  cannot  deny  them  to  be 
the  primary  etiologic  factor  in  the  production  of  the 
lesions. 

Walker  describes  the  lesions  produced  by  Bnlaniidi- 
um  coli  as  starting  with  a  mechanical  rupture  of  the 
epithelium  since  entrance  w.is  ;ilways  effected  between 
the  tubules  and  never  within  them.  The  parjv-sites 
wander  freely  in  the  mucosa,  submucosa,  muscularis 
and  mesenteric  lymph  glands.  They  occur  at  first 
singly  or  in  scattered  groups,  passing  between  the 
cells  hke  migrating  leucocytes  and  in  these  early 
stages  no  cellular  reaction  is  noted  about  the  par.<u«ites. 
Apparontlv  an  active  multiplication  of  the  Balantidia 
takes  place  in  the  tissue  as  nests  are  formed  which 
produce  necrosis  of  the  tissue  and  finally  open  intes- 
tinal ulcers  with  secondary  inv.asion  of  intestinal  bac- 
teria. Walker  demonstrated  further  the  production 
of  absces.ses  and  ulceration  in  the  intestinal  wall  by 
Balantidium  alone  and  without  bacteria  in  a  case  of 
human  infection  which  came  to  necropsy.  He  con- 
cludes that  the  presence_  of  Balanlidium  coli  in  the 
human  alimentary  canal  is  always  a  menace  and  may 

629 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


at  any  time  lead  to  the  production  of  a  balantidial 
dysentery  with  all  the  accompanying  dangers. 

Since  then  the  parasite  has  been  reported  from 
nearly  every  part  of  the  world.  In  Europe,  from 
Scandinavia,  Germany,  Finland,  Russia,  Austria, 
Serbia,  Italy;  in  Asia,  from  Siberia,  Cochin  China  and 
also  the  Philippines,  Sundae  and  other  Islands;  in 
Africa  and  in  North  and  South  America,  are  reported 
cases  in  man.  Strong  listed  117  cases  all  before  1902 
in  which  the  mortality  was  thirty  per  cent. 

Walker  and  others  have  made  extensive  studies  on 
the  disease  in  the  Philippine  Islands  where  it  is  rather 
common.  The  parasites  appear  in  the  stools  of  in- 
fected individuals  only  at  irregular  intervals  and  hence 
cases  are  easily  overlooked.  In  only  twenty  per  cent. 
of  the  Philippine  cases  observed  were  dysenteric  symp- 
toms present.  In  other  cases  recorded  in  the  litera- 
ture almost  all  had  developed  dysentery  in  the  study 
of  which  the  parasite  was  demonstrated.  The  infer- 
ence is  immediate  that  Balantidium  infection  is  every- 
where far  more  general  than  heretofore  supposed. 
This  conclusion  is  supported  by  the  experimental 
work  of  Walker.  From  forty  to  seventy-five  per  cent. 
of  monkeys  fed  or  injected  rectally  with  the  parasite 
acqviired  an  infection,  though  the  Balantidia  appeared 
onlv  verv  rarelv  in  the  stools  and  hence  the  infection 


Flu.   4906. — Balantidium  minutum.  Living.      Abbreviations  as  be- 
fore.     Magnified.     (After  Schauclinn.) 

was  not  easily  demonstrated.  This  doubtless  explains 
the  apparent  failure  of  earlier  experimenters  to  secure 
infection  with  this  species.  Furthermore,  of  the 
monkeys  infected  only  a  small  percentage  acquired  a 
tissue  parasitism  with  Balantidmm. 

The  species  is  an  abundant  parasite  of  the  pig  in 
many  parts  of  the  United  States;  its  presence  in  the 
human  host  is  undoubtedly  more  frequent  than  sur- 
mised. The  cases  on  record  come  mostly  from  the 
country  and  show  this  is  characteristically  a  rural 
disease.  For  evident  reasons  it  is  likely  to  escape 
observation. 

Balantidium  minutum  Schaudinn  1899.  (Syn. :  Col- 
opoda  cucullus  Schulz  1899.) — Length  20  to  32  ij., 
breadth  14  to  20  /i.  Body  oval,  pointed  anteriorly  and 
broadly  rounded  posteriorly  (Fig.  4966).  Peristome 
deep,  narrow  extending  from  anterior  tip  beyond  cen- 
ter of  body,  with  hyaline  membrane  on  left  margin. 
("iUa  long,  slender  with  a  row  of  strong  cirri  on  left 
margin  of  peristome  beneath  membrane.  One  con- 
tractile vacuole  dorsal,  sinistral,  posterior.  Mega- 
nucleus  central,  spherical,  6;  to  7  ^  in  diameter; 
nucleus  on  its  posterior  margin  1  ju  in  diameter. 
Division  observed  but  not  conjugation.     Cysts  oval. 

Observed  originally  in  Berlin  in  the  feces  of  a  patient 
accustomed  to  travel  between  Germany  and  North 
America,  and  once  later  in  a  resident.     The  cases  were 
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reported  from  the  same  hospital.  The  parasite  was 
abundant  in  diarrheic  discharges  but  disappeared  as 
the  stools  became  firmer.  They  were  brought  down 
promptly  by  purgatives.  The  seat  of  infection  was 
probably  the  small  intestine.  Only  a  few  cysts  were 
found  in  normal  stools.  The  pathologic  significance  of 
the  species  remains  undetermined. 

A  type  of  dysentery  is  recognized  by  various  writers 
on  tropical  diseases  as  balantidial  without  any  definite 
association  with  it  of  a  particular  parasite.  Somewhat 
similar  cases  are  recorded  in  temperate  regions,  includ- 
ing the  United  States.  It  is  important  to  secure  defil 
nite  evidence  of  the  presence  of  the  parasite,  as  wel- 
as  its  specific  characteristics  and  life  history,  that  the 
origin  and  spread  of  the  disease  may  be  determined. 

Cases  of  ciliate  infection  are  reported  by  various  writ- 
ers without  accompanying  data  concerning  the  forms 
in  question.  The  attention  of  physicians  should  be 
directed  to  the  importance  of  securing  information 
concerning  the  type  and  frequence  of  these  organisms. 

As  pseudo-infusoria  must  be  classed  a  variety  of 
objects  reported  by  different  persons  at  different  times 
and  even  repeatedly  discovered  by  workers  unfamiliar 
with  microscopical  objects.  Ciliated  bodies  detected 
in  mucus  or  sputum  in  cases  of  respiratory  disease 
have  been  regarded  as  parasites  and  assigned  an  etio- 
logic  relation  to  the  malady.  The  asthma  parasites  of 
Salisbury  and  the  protozoa  of  whooping-cough  de- 
cribed  by  Deichler  and  Kurloff  are  really  detached 
ciliated  cells  from  bronchis,  trachea,  or  nasal  cavity 
as  shown  by  their  irregular  form,  and  their  rapid 
disintegration. 

Schaudinn  recorded  the  fact  that  Vorticella,  a  typ- 
ical free-living  stalked  ciliate  occurred  often  in  feces, 
but  only  after  water  enemata.  This  is  the  only 
basis  for  the  marvellous  discoveries  of  Lindner  that 
similar  species  are  the  cause  of  gastric  and  intestinal 
disturbances  in  man  and  certain  domestic  animals. 
Contamination  of  urine  or  feces  with  such  forms  from 
the  water  used  in  washing  containers  is  so  evident  as  to 
require  no  special  emphasis  in  urging  caution  regarding 
unexpected  discoveries  in  the  examination  of  such 
materials.  Henry  B.   Ward. 
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Quinine,  Poisoning  by. — A  toxic  action  of  quin- 
ine comes  about  almost  entirely  because  of  excessive 
medicinal  doses.  Eight,  ten,  or  more  grams  (150 
grains)  have  sufficed  to  produce  death,  yet  consid- 
erably larger  doses  are  taken  without  harm.  Com- 
paratively small  quantities  can  produce  toxic  effects 
on  the  ears  (deafness,  tinnitus)  and  eyes  (amaurosis). 
General   poisoning   especially  in  the  susceptible   is 
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characterized  by  nausea  and  vomiting,  excitement 
(quinine  drunkenness),  and  mild  plienomena  of  col- 
lapse along  with  transitory  blindness  and  deafness. 
A  considerable  number  and  variety  of  ocular  affec- 
tions, some  organic,  have  been  produced.  In  serious 
and  fatal  cases  there  occur  collapse,  cyanosis,  mental 
confusion,  paralysis,  and  fatal  cardiac  weakness. 
Hemorrhages  of  various  kinds  may  occur,  and  various 
exanthems.  The  syndrome  of  black-water  fever  is 
thought  by  some  writers  to  be  due  to  a  combination  of 
acute  cinchonism  and  malaria.  Since  ingested 
quinine  can  be  recovered  almost  intact  from  the  urine 
the  rationale  of  its  toxic  action  is  obscure. 

There  is  hardly  any  emergency  diagnosis  of  quinine 
poisoning  possible,  although  the  history  with  the 
principal  symptoms  should  be  ample  for  the  purpose. 
The  prognosis  is  good  with  proper  treatment  for  the 
more  severe  cases. 

The  treatment  is  symptomatic.  The  stomach 
and  colon  should  be  washed  out.  Tannin  is  the  chem- 
ical antidote.  Collapse  must  be  treated  in  the  usual 
manner  as  must  all  other  symptoms. 

So-called  chronic  cinchonism  appears  to  be  due 
largely  to  the  local  action  of  the  drug  on  the  stomach. 
Digestive  troubles,  emaciation,  and  weakness  arc 
prominent  symptoms.  Edwakd  PuiiBLE. 


Salicylism. — Salicylic  acid  intoxication  has  been 
seen  chiefly  in  rheumatic  subjects,  just  as  cinchonism 
is  most  commonly  noted  in  malarial  subjects.  It  is 
therefore  not  always  possible  to  distinguish  between 
the  effects  of  the  disease  and  those  of  the  drug.  It 
occurs  in  those  who  are  unduly  sensitive  to  its  action 
in  ordinary  doses  and  in  certain  subjects  after  exces- 
sive doses.  ■  There  is  a  decided  parallelism  between 
salicylism  and  cinchonism;  in  both  tinnitus  aurium  is 
a  marked  symptom,  vision  and  hearing  are  impaired, 
hemorrhages  occur,  abortion  is  said  to  result,  rashes 
develop,  etc.  In  more  serious  cases  collapse  symp- 
toms are  seen  along  with  mental  confusion.  In  fatal 
cases  both  drugs  cause  severe  dyspnea  of  the  slow- 
respiration  type.  Both  have  a  marked  diaphoretic 
action  in  large  doses,  and  both  have  caused  albu- 
minuria and  hematuria.  The  rash  which  at  times 
follows  a  single  dose  of  either  drug  is  usually  an 
isolated  phenomenon.  Salicylism  is  not  so  well 
known  as  cinchonism,  the  latter,  having  an  extensive 
literature.  Cushny,  in  summing  up  salicylism,  speaks 
of  it  as  indefinite  and  of  such  rare  incidence  as  to 
make  it  almost  negligibleasaphenomenon encountered 
in  practice. 

Dr.  E.  H.  Atkins,  writing  in  the  Southern  Cali- 
fornia Practitioner  for  M.ay,  1902,  described  a  personal 
experience  with  salicylism.  He  was  taking  full 
therapeutic  doses  of  the  sodium  salt  for  gout  and  was 
also  almost  fasting,  with  lack  of  sleep.  In  addition  to 
the  usual  tinnitus  and  deafness  he  was  annoyed  mucli 
by  auditory  and  visual  illusions  and  hallucinations 
which  he  describes  at  length.  Although  he  was  quite 
aware  of  their  unreality  they  were  none  the  less 
higldy  unpleasant.  Corresponding  somatic  phe- 
nomena are  not  mentioned.  Edward  Preble. 


Santonin,  Poisoning  by. — The  toxic  effects  of 
santonin  are  seen  as  a  result  of  using  the  drug  as  a 
vermifuge,  usuaUy  in  cliildhood.  Many  fatal  eases 
are  on  record.  A  few  grains  have  caused  death  in 
children.  The  toxic  effects  consist  of  gastralgia 
and  vomiting  with  collapse.  Convulsions  arc  pro- 
duced in  children.  There  is  an  acute  and  subacute 
course.  The  latter  may  persist  for  days  perhaps  with 
cardiac  weakness  and  edema.  In  the  acute  form  death 
may  occur  witliin  ten  hovirs.  There  are  very  many 
symptoms  which  complicate  the  i)icture  witliout 
conducing  to  its  gravity.  Yellow  vision  is  one  of  the 
earliest  symptoms,  but  disappears  after  some  hours. 


Urinary  symptoms  arc  often  pronounced — hematuria 
strangury,  etc.  Despite  the  number  of  fatal  cases  on 
record  the  prognosis  is  in  general  good;  there  are  no 
sequela;.  The  circumstances  of  the  poisoning  arc 
sucli  that  an  emergency  diagnosis  is  rcadilv  made. 

The  treatment,  as  in  most  poisnnings,  isdireiled  to 
expelling  the  poison  and  treating  the  collapse  by  the 
usual  methods  (camphor  injections,  warmth)  convul- 
sions require  chloral  or  general  narcosLs. 

Edward  Pkeble. 


Scotoma. — Scotomata  are  not  classed  as  diseases 
of  the  eye  or  of  any  of  its  individual  structures.  They 
are  essentially  subjective  manifestations  and  defined 
by  Fuchs  as  "island-like  gaps  in  the  visual  field." 
Generally  speaking  there  may  or  may  not  be  an  ana- 
tomical substratum.  Positive  and  negative  scoto- 
mata occur.  In  the  former  a  dark  shadow  is  pro- 
jected into  the  visual  field,  while  in  the  latter  form 
a  so-called  blind  spot  (or  spots)  exists  in  the  retina 
the  subject  in  certain  cases  being  unaware  of  its 
existence.  Certain  negative  scotomata  are  termed 
relative  because  the  object  used  in  testing  may  not 
be  invisible  but  only  indistinct.  It  may  also  be 
invisible  if  white  but  not  when  colored.  The  normal 
or  physiological  blind  spot  is  a  type  of  the  negative 
scotoma  and  in  certain  diseased  states  may  increase 
in  size. 

So-called  hemianopsia  and  contraction  of  the  visual 
field  do  not  belong  technically  under  scotomata  and 
are  described  elsewhere.  As  defined,  a  true  scotoma 
represents  an  isolated  area,  a  hiatus.  An  apparent 
exception  is  the  annular  or  ring  scotoma,  but  this 
conforms  fully  with  the  definition. 

The  most  important  practical  distinction  is  between 
central  and  peripheral  scotomata.  The  latter  inter- 
fere but  little  with  vision  while  the  former,  which  in- 
volve the  point  of  fixation  render  central  vbion  diffi- 
cult or  impossible.  An  annular  scotoma  surrounds 
the  fixation  point  but  does  not  interfere  directly  with 
central  vision.  The  special  literature  of  scotoma  is 
divided  largely  into  two  subjects,  viz.,  ordinary  cen- 
tral scotoma  and  scintillating  scotoma,  both  of  which 
are  concerned  with  central  vision,  .^side  from  the 
symptom  of  amaurosis,  the  two  have  hardly  anything 
in  common.  Central  scotoma  is  usually  due  to  or- 
ganic disease  of  the  choroid,  retina,  or  optic  nerve 
and  hence  persistent,  although  it  may  occur  as  a  tran- 
sitory phenomenon.  Scintillating  scotoma,  on  the 
other  hand,  occurs  in  paroxysms  and  is  a  vascular 
phenomenon  the  seat  of  which  is  believed  to  be  in  the 
posterior  or  occipital  lobes  of  the  cerebrum.  While 
it  ordinarily  lasts  but  a  few  minutes  (fifteen  to  twenty) 
it  may  exceptionally  occur  serially  and  even  as  a 
status. 

One  type  of  central  scotoma  not  alwa.vs  included 
by  systematic  writers  is  a  form  of  sun  blindness  and 
occurs  frequently  after  attempts  to  watch  a  solar- 
eclipse  with  the  unprotected  eye.  The  resulting  dis- 
turbance of  central  vision  is  usually  temporary  but 
in  rare  instances  is  'permanent  as  a  result  of  ana- 
tomical changes  in  the  retina. 

A  distinction  is  made  in  central  scotoma  based  on 
the  presence  or  absence  to  the  ophthalmoscope  of 
changes  in  the  macula  lutea.  According  to  Fuehs 
the  first  type  occurs  chiefly  as  a  result  of  syphilis, 
high  myopia,  and  senile  changes.  With  the  macula 
normal  to  the  ophthalmoscope  the  optic  nerve  is  at 
fault,  as  in  such  conditions  Jis  retrobulbar  neuritis; 
toxic  amblyopia,  etc.  This  type  may  be  produced 
artificially,  after  prolonged  sojourn  in  a  darkened 
room.  In  general,  central  scotoma  interferes  princi- 
pally with  near  vision  and  even  a  very  small  one  can 
incapacit.ite  individuals  from  earning  their  living. 

Central  scotomata  are  diagnosticated  by  ordinary 
perimetry  and  special  apparatus  such  as  Bjerrum's 
curtain,   the   stereoscope   and   bj'   color   tests.     The 
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more  refined  tests  are  necessary  for  the  delimitation 
of  the  blind  spots. 

The  scintillating  scotoma  may  perhaps  be  thought 
of  as  a  vasomotor  crisis  which  is  bilateral  and  hence 
of  purely  central  origin  although  it  may  doubtless  be 
precipitated  by  overuse  of  the  eyes  especially  when 
refractive  errors  are  present.  It  is  not  an  isolated 
phenomenon  for  it  is  practically  always  accompanied 
by  a  characteristic  headache,  slight  malaise,  tremor, 
vertigo,  or  nausea.  The  laity  sometimes  call  it  the 
"blind  staggers"  when  the  darkening  of  vision  and 
vertigo  are  marked.  It  is  so  widely  occurring  a 
phenomenon  that  one  receives  the  impression  of 
universality.  The  entire  syndrome  is  often  compared 
with  migraine,  but  the  latter  is  of  far  greater  duration. 
The  scintillating  scotoma — teichopsia  for  short — is 
extremelv  common  at  the  onset  of  a  migranous  attack. 
Teichopsia  is  first  noted  in  a  disturbance  of  fixation. 
The  subject  cannot  focus  and  objects  like  the  fea- 
tures of  an  approaching  person  are  blurred.  On 
analysis  a  "shadow"  is  seen  close  to  the  fixation  point, 
but,  as  a  rule,  it  is  not  so  much  opaque  as  made  up  of 
dazzling  or  scintillating  points.  The  scotoma  does 
not  persist  as  such  but  is  seen  to  expand  progressively 
exactly  like  a  ripple  in  the  water  until  it  has  passed 
beyond  the  limits  of  central  vision.  The  latter  is 
now  clear  but  the  effort  to  do  close  work  is  painful  and 
the  headache  becomes  aggravated.  Not  perhaps  un- 
til several  hours  have  elapsed  do  the  eyes  seem  quite 
natural.  Second  attacks  closely  following  the  first 
occasionally  occur,  even  when  the  eyes  are  not  used. 
There  arc  no  means  for  making  an  objective  diagnosis 
or  teichopsia.  Edward  Preble. 


Social  Service  in  Hospital  Work. — Only  in 
recent  years  has  hospital  social  service  become 
an  entity.  It  has  advanced  through  a  series  of 
developmental  stages  until  it  now  stands  among  the 
professions,  a  new  profession  formed  by  a  fusion  of 
principles  underlying  medicine  and  sociology. 

Various  friendly  and  charitable  services  have  for 
many  years  been  rendered  to  hospital  patients. 
Dating  back  to  1723  are  the  Samaritan  Funds  of 
English  hospitals.  This  work  was  generally  organized 
and  carried  on  by  women  who  worked  under  the 
direction  of  hospital  officials.  The  efforts  were 
made  largely  by  individuals,  and  were  apt  to  be  spas- 
modic, more  the  "Lady  Bountiful  type  of  Charity — 
palliative,  not  preventive  or  constructive." 

Miss  Cannon  in  her  book,  "Social  Work  in  Hos- 
pitals," devotes  a  chapter  to  the  beginnings  of  hospital 
social  service  in  which  she  clearly  traces  the  "con- 
tributions" to  this  new  field.  Of  the  four  contribu- 
tions mentioned,  each  differs  from  our  present  organi- 
zation: (1)  the  society  for  the  after-care  of  the  insane 
in  England;  (2)  the  lady  almoners  in  the  hospitals  of 
London;  (3)  various  forms  of  visiting  nursing;  (4) 
methods  of  social  training  open  to  Johns  Hopkins 
Hospital  students. 

The  English  society  for  the  care  of  the  insane  was 
founded  about  1880.  It  is  now  a  quarter  of  a  century 
since  Mr.  C.  S.  Loch  of  the  London  Charity  Organiza- 
tion conceived  a  broadened  field  for  the  activities  of 
the  lady  almoners.  In  his  paper  published  in  1892 
he  saj's:  "People  talk  of  medical  charity  as  if  it  were 
a  thing  apart,  unlike  all  other  forms  of  charity,  to 
be  regulated  by  no  principles,  to  be  bettered  by  no 
cooperation  with  others.  .  .  .  What  more  glaring 
picture  of  charitable  impotence  is  there  than  that 
destitute  persons  should  constantly  apply  to  a  free 
dispensary  for  drugs  which  cannot  benefit  them  if 
they  lack  necessary  food?  Or  that,  in  the  same  illness 
they  should  go  from  one  out-patient  department,  free 
or  even  part-pay  dispensary,  to  another  without  any 
heed  being  paid  to  their  actual  conditions?  To  be 
effectual,  even  to  be  equitably  administered,  medical 
charity   must  act   in   alliance   with   general   charity. 
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Their  cause  is  one.  Their  difficulties  are  very  similar. 
Each  will  succeed  better  with  the  help  of  the  other,'' 

In  this  paper  Mr.  Loch  shows  that  he  has  grasped 
the  essential  principles  of  the  present-day  hospital 
social  service  work. 

Ten  years  later,  1902,  Dr.  Charles  P.  Emerson  or- 
ganized a  group  of  medical  students  for  training  in 
social  service.  In  1909  Dr.  Emerson  wrote:  "It 
was  partly  to  aid  their  education  that  seven  years 
ago  (1902)  some  of  the  medical  students  of  the  Johns 
Hopkins  University  organized  the  first  student  board 
of  the  Charity  Organization  Society  of  Baltimore. 
They  visit  one  poor  family  or  at  most  two  families, 
assigned  to  them  by  this  society,  for  weeks,  months, 
or  even  for  four  years.  They  do  what  they  can  to 
improve  conditions  in  those  households.  No  effort  is 
made  to  select  for  these  students,  families  in  which 
there  is  sickness.  The  students  learn  how  the  poor 
man  lives,  works,  and  thinks;  what  his  problems  are; 
what  burdens  he  must  bear.  They  learn  the  intimate 
relationship  between  the  ills  of  the  physical  body  and 
the  home  environment.  They  also  learn  how  easy  it 
is  to  give  very  good  advice  which  will  add  burdens 
which  cannot  be  borne.  They  find  out  that  the  poor 
man  is  not  always  a  self -convicted  sinner  nor  a  self- 
confessed  ignoramus,  and  that  he  has  his  own  ideas 
as  to  the  necessity,  and  especially  as  to  the  possibility, 
of  his  following  advice.  The  poor  man  loves  his  vices 
as  truly  as  does  the  rich  man,  and  will  not  abandon 
them  at  the  offhand  suggestion  of  a  strange  doctor. 
The  students  find  that  to  effect  a  much  needed  reform, 
e.g.  to  keep  the  window-s  open,  they  must  win  first 
the  confidence,  next  the  love  of  the  poor  patient," 
but,  as  Dr.  Emerson  says,  it  requires  eternal  vigilance 
to  prevent  relapses.  The  especial  aim  of  Dr.  Emer- 
son's work  was  to  educate  medical  students.  The  aim 
of  present-day  hospital  social,  service  work  is  to  help 
hospital  patients. 

In  the  spring  of  1905,  Dr.  Joseph  H.  Pratt  of  Boston 
formulated  his  plans  for  the  rest  treatment  of  tuber- 
culous patients  in  their  homes.  The  organization  of 
these  patients  was  called  a  tuberculosis  class.  This 
class  was  the  beginning  of  the  social  service  work  at 
the  Massachusetts  General  Hospital.  A  very  impor- 
tant part  of  this  pioneer  w'ork  was  the  tuberculosis 
class  organized  by  Dr.  Hawes,  assistant  to  Dr.  Pratt, 
called  the  Suburban  Tuberculosis  Class.  It  was  on 
July  1,  1905,  that  Dr.  Pratt  began  this  work  with 
one  paid  social  visitor,  a  nurse.  Three  months  later 
Dr.  Richard  C.  Cabot  took  up  the  work  with  one  paid 
social  visitor. 

With  this  background  of  varied  expressions  of  social 
work.  Dr.  Cabot  established  a  social  service  depart- 
ment in  the  dispensary  of  the  Massachusetts  General 
Hospital.  He  believed  that  through  this  agency  more 
accurate  diagnosis  could  be  made  and  more  effective 
treatment  could  be  given.  No  hospital  worker, 
whether  phj^sician  or  nurse  or  social  service  worker, 
can  fail  to  be  helped  by  reading  and  assimilating  what 
Dr.  Cabot  says  in  his  "Social  Service  and  the  Art  of 
Healing"  about  backgrounds  and  foregrounds  in 
medical  work.  Until  our  eyes  are  opened  and  our 
sympathies  are  quickened  to  each  individual,  we 
suffer  from  the  two  forms  of  blindness — blindness  to 
what  is  nearest  and  most  apparent;  and  blindness  to 
everything  else  but  the  picture  in  the  immediate  fore- 
ground. It  is  in  the  foreground  that  opportunities 
often  appear  for  simple,  personal  service — the  cup  of 
cold  water  that  contributes  so  much  to  the  bodily 
and  mental  comfort  of  the  patient  who  has  come  for 
help.  "All  concentration  is  perilou.sly  near  to  blind- 
ness outside  the  circle  which  is  lit  up  by  the  lamp  of 
attention." 

"Here"  and  "now"  are  apt  to  be  considered  too 
trivial  for  attention.  Each  clinic  offers  a  unique 
setting  for  individual  service  that  varies  from  time  to 
time  as  widely  as  do  the  needs  of  this  vast  army  of 
patients  who  ceaselessly  tread  the  way  to  our  minis- 
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trations,  from  which  the  "duty  of  happiness"  should 
never  be  absent.  Every  annual  hospital  report  con- 
cerns itself  with  the  number  of  patients  treated,  the 
number  of  patients  discharged  "cured."  But  how 
often  is  the  background  of  the  individual  patient 
searched — this  background  that  often  proves  to  be  the 
source  of  most  of  his  physical  and  mental  illness? 
Fear  often  looms  large  in  the  patient's  background, 
fear  that  cannot  be  downed  without  friendly,  skilful 
help.  Another  background  that  often  occupies  the 
physician's  "blind  spot"  is  scientific  truth — so 
vitally  related  to  every  case  of  disease  and  need. 
Human  sympathy  and  scientific  knowledge  are  the 
essential  factors  in  this  work  of  helping  patients. 

Various  questionnaires  have  been  sent  out  from 
time  to  time  to  the  different  social  service  depart- 
ments. The  responses  show  that  a  wide  difference 
of  opinion  exists  on  many  points.  The  question- 
naire put  to  the  hospital  social  service  workers 
of  New  York  by  the  Association  for  Hospital  Social 
Service  Workers  of  New  York  City,  together  with  the 
answers  for  the  most  part  given  by  the  Social  Service 
Department  of  Bellevue  of  which  Miss  Mary  W'adley 
is  executive  .secretary,  serves  so  well  as  a  fund  of 
specific  information  in  response  to  the  many  inqui- 
ries constantly  made,  that  I  am  taking  the  liberty  of 
quoting  freely  from  it : 

What  is  your  relation  to  the  Hospital  and  of  what 
does  your  present  corps  of  workers  consist?  The 
relation  of  a  social  service  department  to  a  hospital 
is  not  standardized  and  varies  with  different  units. 
The  Social  Service  Bureau  of  Bellevue  and  Allied 
Hospitals  is  an  integral  part  of  the  institution. 
It  has  been  organized  by  hospital  authority  and  is 
affiliated  with  the  training  school  for  nurses.  The 
Social  Service  Department  of  the  Boston  Dispensary 
is  organized  and  controlled  by  the  hospital  board. 
Another  method  of  organization  represented  by  the 
department  at  the  Massachusetts  General  Hospital, 
Boston,  consists  in  the  initiation  by  one  or  several  indi- 
viduals with  supervision  by  a  self-appointed  committee 
accepted  by  the  hospital.  Still  others  arc  initiated 
or  directed  by  some  outside  agency  such  as  the  Asso- 
ciated Charities  or  a  visiting  nursing  association. 
An  example  of  this  form  of  organization  is  the  Social 
Service  Department  of  the  Buffalo  General  Hospital. 
The  Bureau  of  Bellevue  and  .\llied  Hospitals  has  a 
staff  of  forty-five  paid  social  workers,  all  of  whom  are 
trained  nurses.  The  work  of  this  staff  is  supple- 
mented and  assisted  by  an  auxiliary''  membership  of 
about  175.  How  small  a  force  this  is  in  relation  to  the 
need  may  be  realized  by  comparing  its  numbers  with 
those  of  the  patients  yearly  received  in  the  wards  of 
Bellevue  and  Allied  Hospitals,  6.5,098  and  those 
of  the  Out-Patient  Departments,  153,9.5.3  more  (new- 
cases).  Most  of  these  are  without  money  and  in 
many  are  foreigners.  In  addition  to  these  are  thou- 
sands of  patients  who  though  in  urgent  need  of  help 
or  advice  are  "rejected"  cases. 

How  do  you  get  your  cases?  They  are  referred 
by  physicians,  nurses,  and  every  one  connected  with 
the  hospital,  and  by  outside  agencies  and  individuals. 

The  patients  referred  are  classified  so  that  each 
worker  has  a  distinct  field,  such  as  "children," 
"cardiacs,"  "mental  cases,"  and  "tuberculosis." 
The  worker  is  then  given  both  the  responsibility  and 
the  credit  of  the  case.  Is  it  an  advantage  to  have  a 
social  worker  in  the  admitting  office?  This  arrange- 
ment is  considered  most  advantageous.  When  one 
in  the  capacity  of  personal  friend  stands  ready  to  be 
the  connecting  link  between  the  hospital  and  home, 
the  nervous  strain  on  the  patient  is  greatly  lessened. 
Many  cases  of  acute  distress  would  thus  be  discovered 
which  now  escape  attention.  "Unknown"  and 
"rejected"  cases  would  then  be  given  the  attention 
of  the  worker.  How  soon  after  admission  are  patients 
selected?  In  some  hospitals  every  patient  is  inter- 
viewed by  a  social  service  worker  upon  admission; 


in  others  this  is  not  possible  on  account  of  the  great 
numbers  of  patients.  As  a  routine,  is  your  depart- 
ment notified  in  advance  of  intended  discharge  of 
patients?  Not  at  present  but  it  is  hoped  in  time  that 
no  patient  will  be  discharged  without  a  social  service 
O.  K.  as  to  their  need  of  further  social  service. 

What  is  the  character  of  service  and  how  recorded? 
The  classification  of  ser\'ice  rendered  must  of  neces- 
sity be  somewhat  indefinite.  The  service  may  be 
"slight,"  "moderate,"  or  "intensive."  However 
"slight"  the  service,  the  sending  of  a  telephone  mes- 
sage, or  the  aid  of  an  interpreter,  it  may  prove  a 
vital  factor  in  the  future  life  of  the  recipient".  Conva- 
lescent care  or  aid  to  employment  would  be  classified 
as  "moderate"  service.  But  the  expenditure  of 
considerable  effort  over  a  prolonged  period  would 
constitute  and  be  filed  as  "intensive"  ser\-ice.  The 
importance  of  careful  record  keeping  can  hardly  be 
overestimated.  In  her  accumulation  of  social  data 
the  worker  has  at  hand  a  valuable  fund  of  social 
facts  for  the  physician  that  must  not  only  prove  of 
great  benefit  in  the  alleviation  of  the  patients  condi- 
tion, but  will  also  help  to  prove  the  real  value  of 
hospital  social  service.  Do  you  consider  the  patient 
in  relation  to  the  family?  So  far  as  pressure  of  work 
permits  preventive  and  educative  work  with  the 
entire  family  is  attempted.  Have  you  adequate 
cooperation  from  outside  agencies?  Do  you  give 
relief  when  you  cannot  obtain  it  from  another  agency? 
The  consensus  of  opinion  seems  to  be  that  cooperation 
from  outside  agencies  on  the  whole  is  good.  Again 
Bellevue  replies:  Responsibility  assumerl  to  the  sick 
and  disabled  cannot  be  shirked.  Therefore,  in  case 
relief  from  another  agency  is  not  forthcoming,  the 
department  gives  the  neccssarj'  aid  if  the  private 
emergency  fund  will  admit  of  it. 

Has  your  department  been  identified  in  any 
medical  research? 

(a)  Groups  of  babies  born  in  Bellevue  are  care- 
fully supervised  by  nurses  during  a  period  of  one 
year  from  birth. 

(6)  Experimental  feeding  of  premature  infants 
with  mother's  milk  expressed  and  bottled  has  been  car- 
ried on. 

(f)  In  1914  a  thorough  survey  was  made  of  the 
Bellevue  district  in  regard  to  the  tuberculosis  status. 
These  results  were  published. 

(rf)  In  1914,  a  survey  was  made  of  1,27.3  ward 
patients  and  900  dispensary  patients  to  determine 
how  many  homes  were  represented  by  them  and  the 
number  of  individuals  who  might  be  reached  for  edu- 
cational and  preventive  work  by  home  visiting. 

(e)  Another  publication  presented  a  survey  of  the 
work  of  the  evening  class  for  cardiac  cases. 

(/)  In  1915  a  survey  was  made  ba.sed  upon  the 
physical  examination  of  1,333  school  children  in  the 
Bellevue  district,  by  arrangement  with  the  Depart- 
ment of  Health  and  the  Board  of  Education. 

(g)  The  department  has  also  made  a  study  of  drug 
cases — the  origin  of  the  habit,  the  effect  upon  families, 
and  the  permanent  results  of  treatment. 

What  is  your  idea  of  the  Ideal  organization  for 
Hospital  Social  Service?  It  would  seem  that  Hos- 
pital Social  Service  should  be  a  formal  department  of 
the  hospital,  with  its  own  offices  and  eventually  a 
sufficient  number  of  workers  to  cover  the  field  thor- 
oughly. A.  most  vital  and  interesting  question  has 
arisen  in  the  development  of  the  profession  of  Hos- 
pital Social  Service  as  to  whether  any  but  members 
of  the  nursing  profession  shall  become  social  service 
workers.  In  an  article  considering  "a  pKin  to  corre- 
liite  nursing  and  sociological  education.  '  E.  Incledon 
Johns  says:  "The  social  service  worker  of  to-day  can 
be  by  no  means  the  vaguely  good-intent ioned  senti- 
mentalist of  a  less  exacting  age.  She  must  show  cause 
for  the  faith  that  is  in  her,  be  something  of  a  sanitarian 
and  economist,  more  of  a  teacher,  have  a  lively  sym- 
pathy with  underdogs  in  general,  and  since  illness  is 
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a  more  or  less  constatit  factor  in  most  cases  of  eco- 
nomic distress,  she  must  know  sometiiing  at  first  hand 
of  dise;isc  and  of  modern  methods  of  combating  it." 

The  problem  so  hard  of  solution  has  been  the  ade- 
quate "blending"  of  academic  and  clinical  instruc- 
tion. Until  recently,  the  prospective  social  service 
worker  harl  to  undertake  a  three  j'ear's  course  in 
nursing,  after  wliich  came  training  in  one  of  the  social 
service  schools  for  a  varying  period,  but  on  an  average 
of  about  two  years.  This  period  of  special  training 
offered  an  insuperable  obstacle  to  many  women  who 
wished  to  make  Hospital  Social  Service  their  life  work. 
After  a  conference  between  Miss  Noyes,  Superintend- 
ent of  Training  Schools  in  Bellevue  and  Allied  Hos- 
pitals, and  the  authorities  of  the  New  York  School  of 
Philanthropy,  the  following  plan  was  evolved:  "The 
option  of  one  of  two  courses  is  offered  the  student,  one 
of  three  years  leading  to  the  diploma  of  both  schools, 
and  a  shorter  course  of  two  years,  which  will  not  en- 
title the  student  to  the  full  diploma  of  either  school, 
but  which  will  prepare  her  specifically  for  certain 
phases  of  social  service  where  familiarity  with  nursing 
procedures  is  indispensable." 

The  longer  course  includes  two  years'  training  at  the 
School  of  Philanthropy.  On  the  completion  of  this 
course,  students  will  be  negligible  for  registration  by 
the  State  Board  of  Regents. 

The  shorter  course  includes  one  year's  service  at 
Bellevue  and  in  addition  one  year's  training  at  the 
School  of  Philanthropy.  Students  completing  this 
course  are  not  eligil^le  for  registration.  This  "experi- 
ment in  fusion"  entails  the  solution  of  a  difficult  prob- 
lem, and  has  required  both  courage  and  initiative  to 
launch.  The  medical-social  problems  already  touched 
upon  are  varied.  Among  these  are  work  with  the 
tuberculous,  the  cardiacs,  the  syphilitic,  the  neuras- 
thenic, the  mentally  unbalanced,  the  feeble-minded, 
the  unmarried  mother,  the  suicidal,  victims  of  chronic 
diseases,  drug  users,  premature  infants,  babies,  home 
convalescents,  diet  instruction,  and  employment  for 
the  handicapped. 

Instruction  in  diet  has  proved  to  be  of  the  greatest 
importance  in  dispensary  social  service  work.  Dr. 
F.  H.  Klaer  has  written  a  most  convincing  report  of 
this  work  in  the  Medical  Dispensary  of  the  Hospital 
of  the  University  of  Pennsylvania.  He  calls  atten- 
tion to  the  limitations  of  diet  work  for  the  individual. 
Such  work  to  be  effective  must  be  broadened  out  to 
include  the  family.  Home  conditions  and  habits  must 
be  readjusted.  Among  the  most  common  corrections 
made  by  the  dietitian  and  suggestions  given  as  to 
cheaper  and  more  nourishing  foods  are  the  following: 
Use  of  skimmed  milk  for  cooking;  use  of  stale  bread; 
cereal  in  bulk  rather  than  in  package;  coal  by  half  ton 
instead  of  by  bucket;  paying  cash  for  food  at  cut-price 
stores,  instead  of  buying  on  a  book  at  the  nearest 
grocery;  housekeeper  herself  buying  the  perishable 
foods;  use  of  butterine  as  a  substitute  for  butter;  use 
of  properly  cooked  cheese  as  source  of  cheap  protein ; 
use  of  cream  vegetable  soup  for  school  children's 
lunch;  use  of  cheap  cuts  of  meat  cooked  a  long  time 
in  brown  gravy;  and  the  drinking  of  more  water. 
Printed  recipes  were  given  to  the  mothers  and  in  some 
in.stances  cooking  lessons  were  given  in  the  home. 

Cardiac  work  is  attracting  much  attention  in  recent 
times  because  of  its  great  influence  on  the  lives  of 
those  who  have  heretofore  been  so  often  doomed  to 
invalidism  or  early  death  from  the  lack  of  proper  care. 
Dr.  St.  Lawrence  likens  the  cardiac  work  at  St.  Luke's 
to  a  "great  big  wheel."  The  clinic  class  represents 
the  hub;  the  cooperating  units  are  points  in  the  tire; 
lack  of  cooperation  is  likened  to  a  puncture;  social 
workers  are  the  spokes.  The  social  worker  "is  the 
clinical  manager,  the  instructor  in  the  home,  the  bind- 
ing force  of  the  whole  wheel,  and  we  are  dependent 
upon  her." 

The  future  development  and  expansion  of  Hospital 
Social  Service  is  largely  in  the  hands  of  the  individual 
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workers.  Excess  of  training  must  not  dull  the  sym- 
pathy and  well-balanced  judgment.  Specialism  must 
be  met  with  the  antidote  of  team  work.  Each  pro- 
fession must  appreciate  not  only  its  own  viewpoint 
but  that  of  its  cooperators. 

A  brief  summary  of  Hospital  Social  Service  Work 
is  tersely  given  in  the  Bellevue  reply  to  the  final 
query  in  the  ciuestionnaire:  What  is  your  idea  of  Ideal 
Medical-Social  Work?  Medical  Social  Workers  should 
be  regarded  as  specialists  to  whom  the  physician  might 
refer  his  patient  for  a  social  diagnosis  and  social  treat- 
ment, just  as  he  would  call  in  the  oculist,  the  dentist, 
the  orthopedist,  or  the  x-ray  specialist.  Ideal  med- 
ical-social service  should  include  (1)  the  relief  of 
hampering  social  conditions  for  the  individual  patient; 
(2)  prevention;  (3)  education;  and  (4)  the  collating  of 
social  data  for  research — always  with  common  sense 
for  its  guiding  power,  and  "Put  yourself  in  his  place" 
for  its  slogan.  Emma  E.  Walker. 


Spectacles — from  speclare,  to  view;  French,  besi- 
des.* lunettes;  German,  Brille;*  Dutch,  bril;*  Italian, 
occhiali;  medieval  Latin,  perspecillum,  conspecittinn, 
ocularius — are  first  mentioned  about  the  close  of  the 
thirteenth  century. 

Spectacles,  both  convex  and  concave,  were  in 
common  use  by  the  Chinese  before  the  opening  of 
commerce  with  Europe.  They  were  made  of  a 
transparent  stone,  of  a  color  like  that  of  a  strong 
infusion  of  tea,  called  scha-chi  (tea-stone),  and  were 
tied  upon  the  head  by  silken  cords.  Chinese  spec- 
tacles are  now  made  of  rock  crystal,  and  are  mounted 
in  thick  frames  of  tortoise  shell  or  of  metal,  evidently 
borrowed  from  old  European  models. 

The  common  use  of  some  form  of  magnifying  glass 
by  the  ancients  is  wellnigh  proved  by  their  perfect 
workmanship  as  displayed  in  the  engraving  of  gems. 
On  the  other  hand,  it  appears  certain,  from  the 
notices  on  presbyopia  and  myopia,  by  Paulus  ^gineta 
(seventh  century  a.d.),  and  by  later  as  well  as  earlier 
writers,  that  they  had  not  applied  lenses  to  the  relief 
of  persons  laboring  under  these  disabilities. 

Pliny's  description  of  the  visual  defect  of  the  Em- 
peror Nero  strongly  suggests  a  case  of  myopia  or  of 
compound  myopic  astigmatism.  The  statement  of 
Pliny — Nero  princeps  gladiatorum  pugnas  spcctabat 
in  zmaragdo — taken  in  connection  with  what  is  said 
of  this  gem  in  the  same  chapter,  would  seem  to  be  best 
explained  upon  the  supposition  that  the  emperor 
possessed  a  large  and  highly  polished  emerald,  or  gem 
of  like  color,  most  probably  of  unequal  curvature  in 
its  two  principal  diameters,  and  that  he  viewed  the 
combatants,  in  the  strong  light  of  the  amphitheatre, 
by  reflection  from  its  convex  surface.  This  theory 
would  imply  that  the  use  of  the  gem  for  this  purpose 
was  the  result  of  an  observation  made  by  Nero  hiin- 
self,  who  may,  therefore,  be  accredited  with  the  dis- 
covery of  an  optical  device  suited  to  the  correction  of 
myopia,  or  of  compound  myopic  astigmatism;  the 
invention  would  appear  to  have  died  with  the 
inventor. 

Seneca  mentions  the  fact  that  "letters,  however 
minute  and  indistinct,  appear  larger  and  clearer 
when  viewed  through  a  glass  globe  filled  with  water." 

The  first  mention  of  a  lens,  properly  so  called,  is 
attributed  to  the  Arabian  mathematician  Alhazen 
{nht.  103S),  who  describes  the  magnifying  property  of 
a  segment  of  a  sphere  of  glass.  Roger  Bacon  (circa 
1267)  mentions  the  magnifying  property  of  convex 
lenses,  and  suggests  the  benefit  to  be  derived  from 
their  use  by  old  persons  with  weak  sight.     The  step 

*  From  the  old  French  form  bericle,  diminutive  of  berille;  Latin, 
berillus,  beryllus:  fifipuWos,  the  beryl;  cf.  the  derivation  of  "  bril- 
liant"— French,  briller,  etc. — from  berrylus.  The  most  available 
material  for  spectacle  lenses,  exceptins;  glass,  is  rock  crystal  or 
quartz,  and  it  is  highly  probable  that  this  mineral,  still  largely 
used  under  the  name  of  pebble,  was  utilized  by  the  older  opticians. 
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from  the  use  of  a  convex  lens,  as  a  magnifier,  to  the 
construction  of  binocular  eyeglasses  or  spectacles,  to 
be  worn  by  presbyopes  in  reading,  implies  a  consid- 
erable development  of  the  optician's  art,  in  the  direc- 
tion of  grinding  lenses  of  relatively  long  focus.  The 
invention  of  spectacles  is  variously  attributed  to 
Salvino  degli  Armati,  a  Florentine  {obt.  1317),  and  to 
AUessandro  della  Spina,  a  Dominican  friar  of  Pisa 
(06/.  1313).  The  use  of  concave  glasses,  as  a  help  to 
myopes  in  distant  vision,  must  have  followed  at  no 
very  long  interval;  the  date  of  their  first  employment 
is,  however,  unknown.  The  necessity  for  the  selec- 
tion of  lenses  of  different  focal  length  for  different 
persons,  as  well  as  for  the  same  person  at  different 
periods  of  life,  must  also  have  been  very  early  recog- 
nized; but  there  is  no  reason  for  believing  that  the 
choice  was  made  in  any  better  way  than  by  trying 
them  at  random,  until  a  pair  was  found  which  ap- 
peared to  be  suited  to  the  kind  of  work  for  which  they 
were  to  be  used.  Certain  it  is  that  spectacles  had 
been  in  use  for  from  two  to  three  centuries  before  the 
theory  of  their  action  was  explained,*  and  it  is  only 
since  the  middle  of  the  nineteenth  century  that  any- 
thing like  a  complete  understanding  of  the  subject 
has  been  reached. 

Spectacle  lenses,  as  late  as  the  second  half  of  the 
eighteenth  century,  were  generally,  so  far  as  is  known, 
of  the  piano-  or  double-convex,  or  of  the  piano-  or 
double-concavfe  form.  Both  the  planoconvex  and  the 
planoconcave  glasses  appear  to  have  been  mounted, 
sometimes  with  the  plane  surface  and  sometimes 
with  the  curved  surface  next  the  eye.  Concavo- 
convex  lenses  were  used  to  some  extent  in  the  eight- 
eenth century,  but  with  varying  practice  as  regards 
the  side  turned  next  the  eye.  Under  the  name  of 
periscnpic  spectacles,  concavoconvex  lenses,  with  the 
concave  surface  turned  toward  the  eye,  were  brought 
into  use  by  Wollaston  (1804).  A  special  construction 
of  double-convex  and  double-concave  spectacle  lenses, 
made  by  grinding  the  two  surfaces  of  the  glass  to 
cylindrical  curves  of  equal  radii,  but  with  crossed 
axes,  was  introduced  (before  1830)  by  Galland  de 
Cherveux;  such  lenses  are  still  manufactured  in 
limited  quantity,  but,  aside  from  certain  inherent 
defects,  they  offer  no  compensating  advantage  over 
the  several  "forms  of  lenses  with  spherical  surfaces; 
their  existence  in  commerce  made  it  possible,  however, 
to  furnish  a  cylindrical  surface,  on  demand,  at  a  time 
when  planocylindrical  lenses  were  not  yet  readily 
obtainable.  "Cylindrical  lenses  proper,  as  used  for 
the  correction  of  astigmatism,  were  first  employed  by 
G.  Airy,  Astronomer  Royal  (1827),  who  w;as  himself 
the  subject  of  compound  myopic  astigmatism.     Airy 

•  "  Maurolicus,  in  his  treatise  'de  lumine  tt  umbra'  (1554),  con- 
eiders  the  crystalline  as  the  principal  instrument  of  vision,  and  as 
transmitting  to  the  optic  nerve  the  images  of  objects;  and  he  ex- 
plains why  some  persons  are  long-sighted  and  others  short-sighted, 
according  to  the  less  or  greater  convexity  of  the  surfaces  of  the 
crystalline,  showing  that  in  the  former  case  the  rays  have  not  been 
converged  to  a  focus  when  they  reach  the  retina,  while  in  the  latter 
they  have  been  converged  before  they  reach  it.  He  explains,  also, 
how  the  convergency  may  be  hastened  in  the  long-sighted  eye  by 
the  use  of  a  convex  glass,  and  delayed  in  the  short-sighted  by  a 
concave  one.  These  observations  of  Maurolicus  were  not  known 
to  Kepler,  when  it  was  proposed  to  him,  as  a  question  by  his  patron. 
Dietrichstein,  in  what  manner  spectacles  assisted  eight?  The 
first  answer  he  gave,  as  he  tells  us  in  his  'Paralipovuna  ad  Viiellio- 
nem'  (1604),  was,  that  convex  glasses  were  of  use  by  making  objects 
appear  larger.  But  his  patron  observed,  that  if  objects  were  by 
them  rendered  more  distinct,  because  larger,  no  person  would  bo 
benefited  by  concave  glasses,  since  these  diminished  objects.  ... 
He  now  gave  a  clear  account  of  the  effect  of  lenses,  whether  within 
or  without  the  eye,  in  making  the  rays  of  a  pencil  of  light  converge 
or  diverge;  and  explained  that  convex  glasses  assist  the  sight  of 
presbyopic  persons  by  so  altering  the  direction  of  rays  diverging 
from  a  near  object,  that  they  fall  upon  the  eye  as  if  they  had  pro- 
ceeded from  a  more  remote  one,  that  concave  glasses  benefit  the 
myopic  by  producing  a  contrary  effect  upon  rays  which  diverge 
from  a  distant  object,  making  them  fall  upon  the  eye  as  if  they 
proceeded  from  a  near  one."  (Mackenzie,  ".\  Practical  Treatise 
on  the  Diseases  of  the  Eye,"  London,  1859.) 


discussed  the  relative  advantages,  in  compound 
a.stigmatism,  of  a  bicylindrical  lens  of  unequal  radii 
of  curvature,  and  a  sphcricocylindrical  lens.  The 
common  use  of  cylindrical  .spectacle  lenses  dates  from 
the  special  study  of  astigmatism  by  Donders.  Since 
1884  it  has  been  possible  to  have  spectacle  len.scs 
ground  to  order  with  a  convex  or  concave  surface  of 
unetiual  radius  of  curvature  in  its  several  meridians, 
thus  producing,  by  means  of  a  single  curved  surface, 
the  effect  usually  obtained  by  the  combination  of  a 
cylindrical  with  a  spherical  surface.  The  curved 
surface  of  such  a  convex  lens  represents  a  small  area 
cut  out  from  a  large  surface  of  revolution  correspond- 
ing to  the  rounded  rim  of  a  wheel;  the  concave  surfaces 
produced  by  this  method  are  such  as  may  be  worked 
upon  a  grinding  tool  having  the  form  of  such  a  wheel. 
The  entire  surface  of  revolution,  as  shown  in  section, 
takes  one  of  the  three  forms,  Fig.  4967,  a,  b,  c,  the 
last  of  which  is  an  open  ring  (anchor-ring,  torus); 
the  interior  of  such  a  ring  gives  a  surface  (c')  convex 
in  one  principal  meridian  and  concave  in  the  other, 
and  applicable,  therefore,  to  the  correction  of  mixed 
astigmatism.  Prismatic  glasses,  suggested  to  Don- 
ders by  his  colleague,  Krecke,  as  a  possible  means  of 
reestablishing  binocular  vision  when  it  has  been  lost 
through  the  deviation  of  the  visual  axes  in  strabismus, 
were  made  the  subject  of  special  study  by  Donders, 
and  have  since  held  a  place  among  the  recognized 
means  of  dealing  with  certain  conditions  referable  to 
disorders  of  the  external  muscular  apparatus  of  the 


eye.  The  decentration  of  ordinary  convex  or  concave 
lenses,  in  order  to  give  to  the  combination  of  the  two 
spectacle  glasses  some  measure  of  prismatic  effect, 
was  also  discussed  by  Donders.  Dccentrated  convex 
lenses  had  already  been  used  in  the  dissecting  specta- 
cles of  Briicke,  and  in  the  refracting  stereoscope  of 
Brewster.  Stenopeic  spectacles — from  ortvos,  narrow, 
and  ojr^,  a  peep-hole — were  also  employed  by  Donders, 
chiefly  for  the  purpose  of  admitting  to  the  eye  such 
rays  only  as  correspond  to  a  selected  limited  area  of 
the  cornea  or  crystalline.  Like  the  so-called  pannplic 
spectacles  of  Serre  d'Uzfs,  they  are  essentially  the 
same  thing  as  the  obsolete  strabismus  goggles.  The 
snow-goggles  of  the  Es(|uimaux,  which  cover  the  en- 
tire front  of  the  eyeball,  with  the  exception  of  a,nar- 
row  horizontal  slit,  may  be  classed  with  stenopeic 
spectacles,  although  designed  primarily  as  protectives 
against  the  injurious  effects  of  strong  sunlight  reflected 
from  the  snow. 

In  very  high  grades  of  myopia,  and  especially  in 
cases  of  irregular  myopic  refraction  of  high  degree,  the 
best  attainable  visual  result  may  often  be  had  by 
looking  through  a  small  circular  hole  or  a  slit  in  a 
thin,  opaque  card  or  disc  of  blackened  metal. 

The  several  forms  of  spet-tacle  lenses,  as  they  have 
been  or  may  be  mounted  before  the  eye,  areshown.  for 
convex  and  concave  lenses  respectively,  in  Figs.  4968 
and  4969.  Of  the  convex  lenses  (of  positive  focus),  a 
and  g  (Fig.  4968)  are  menisci;  hand /arc  planoconvex; 
c  and  s  are  double  convex,  with  surfaces  of  unequal 
radii  of  curvature;  and  d  is  double  convex,  with  sur- 
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faces  of  equal  radii.  In  concave  lenses  (Fig.  49G9)  we 
recognize  the  corresponding  forms:  -o  and  -g,  con- 
cavoconvex ;  -h  and  -/,  planoconcave;  -c  and -e,  double 
concave,  with  surfaces  of  unequal  radii  of  curvature; 
and  -d,  double  concave,  with  surfaces  of  equal  radii. 
Of  these,  g  (positive  meniscus,  with  the  concave  sur- 
face turned  toward  the  eye),  and  -a  (negative  concavo- 
convex,  with  the  concave  surface  toward  the  eye),  are 
especially  designated  as  periscopic  (from  ircpi,  around, 
and  ffKOTrio),  I  view)  glasses;  they  offer  a  certain  advan- 
tage when  the  eyes  are  turned  so  as  to  look  obliciuely 
and  eccentrically  through  them,  the  advantage  being 
greater  according  as  the  concave  surface,  as  in  -a, 


angles  to  the  axis.  In  a  sphericocylindrical  lens, 
with  both  surfaces  of  the  same  kind  {i.e.  convex  or 
concave),  the  meridian  corresponding  to  the  axis  of 
the  cylinder  is  that  of  least,  and  that  at  right  angles  to 
this  axis  is  that  of  the  greatest  (positive  or  negative), 
power.  Cylindrical  lenses  are  occasionally  prescribed 
with  two  cylindrical  surfaces  of  unequal  radii  of  curva- 
ture and  crossed  axes,  but  the  same  optical  effect  is 
more  easily  obtained  by  combining  a  cylindrical  with 
a  spherical  surface.  Cylindrical  lenses  with  two 
cylindrical  surfaces,  with  axes  at  some  angle  other 
than  a  right  angle,  are  sometimes  prescribed.  Such 
lenses,   as   well  as   bicylindrical  lenses   with   crossed 


is  of  shorter  radius  of  curvature.  These  several  forms 
of  lenses,  other  than  the  planospherical,  may  be 
resolved  into  combinations  of  two  lenses,  each  with  a 
spherical  and  a  plane  surface,  placed  with  their  plane 
surfaces  in  contact  (Fig.  4970,  a  b,  c,  d).  Inasmuch 
as  a  smaller  effective  area  than  that  bounded  by  the 
usual  setting  is  quite  sufficient  for  many  of  the  uses  for 
which  spectacles  are  worn,  it  is  often  possible  notably 
to  reduce  the  weight  of  the  glasses,  when  required  to 
be  of  very  short  focus,  by  the  adoption  of  forms  like 
those  shown  in  Fig.  4970,  e,  /,  made  by  cementing  a 
small  planoconvex  upon  a  larger  planoconvex  or 
planoconcave  lens,  or  g,  h,  in  which  a  deep  concave 


axes,  can  always  be  reduced  to  an  optically  equivalent 
combination  of  a  spherical  and  a  cylindrical  surface. 
Prismatic  glasses  with  plane  surfaces  are  of  the 
form  shown  in  Fig.  4972;  any  desired  curvature, 
whether  convex  or  concave  spherical,  or  convex  or 
concave  cylindrical,  may  be  given  to  either  surface, 
or  to  both  surfaces  of  the  prism.  A  prismatic  len» 
with  one  surface,  or  both  surfaces,  ground  to  a 
spherical  curvature,  is  eciuivalent  to  a  ens  cut  out 
from  a  peripheral  zone  of  a  larger  spherical  lens  (Fig. 
4973).  Some  degree  of  prismatic  effect  may,  there- 
fore, be  obtained  by  the  decentration  of  any  convex 
or  concave  spectacle  lens;  such  effects  are,  in  fact, 


\1 


3. 


surface  is  ground  in  a  lens  of  any  required  configura- 
tion. 

Cylindrical  lenses  are  found  in  trade  of  two  forms, 
namely,  planoconvex  and  planoconcave  (Fig.  4971,  a 
and  6);  the  dotted  line  represents  an  element  of  the 
cylindric  surface,  which  is  parallel  to  the  axis  of 
tiie  cylinder  of  which  the  lens-surface  is  a  segment; 
they  are  manufactured  by  machinery,  in  different 
thicknesses,  so  that  any  required  spherical  surface, 
convex  or  concave,  may  be  ground  to  order  upon  the 
plane  side.  The  power  of  a  planocylindrical  lens 
varies,  in  its  several  meridians,  from  zero,  in  the 
meridian  corresponding  to  the  axis,  to  a  maximum 
power  (positive  or  negative)  in  the  meridian  at  right 
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not  infrequently  produced  by  accident,  as  a  result  of 
carelessness  in  mounting  spectacle  glasses. 

The  stenopeic  effect  may  be  embodied  in  any  lens 
by  painting  over  some  part  of  its  surface,  next  the 
eye,  with  an  opaque,  lusterless,  black  varnish.  A 
partial  opacity  of  the  cornea,  or  a  portion  of  its 
surface  presenting  an  abnormal  curvature,  may  be 
thus  excluded,  more  or  less  completely,  from  participa- 
tion in  the  formation  of  the  retinal  image,  with  the 
effect,  in  some  cases,  of  materially  improving  the 
definition  of  the  object. 

Tinted  glass  is  occasionally  used  in  the  manufacture 
of  both  spherical  and  cylindrical  spectacle  lenses, 
which,  however,  present  an  unequal  density  of  tint . 
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in  different  parts,  dependent  on  the  varying  thickness 
of  tlie  glass.  In  ttie  case  of  concave  glasses,  which  are 
thinnest  at  the  center,  this  may  be  an  advantage;  in 
the  case  of  convex  glasses,  the  inequality  of  tint  may 
be  avoided  by  cementing  a  thin  plate  of  tinted  glass 
to  the  plane  surface  of  a  planoconvex  lens  by  means 
of  Canada  balsam.  A  more  eUU)orate  device  consists 
in  cementing  a  thin  plate  of  tinted  glass  between  the 
plane  surfaces  of  two  planoconvex  lenses,  or  of  a 
planosplierical  and  a  planocylindrical  lens.  Amber 
has  been  used  as  a  material  for  spectacle  lenses, 
notably  at  Konig.sberg,  about  the  end  of  the  seven- 
teenth  century;   the   transparency  of  the  amber  is 
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hypermetropia  and  of  presbyopia.  Tinted  glasses 
should,  as  a  rule,  be  mounted  in  large,  oval  rims,  so 
as  to  cover  the  entire  front  of  the  orbit;  tlie  coquille 
form  of  glass  affords  more  perfect  protection  than  a 
glass  with  plane  surfaces.  Darkly  tinted  (London 
smoke)  coquilles  are  of  great  use  to  persons  who  are 
exposed  to  strong  light  reflected  from  sand  or  from 
snow,  or  from  the  surface  of  water.  Inasmuch  as 
such  reflected  light  is  highly  polarized,  protective 
spectacles  of  tourmaline  should  render  valuable 
service  by  cutting  off  the  confusing  reflected  rays, 
whUe  permitting  the  unpolarized  light,  by  which 
objects    are    actually    seen,    to    pass    comparatively 
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said  to  have  been  increased  by  heating  in  a  bath  of 
oil  or  sand. 

Tinted  glasses  are  in  common  use  to  temper  the 
light  which  reaches  the  eye;  they  are  made  either  with 
parallel  plane  surfaces,  like  window  glass,  or  with 
concentric  curved  surfaces,  like  a  watch  glass  (co- 
quilles). Green  was  formerly  a  favorite  color,  as 
assimilating  the  light  passing  through  it  to  the  color 
of  grass  and  the  foliage  of  trees;  blue  (the  color  of  the 
sky)  gradually  superseded  green,  and  is  .still  often 
used.  The  neutral  tint,  known  as  London  smoke,  is, 
in  most  cases,  to  be  jireferred.  Glasses  of  an  amber 
color,  called  shooting  glasses,  are  also  to  befound  in  the 


unobstructed.  London  smoke  glass,  of  so  dark  a  tint 
as  to  appear  black  in  ordinary  light,  is  used  in  pro- 
tective spectacles  worn  by  workmen  employed  about 
electric  arc  lights,  and  spectacle  glasses  made  up  of 
several  layers  of  glass  of  different  colors  have  been 
found  especially  useful  in  observing  the  intensely 
brilliant  scintillations  attending  the  conversion  of 
pig  iron  into  steel  by  the  Bessemer  process.  A  glass 
smoked  in  the  flame  of  a  candle  is  a  familiar  device 
used  in  viewing  sun  spots  or  a  solar  eclipse. 

All  spectacles  afford  some  degree  of  protection 
against  mechanical  injury,  and  in  certain  trades  it  is 
only  by  the  use  of  special  protectives  that  the    lia- 


shops,  generally  ground  to  a  duU  surface,  with  the 
exception  of  a  small,  central  area;  they  are  intended 
to  be  used  in  looking  at  small  distant  objects  in  strong 
sunlight.     Amber-colored  glasses,   by  excluding  the 


more  refrangible  rays  of  the  spectrum,  improve  the 
definition  of  the  retinal  image  in  verj'  low  grades  of 
myopia;  blue  reading  glas.ses,  on  the  other  hand,  may 
render  some  slight   degree  of  aid   in  low  grades  of 


bility  to  grave  accidents  to  the  eyes  can  be  averted. 
Millers  have  been  long  in  the  habit  of  wearuig  large 
spectacles  fitted  with  thick  window  glass  when  cm- 
ployed  in  the  dangerous  work  of  dressing  millstones. 
Protective  spectacles  of  mica  are  especially  to  be 
recommended  for  miners,  quarrymen,  stone-cutters, 
boiler-makers,  and  others  engaged  in  similar  danger- 
ous employments;  large  spectacles  fitted  with  thick 
plates  of  glass  or  of  rock  crystal  have  been  found 
effective  as  a  protection  against  injury  from  stray 
[jcllets  in  bird  shooting.  Goggles  of  finely  woven 
wire  gauze  are  occasionally  used  by  railway  travellers 
and  others  as  a  protection  against  flying  sparks; 
goggles  made  of  glass  bent  to, a  cylindrical  curve, 
and  furnished  with  cushioned  rims  to  fit  closely  around 
the  margins  of  the  orbits,  also  masks  with  glazed 
openings  in  front  of  the  eyes,  are  made  in  a  great 
variety  of  forms  as  protectives  in  driving  automobiles. 
Coquille  spectacles  and  eycgl.asscs.  both  colorless 
and  tinted,  are  made  also  in  the  meniscus  form  (with 
positive  focus)  and  in  the  concavoconvex  form  (with 
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negative  focus);  as  kept  in  the  shops,  tliey  range 
frona  about.  +8  dioptrics  to  —8  dioptrics.  Owing  to 
the  shorter  radius  of  curvature  of  the  (concave) 
surface  turned  toward  the  eye,  these  glasses  are  more 
perfectly  periscopic  than  those  commonly  sold  under 
that  name. 

The  office  of  spectacles  and  eyeglasses,  other  than 
mere  protective  and  stenopaic  glasses,  is,  primarily, 
to  supplement  impaired  accommodation  (convex 
glasses,  in  presbypoia  and  in  accommodative  paresis 
or  paralysis),  to  relieve  the  accommodation  of  an 
excessive  burden  by  supplementing  deficient  refrac- 
tion (convex  glasses,  in  hj-permetropia),  to  correct 
excessive  refraction  (concave  glasses,  in  myopia), 
to  correct  asymmetrical  refraction  (convex  or  con- 
cave cylindrical  or  toric  glasses,  in  astigmatism), 
and  to  relieve  the  external  ocular  muscles  of  strain  or 
to  overcome  mod- 
erate grades  of 
diplopia  (prismatic 


cases  represents  the  condition  of  an  emmetropic  eye 
in  extreme  presbyopia,  or  in  total  paralysis  of  accom- 
modation; the  second  case  is  that  of  an  emmetropic 
eye  in  lower  grades  of  presbyopia,  or  in  a  state  of 
weakened  accommodation. 

The  presbyopic  eye,  when  thus  adjusted  by  the 
convex  lens  L  for  the  reading  distance  0  A,  is,  by  the 
action  of  the  lens,  thrown  out  of  adjustment  for 
distinct  vision  at  a  distance;  a  presbyope  wearing 
glasses  for  reading,  or  other  near  work,  mvist  there- 
fore remove  or  look  over  his  glasses  in  order  to  see 
distinctly  at  a  distance. 

Fig.  4975  shows  the  effect,  in  distant  vision,  of  a 
neutralizing  convex  glass  in  hypermetropia.  A  pencil 
of  parallel  rays,  A  A,  emanating  from  a  distant  object, 
is  focused  by  an  emmetropic  eye,  without  exercise  of 
the  accommodation,  upon  its  retina  at  A^.  The 
neutralizing  convex  lens  L  converts  the  parallel  rays 
of  the  pencil  into  rays  of  such  degree  of  convergence 
that  the   hypermetrophic   eye,   0,   focuses   them   ac- 


Fio.  4974. 


glasses).  These 
several  effects  are, 
moreover,  often 
variously  com- 
bined, as  in  the 
use  of  strong  convex  glasses  in  reading  (by  hyper- 
metropes  with  defective  accommodation);  of  partially 
correcting  concave  glasses,  or,  perhaps,  of  weak  con- 
vex glasses,  in  reading  (by  myopes  with  defective 
accommodation);  of  glasses  of  asymmetrical  refrac- 
tion (in  compound  or  mixed  astigmatism,  and  in  pres- 
byopia or  other  accommodative  defect  occurring  in 
connection  with  astigmatism);  and  of  decentrated  or 
prismatic  glasses  with  spherical,  cylindrical,  or  toric 
surfaces. 

The  action  of  a  convex  glass,  as  used  by  a  presbyope, 
in  reading,  is  shown  in  Fig.  4974.  Divergent  rays 
emanating  from  a  printed  page  at  A,  at  such  distance 
from  the  eye,  0,  that  the  retinal  image  of  the  print 
shall  be  of  sufficient  size  to  admit  of  its  being  easily 
deciphered,  are  refracted  in  passing  through  the  lens 
L  (whose  focal  length  must  be  not  less  than  the  dis- 


curately  at  A";  the  entire  accommodation  is  thus 
rendered  available  to  meet  the  requirements  of  near 
vision,  so  that  the  hypermetropic  eye,  with  its  neu- 
tralizing glass,  becomes  virtually  emmetropic. 

In  the  case  of  total  presbyopia  or  paralysis  of 
accommodation  in  the  hypermetropic  eye,  a  lens  equal 
in  power  to  the  sum  of  the  two  lenses  L  (T'ig.  4975) 
and  L  (Fig.  4974)  is  required  for  distinct  vision  at  the 
reading  distance  OA. 

A  hypermetrope  wearing  neutralizing  convex  glasses 
sees  distinctly,  and  without  conscious  effort,  at  all 
distances  when,  however,  he  becomes  also  presbyopic, 
the  neutralizing  convex  glasses  cease  to  afford 
sufficient  help  in  reading,  and  stronger  glasses  become 
necessary.  These  stronger  reading  glas.scs  are,  how- 
ever, too  strong  for  distinct  vision  at  a  distance; 
hence,  an  elderly  hypermetrope  requires,  as  a  rule, 
two  pairs  of  convex  glasses — the  one,  neutralizing, 
for  distinct  vision  at  a  distance,  and  another  pair,  of 
greater  power,  for  reading. 

Fig.  4976  shows  the  use  of  a  neutralizing  concave 
glass,   in   distant  vision,   in  myopia.     The  pencil  of 


tance  L  A),  and  are  rendered  either  less  divergent — as 
if  they  had  originated  from  some  point  more  distant 
than  A — or  parallel — as  if  coming  from  an  infinite 
distance.  When  the  focal  length  of  the  lens  L  is 
equal  to  the  distance  L  A,  the  rays  constituting  the 
several  pencils  which  enter  the  eye,  O,  from  an  object 
at  A,  are  rendered  parallel,  and  a  sharply  defined 
retinal  image  is  formed  at  A^  without  exercise  of  the 
accommodation.  If  the  focal  length  of  the  lens  L  is 
greater  than  the  distance  L  A,  the  rays  forming  the 
several  pencils  emanating  from  the  object  at  A  wUl, 
after  refraction  by  the  lens  L,  be  rendered  less  diver- 
gent, as  if  coming  from  an  object  at  some  distance 
greater  than  L  A,  and  the  eye,  0,  will  then  be  enabled 
to  focus  such  pencils  through  the  exercise  of  le.ss  of  its 
accommodation  than  would  be  required  to  focus 
pencils  diverging  from  A.     The  former  of  these  two 
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parallel  rays,  A  .4,  emanating  from  a  distant  object, 
is  focused  by  the  myopic,  as  by  the  emmetropic,  eye 
at  the  normal  position  of  the  retina  at  N;  the  actual 
position  of  the  retina,  in  the  myopic  eye,  is,  however, 
farther  baclt7  at  N'.  The  myopic  eye,  in  a  state  of 
complete  accommodative  relaxation,  can  focus  only 
divergent  rays,  as  from  an  object  at  some  short 
distance,  0  li,  upon  its  retina,  and,  by  the  exercise  of 
its  accommodation,  it  can  also  focus  rays  diverging 
from  some  still  nearer  point,  somewhat  within  the 
distance  of  nearest  distinct  vision  (P)  for  an  emme- 
tropic eye.  The  neutralizing  concave  lens,  L,  con- 
verts the  parallel  rays  of  the  pencil,  A  A,  into  rays  of 
such  degree  of  divergence  as  they  would  have  if 
emanating  from  B,  and  thus  the  myopic  eye,  0,  is 
enabled  to  focus  them  upon  its  retina  at  N'.  The 
farthest  point  of  distinct  vision  (?)  is  thus  carried  off. 
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by  the  neutralizing  concave  glass,  to  an  infinite  dis- 
tance, and  the  nearpoint  (p)  is  removed  to  the  dis- 
tance of  the  near-point  in  emmetropia. 

When  the  myopic  eye  becomes  restricted  in  its 
range  of  accommodation,  as  a  result  of  advancing  age, 
the  neutralizing  concave  glasses  must  either  be  laid 
aside  in  reading  or  exchanged  for  weaker  concave 
glasses;  in  myopia  of  a  low  grade  it  may  even  become 
necessary,  in  reading,  to  make  use  of  convex  glasses, 
but  weaker  than  those  which  would  be  required  by 
an  emmetrope  of  the  same  age. 

A  myope  wearing  neutralizing  concave  glasses,  like 
the  hypermetrope  wearing  neutralizing  convex  glasses, 
sees  distinctly  at  all  distances.  Only  when  ho  becomes 
presbyopic  does  he  find  himself  compelled  cither 
to  lay  aside  his  concave  glasses  in  reading,  or  to  ex- 
change them,  temporarilj',  for  weaker  concave,  or, 
possibly,  for  weak  convex  glasses. 

Comparing  Figs.  497.5  to  4976,  it  will  be  seen  that 
the  pencil  of  parallel  ray  A  A  (Fig.  497.5)  is  of  some- 
what greater  diameter  than  the  pupil,  and,  conversely, 
that  the  pencil  .4.  A  (Fig.  4976)  is  of  less  diameter 
than  the  pupil.  As  the  areas  of  the  cross-sections  of 
the  two  pencils  are  to  each  other  as  the  squares  of 
tlieir  diameters,  it  follows  that  there  must  be  a  con- 
siderable gain  in  the  brightness  of  the  retinal  image  in 
the  case  of  hypermetropia  corrected  by  convex 
glasses,  and  a  loss  of  illumination  in  the  case  of  myopia 
corrected  by  concave  glasses.     Thus,  hypermetropes 

by  moonlight  or 
starlight,  and 
myopes  wearing 
concave    glasses 


hypermetrope  inclines  to  remove  his  (convex)  glasses 
to  a  greater  distance  from  the  eye  than  13  mm.,  it  may 
generally  be  assumed  that  the  gla.sses  are  somerthat 
too  weak,  and,  conver.sely,  when  a  myope  Inclines 
to  wear  his  (concave)  glasses  at  a  distance  greater 
than  1.3  mm.  from  the  eye,  it  may  be  assumed 
that  the  gla.sses  are  somewhat  too  strong.  In  pres- 
byopia it  is  a  not  uncommon  habit  of  old  people  to 
wear  their  spectacles  far  down  toward  the  tip  of 
the  nose,  in  order  to  make  a  weak  glxss  do  the  office 
of  a  stronger  glass  in  improving  the  fli.stlnctncss  of 
the  print,  and  also  in  increasing  its  apparent  size;  in 
this  position  of  the  glasses  it  is  aNo  easy  to  look  over 
them  at  distant  objects.  In  aphakia,  after  an  opera- 
tion for  cataract,  recourse  may  be  had  to  the  same 
expedient,  as  affording  a  partial  substitute  for  the  lost 
accommodation. 

The  increase  or  diminution  in  the  apparent  size  of 
objects  viewed  through  a  convex  or  concave  spectacle 
lens  is  not  uniform  In  all  parts  of  the  visual  field,  but 
is  greater  at  its  periphery  than  at  its  center.  Thus,  a 
large  object  viewed  through  a  spherical  convex 
lens  appears  more  highly  magnified  in  its  peripheral 
than  in  its  central  portions,  and  the  same  object 
viewed  through  a  spherical  concave  lens  appears  more 
diminished  in  its  peripheral  portions.  When  the 
(spherical)  lens  is  accurately  centered  before  the  eye, 
in  a  plane  perpendicular  to  the  line  of  vision,  this 
distortion  of  the  virtual  image  is  symmetrical;  in 
all  other  cases  it  is  unsymmetrical. 

It  has  been  often  remarked  that  myopes,  in  select- 
ing concave  glasses,  are  apt  to  err  by  making  choice  of 
glasses  of  somewhat  excessive  power,   which   cause 


see  less  perfectly 
under    the   same 
CO  n  dit  i  o  ns;  in 
Fic.  4970.  high    grades    of 

myopia  the  dis- 
ability from  this  cause  is  sometimes  so  great  as  to 
simulate  night-blindness  (nyctalopia). 

Objects  viewed  through  convex  glasses  appear 
larger  than  do  the  same  objects  when  their  images  are 
focused  by  an  exercise  of  the  accommodation,  and, 
conversely,  near  objects  viewed  through  concave 
glasses  under  accommodative  tension  appear  smaller 
than  do  the  same  objects  when  viewed  without  exer- 
cise of  the  accommodation.  Hence  a  presbyope  using 
convex  glasses  in  reading  sees  the  print  not  only 
clearer  than  without  glasses,  but  larger  than  it 
formerly  appeared  to  him  under  normal  exercise  of 
the  accommodation.  So,  also,  a  hypermetrope  wear- 
ing convex  glasses  sees  all  objects  larger  tlian  when  he 
views  them  without  glasses,  and  a  mj'ope  using  con- 
cave glasses  in  reading  sees  the  print  smaller  than 
when  he  reads  without  glasses.  In  uncorrected 
hypermetropia  the  actual  size  of  the  retinal  image 
is  smaller,  and  in  uncorrected  myopia  it  is  larger, 
than  in  emmetropia. 

A  convex  spectacle  lens  is  increased  in  effective 
power  by  increasing  its  distance  from  the  eye,  and, 
conversely,  a  concave  lens  loses  in  effective  power  with 
every  increase  in  its  distance.  The  correct  rule  of 
practice  is  to  mount  the  glasses  as  near  as  possible  to 
the  eyes,  allowing  sufficient  room  for  the  play  of  the 
eyel.ashes.  A  distance  of  13  mm.  from  the  vertex  of 
the  cornea  fulfills  this  condition  in  most  c:ises,  and  at 
the  same  time  allows  the  correcting  lens  to  be  placed 
almost  exactly  at  the  anterior  principal  focus  of  the 
eye,  in  which"  position  of  the  glass  the  retinal  image, 
whether  in  hypermetropia  or  in  myopia,  becomes  prac- 
tically equal  in  size  to  the  image  of  the  same  object 
when  focused  by  an  emmetropic  eye.     Whenever  a 


objects  seen  through  them  to  appear  very  sharply 
outlined.  This  phenomenon  appears  t.o  be  a  result 
of  the  chromatic  aberration  of  the  eye,  causing  the 
object,  when  viewed  through  a  concave  gl.ass  under  a 
full  correction  for  the  more  highly  refrangible  (blue 
or  violet)  rays  of  the  spectrum,  to  be  seen  :is  if  bounded 
by  a  very  narrow  red  border,  instead  of  by  a  broader 
violet  fringe,  as  when  the  eye  Is  focused  for  the  less 
refrangible  (red)  rays.  If  a  distant  point  of  light  is 
viewed  by  an  over-corrected  myopic  eye  through  a 
piece  of  cobalt-blue  glass,  the  light  will  appear  blue, 
with  a  narrow  red  border;  if  the  eye  is  undercorrected 
by  its  concave  glass,  the  light  will  appear  red,  with  a 
broader  blue  border. 

A  convex  or  concave  cylindrical  spectacle  lens 
elongates  or  shortens  the  retinal  image  in  a  direction 
at  right  angles  to  its  axis,  thus  giving  rise  to  a  charige 
in  the  apparent  shape  of  the  object — a  circle  appearing 
elongated  or  shortened  to  an  ellipse,  etc.  Such  dis- 
tortions of  the  retinal  image,  in  one  eye  or  in  both 
eyes,  incident  to  the  correction  of  astigmatism,  or 
even  a  difference  in  the  size  of  the  two  images  caused 
by  unequal  spherical  glasses,  may  give  rise.  In  bin- 
ocular vision,  to  a  great  variety  of  stcreoscopical 
illusions  which,  until  corrected  by  experience,  may  be 
a  source  of  considerable  annoyance. 

Incidental  to  the  action  of  convex  and  concave 
gl.isses  in  modifying  the  exercise  of  the  accommoda- 
tion is  the  effectwhich  they  exert  upon  the  associated 
convergence.  Convex  gl.Vsscs,  by  relieving  the  ac- 
commodation of  a  part  of  its  burden  (in  hyperme- 
tropia), exert  at  the  same  time  a  positive  effect  in 
controlling  the  correlated  convergence;  hence,  they 
rank  first  among  the  therapeutic  agents  at  our  dis- 
posal for  arresting  the  development  of  convergent 
strabismus,  and,  In  many  cases,  for  its  cure.  Con- 
cave gl.isses.  on  the  other  hand,  by  Incre.ising  the 
demand  made  upon  the  accommodation  in  near  vision, 
evoke  increased  action  of  the  recti  interni  muscles 
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(with  correlated  relaxation  of  the  recti  externi),  and 
thus  airurd  relief  in  many  cases  of  muscular  asthenopia 
and  of  crossed  diplopia,  and  even  of  divergent  stra- 
bismus (see  Asthenopia). 

Prismatic  glasses  with  plane  surfaces  (Fig.  4972) 
may  be  mounted  with  their  bases  toward  the  nose,  in 
which  case  they  relieve  the  recti  interni  muscles  of 
a  part  of  their  work  in  convergence,  and  are  thus  of 
service  in  certain  cases  of  muscular  asthenopia  and  of 
crossed  diplopia  of  low  grade.  Mounted  with  their 
bases  toward  the  temples,  they  are  applicable  in 
certain  cases  of  homonymous  diplopia  dependent  on 
insufficiency  of  the  recti  externi  muscles.  A  prismatic 
glass,  mounted  with  the  base  of  the  prism  upward 
or  downward,  may  be  useQ  to  neutralize  the  effect 
of  a  slight  downward  or  upward  deviation  of  either 
eye,  or  the  correction  may  be  divided  between  the  two 
eyes  by  making  use  of  two  prisms,  the  one  mounted 
with  its  base  upward  and  the  other  with  its  base 
downward.  The  deviation  which  may  be  thus  over- 
come by  a  prism  is  equal  to  about  one-half  of  the  angle 
included  between  its  two  sides — i.e.  about  4°  with  a 
single  prism  of  8°  angle,  or  8°  with  a  prism  of  8°  angle 
worn  before  each  eye.  Prisms  of  more  than  10° 
of  12°  angle  are  ordinarily  rejected  by  reason  of 
the  conspicuous  colored  fringes  due  to  chromatic 
dispersion. 

The  normal  effect  of  any  (convex  or  concave) 
spectacle  lens  is  obtained  only  when  the  lens  is  ac- 
curately centered  in  front  of  the  pupil,  and  the  plane 
of  the  lens  is  perpendicular  to  the  direction  of  the  line 
of  vision.  *  The  distance  between  the  centers  of  the 
two  lenses  of  a  pair  of  spectacles  intended  to  be  worn 
in  distant  vision  should,  therefore,  be  exactly  equal 
to  the  interpupillary  distance.  In  the  case  of  reading 
glasses,  the  distance  between  the  centers  of  the  two 
lenses  should  be  a  little  less  than  the  lesser  interpu- 
pillary distance  when  the  visual  axes  are  made  to 
converge  upon  the  printed  page.  In  the  case  of 
spectacles  or  eyeglasses  to  be  worn  in  distant  vision, 
the  two  lenses  should  be  set  in  one  and  the  same 
(vertical)  plane,  perpendicular  to  the  direction  of  the 
(parallel)  visual  axes,  but  they  should  be  tipped 
forward  in  spectacles  which  are  to  be  used  in  reading. 
In  strictness,  the  lenses  of  reading  spectacles  should 
be  also  inclined  a  little  toward  each  other,  so  as  to 
face,  as  nearly  as  may  be,  the  point  of  intersection  of 
the  visual  axes  on  the  printed  pages. 

Whenever  a  (convex  or  concave)  spherical  lens  is 
set  obliquely  to  the  direction  of  the  line  of  vision,  its 
refractive  power  is  increased  in  all  its  meridians,  the 
ratio  of  increase  being,  however,  greatest  in  the  meri- 
dian corresponding  to  the  plane  of  the  arc  through 
which  the  lens  is  rotated,  and  least  in  the  meridian 
corresponding  to  the  axis  of  rotation.  In  the  case  of 
a  (convex  or  concave)  cylindrical  lens,  rotated  about 
its  axis,  the  increase  in  refractive  power  varies  from  a 
maximum,  in  the  meridian  at  right  angles  to  the  axis, 
to  zero,  in  the  meridian  of  the  axis.  When  rotated 
about  a  line  at  right  angles  to  its  axis,  a  (convex  or 
concave)  cylindrical  lens  shows  also  an  increase  in 
refractive  power,  though  in  a  lesser  degree  than  when 
it  is  rotated  about  its  axis.  It  follows  that  a  tipped 
spherical  lens  becomes  practically  equivalent  to 
a  somewhat  stronger  spherical  lens  with  a  cylindrical 
lens  added  to  it,  and  that,  in  the  case  of  a  spherico- 
cylindrical  lens,  the  special  effect  of  the  cylindrical 
surface  may  be  either  increased  or  diminished,  ac- 
cording as  the  compound  lens  is  rotated  about  one  or 
the  other  of  its  principal  meridians.  A  tipped  con- 
cave .spherical  lens  may  be  occasionally  utilized  in 

•  In  a  planocylindrical  lens  the  center  of  the  face  of  the  lens  is 
represented  by  a  line,  and  the  condition  of  accurate  centration  is  ful- 
filled when  this  line  crosses  the  center  of  the  pupil;  a  lens  with 
plane  surfaces,  e.g.  a  simple  prismatic  glass  (Fig.  4972),  has  no 
center;  in  general,  the  greater  the  radius  of  curvature  (i.e.  the 
weaker  the  lens),  the  less  is  the  error  resulting  from  imperfect 
centration  or  from  a  faulty  direction  of  the  plane  of  the  lens. 
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distant  vision  in  myopia,  with  astigmatism  of  rela- 
tively low  grade,  when  the  ocular  meridian  of  great- 
est refraction  is  vertical  or  nearly  vertical;  conversely, 
a  vertically  mounted  convex  spherical  lens  may  be 
given  for  reading,  when  the  ocular  meridian  of 
greatest  refraction  is  horizontal  or  approximately 
horizontal.*     Again,    in    myopia    with    astigmatism, 

•A  familiar  instance  of  such  a  correction,  in  myopia,  is  seen  in 
tlie  not  infrequent  preference  given  to  a  tipped  (concave  spherical) 
eyeglass  over  glasses  mounted  in  a  vertical  position,  in  a  spectacle 
frame.  So,  also,  after  the  extraction  of  cataract,  a  spherico- 
cylindrical  lens,  with  axis  horizontal,  may  be  required  to  raise 
distant  vision  to  its  maximum,  although,  for  reading,  a  spherical 
glass  may  be  preferred,  by  reason  of  the  increased  power  of  the 
lens  in  its  vertical  meridian,  incident  to  the  oblique  (downward) 
direction  of  the  visual  axes. 

If  we  represent  the  power  of  any  spherical  spectacle  lens  by  D, 
the  angle  through  which  the  lens  is  tilted  by  </»,  and  the  angle  whose 
sine  =  f  sin  <t»  by  <}>'  (assuming  the  approximate  value  5  =  15  for 
the  refractive  index  of  glass),  the  effective  power  of  the  tilted  lens 
in  its  horizontal  meridian  will  be  represented  by^ 


(3  cos  <f>'  - 
its  vertical  meridii 

e-^t^™ 
cos-'  <t> 

Ference — 
(cJj^-0(3. 


:cos  «)  D [1] 

.  by— 

*'  -  2co3«)D, 12] 

.8</>'  -  2  cos  «)  D [31 


representing  the  astigmatism  of  the  tilted  lens  due  to  the  tilting. 

The  following  table  shows  the  computed  values  of  the  several 

coefficients  of  D,  for  differences  of  5"  in  the  value  of  <t»  from  zero 


1 

(      1 
Vcos'  <t) 

0 

«  = 

3co3*'-2cos*  = 

cos-  tt> 

(3cos«'-2cos*)  = 

(3  cos*' -2  CO 

3<*>)  = 

Zero. 

1.000 

1.000 

0.000 

5° 

1.002 

1.010 

0.008 

10° 

1.010 

1.042 

0.032 

15° 

1.023 

1.097 

0.074 

20° 

1.041 

1.179 

0.138 

25° 

1.066 

1.297 

0.231 

30° 

1.096 

1.462 

0.366 

35° 

1.134 

1.689 

0.555 

40° 

1.178 

2.008 

0.830 

4.5° 

1.232 

2.464 

1.232 

90° 

2.236 

Infinity. 

Infinity. 

By  inspection  of  the  table  it  will  be  seen  that  for  every  increase  of 

the  angle  through  which  the  lens  is  tilted,  the  astigmatism  of  the 
len3(due  to  the  tilting)  increases  at  a  much  higher  and  progress- 
ively increasing  rate.  Thus,  for  10°  of  tilting  the  increase  in  the 
resultant  astigmatism  of  the  lens  is  about  four  times  as  great  as 
for  5°;  for  20°  it  is  4.31  times  as  much  as  for  10°;  for  30°  it  is  4.94 
times  as  much  as  for  15°;  for  40°  it  is  6.01  times  as  much  as  for  20°; 
etc.  It  follows  that  in  any  case  in  which  the  same  spectacles  are 
to  be  worn  both  for  distant  vision  and  in  reading,  as  in  correcting 
hypermetropic  or  myopic  refraction  in  persons  whose  range  of 
accommodation  is  practically  unimpaired,  by  far  the  best  adjust- 
ment is  that  in  which  the  glasses  are  tilted  forward  through  an  angle 
equal  to  one-half  of  the  difference  in  the  direction  of  the  visual  line 
in  distant  vision  and  in  reading  (pantoscopic  position). 

In  the  case  of  a  spectacle  lens  of  asymmetrical  refraction  fspheri- 
co-cylindrical,  toric),  with  the  two  principal  meridians  horizontal 
and  vertical,  respectively,  the  coefficients  of  increase  in  the  power  of 
the  tilted  lens  are  the  same  as  in  the  case  of  a  spherical  lens,  noting, 
however,  that  D  [1],  which  we  may  write  Dh,  now  represents  the 
normal  power  of  the  lens  in  its  horizontal  meridian,  and  D  [2], 
which  we  may  write  Dv.  now  represents  the  norma!  power  of  the 
lens  in  its  vertical  meridian. 

In  the  case  of  a  piano-cylindrical  (or  other  equivalent)  lens  with 
the  axis  of  the  cvlinder  vertical,  we  have  Dv  =  0  [2],  the  effective 
power  of  the  tilted  lens  increasing  as  shown  in  [l).  Taking  the 
axis  of  the  cylinder  horizontal,  we  have  Dh  =  0  [1],  the  effective 
power  of  the  tilted  lens  increasing  as  shown  in  [2]. 

For  a  full  discussion  of  the  case  of  oblique  centrical  refraction 
through  any  spherical  lens,  see  Parkinson's  Optics,  iv.,  GS;  for  an 
extension  of  the  discussion  to  principal  cases  of  oblique  centrical 
refraction  through  plano-cylindrical,  spherico-cylindrical,  and  torio 
lenses,  see  two  communications,  by  the  writer,  in  Transactions  Am- 
Ophthalmological  Society,  1890  and  1895. 
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when  the  ocular  meridian  of  greatest  refraction  is 
approximately  horizontal,  the  wearer  of  concave 
spherical  glasses  may  learn  the  trick  of  looking  ob- 
liquely through  his  glasses,  to  the  right  or  to  the  left, 
in  order  to  improve  his  acuteness  of  vision,  though  at 
the  cost  of  acquiring  an  awkward  carriage  of  the  head. 
So,  also,  a  hypermetrope  with  some  measure  of  as- 
tigmatism, when  the  ocular  meridian  of  greatest 
refraction  is  approximately  vertical,  may  get  a  better 
correction  from  his  (convex  spherical)  glasses  by  look- 
ing obliquely  through  them  to  one  side. 

A   myope,    wearing    concave   glasses   of   a   power 
insufficient  fully  to  correct  his  myopia,  may  look  ob- 


liquely to  one  side,  in  order  to  improve  his  vision  for 
the  vertical  lines  of  a  distant  object,  and  at  the  same 
time  contract  the  opening  of  the  eyelids,  in  order 
to  improve  his  vision  for  horizontal  lines;  a  hyper- 
metrope, wearing  convex  glasses  of  insufficient  power, 
is  generally  able  to  supplement  their  effect  in  distant 
vision  by  an  exercise  of  tlie  accommodation.  . 

Spectacle  lenses  are  usually  mounted  in  oval  rims, 
of  metal,  or  of  tortoise  shell,  horn,  hard  rubber,  cellu- 
loid, etc.  The  rims  used  in  mounting  convex  glasses 
are  generally  grooved,  so  as  to  grasp  the  sharp  edge 
of  the  lens;  concave  glasses,  too,  are  ground  to  an 
edge ,  and 
mounted  in 
grooved  rims, 
but  it  is  a  not 
i  n  f  r  e  ci  u  e  n  t 
practice  to 
groove  the  lens 
itself,  and  to 
sink  the  rim, 
which  is  then 
made   of  steel 

or  gold  wire,  in  the  groove. 
Convex  lenses  also  are  some- 
times mounted  with  the  rims 
sunken,  but  at  the  cost  of 
making  the  lens  needlessly 
thick  and  heavy.  So-called 
frameless  or  rimless  glasses 
have  the  metallic  parts  attached 
by  means  of  screws  passing 
through  holes  drilled  in  the 
lenses. 

Binocular  glasses  may  be  di- 
vided, according  to  the  way  in  I'l" 
which    they  are   mounted,  into 

three  groups — namely,  cyegla.sses  held  in  the  hand 
(lorgnette — face  a  main) ;  those  held  in  place  by  means 
of  a  spring  which  pinches  the  nose  {pince-nez),  and 
spectacles  proper,  which  are  held  in  jjlace  by  means  of 
side-pieces  passing  above  and  behind  the  ears  {lunelles 
a  bTanches).  To  tliese  three  principal  types  may  be 
added  a  fourth,  still  often  used  in  the  case  of  pro- 
tective goggles,  in  which  the  glasses  are  held  in  place 
by  means  of  an  elastic  band  passing  around  the  head. 

The  several  parts  of  a  pair  of  spectacles  are  (1)  the 
rims,  in  which  the  glasses  are  mounted;  (2)  the 
bridge,  or  nose-piece,  by  which  the  rims  are  connected 
and  supported  upon  the  nose;  and  (3)  the  side-pieces 
(temples,  bows),  by  which  the  spectacles  are  held  in 
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place  upon  the  head.  The  size  of  the  rims  and  the 
length  of  the  bridge  should  be  adjusted  to  the  inter- 
pupillary  distance,  in  order  tliat  the  wearer  may  look 
through  the  centers  of  the  glasses,  and  to  the  width 
of  the  face,  so  that  the  side-pieces  may  touch,  but 
not  press  against,  the  sides  of  the  head.  In  the  case 
of  great  width  of  face,  larger  or  longer  lenses  are 
required  than  when  the  face  is  narrow. 

The  bridge  should  be  shaped  to  fit  the  nose,  and 
partially  to  encircle  it;  no.ses,  however,  differ  greatly 
in  prominence  and  in  thickness,  so  that  no  single 
type  of  bridge  is  suited  to  all  ca.ses.  The  "hoop" 
bridge  (Fig.  4977)  is  one  of  the  older  forms,  and  is 
suited  to  noses  of  considerable  thickness  and  promi- 
nence; the  hoop  may  lie  in  the  same  plane  witli  the 
gla.sscs,  or  it  may  be  turned  forward  .at  any  required 
angle.  The  "saddle"  bridge  (Fig.  4978)  can  be  made 
to  fit  the  greatest  variety  of  noses,  and  when  made  of 
gold  can  be  bent  by  means  of  pliers  to  meet  almost 
any  required  conditions.  The  bridge  should  present 
a  rather  broad  surface  of  contact  with  the  nose,  and 
.special  care  should  be  taken  to  secure  an  accurate  and 
comfortable  fit.  A  gold  bridge  is  often  to  be  preferred, 
even  when  the  other  parts  of  the  frame  are  made  of 
steel,  as  being  more  easily  moulded  to  the  nose  and 
free  from  liability  to  rust.  Spectacle  frames  of  tor- 
toise shell  were  once  in  common  use  and  have  lately 
reappeared;  when  properly  fitted  to  the  face  they  are 
especially  comfortable  in  reading  and  sewing. 

The  side-pieces  (temples,  bows),  should  be  slightly 
curved  to  fit  the  sides  of  the  head,  and  they  should 
be  of  a  length  sufficient  to  reach  somewhat  lx>yond 
the  ears.  Best  of  all,  for  spectacles  to  be  worn  con- 
stantly, are  the  hooked  temples  (Fig.  4978)  made  of 
thin,  elastic  wire  bent  downward  in  a  curve  behind  the 
ears. 

Fashion  has  played  its  part  in  determining  the 
shape  of  spectacle  glasses;  the  original  shape  was 
doubtless  circular,   but  that  now  generally  preferred 

is  a  nearly 
regular  oval, 
though  the 
circular  lens 
is  not  infre- 
quently worn, 
especially  in 
reading 
glasses.  An- 
other form  is 
oblong,  with 
rounded  angles.  A  parallelo- 
gram with  the  four  corners  cut 
off  by  straight  lines  (octagon 
glasses)  was  a  favorite  shape  a 
generation  or  two  ago.  Pulpit 
spectacles,  so  called,  h.ive  the 
upper  part  of  the  rims  flattened, 
in  order  to  permit  the  wearer 
to  see  over  them  in  looking  at 
distant  objects;  the  ghusses  are 
also  set,  as  a  rule,  obliquely  to 
the  direction  of  the  side  pieces, 
but  approximately  perpendicu- 
lar to  the  direction  of  the  visual 
axes  in  reading.  In  ametropia,  with  defective  accom- 
modation, it  was  at  one  time  the  practice  to  mount  two 
half-lenses  in  each  rim.  the  upper  half  (convex  or 
concave)  of  a  power  suited  to  the  correction  of  the 
actual  hypermetropia  or  myopia;  the  lower  half,  of 
the  power  needed  for  rea(iing;*  a  similar  effect  is 
obtained,  though  somewhat  less  perfectly,  by  grind- 
ing the  upper  and  lower  halves  of  the  same  lens  to 
different  radii  of  curvature.  Bifocal  spectacles  and 
eyeglasses,  generally  in  rimless  mounting,  are  also 
made  bv  cementing  a  segment  of  a  thin  convex  lens 
upon  tlie  back  of  the  correcting  glass  required  for 

•  Benjamin  Franklin  is  said  to  have  vinrn  such  cKi-vjm.  and  ihey 
were  formerly  called  by  his  name. 
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distant  vision,  in  such  position  that  the  wearer  looks 
through  it  in  reading.  Still  more  elegant  is  a  device 
by  which  a  small  and  very  strong  convex  lens,  made 
of  highly  refracting  glass,  is  embedded  in  the  lower 
half  of  the  glass  reciuired  for  distance;  the  entire 
glass  is  then  ground  to  a  uniform  surface,  so  that  the 
reading  segment  becomes  practically  invisible.* 
Another  useful  arrangement  consists  in  mounting  a 
supplementary  reading  correction  in  a  separate  frame, 
to  be  hooked  upon  the  front  of  the  spectacles  habit- 
ually worn  in  distant  vision. 

Eyeglasses  of  the  ipince-nez^  pattern  have  been 
made  since  an  early  period  in  the  history  of  spectacles, 
but  their  const  ruction  has  been  greatly  improved  with- 
in the  past  thirty  years.  In  the  older  pattern  the  cen- 
ters of  theglasses  often  fell  too  much  near  together,  and 
the  glasses  themselves  were  apt  to  tip  forward  in  a 
way  detrimental  to  their  effect  in  distant  vision.  In 
many  cases,  also,  they  stood  so  near  to  the  eyes  as  to 
allow  insufficient  room  for  the  play  of  the  eyelashes, 
and  whenever  the  nose  was  unsymmetrical  one  glass 
was  apt  to  stand  noticeably  higher  or  nearer  to  the 
eye  than  the  other.  In  eyeglasses  of  improved  con- 
struction these  defects  are  to  a  great  degree  obviated. 
Thus  most  of  the  modern  eye-glasses  have 
some  form  of  projecting  nose-clips,  set  either  in 
the  same  plane  as  the  glasses,  or  in  a  plane  be- 
hind that  of  the  glasses  and  inclined  to  it  at  any 
required  angle  so  as  to  secure  the  best  possible  bearing 
upon  the  sides  of  tlie  nose;  the  eyeglasses  have  also 
a  provision  for  adjusting  the  clips,  upon  the  two  sides, 
so  as  to  fit  noses  of  almost  any  shape  and  thickness 
and  of  very  considerable  degrees  of  asymmetry.  A 
cork  lining  to  the  clips  increases  their  adhesiveness, 
and  so  does  away  with  the  necessity  of  strong  pres- 
sure in  order  to  hold  the  glasses  firmly  in  position. 
The  tilting  of  the  glasses,  in  cases  of  exceptional 
prominence  of  the  forehead,  is  obviated  by  giving  a 
forward  slant  to  the  connecting  spring.  For  mount- 
ing cylindrical  and  prismatic  glasses  the  pince-nez 
is  generally  unsuitable,  by  reason  of  the  difficulty 
experienced  in  holding  the  glasses  in  proper  position 
before  the  two  eyes.  In  many  cases  of  asthenopia, 
and  especially  in  progressive  myopia,  the  wearing 
of  a  -pince-nez  should  be  prohibited. 

A  convex  lens,  preferably  of  about  four  inches 
diameter  and  a  focal  length  of  about  eight  inches, 
with  a  handle  by  which  it  may  be  held  at  any  desired 
distance  from  the  book  and  from  the  eyes,  is  often 
used  in  reading  by  old  persons  with  failing  acuteness 
of  vision.  By  reason  of  the  greater  distance  of  the 
glass  from  the  eyes,  its  magnifying  power  is  much 
greater  than  that  of  convex  spectacles,  and  by  vary- 
ing the  distance  of  the  book  the  recti  interni 
muscles  are  relieved  of  more  or  less  of  their  load  in 
convergence.  A  combination  of  two  planoconvex 
lenses,  mounted  with  their  convex  surfaces  nearly 
but  not  quite  in  contact,  is  to  be  preferred  to  a  double- 
convex  lens,  as  giving  a  flatter  field  with  less  distortion 
of  the  virtual  image. 

The  different  methods  used  in  testing  eyes  for  the 
correction  of  the  several  refractive  and  accommoda- 
tive defects,  whether  simple  or  complicated,  have 
been  described  in  this  Handbook  under  the  titles 
Asligmntism,  Hypermelropia,  Myopia,  Presbyopia. 
Ophthalmometer,  Ophthalmoscope,  Optometry,  and 
ShadoxD-test.     The  points   to  be  particularly  investi- 

•  In  this  construction,  and  also  in  the  arrangement  in  which 
the  correcting  glass  for  distant  vision  is  built  up  of  two  glasses 
cemented  together  ((■/.  Fig.  4970,  a-d,)  with  the  small  reading 
lens  enclosed  in  a  cavity  between  them,  there  is  an  approach  to  an 
achromatic  correction  in  the  portion  of  the  glass  used  in  reading. 

t  In  a  fresco  by  Ghirlandajo  (1449-94),  in  the  Church  of  .Sta. 
Trinita  at  Florence,  an  elderly  bishop  is  represented  as  reading 
through  a  pince-nez  set  very  low  upon  the  nose;  the  rims  of  the 
glasses  are  circular,  and  the  connecting  arc  is  apparently  rigid. 
This  construction  and  manner  of  wearing  the  -pince-nez  recalls  an 
objection  formerly  made  to  it,  as  compressing  the  nostrils  and 
imparting  a  nasal  quality  to  the  voice. 
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gated  are  (1)  the  acuteness  of  vision,  (2)  the  state  of 
the  refraction,  (3)  the  state  of  the  accommodation 
and  (4)  the  relation  of  the  accommodation  to  the 
convergence.  Only  after  these  determinations  have 
been  made,  with  a  close  approximation  to  accuracy, 
can  the  selection  of  glasses  for  any  particular  kind  of 
work  be  intelligently  made.  In  the  present  state  of 
diffusion  of  knowledge  these  tests  can  be  safely  in- 
trusted only  to  the  ophthalmic  specialist — physicians 
and  spectacle  dealers  being  alike  incompetent,  as 
a  rule,  to  decide  any  but  the  simplest  questions. 
The  indiscriminate  selling  of  concave  spectacles  and 
eyeglasses  to  young  myopes,  or  to  young  persons 
hastily  assumed  to  be  myopic,  is  a  most  reprehensible 
practice.  John  Green. 


Stethoscopes. — Historical  Sketch. — The  credit 
of  having  invented  the  stethoscope  has  been  variously 
attributed  to  Hippocrates,  Bayle,  Hook,  Laennec,  and 
others.  It  is  certain,  however,  that  Laennec  was  the 
first  to  make  the  idea  practically  useful.  He  hit 
upon  it  accidentally,  by  using  a  roll  of  paper  which  he 
was  holding  in  his  hand.  His  first  instrument  was  a 
cylinder  of  paper  compactly  rolled  and 
kept  in  shape  by  paste.  The  stetho- 
scope subsequently  adopted  was  a 
cylinder  of  wood  an  inch  and  a  half  in 
diameter  and  a  foot  long,  perforated 
longitudinally  by  a  bore  three  lines 
wide,  and  hollowed  out  into  a  funnel 
shape  at  one  end  to  the  depth  of  an 
inch  and  a  half.  A  plug  of  wood 
fitted  into  this  hollowed  extremity 
with  a  perforation  through  it  of  the 
same  diameter  as  that  of  the  rest  of 
the  tube.  This  was  used  in  auscultat- 
ing heart  sounds.  It  was  discarded 
in  stethoscopes  made  at  a  later  date. 
The  instrument  was  made  in  two  sec- 
tions for  convenience  of  carrying. 
Piorry  introduced  a  more  slender  in- 
strument, with  ivory  cap,  and  later 
this  was  altered  and  made  of  wood 
only.  An  instrument  in  which  the  pec- 
toral end  was  trumpet-shaped  was  de- 
vised by  Dr.  Williams,  of  London, 
about  1843.  Since  then  a  large  num- 
ber of  monaural  stethoscopes  have 
been  devised,  and  descriptions  of  them 
are  to  be  found  scattered  through 
various  medical  publications.  They 
have  been  made  of  metal,  wood,  hard 
rubber,  papier-mache,  and  other  ma- 
terials, used  either  alone  or  in  com- 
bination. Most  of  these  stethoscopes 
are  hollow,  the  bore  of  the  tube  being 
pretty  uniform  throughout,  except  at 
the  pectoral  extremity,  where  it  is 
expanded  and  bell-shaped.  Solid 
wooden  stethoscopes  have  also  been 
devised,  but  these  are  more  especially 
useful  in  conveying  percussion  sounds 
when  the  method  of  auscultatory  ]5er- 
cussion  is  practised.  The  monaural 
instruments  do  not  differ  from  one 
another  in  any  important  particular. 

M.  Landouzy,  of  Paris,  in  1850, 
constructed  a  stethoscope  with  a  bell- 
shaped  chest-piece,  with  a  number  of  flexible  tubes  at- 
tached, by  which  several  observers  at/  once  could  aus- 
cultate. A  single  tube  was  designed  for  each  person, 
but  by  the  use  of  two  tubes  it  became  a  binaural  in- 
strument. It  was  necessary  to  hold  the  tubes  in  the 
ears  by  the  hands,  and  it  was  not  found  to  be  of  much 
practical  use.  Many  years  previously  Dr.  Williams, 
of  London,  had  been  accustomed  to  use  a  binaural 
stethoscope  made  of  two  metal  tubes  attached  to  the 


i"l 


Fi 
Laen 

G.    4079.— 
nec's  .Steth- 

OS  c  ope 
Plug;    6. 
tions;      d, 
extremity 

aurai 

REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


boll  of  an  ordinary  stethoscope,  and  with  flat  ear-pieces. 
This  conveyed  sound  with  increased  intensity,  but 
was  inflexible,  clumsy,  and  awkward  of  application. 
The  double  stethoscope  of  Dr.  Leared,  shown  in  the 
International  Exhibition  of  1851,  was  a  great  improve- 
ment. It  is  made  entirely  of  gutta-percha.  The 
two  tubes  are  attached  at  one  extremity  to  a  bell- 
shaped  chest-piece,  and  at  the  other  to  ear-pieces 
similar  to  those  of  the  monaural  stethoscope.  These 
tubes  being  separated  and  applied  to  the  ears,  exerted 
a  certain  amount  of  pressure  by  their  own  elasticity. 
To  use  this  instrument  ordinarily  m  practice,  however, 
would  require  three  hands,  one  for  each  ear-piece,  and 


Fig.  49S1. — Actual    Diameter 
of  I.aennec's  Stethoscope. 


another  to  manage  the  pectoral  end.  In  18.')1  Dr. 
Maish,  of  Cincinnati,  patented  a  double  stethoscope. 
This  had  a  membrane  stretching  over  its  objective 
end,  and  two  gum-elastic  tubes  leading  from  the 
chest-piece  to  the  ears.  In  this  instrument  the  ear- 
pieces were  inconvenient,  and  the  sounds  conveyed 
were  muffled  and  confused.  These  circumstances 
rendered  it  of  little  value. 

Dr.  G.  P.  Cammann  devised  a  binaural  stethoscope 
in  18.52.  He  was  familiar  with  the  instruments  of 
Landouzy  and  Marsh,  and  his  stethoscope,  therefore. 


▼ 


Fl3.  4982.  Fig.  4983.  Flo.  4984. 

Flos.  49S2,  4983  .\nd  4984. — Monaural  .-^tothoscopcs. 

was  not  a  new  invention,  but  was,  and  is  now,  the  best 
instrument  of  the  kind  devised.  It  is  light,  durable, 
easily  carried,  and  a  good  conductor  of  .sound.  The 
attachment  of  a  rim  of  soft  rubber  to  the  chest-piece, 
as  devised  by  Dr.  Snelling,  is  of  advantage  in  .some 
cases  in  applying  it  more  closely  to  the  ine(|ualities  of 
the  chest.  Oval  chest-pieces  are  also  made,  which 
enable  the  end  of  the  stethoscope  to  be  pressed  into 
the  intercostal  spaces.  In  most  of  the  instruments 
now  made  the  rubber  band  which  serves  to  draw  the 
two  tubes  together  is  replaced  by  a  spring.  In  the 
latest  improvement  the  spring  is  placed  in  the  screw 
which  binds  the  tubes  together. 


StetboMopcs 


A  considerable  variety  of  flexible  stethoscopes  are 
now  m  use.  The  credit  of  having  first  u.sed  one  is 
probably  due  to  Dr.  Pennock,  of  Philadelphia.  They 
may  be  generally  described  as  consisting  of  a  chest- 
piece,  long  flexible  rubber  tubes,  and  round  ear- 
pieces.    The  ear-pieces  are  held  in  place  either  by 
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being  firmly  pressed  into  the  meatus,  or  by  a  spring 
passing  over  the  head  or  under  the  chin.  The  differ 
ential  stethoscope  of  Scott  .\lison  is  similar  in  mechan- 
ism to  Cammann's,  but  has  two  chest-pieces,  one  for 
each  ear,  enabling  the  sounds  from  different  regions 
of  the  chest  to  be  con- 
veyed to  the  two  ears  at 
the  same  time. 

Dr.  Constantin  Paul 
devised  a  stet  hoscope 
with  two  flexible  tube-; 
leading  to  the  ears,  an! 
a  hollow  chamber  in  th. 
chest-piece  c  o  n  n  e  c  t  c  i 
with  a  rubber  bulb  b' 
a  long  flexible  tube,     li 


Fla.  4987. —  Modified  Chest-piece  of  Can 
A,  Rubber  bulb:  B.  pectoral  end;  C.  air 
pressure  against  the  chest;  D,  outer  rim:  E, 
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the  air  in  the  hollow  chamber  is  exhausted  the  in- 
strument is  held  firmly  against  the  chest,  k  modifi- 
cation of  the  chest-piece  of  Cammann's  binaural  steth- 

643 


stethoscope 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES 


oscope,  which  can  be  screwed  on  in  place  of  the 
usual  chest-piece,  has  been  devised.  In  the  pectoral 
end  is  an  air  chamber,  which  is  completely  closed  by 
pressure  against  the  chest.  Connected  with  this  cham- 
ber by  a  small  tubular  opening  is  a  rubber  bulb, 
through  which  the  sound-conducting  tube  passes.  By 
pressure  upon  this  bulb,  when  the  instrument  is  held 
in  position,  the  air  is  exhausted  in  the  hollow  chamber 
and  the  stethoscope  is  held  firmly  to  the  chest  wall. 

Dr.  Heineman,  of  New  York,  devised  an  attach- 
ment to  the  binaural  instrument,  in  which  the  stetho- 
scope is  held  firmly  against  the  chest  l)y  means  of  a 
metal  rod  extending  from  the  chest-piece  to  the  chin, 
and  both  hands  are  left  free.  Dr.  T.  O'Kelly  has 
devised  a  similar  arrangement  of  a  metal  rod  sur- 
mounted by  an  india-rubber  cushion  upon  which  the 
forehead  rests,  thus  enabling  the  stethoscope  to  be 
held  firmly  in  position. 

Dr.  Bowles  has  devised  a  chest-piece  which  can  be 
attached  to  the  binaural  stethoscope.  It  essentially 
consists  of  a  diaphragm  of  hard  rubber  covering  the 
chest-piece,  which  vibrates  and  transmits  the  vibra- 
tions to  the  instrument.  It  is  claimed  that  with  it 
sounds  can  be  heard  more  distinctly. 

The  phonendoscope  is  an  instrument  in  which  there 
are  two  diaphragms  with  an  air  chamber  between, 
and  from  the  center  of  the  outer  diaphragm  a  small 
rod  extends,  the  end  of  which  presents  a  small  surface 
and,  when  pressed  against  the  chest,  conveys  vibra- 
tions to  the  diaphragm. 

Value  of  the  Stethoscope. — In  considering  the 
value  of  the  stethoscope  it  is  taken  for  granted  that  the 
instrument  used  is  reliable,  and  that  the  auscultator 
knows  how  to  use  it.  Some  skilful  auscultators  advo- 
cate its  continual  use;  others,  equally  skilful,  advise 
that  it  be  used  only  occasionally.  The  cause  of  this 
difference  of  opinion  probably  lies  partly  in  difference 
in  the  acuteness  of  hearing  and  the  extent  of  the  train- 
ing of  different  observers,  and  partly  is  a  matter  of 
habit.  That  the  habitual  use  of  the  stethoscope  does 
after  a  time  render  the  sense  of  hearing  less  acute  to 
the  sounds  heard  over  the  chest,  in  immediate  auscul- 
tation, is,  probably,  true,  yet  the  stethoscope  is  a 
valuable  instrument.  Although  it  is  not  always 
needed,  often  we  cannot  attain  to  a  full  knowledge  of  a 
case  without  making  use  both  of  mediate  and  of 
immediate  auscultation.  Often  a  doubtful  or  half- 
heard  sound  has  been  clearly  brought  out  and  appre- 
ciated by  the  use  of  the  stethoscope;  but  still  oftener, 
has  a  so\ind  scarcely  suspected  with  the  stethoscope 
been  made  evident  by  the  immediate  application  of 
the  ear.  It  requires  some  practice  to  become  accus- 
tomed to  the  use  of  the  stethoscope,  especially  to  that 
of  the  binaural  instrument.  In  the  latter  some  sounds 
are  exaggerated,  while  others  are  impaired,  and  there 
are  not  the  distinctness  and  simplicity  that  are 
observable  when  we  use  tlie  ear  or  tlie  monaural 
instrument.  It  is  an  acoustic  fact  that  sounds  are 
better  heard  with  two  ears  than  with  one,  and  vir- 
tually the  double  stethoscope  enables  us  to  place 
two  ears  on  the  chest  at  the  same  time.  Bowles' 
stethoscope  is  useful  in  listening  to  the  posterior 
portions  of  the  lungs  in  cases  of  pneumonia  in  which 
the  patient  cannot  be  turned  over. 

The  value  of  the  stethoscope  for  purposes  of  mod- 
esty, cleanliness,  and  convenience,  and  for  examining 
the  supraclavicular  and  axillary  regions  which  cannot 
readily  be  reached  by  the  ear,  is  obvious,  and  need 
only  be  mentioned  to  be  appreciated. 

Donald  M.  Cammann. 
R.  J.  E.  Scott. 


Thorax,  Anatomy  of. — The  anatomy  of  the 
thorax  as  a  whole  and  of  certain  of  its  component 
structures  will  be  found  in  part  under  various  head- 
ings, and  the  present  article  will  deal  only  with  the 
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ribs  and  sternum,  and  costal  cartilages,  and  the 
ligaments  and  articulations  of  the  thoracic  cage,  with 
the  muscles  inserted  into  the  latter. 

Ribs. — -There  are,  not  including  anomalies,  twelve 
pairs  of  ribs,  consecutively  numbered  from  the  first 
to  the  twelfth.  The  most  important  subdivision  is 
into  the  true  and  false  ribs.  The  former  comprising 
tlie  upper  seven,  run  directly  from  the  dorsal  verte- 
brte  to  the  sternum,  or  rather  to  the  costal  cartilages 
if  these  are  regarded  as  independent  structures.  The 
five  inferior  or  false  ribs  are  further  subdivided  into 
three  attached  and  two  floating  ribs,  the  former 
being  inserted  by  their  cartilages  into  the  cartilages 
of  the  ribs  above. 

Another  type  of  subdivision  is  into  seven  typical 
and    five    atypical    ribs,  the    latter    comprising   the 
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A  Typical  Rib,  under  surfa 


first,  second,  tenth,  eleventh  and  twelfth,  and  the 
former  the  third  to  the  ninth  inclusive.  There  is, 
however,  sufficient  resemblance  between  all  of  the  ribs 
to  permit  of  a  common  description.  A  rib  is  a  long 
bone  and  therefore  consists  of  a  shaft  and  two  ex- 
tremities. While  the  anterior  extremity  is  undiffer- 
entiated and  simply  ends  in  the  costal  cartilage 
(the  XI  and  XII  excepted)  the  posterior  or  vertebral 
extremity  is  complex,  comprising  a  head,  neck,  and 
tubercle.  The  head  is  essentially  a  triple  articulating 
surface  which  comes  in  contact  with  an  intervertebral 
disk  and  depressions  in  the  adjoining  bodies  of  the 
thoracic  vertebrae.  The  two  surfaces  which  articulate 
with  bone  are  known  as  demifacets,  of  which  the  upper 
is  somewhat  smaller;  while  the  interarticular  ridge  is 
united  directly  with  the  intervertebral  cartilage,  as 
already  stated.  The  neck  of  the  rib  is  about  an  inch 
long  and  when   in   position   runs  parallel   with   the 
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transverse  process  of  the  lower  of  the  vertebra; 
mentioned,  to  which  it  is  attached  behind  by  a  liga- 
ment to  be  enumerated  later.  Tlie  anterior  surface 
of  the  neck  is  smooth  and  unattached.  Of  the  two 
borders,  superior  and  inferior,  the  former  is  rough, 
for  ligamentous  attachment,  the  lower  smooth  and 
unattached. 

At  the  juncture  of  the  neck  with  the  shaft  of  the 
rib,  on  the  posterior  surface  toward  the  lower  border 
is  the  tubercle  of  the  rib,  part  of  which  consists  of  a 
facet  for  articulation  with  the  end  of  the  transverse 
process  of  the  lower  vertebra.  The  other  portion  of 
the  tubercle  is  rough  for  ligamentous  insertion. 

The  shaft  of  the  rib  is  flattened  sidewise  and  forms 
an  arc  which  is  broken  at  a  certain  point  not  far 
from  the  tubercle  which  is  known  as  the  angle  of  the 
rib.  Beyond  the  angle  in  its  course  to  the  sternum 
the  rib  is  also  somewhat  twisted  on  its  axis.  That  is, 
while  in  the  rear  of  the  angle  the  outer  aspect  of  the 
rib  looks  downward,  in  front  of  the  angle  the  direction 
changes  to  sliglitly  upward.  The  distance  between  the 
tubercle  and  angle  is  not  a  constant  but  increases 
steadily  from  the  second  to  the  tenth  rib.  It  is  rough- 
ened for  muscular  attachment  of  some  of  the  dorsal 
muscles.  The  external  surface  of  the  shaft  anterior 
to  the  angle  and  the  entire  internal  surface  of  the  rib 
are  smooth  with  the  exception  of  the  costal  groove 
which  transmits  the  intercostal  vessels  and  nerve. 
This  groove  is  formed  above  by  a  ridge  which  bo- 
ginning  at  the  head  of  the  rib  traverses  the  inner 
aspect  and  forms  a  groove  with  tlie  inferior  border. 
Until  the  angle  is  reached,  this  ridge  is  well  marked 
and  the  groove  is  said  to  represent  the  border  or  re- 
place it.  At  the  angle  and  beyond  it  the  ridge  be- 
comes less  and  less  prominent  and  the  groove  is 
seated  on  the  internal  aspect  until  it  is  lost  at  the 
junction  of  the  anterior  and  middle  third  of  the  rib. 
The  upper  and  lower  margins  of  the  groove  serve  for 
the  attachments  of  the  internal  and  external  in- 
tercostal muscles  respectively.  Tlie  upper  border  of 
the  shaft  of  the  rib  is  thicker  than  the  lower  and 
receives  the  attachment  of  both  interossei. 

Of  the  atypical  ribs  the  first  is  very  short  and 
correspondingly  curved.  It  is  flattened  from  above 
downward  instead  of  laterally.  The  head  has  a 
single  facet,  which  articulates  with  the  body  of  the 
first  dorsal  vertebra.  The  tubercle  is  largo  and  seated 
squarely  on  the  posterior  border.  In  front  of  it 
is  the  attachment  of  the  scalenus  medius  muscle. 
Anterior  to  this  is  a  double  shallow  groove  separated 
by  a  small  tubercle  in  wliich  is  inserted  the  scalenus 
anterior  muscle;  the  anterior  groove  transmitting 
the  subclavian  vein,  while  its  fellow  gives  pas.sage 
to  the  subclavian  arterv  and  one  of  the  trunks  of  the 
brachial  plexus.  The  first  rib  has  neither  angle  nor 
costal  groove.  In  addition  to  the  muscular  attach- 
ments already  mentioned  the  serratus  niagnus  is 
inserted  at  its  first  digitation  into  the  i«)Storior  por- 
tion of  the  outer  border.  The  second  rib,  much  longer 
than  the  first,  has  the  same  curvature.  It  is  flat- 
tened obliquely  from  side  to  side  but  is  not  twisted 
on  its  axis.  A  very  slight  angle  is  present,  close  to 
the  tubercle.  The  external  surface  is  roughened 
for  the  insertion  of  the  scalenus  posterior  and  serratus 
magnus.  A  short  costal  groove  is  present.  The  tenth 
rib  is  atypical  onlv  in  liaving  but  one  facet  on  its  head. 
The  eleventh  and  twelfth  ribs  have  but  one  facet, 
no  neck,  no  tubercle,  and  a  pointed  sternal  end.  The 
eleventh  has  a  rudimentary  angle  and  costal  groove, 
the  twelfth  neither. 

Considered  jointly,  when  in  position,  the  upper  ones 
become  more  and  more  oblique  from  abo\-e  downward 
until  a  maximum  is  reached  at  the  ninth  whereupon 
obliquitv  graduallv  decreases  until  the  hist  rib  repre- 
sents tiic  minimum.  Similarlv  the  niaxmium  of 
length  is  reached  at  the  seventh  rib.  There  is  a 
progressive  decrease  in  breadth  from  the  first  nb 
downward. 


The  costal  cartilages,  differing  radically  in  .stnicturo, 
may  nevertheless  be  regarded  as  mere  prolongations 
of  the  ribs,  which,  consisting  as  they  do  of  hyaline 
cartilage,  serve  to  give  elasticity  to  the  thoracic 
cage.  They  increase  in  length  from  first  to  seventh, 
all  of  this  series  being  connected  directly  with  the 
sternum.  They  decrease  in  length  from  the  seventh 
to  the  twelfth  and  in  breadth  from  the  first  to  the 
twelfth.  From  the  fourth  downward  they  form  a 
slight  angle  with  the  ribs.  As  already  stated  the 
VIII-X  cartilages  articuKate  with  the  cartilage 
immediately  above.  The  anterior  surfaces  are  convex 
and  the  posterior  concave;  both  receive  numerous 
muscular  insertions.  The  superior  borders  are 
concave,  the  inferior  convex.  Where  the  VII-X 
cartilages  articulate  with  theVI-IX  cartilages  above, 
smooth  oblong  facets  are  present.  The  mesial  end 
of  the  first  cartilage  is  continuous  with  the  sternum 
but  the  corresponding  ends  of  the  next  six  cartilages 
are  rounded  and  form  articulations  with  depressions 
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;  anterior  surface.    The  Roman  tifcurea 
rfaces    for    the    corrcepooding   costal 


in  the  lateral  aspect  of  the  sternum.  The  cartilages 
next  in  order  which  articulate  only  with  cartilages 
have  pointed  mesial  ends  as  do  the  mesial  ends  of  the 
floating  ribs. 

The  sternum  is  a  long  composite  flat  bone  which  in 
addition  to  forming  the  anterior  portion  of  the 
thoracic  cage  supports  the  clavicles  by  two  articular 
surfaces  at  its  upper  end,  between  which^  is  a  slight 
concavity  termed  the  jugular  notch.  The  natural 
position  "of  the  sternum  is  oblique,  slanting  forward 
from  above  downward.  It  is  slightly  concave  in 
front  and  in  part  decreases  in  breadth  from  above 
downward  although  there  is  a  con.-ttriction  opposite 
the  second  and  third  ribs  and  a  slight  expansion  below 
this  point. 

The  sternum  is  divided  from  above  downward  into 
three  portions,   the  manubrium  and  body  and  the 
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xiphoid  appendix,  the  latter  being  thin,  elongated 
and  varying  much  in  shape.  It  consists  of  cartilage 
and  is  of  interest  chiefly  as  a  point  of  muscular  and 
aponeurotic  attachment.  The  manubrium  forms  an 
irregular  quadrangle,  is  thick  above,  tapering  below, 
and  wide  in  the  middle  where  the  width  corresponds 
to  the  length.  At  its  broadest  part  it  articulates 
with  the  cartilage  of  the  first  rib.  Its  superior 
aspect  has  already  been  characterized.  Below  it 
articulates  with  the  body  of  the  sternum  and  at 
cither  angle  with  the  upper  facets  of  the  second  costal 
cartilages.  The  body  of  the  sternum,  constricted 
above,  broadens  toward  the  lower  extremity.  It 
bears  on  both  anterior  and  posterior  aspects  slight 
ridges  which  indicate  that  it  consisted  originally  of 
separate  segments  (four)  corresponding  in  a  measure 
with  the  same  number  of  dorsal  vertebra;  for  the  inser- 
tion of  a  definite  number  of  ribs.  The  entire  sternum 
may  be  regarded  as  consisting  of  six  so-called  sterne- 
br:e,  the  manubrium  and  xiplioid  or  ensiform  process 
each  representing  one.  These  correspond  jointly 
to  the  first  seven  dorsal  vertebra  for  the  anchoring  of 
the  seven  true  ribs.  But  the  xiphoid  process  is  not 
included  save  as  stated  below  and  no  less  than  three 
cartilages — the  V-VII — have  their  insertion  in  the  re- 
sidual fifth  sternebra.  The  junction  of  the  third  and 
fourth  portions  of  the  body  of  the  sternum  is  sometimes 
indicated  by  an  opening,  the  sternal  foramen,  which 
shows  considerable  individual  variation  in  size  and 
shape.  The  point  of  insertion  of  the  seventh  cartilage 
near  the  junction  of  the  xiphoid  cartilage  shows  like 
the  second  cartilage  a  double  facet,  corresponding  to 
the  pressure  of  two  separate  bony  structures,  the  body 
and  xiphoid  appendix. 

Ligaments  and  Articulations. — The  ligaments  which 
fix  the  posterior  ends  of  the  ribs  to  the  vertebrie 
have  in  part  been  mentioned  under  the  latter  head. 
The  costovertebral  articulations  are  very  numerous. 
The  articular  surface  of  the  head  forms  an  arthrodial 
joint  with  the  vertebra.  This  is  first  surrounded 
or  invested  with  a  joint  capsule  which  is  connected 
alike  with  the  vertebrse  and  intravertebral  disc. 
The  fibrous  band  which  connects  the  ridge  between 
the  demifacets  with  the  said  disc  has  already  been 
mentioned.  In  addition  to  the  preceding  the  head 
of  the  rib  is  connected  with  the  two  contiguous 
vertebra;  or  disc  by  radiating  fibers  termed  re- 
spectively upper,  middle,  and  lower  fasciculi. 

A  second  set  of  ligaments  connects  the  tubercle 
of  the  rib  with  the  articular  surface  of  the  transverse 
process  with  which  it  is  in  relation.  The  joint  is  an 
arthrodial  one  and  like  the  first  is  provided  with  a 
capsule.  The  anterior  costotransverse  is  a  strong 
ligament  which  passes  between  the  neck  of  the  rib 
and  transverse  process.  The  posterior  costotrans- 
verse ligament  is  an|  insignificant  structure.  The 
so-called  middle  costotransverse  ligament  or  liga- 
ment of  the  neck  of  the  rib  is  also  a  strong,  although 
short  formation.  Another  strong,  short  ligament 
connects  the  tip  of  the  transverse  process  with  the 
tubercle  of  the  rib.  Both  of  the  arthrodial  joints 
have  synovial  membranes.  The  arrangement  of 
ligaments  is  atypical  in  some  of  the  ribs  but  the 
differences  need  not  be  discussed  for  it  is  sufficient 
to  bear  in  mind  that  the  head,  neck  and  tubercle 
are  densely  united  by  ligaments  with  the  verfebrre, 
intervertebral  disks  and  body  and  tip  of  the  trans- 
verse processes  and  that  when  any  of  these  points  of 
insertion  are  absent  or  poorly  developed  the  ligaments 
will  be  defective. 

The  joint  surfaces  and  ligaments  of  the  sternocostal 
articulations  resemble  the  preceding.  The  articula- 
tions between  cartilages  and  sternum  are  arthrodial ;  as 
already  stated,  there  is  no  joint  at  the  insertion 
of  the  first  rib.  The  joints  are  invested  by  fibrous 
capsules,  reinforced  by  radiating  bands.  An  intcr- 
artlcular  ligament  occurs  in  the  second  costosternal 
joints,  where  there  is  a  double  articular  surface.     Fi- 
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brous  bands  in  front  and  behind  connect  the  body  of  the 
sternum  with  the  xiphoid  cartUages.  The  costocostal 
(interchondral)  articulations  have  in  part  been  men- 
tioned. They  possess  joint  capsules  lined  with  syno- 
vial membranes  and  also  certain  reinforcing  bands. 

There  is  an  articulation  between  the  manubrium 
and  body  of  the  sternum  which  is  usually  a  mere  disc 
of  fibrocartilage  without  mobility.  In  certain  cases 
there  is  a  diarthrodial  joint  in  which  both  articular 
surfaces  are  covered  with  cartUage.  Apparently  this 
is  not  a  typical  joint  as  it  is  not  seen  in  childhood, 
while  its  appearance  later  in  life  perhaps  suggests  a 
phenomenon  of  involution.  In  such  cases  it  appears 
to  replace  ossification.  The  sternoclavicular  articu- 
lation hardly  enters  into  the  construction  of  the  thorax. 

Muscles. — The  muscles  and  aponeuroses  inserted 
into  the  ribs,  costal  cartUages,  and  sternum,  extra- 
thoracic,  intrathoracic,  and  intercostal  are  very  numer- 
ous. As  already  mentioned  the  first  and  second  ribs 
receive  some  of  the  neck  muscles  (scaleni),  while  in  the 
manubrium  are  inserted  certain  muscles  of  the  throat. 
In  the  xiphoid  process  and  costal  arches  are  inserted 
numerous  abdominal  muscles  and  fascia'.  The  dia- 
[jhragm  is  described  in  a  sjjeeial  article.  The  muscles 
of  the  back  are  inserted  extensively  in  the  ])reter-an- 
gular  portion  of  the  ribs  and  need  not  be  discussed  here. 

One  head  of  the  sternocleidomastoid  arises  from. 
the  upper  anterior  portion  of  the  manubrium.  The 
sternohyoid  and  sternothyroid  have  their  origin  in 
the  posterior  surface  of  the  manubrium.  The  points 
of  insertion  of  the  scaleni  have  already  been  men- 
tioned. The  pectoralis  minor  rises  from  the  third, 
fourth,  and  fifth  ribs  near  the  cartilages.  The  pec- 
toralis major  arises  in  part  from  the  entire  sternum 
as  far  down  as  the  sixth  or  seventh  cartilage  and  from 
all  the  cartilages  of  the  true  ribs.  The  subclavius 
muscle  connects  the  first  rib  and  cartilage  with  the 
scapula.  The  serratus  magnus  connects  the  upper 
eight  or  nine  ribs  with  the  vertebral  border  of  the 
clavicle.  The  latissimus  dorsi  has  a  point  of  origin 
from  the  three  or  four  lower  ribs.  The  rectus  ab- 
dominis is  inserted  into  the  cartilages  of  the  fifth, 
sixth,  and  seventh  ribs,  the  transversus  abdominis 
into  the  cartUages  of  the  six  lower  ribs.  Some  of  the 
fibers  of  the  internal  oblique  have  a  similar  attach- 
ment. The  external  oblique  arises  by  digitationsfrom 
the  eight  lower  ribs. 

The  intrinsic  muscles  of  the  thorax  comprise  the 
intercostals,  subcostal,  transversus  thoracis,  levatores 
costarum,  and  the  two  serratus  muscles  (posterior 
superior  and  posterior  inferior).  The  last  two 
groups  are  dorsal  muscles.  The  intercostals  occur  in 
two  planes,  external  and  internal.  Occurring  between 
twelve  ribs  they  are  necessarily  eleven  in  number. 
The  external  intercostals  extend  from  tubercle  to 
cartilages  and  pass  from  the  interior  border  of  one 
rib  to  the  superior  border  of  that  beneath.  Toward 
the  sternum  they  are  less  developed  and  pass  into  a 
f.ascia.  The  internal  intercostals  on  the  contrary 
arise  near  the  sternum  and  extend  backward  to  the 
angles  of  the  ribs.  They  arise  from  the  inner  surfaces 
of  the  ribs  and  are  inserted  in  the  upper  border  of  the 
rib  beneath.  Hence  the  fibers  of  the  two  planes 
of  muscle  run  in  directions  opposite  to  each  other. 
The  subcostals  represent  muscle  and  aponeurosis 
passing  between  the  inner  surfaces  of  the  lower  ribs, 
The  transversus  thoracis  arises  in  the  lower  portion 
of  the  sternum  and  adjacent  cartilages,  spreads  out 
slightly  and  is  inserted  into  the  II-VI  cartilages.  The 
muscle  appears  as  pursuing  an  almost  transverse 
instead  of  a  vertical  course.  Edward  Preble. 


Trypanosomiasis,  African. — Synonyms:  Sleeping 
sickness,  negro  lethargy. 

Definitinn. — African  trypanosomiasis  is  a  specific 
febrile  polyadenitis  caused  by  Trypanosoma  gambiense. 
It  is  characterized  by  two  stages:  (1)  the  stage  of  re- 
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current  febrile  attacks  of  indefinite  fluration;  (2)  the 
stage  of  somnolence  known  as  negro  lethargy,  or  sleep- 
ing sickness. 

Geographical  Distribution. — The  disease  occurs 
throughout  the  entire  West  Coast  of  Africa  from 
Senegal  on  the  north  to  German  Southwest  Africa 
and  the  Zambesi  River  on  the  south,  including  the 
Guineas,  Sierra  Leone,  Liberia,  Ivory  Coast,  Gold 
Coast,  Togoland,  Dahomey,  Nigeria,  Kamerun, 
French  Congo,  Belgian  Congo,  and  Angola.  The 
disease  extends  westward  as  far,  apparently,  as  a 
line  drawn  north  from  the  Zambesi  River  through 
Lake  Nyassa  and  Lake  Victoria  Nyanza  to  the  Nile; 
so  that  northern  Rhodesia,  parts'  of  German  East 
Africa,  I'g.inda  and  the  southern  part  of  the  Anglo 
Egyptian  Sudan  are  included.  Of  this  extensive  area 
the  Congo  Basin  is  the  most  heavily  infected. 

Clinical  Course. — The  course  of  the  disease  is 
characterized  by  two  stages:  first,  the  stage  of  recur- 
rent febrile  attacks  and,  second,  the  stage  of  somno- 
lence, coma,  and  death. 

During  the  first  stage  of  the  disease  the  patient 
complains  frequently  of  attacks  of  fever  accompanied 
by  swelling  of  the  superficial  lym])h  nodes,  particu- 
larly those  in  the  cervical  region,  exanthem  and  local- 
ized edemas.  During  the  febrile  attacks  the  tem- 
perature varies.  Manson  has  recorded  a  case  in 
which  a  temperature  of  100.6°  was  reached.  On 
the  other  hand,  there  are  cases  in  which  the  tem- 
perature seldom  gets  above  99°  (Daniels  and  Wilkin- 
son) and  between  the  two  extremes  all  gradations 
have  been  recorded.  The  temperature  is  usually 
higher  at  night  than  in  the  morning  (Manson),  al- 
though it  may  follow  an  irregular  course  without 
periodical  elevation.  The  febrile  attacks  may  last 
from  a  few  days  to  several  weeks,  and  are  succeeded 
by  periods  of  apyrexia  of  varying  duration.  Bruce 
has  recorderl  instances  in  which  the  temperature 
was  normal  for  several  months  at  a  time. 

The  swelling  of  the  superficial  hjmph  nodes  may  be 
confined  to  the  cervical  region  and,  indeed,  to  the 
posterior  group  in  that  region,  or  it  may  be  general, 
involving  all  the  lymphatic  tissues  of  the  body; 
consequently,  the  spleen  is  frequently  enlarged. 
The  glands  in  the  first  period  of  the  disease  are  usually 
soft,  and  they  may  be  painless  or  quite  tender.  The 
swelling  of  the  cervical  lymph  nodes  is  such  a  prominent 
feature  of  the  disease  that  an  intelligent  person  can 
frequently  make  the  diagnosis  himself,  as  was  done 
in  the  case  reported  by  Chatard  and  Guthrie  at  the 
meeting  of  the  .-Vmerican  Society  of  Tropical  Medicine, 
in  1913.  Lymph-node  puncture  will  usually  show 
living  trypanosomes,  particularly  if  the  puncture  i-; 
made  during  the  course  of  a  febrile  attack.  In  the 
intervals  between  the  periods  of  pyrexia  the  enlarge- 
ment of  the  lymph  nodes  is  less  noticeable. 

The  exanthem  is  more  likely  to  be  noticed  in  Euro- 
pean races  than  in  negroes.  The  eruption  is  usually 
papular,  and  in  some  instances  pustular  lesions  have 
been  described.  In  negroes  the  papular  eruption  is 
frequently  extremely  itchy.  In  addition  to  this 
eruption  irregular  areas  of  erythema  arc  found, 
particularly  among  the  white  races.  These  patches 
of  erythema  are  annular  in  outline,  are  most  fre- 
quently seen  on  the  chest  and  back,  although  they  do 
occur  on  other  parts  of  the  body.  The  patches  do 
not  last  very  long,  as  a  rule.  The  skin  eruption  is 
also  met  with  in  experimental  animals. 

Edema  is  usually  localized  to  the  healthy  skin 
surrounding  the  areas  of  erythema  and  to  the  face. 
This  edema,  according  to  Manson,  frequently  produces 
a  fulness  of  the  face,  which  together  with  the  coinci- 
dent erythema  is  likelv  to  "convey  a  false  impressicui 
of  sound  health."  The  edema  is  also  seen  in  experi- 
mental animals  and  is  particularly  common  on  the 
sheath  of  the  penis,  the  under  surface  of  the  abdomen, 
and  the  neck. 
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Other  Symptoms.— With  the  exception  of  rapid  pulse, 
weakened  muscular  quality  of  the  systolic  sound  of 
the  heart,  and  a  low  systolic  blood  pressure,  as  judged 
by  palpation  of  the  radial  arterv,  the  circulatory 
system  shows  no  changes;  although  sometimes  the 
patients  complain  of  palpitation.  Manv  of  the 
patients  present  attacks  of  nausea  and  vomiting,  usu- 
ally during  the  febrile  periods,  and.  in  the  case  re- 
ported by  Chatard  and  Guthrie  already  referred  to, 
these  were  prominent  symptoms.  The  patient  als<» 
sometimes  complains  of  boulimia,  and  constipation 
is  a  comparatively  frequent  symptom.  The  liver  is 
sometimes  enlarged.  Aside  from  the  increase*! 
respiratory  rate  during  the  febrile  periods  and  fre- 
quent terminal  pneumonia  there  are  no  symptoms 
referable  to  the  respiratory  system.  The  urinary 
system  shows  no  constant  abnormalities. 

liloofl. — The  trypanosomes  may  or  may  not  be 
found  in  the  blood.  Even  when  they  are  present  in 
the  circulating  blood,  it  often  re(|uires  prolongerl 
search  to  find  one  organism;  on  the  other  hand,  durini; 
the  pyrexial  periods  the  organisms  may  be  abimdant. 
In  this  period  of  the  disease  there  is  frequently  no 
anemia,  although  Low  and  Castellani  have  reported 
ca.ses  in  which  there  were  .3,500,000  erythrocytes 
with  a  proportional  hemoglobin  reduction.  Man$on 
reports  a  case  in  which  the  following  count  was  made: 
Erythrocytes,  3,000,000;  hemogloblin,  .56  per  c<>nt.; 
color  index,  0.93.  The  leucocytes  as  a  rule  lie  within 
normal  limits,  although  there  is  an  occasional  case 
reported  with  a  leucocytosis.  The  leucocyte  count 
in  Manson's  case  was  6, ,5.30.  In  the  work  of  Greig  and 
Grav  the  following  averages  are  given:  Ervthroovtos 
4,707,000;  leucocytes,  11,000.  DitTerential  count: 
polymorphonuclear  neutrophiles,  39  per  cent.;  lym- 
phocytes, 3Si)er  <'ent.;  large  mononuclear  12  per  cent.; 
eosinophiles,  5  i)cr  cent.  In  Manson's  case  the  follow- 
ing differential  count  was  recorded:  Polymorphonu- 
clear neutrophiles,  55.2  per  cent.;  lymphocytes,  18.4 
per  cent.;  large  mononuclears,  22.7  per  cent.;  eosino- 
philes, 1.8  per  cent.;  basophiles,  0.4  per  cent.;  ab- 
normal mononuclears,  1,3  per  cent.  The  increase  in 
the  large  mononuclear  leucocytes  is  one  of  the  charac- 
teristic features  of  the  blond  in  ca.ses  of  infection  with 
protozoan  parasites.  WakimofT  has  studied  the 
changes  in  the  blood  of  animals  infected  with  difTerent 
strains  of  trypanosomes.  He  found  a  well-marked 
oligocythemia  and  a  corresponding  reduction  in 
hemoglobin.  In  experimental  animals  the  infection 
was  followed  by  a  leucocytosis,  which  reached  its 
maximum  on  the  third  day  and  was  followed  by  a 
diminution  in  the  number  of  leucocytes.  The  poly- 
morphonuclear neutrophiles  were  increased  both 
absolutely  and  relatively. 

Bassett-Smith  and  ^iangham  have  seen  a  case  in 
which  a  marked  eosinophilia  was  present  and  they 
suggest  that  an  otherwise  unexplainable  eosinophilia 
in  a  patient  from  tropical  .\frica  should  make  one 
think  of  this  disease. 

Headache  is  frequent.  During  a  febrile  attack 
the  patient  may  be  delirious. 

The  Stage  of  Somnolence. — .\t  a  varying  period  after 
the  inception  of  the  infection  the  patients  pass  info 
the  second  stage  of  the  disea.se.  .\pparenlly  little 
is  known  of  the  time  that  pa.sses  between  the  begin- 
ning of  the  infection  and  the  development  of  sleeping 
sickness,  although  Daniels  and  Wilkinson  s.iv  that  it 
may  be  two  or  three  years.  Chatard  and  Guthrie's 
patient  had  apparently  had  his  first  febrile  attack 
in  1903,  although  the'  i)atient  himself  thought  he 
contracted  the  disease  in  1907.  The  import.int 
symptoms  indicating  the  development  of  sleeping 
sickness  are  manifested  by  the  nervous  system.  The 
patient  becomes  apathetic,  listless,  and  dull,  his  face 
is  expressionless  and  ho  frequently  stares  in  a  vacant 
wav  at  distant  objects  without  apparently  seeing 
them.  At  first  the  patient  can  be  aroused  for  the 
purpose  of  taking  food  and  to  answer  questions    but 
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soon  ho  fails  to  respond  to  external  stimuli  and  is 
comatose  until  death.  In  the  interval  there  are  vari- 
ous nervous  phenomena;  slowness  of  speech,  tremor 
of  the  tongue,  lips,  and  hands,  muscular  weakness, 
exaggerated  muscular  pain  on  slight  traumatism 
(Grissoli's  symptom),  deep-seated  hyperesthesia  of 
the  extremities  (Kernadel's  sign).  Sometimes  the 
patients  have  fatal  epileptiform  convulsions.  The 
reflexes  are  sometimes  increased  and  ankle  clonus  has 
been  seen.  During  this  stage  of  the  disease  the  try- 
panosomes  are  found  in  the  cerebrospinal  fluid.  The 
patient's  temper  is  frequently  irritable  and  in  pro- 
longed cases  mental  deterioration  is  well  marked,  with 
the  attending  neglect  of  personal  cleanliness. 

Etiology. — Trypanosomiasis  is  caused  by  Try- 
panosoma gambiense.  Although  a  flagellate  organism 
had  been  seen  in  human  blood  by  Nepveu  in  1800, 
little  attention  was  paid  to  the  circumstance  and  it 
was  not  until  1901  that  Forde  discovered  the  organ- 
ism, which  now  bears  the  name  of  Trypanosoma 
gambiense,  in  searching  a  slide  of  stained  blood  for 
malarial  parasites.  Forde  sent  the  slide  containing 
the  unusual  body  to  the  London  Tropical  School  of 
Medicine  where  Dutton,  in  the  following  year,  1902, 
described  it  and  gave  it  the  name  which  it  now  bears, 
after  finding  a  similar  organism  in  the  blood  of  a  native 
from  the  River  Gambia  Colony.  The  relation  of  the 
organism  to  sleeping  sickness  was  first  suggested  by 
Castellani,  in  1902,  and  subsequently  confirmed  by 
Bruce  and  others. 

Trypanosomes  are  protozoon  parasites  which  belong 
to  the  order  Flagellata.  They  are  elongated,  uni- 
cellular bodies,  provided  with  an  undulating  mem- 
brane, which  runs  along  the  dorsal  edge  of  the  body, 
forming  frill-like  folds,  and  which  terminates  in  a 
free  flagellura.  There  is  a  rather  large,  oval  nucleus 
in  the  middle  of  the  body  and  a  small  centrosome  near 
one  pole,  from  which  the  flagellum  arises.  The 
centrosome  is  in  the  posterior  end  of  the  body, 
which  is  usually  pointed,  and  the  flagellum  runs 
along  the  margin  of  the  undulating  membrane  to 
project  from  the  anterior  extremity  of  the  organism. 
The  flagellum  is  composed  of  chromatin,  while  the 
remainder  of  the  undulating  membrane  is  formed  by 
a  prolongation  of  the  cytoplasm  of  the  organism. 
In  well-stained  specimens  a  vacuole  may  be  seen  be- 
tween the  centrosome  and  the  nucleus.  The  adult 
trypanosomes  measure  about  twenty-five  microns  in 
length,  including  the  free  portion  of  the  flagellum, 
and  about  1.5  microns  in  width. 

According  to  the  studies  of  Chalmers  and  O'Farrell 
the  average  length  of  1,000  individuals  of  Trypano- 
soma gatnbicnse  obtained  from  a  rat  infected  from 
Dutton's  original  case  of  trypanosomiasis  was  2().l 
microns.  The  shortest  individual  measured  fifteen 
microns,  the  longest  thirty-six  microns.  The  breadth 
of  these  1,000  parasites  varied  between  1.5  and  three 
microns. 

Multiplication  of  trypanosomes  occurs  by  more  or 
less  unequal  longitudinal  division.  The  ceil  becomes 
longer  and  wider  and  the  centrosome  elongates  and 
divides  into  two  parts.  The  original  flagellum  re- 
mains attached  to  one  of  these  parts  and  a  new 
flagellum  arises  from  the  other  part  and  grows  along 
the  path  of  the  old  one.  Then  the  nucleus  divides 
and  finally  the  cytoplasm  divides. 

During  the  first  few  days  after  infection  with 
Trypanosoma  lewisi  (anon-pathogenic  trypanosome  of 
rats  with  which  much  of  the  experimental  work  has 
been  done)  there  is  a  modification  of  this  process 
known  as  segmentation  which  results  in  a  rosette 
of  four,  eight,  or  sixteen  small  trypanosomes  with 
their  flagella  directed  outward.  This  appearance  is 
ascribed  by  Novy  to  delayed  division  of  the  cytoplasm 
of  the  cell.  This  rosette  formation  has  not  been 
noticed  in  the  pathogenic  trypanosomes. 

Although  the  majority  of  protozoa  present  a  mode 
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of  reproduction  by  the  conjugation  of  a  male  and  a 
female  form  for  the  rejuvenation  and  perpetuation 
of  the  species,  such  a  process  has  not  been  conclusively 
demonstrated  in  the  trypanosomes.  It  is  quite 
likely  that  it  exists,  however. 

MaeNeal  and  Novy  were  the  first  to  cultivate 
Trypanosoma  lewisi  successfully  on  an  artificial 
medium  (1903).  They  originally  employed  a  mix- 
ture of  three  parts  agar  and  one  part  defibrinated 
rabbits'  blood,  which  was  subsequently  made  equal 
parts  of  these  two.  The  blood  containing  the  try- 
panosomes was  inoculated  into  the  water  of  condensa- 
tion in  the  tubes  and  then  kept  at  room  temperature. 
The  cultures  retained  their  vitality  for  months. 

Trypanosoma  gambiense  is  transferred  from  man  to 
man  by  the  bite  of  an  infected  dipterous  insect, 
called  the  tsetse  fly  (Glossina  palpalis).  Minchin, 
Gray,  and  Tulloch  are  of  the  opinion  that  the  transfer 
of  the  parasite  is  accomplished  by  a  contamination 
of  the  proboscis  of  the  fly.  Glossina  fusca  and 
Glossina  iachtnoides  are  also  suspected  of  being 
carriers  of  human  trypanosome  infection. 

Diagnosis. — For  many  years  it  has  been  the  custom 
of  physicians  practising  in  the  tropics  and  of  those 
who  see  patients  returning  from  tropical  countries 
to  make  a  diagnosis  of  malaria,  chronic  malaria,  and 
malarial  cachexia  in  patients  who  present  irregular 
attacks  of  fever.  In  many  instances  the  complaints 
from  which  such  persons  are  sufTering  have  no  rela- 
tion to  malaria;  but  are  due  to  causes  of  a  diversified 
nature.  This  has  been  particular!}'-  true  with  regard 
to  abscess  of  the  liver,  which  lead  Osier  to  make  the 
remark  that  he  had  seldom  seen  a  case  of  abscess  of 
the  liver  which  had  not  been  "drenched  with  quinine." 
The  same  condition  is  to  be  anticipated  in  relation  to 
the  early  febrile  attacks  of  trypanosomiasis.  They  are 
particularly  susceptible  of  being  diagnosticated 
and  treated  as  irregular  attacks  of  malarial  fever. 
It  cannot  be  emphasized  too  strongly  that  the  absence 
of  parasites  in  the  peripheral  blood  in  a  case  of  sus- 
pected malaria  should  lead  the  diagnostician  to 
search  carefully  for  evidence  of  other  forms  of  in- 
fection. Fortunately,  in  the  case  of  trypanosomiasis 
the  comparatively  restricted  area  in  which  the 
disease  occurs  makes  the  number  of  cases  relatively  few 
in  which  the  mistake  of  overlooking  the  real  nature  of 
the  febrile  attacks  may  be  made.  Given  a  patient 
from  tropical  Africa  with  a  history  of  irregularly 
occurring  febrile  attacks  without  the  discovery  of 
malarial  parasites  in  the  peripheral  blood,  the  pos- 
sibility of  trypanosome  infection  should  be  taken  into 
consideration.  The  patient  may  be  able  to  remember 
that  he  had  a  troulalesome  area  of  local  irritation 
following  an  insect  bite.  After  a  time  he  began  to 
have  febrile  attacks  and  noticed  that  his  superficial 
lymph  nodes  were  enlarged.  He  may  have  noticed 
that  he  had  a  skin  eruption  resembling  urticaria, 
but  of  irregular  distribution  and  of  irregular  duration. 
In  such  a  patient  lymph  gland  puncture  should  at  once 
be  done.  The  skin  over  the  enlarged  lymph  node  is 
prepared  as  usual  for  surgical  procedures  and  a 
sterilized  hypodermic  needle,  attached  to  a  small 
syringe,  should  be  plunged  into  the  substance  of  the 
enlarged  gland,  which  is  held  firmly  between  the 
thumb  and  finger.  The  needle  is  moved  backward 
and  forward  a  few  times  in  order  to  dissect  the  tissue. 
The  piston  is  then  pulled  out  and  a  drop  or  two  of  the 
fluid  thus  obtained  should  be  expressed  onto  a  series 
of  slides,  some  of  which  should  be  examined  in  the 
fresh  state  and  some  after  being  stained  with  a  poly- 
chrome methylene-blue  preparation.  Oftentimes 
living  trypanosomes  will  be  found  in  the  fresh  speci- 
men or  organisms  will  be  found  in  the  stained  speci- 
mens. This  will  settle  the  diagnosis.  If  this  method 
fails,  10  or  15  c.c.  of  the  patient's  blood  may  be  drawn, 
under  aseptic  precautions,  from  the  median  basilic 
vein  and  injected  into  the  peritoneal   cavities  of  a 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Trypanasomlasis,  African 


series  of  white  rats,  known  to  be  free  from  Trypano- 
soma lewisi  infection,  in  quantities  of  about  two 
centimeters  each.  _  Within  a  varying  period  the  rats 
thus  injected  will  show  trypanosomes  in  their 
peripheral   blood. 

This  method,  however,  is  tedious  and  several  months 
may  elapse  before  the  organisms  appear  in  the  peri- 
pheral blood  of  the  animals.  The  diagnosis  may  be 
made  sooner  by  injecting  2  c.c.  of  blood  into  each  of  a 
series  of  monkeys  and  examining  the  peripheral  blood 
of  the  animals  for  trypanosomes.  If  both  of  these 
methods  fail,  one  of  the  enlarged  posterior  cervical 
glands  may  be  removed  under  aseptic  precautions, 
cut  into  small  pieces,  and  implanted  into  the  peri- 
toneal cavities  of  white  rats,  known  to  l)c  free  from 
Trypanosoma  leu'isi  infection.  In  the  case  already 
referred  to,  reported  by  Chatard  and  Guthrie,  the 
diagnosis  was  made  by  finding  one  motile  trypano- 
some  in  the  fluid  obtained  by  gland  puncture.  Bits 
of  an  excised  gland  were  then  planted  in  the  peri- 
toneal cavities  of  white  rats,  whereupon  the  infection 
was  demonstrated  between  two  and  three  weeks  later. 
In  this  case  no  trypanosomes  had  been  found  in  the 
peripheral  blood  of  the  patient  either  by  a  thin 
smear,  a  thick  smear,  or  in  centrifuged  specimens. 
No  trypanosomes  had  been  found  in  the  cerebrospinal 
fluid  obtained  by  lumbar  puncture.  Failure  to  in- 
oculate white  rats  also  followed  the  injection  of  the 
patient's  blood. 

When  the  drowsiness  and  somnolence  develop  in 
such  a  patient  there  is  little  difficulty  in  making  the 
diagnosis.  It  is  then  that  one  is  more  likely  to  find 
trypanosomes  in  the  cerebrospinal  fluid  obtained  by 
lumbar  puncture,  than  at  any  other  time. 

Patholocv. — -The  special  pathological  alterations 
in  trypanosomiasis  are  found  in  the  lymph  nodes  and 
in  the  brain.  The  lymph  nodes  removed  for  diag- 
nostic purposes  show  active  hyperplasia  of  the  lymph 
follicles.  In  the  center  of  these  follicles  are  numerous 
large,  pale-staining,  uninuclear  cells.  The  lymph 
sinuses  are  likely  to  be  distended  and  to  contain  large 
numbers  of  uninuclear  cells  with  occasional  red  blood 
cells.  The  polymorphonuclear  cells  are  very  rare 
and  there  is  no  evidence  of  phagocytosis. 

In  the  brain  histological  examination  shows  a  more 
or  less  extensive  meningoencephalitis  and  an  extensive 
lymphocytic  infiltration  of  the  perivascular^  spaces 
throughout  the  spinal  cord  as  well  as  the  brain.  As 
has  already  been  stated  trypano.somes  are  found  in  the 
cerebrospinal  fluid  after  lumbar  puncture,  especially 
when  the  second  stage  of  the  disease  has  begun. 

TREAT\rENT. — The  problem  in  the  treatment  of 
trypanosomiasis  is  to  free  the  internal  organs,  par- 
ticularly the  lymph  nodes,  from  living  trypanosomes 
as  early  as  possible  after  diagnosis  of  the  condition 
has  been  made.  While  it  is  possible  to  give  a  dose  of 
a  trypanicide  drug  which  will  produce  this  result  in 
an  experimental  animal,  such  a  result  cannot  be  ob- 
tained in  human  medicine.  Numerous  preparations 
have  been  advocated  for  the  treatment  of  this  in- 
fection. They  should  all  be  given  by  the  subcu- 
taneous, intramuscular,  or  intravenous  route 
with  the  most  careful  aseptic  technique  when  the 
last-mentioned  route  is  selected.  Atoxyl  appears  to 
have  given  better  results  than  any  other  preparation 
up  to  the  present  time,  although  salvarsan  and  vari- 
ous antimonial  preparations  have  been  given,  .\toxyl 
is  a  non-toxic  preparation  of  arsenic,  chemically 
anUid  meta-arsenite.  It  is  a  white  crystalline,  odor- 
less, and  tasteless  substance  which  is  readily  soluble 
in  water,  and  which  gives  up  its  arsenic  only  after 
very  radical  treatment,  such  as  fusion  with  potassium 
hydroxide.  It  is  quite  free  from  toxic  properties,  so 
that  many  more  times  as  much  arsenic  may  be  as- 
similated as  when  Fowler's  solution  is  given.  Its  use 
is  not  attended  with  irritation,  abscess  formation,  or 
odor  of  the  breath,  sweat,  or  feces. 


The  arsenicals  have  been  u.scd  in  the  treatment  of 
trypanosomiasis  and  sleeping  sickness  for  some  time, 
particularly  by  Broden,  Laveran,  Brumpt  and  Wurtz, 
and  Thomas.  Koch  used  atoxyl  in  miinerous  cases 
in  the  Uganda  district  with  favorable  results  and 
Manson  has  used  it  in  England  with  satisfactory  issue. 
Thomas  and  Breinl  found  that  atoxyl  would  almost 
invariably  drive  the  trypanosomes  from  the  peripheral 
blood  of  an  infected  animal;  but  that  the  parasites 
would  often  return  after  a  varying  length  of  time. 

Van  Campenhout  reports  the  results  of  treatment 
of  several  cases  of  sleeping  sickness  with  the  drug. 
He  injected  subcutaneously  increasing  doses  of  a 
five  or  ten  per  cent,  solution  of  atoxyl  for  five  days, 
commencing  with  twenty  centigrams  and  increasing 
to  eighty  centigrams.  The  high  doscr  was  continued 
for  several  weeks  and  was  then  jirogressively  de- 
creased to  the  initial  dose.  Strycluiine  was  admin- 
istered at  the  same  time  in  increasing  doses  beginning 
with  five  milligrams  and  increasing  to  seventeen 
milligrams  daily.  The  strychnine  was  continued 
until  the  lethargic  phenomena  had  disappeared  and 
then  the  daily  dose  was  rapidly  diminished.  Im- 
provement was  seen  at  the  end  of  three  weeks  or  a 
month.  Van  Campenhout  thinks  that  the  treatment 
should  be  repeated  at  intervals  after  the  first  improve- 
ment is  obtained.  The  improvement  is  manifested 
by  the  fact  that  the  patient  becomes  able  to  walk;  he 
has  no  tendency  to  sleep  and  his  pulse  falls  from  1.30 
or  140  to  70  or  80  per  minute. 

Hollebeke  reports  the  results  of  treatment  of  eight 
cases  of  trypanosomiasis  with  atoxyl.  He  used 
twenty  centigrams  of  a  twenty  per  cent,  solution, 
which  he  injected  into  the  biceps  muscle,  first  of  one 
arm  and  then  of  the  other.  The  injections  are  claimed 
to  be  almost  if  not  quite  painless.  No  accidents  were 
observed,  except  that  one  patient  developed  a  lumbar 
myelitis  eight  days  after  the  cessation  of  the  admin- 
istration of  the  drug.  This  lesion  is  ascribcfl  by  the 
author  to  a  syphilitic  infection,  rather  than  to  the  use 
of  atoxyl.  With  the  use  of  atoxyl  the  symptoms  due 
to  the  presence  of  trypanosomes  were  invariably  re- 
lieved, the  appetite  improved  rapidly;  the  general 
condition  of  the  patient  was  improved;  the  enlarged 
lymph  nodes  disappeared;  the  temperature  and  pulse 
returned  more  or  less  rapidly  to  normal;  the  trypano- 
somes disappeared  from  the  peripheral  blood;  and 
inoculations  of  blood  into  susceptible  animals  gave 
negative  results.  On  account  of  the  insidlousness  of  the 
disease  it  is  probably  wise  to  give  subsequent  courses 
of  atoxyl  treatment  to  those  who  have  been  benefited 
by  a  first  exhibition  of  the  drug. 

Kopke  has  published  the  result  of  the  treatment  of 
132  cases  of  tr\-panosomiasis  with  atoxyl.  He  found 
that  15  c.c.of  a  ten  per  cent,  solution  was  the  maximum 
dose  of  atoxyl  practicable  in  human  therapeutics, 
when  given  hypodermically.  This  corresponds  to 
one  and  one  half  grams  of  the  drug.  It  was  this 
author's  custom  to  give  the  maximum  dose  every 
eight  or  ten  days.  This  treatment  he  says,  "will 
clear  the  peripheral  blood  from  trypanosomes  to  such 
an  extent  that  inoculation  experiments  on  animals  will 
be  negative." 

Moore,  Nierenstein,  and  Todd,  report  that  after 
the  disappearance  of  the  Trypanosoma  briicei  from  the 
circulation  of  infected  rats,  following  the  adminis- 
tration of  atoxyl,  small  doses  of  mercuric  chloride 
will  prevent  them  from  reappearing.  This  may  be 
worth  trying  in  human  cases. 

.\lthovigh  atoxyl  is  reported  to  be  non-toxic,  there 
are  cases  of  poisoning  on  record  after  its  use.  Pos- 
sibly these  cases  have  been  due  to  the  use  of  an  impure 
preparation.  For  the  purpose  of  testing  the  drug 
Nierenstein  recommends  that  1  c.c.  of  a  five  per  cent, 
solution  of  the  drug  should  bo  mixwl  with  2  c.c.  of 
strong  alkali  and  allowed  to  stand  for  a  few  minutes. 
If  the  preparation  turns  vcllow  it  should  not  be  \ised. 

It  has  also  been  noted"  that  after  the  use  of  atoxyl 
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if  all  of  the  trypanosomes  are  not  killed  a  race  of 
parasites  resistant  to  atoxyl  is  then  found  in  the  per- 
ipheral blood,  so  that  drug  no  longer  has  the  power  of 
killing  them. 

When  trypanosomes  are  found  in  the  cerebrospinal 
fluid,  atoxyl  may  be  injected  into  the  subarachnoid 
space  without  danger.  Kopke,  however,  says  that 
no  treatment  will  cure  sleeping  sickness.  In  addi- 
tion to  ato.xyl  the  following  substances  have  been 
employed  by  various  authors  for  the  destruction  of 
the  parasites:  Antimony  oxide,  galyl,  lysol,  brilliant 
green,  arsacetin,  neosalvarsan,  and  salvarsan.  All 
of  these  substances  have  been  injected  into  the  sub- 
arachnoid space,  except  antimony  oxide. 

As  in  all  infectious  diseases,  the  prevention  of 
trypanosomiasis  is  of  more  importance  than  the 
attempt  to  cure  the  infection,  once  it  is  started.  Koch 
recommends  the  following  methods: 

1.  Establishment  of  camps  for  the  treatment  of 
the  sick,  where  all  cases  can  be  isolated  including 
apparently  healthy  persons  in  whom  J^here  is  no 
lymphatic  enlargement.  The  treatment  should  last 
at  least  four  months  and  no  case  should  be  permitted 
to  return  to  the  community  in  which  he  lives  until 
one  or  two  years  after  all  signs  of  the  infection 
have  disappeared. 

2.  The  invasion  of  districts  at  present  unaffected 
should  be  prevented  by  excluding  affected  persons, 
if  necessary  by  international  agreement. 

3.  Where  practicable  the  brush  should  be  cleared. 

4.  Since  in  the  neighborhood  of  lakes  the  tsetse 
flies  subsist  almost  entirely  on  the  blood  of  crocodiles, 
these  reptiles  should  be  destroyed  by  a  systematic 
search  for  and  a  destruction  of  their  eggs. 

From  the  point  of  view  of  preventive  medicine  it  is 
necessary  to  clear  the  peripheral  blood  as  much  as 
possible  of  trypanosomes,  so  that  the  intermediate 
host  shall  not  become  infected. 

John   M.  Swan. 


Trypanosomiasis,  South  American. — Synonym: 
Chagas's  disease. — This  affection  was  first  described 
in  1910-11  by  Chagas  of  Brazil,  who  had  previously 
recognized  the  parasite  in  the  intestine  of  a  blood- 
sucking insect  and  in  the  blood  of  an  anemic  child.  It 
represented  the  third  known  human  trypanosome,  the 
others  being  the  T.  gainbience  and  the  T.  rhodesiense. 
Although  authorities  state  that  Chagas  was  the  original 
discoverer  of  the  parasite,  the  latter  was  named  Schizo- 
trypanam  cruzi  or  Trypanosoma  cruzi,  after  the  late 
Oswaldo  Cruz,  who  published  the  original  article  on  the 
new  human  trypanosome.  In  Brazil  the  disease  goes  by 
the  name  of  Chagas  and  the  parasite  by  that  of  Cruz. 
Chagas  was  a  pupil  and  associate  of  the  latter  and 
doubtless  did  his  pioneer  work  under  the  supervision 
of  his  chief.  Chagas'  disease  before  it  was  understood 
was  regarded  as  ancylostomiasis,  because  of  its 
incidence  as  a  miner's  anemia.  The  frequency  of  the 
disease  in  young  children  and  newcomers,  the  violent 
outbreak  of  fever  after  the  nocturnal  ravages  of  a 
blood-sucking  insect,  and  the  fact  that  hardly  anyone 
in  certain  localities  escaped  the  disease,  led  Chagas  to 
believe  that  this  in.sect  was  the  carrier,  which  belief 
was  confirmed  by  the  discovery  of  the  same  trypano- 
some in  the  host  and  blood  of  victims  taken  during 
the  fever. 

The  disease  may  be  either  acute  or  chronic,  different 
clinical  entities  being  the  result.  In  the  acute  form 
the  disease  is  seen  in  the  young  child  and  new  arrival 
in  the  infected  district.  The  leading  symptoms  are 
fever  with  morning  remissions,  a  crepitating  edema 
of  the  face,  transitory  edemas  in  other  localities 
(extremities),  and  general  enlargement  of  the  lymph 
nodes  most  pronounced  in  those  of  the  neck.  The 
thyroid  gland  is  somewhat  enlarged.  Other  symp- 
toms commonly  present  are  enlargement  of  the  spleen 
and    liver.     Some    children    show    meningism.     The 
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albuminuria  mentioned  maj'  be  febrile.  The  fever 
disappears  after  some  days  only  to  recur  periodically 
after  periods  of  apyrexia. 

During  this  cycle  of  the  disease  death  or  recovery 
may  ensue  or  a  chronic  status  may  be  reached.  This 
may  be  manifested  in  numerous  ways.  The  entire 
scope  of  the  disease  is  as  yet  undetermined  and  only 
very  recently  Tr.  cruzi  has  been  suspected  of  causing 
polyserositis.  The  thyroid  forms  are  due  evidently 
to  the  selective  action  of  the  parasite  on  that  organ. 
Although  the  latter  is  enlarged  in  many  cases  it  is 
also  prone  to  atrophy  with  the  full  picture  of  myxe- 
dema. To  what  extent  the  atrophy  is  due  to  pre- 
ceding hypertrophy  is  not  clear.  The  term  pseudo- 
myxedema  is  rather  misleading  for  it  refers  chiefly  to 
the  expression  of  the  child  when  its  face  is  edematous. 
Actual  myxedema,  on  the  other  hand,  amounts  to  a 
sort  of  cretinism  or  cretinoid  state  since  certain 
children  become  stunted  in  body  and  mind.  There  is 
absolutely  no  mention,  in  the  reported  cases,  of  any 
overfunction  of  the  thyroid  as  a  result  of  hypertrophy 
of  the  latter,  although  tachycardia  is  one  of  the 
signs  of  the  cardiac  t3'pe  of  the  disease.  The  latter 
has  been  assumed  to  consist  clinically  of  functional 
anomalies  only,  but  recent  writers  in  Brazil  mention  a 
severe  organic  affection  clue  to  the  presence  of  the 
trypanosome  in  numbers  in  the  myocardium.  A 
marked  degree  of  cardiac  insufficiency  may  be  present 
and  cause  mechanical  transudations  in  the  great 
serous  sacs.  At  the  present  time  it  is  being  vigorously 
debated  whether  or  not  some  of  these  effusions  are 
inflammatory  (polyserositis). 

A  nervous  type  of  disease  is  also  described  the 
manifestations  of  which  are  decidedly  organic  in  type 
(sfiastic  paralysis,  athetosis,  etc.).  As  there  is  some 
evidence  of  implication  of  the  adrenals  as  well  as  the 
thyroid  we  may  perhaps  speak  of  an  endocrinic  type. 
Invariably  there  are  blood  changes  although  these  are 
neither  pronounced  nor  characteristic.  DiiiiinLshed 
hemoglobin  is  the  most  constant  phenomenon. 
Authors  do  not  emphasize  the  presence  of  eosinophilia 
which  constructively  should  be  in  evidence.  The 
presence  of  the  chronic  disease  appears  to  confer  no 
marked  immunity  to  fresh  infection.  Not  only  are 
there  acute  exacerbations  but  actual  reinfections  after 
apparent  recovery. 

Autopsy  in  those  who  die  of  the  disease  in  its  acute 
expression  shows  some  serous  effusion  in  the  large 
serous  sacs;  enlarged  and  fatty  liver;  enlarged  and 
softened  spleen;  myocarditis  and  hemorrhagic  peri- 
carditis; enlarged  mesenteric  and  mediastinal  lymph 
nodes;  meningoencephalitis,  etc.  Little,  however,  is 
known  of  the  pathology  aside  from  terminal  finds. 
.\utopsy  in  earlier  stages  in  cases  of  death  from  acci- 
dent or  intercurrent  disease  does  not  seem  to  have 
been  made.  Histological  examination  shows  that 
the  trypanosome  is  decidedly  myotropic,  attacking  the 
muscle  cell  and  living  on  its  sarcoplasm.  These 
changes  have  been  studied  especially  in  the  myocar- 
dium. The  muscle  cells  are  transformed  into  para- 
sitic cysts  which  rupture  with  liberation  of  the 
flagellate  parasites  into  the  intermuscular  tissue,  as  a 
consequence  of  which  a  specific  myocarditis  is  set 
up.  The  complications  of  peri-  and  endocarditis  seem 
to  depend  on  direct  extension.  In  the  nervous  system 
the  neuroglia  alone  is  directly  attacked  and  both  the 
meninges  and  cortex  undergo  inflammatory  changes. 
The  parasites  have  been  found  in  nearly  every  tissue 
and  organ  of  the  body  but  the  reactions  .set  up  differ 
greatly  in  degree.  As  already  implied,  muscles, 
nervous  tissue,  the  large  viscera,  lymph  nodes,  and 
endocrinic  glands  are  chiefly  attacked. 

The  parasites  mav  be  assumed  to  enter  the  various 
tissues  through  the  blood  stream.  In  the  pulmonary 
capillaries  thev  undergo  fission,  and  of  the  resulting 
brood  some  pass  into  the  red  cells  while  others  circu- 
late in  the  plasma. 

The  offending  insect  which  acts  as  host,  the  Lamus 
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megislus,  belongs  to  the  family  of  the  Rcduviicia;.  It 
is  also  known  as  Conorhiniis  megisluK,  but  belongs  to  a 
different  genus  from  the  true  Conorliinus  which  last 
includes  the  American  blood-sucking  cone-nose  or 
"kissing  bug."  It  much  resembles  the  latter,  how- 
ever, in  its  large  size,  its  tendency  to  attack  human 
beings  at  niglit,  and  to  bite  the  face.  Of  the  many 
predatory  Reduviidse  throughout  the  world  the 
Lamus  appears  to  be  the  only  one  to  serve  as  host 
for  a  human  parasite.  Other  Reduviidie,  however, 
transmit  Trypanosoma  cruzi  to  the  armadillo.  One 
species  infests  the  burrows  of  the  latter.  Hence, 
like  the  crocodile  in  Africa,  the  armadillo  is  re- 
garded as  a  so-called  "trypanosome  reservoir." 
Tr.  cruzi  is  known  to  sporulate  in  the  salivary 
glands  of  the  Lamus  which  fact  accounts  for  its 
human  parasitism. 

The  diagnosis  of  Chagas's  disease  is  made  through 
the  examination  of  blood  during  a  febrile  paroxysm 
(since  fever  at  any  time  means  that  the  parasite'has 
appeared  or  reappeared  in  that  fluid).  The  recogni- 
tion of  the  parasite  in  the  blood  excludes  acute  malaria 
and  ancylostomiasis,  which  latter  is  further  excluded 
by  absence  of  ova  in  the  stools.  Blood  cultures  are 
readily  made  on  the  Novy-McNeal  medium  and  ap- 
pear very  promptly.  The  blood  test  is  indicated  in 
suspicious  cases  of  goiter  and  myxedema. 

The  prognosis  is  serious  in  the  acute  stage  or  exacer- 
bation ancl  whenever  the  myocardium  seems  much 
compromised.  Prophylaxis  consists  in  the  extermina- 
tion of  the  Lamus,  so  far  as  possible,  from  households 
by  insecticides,  screening,  etc.,  and  the  protection  of 
man  from  its  bite.  Treatment  is  the  same  as  that 
of  the  .\frican  form  of  trypanosomiasis. 

Edwaiu)  Preble. 

Typhoidin  Test. — Not  long  after  the  introduction 
of  tlie  tuberculin  test,  attempts  were  made  to  utilize  a 
similar  preparation  of  the  typhoid  bacillus  in  the  diag- 
nosis of  typhoid  fever.  These  attempts  were  not 
conspicuously  successful  for,  although  a  positive 
reaction  was  obtained  in  many  cases,  it  appeared  so 
late  in  the  disease  as  to  rob  it  of  most  of  its  diagnostic 
value.  In  191-1  Gay  and  Force  published  the  results 
of  investigations  which  showed  that  this  reaction  had 
an  important  application  which  had  not  been  pre- 
viously suspected.  They  were  able  to  demonstrate 
that  the  typhoidin  test  is  positive  in  individuals  who 
have  an  immunity  to  typhoid  fever.  The  ty|)hoidin 
is  prepared  in  a  manner  entirely  similar  to  that  used 
in  the  preparation  of  old  tuberculin  and  the  test  is 
made  according  to  the  same  technique  as  is  the  von 
Pirquet  test,  that  is  to  say,  it  is  a  percutaneous  appli- 
cation. Suitable  control  is  obtained  with  a  prepara- 
tion made  from  sterile  glycerin  broth  and  the  reaction 
is  very  similar  to  that  of  the  von  Pircjuet.  They 
selected  arbitrarily  a  difference  of  2.5  millimeters  in 
the  diameters  of  the  control  and  the  tj'phoidin  reaction 
areote  as  the  smallest  reaction  which  they  were  will- 
ing to  call  positive.  Their  figures  show  that  the  reac- 
tion is  positive  in  ninety-five  per  cent,  of  cases  that 
have  recovered  from  typhoid  fever  and  negative  in 
eighty-five  per  cent,  of  those  w-ho  give  a  negative 
history.  Many  of  those  giving  a  positive  reaction 
and  a  negative  history  could  justifiably  be  suspected 
of  having  had  a  mild  attack  of  typhoid  fever.  Fur- 
thermore the  great  majority  of  those  successfully 
vaccinated  against  the  disease  give  a  positive  ty- 
phoidin reaction,  and  the  test  may  thus  be  used  as  a 
criterion  of  such  protection.  Subsequent  study  of 
vaccinated  individuals  has  supported  these  figures 
and  the  test  has  acauired  a  recognized  standing  for 
this  purpose.  Il.\LPn    G.    Stillm.\n. 

Ultramicroscopy. — Tlje  ultramicroscope  is  the 
instrument  that  renders  visible  particles  which  arc 
beyond  tlie  limit  of  vision  in  the  ordinary  microscope, 
even    with    the   employment   of  the   highest   powers. 


intrmmleroicopr 


The  term  is  often  confused  with  or  u.sed  .-iynonv- 
mously  with  dark  ground  illumination  but  the  prin- 
ciples and  apparatus  are  different. 

The  limit  of  micro.scopic  resolvabilitv  (limit  of 
visible  separation)  determined  bv  AbW;  and  Helmhotz 
IS  often  confounded  with  limit  of  visibility.  The  limit 
of  microscopic  resolvability  with  the  highest  powers 
and  ordinary  illumination  is  about  0.2.5  pi.  Smaller 
particles  are  not  resolved  becau.se  light  Ls  diffracted 
by  the  elements  of  which  the  structure  is  composed. 
With  an  oil  immersion  objective  (N.A.  1.3.5)  and  a 
condenser  (N.A.  l.;50)  and  illumination  with  indigo 
light  (wave-length  0.4.5  m)  particles  in  a  row  can  be 
dLstinguishcd  when  0.2  m  to  0.29  ^  apart  (about  half  a 
wave-length).  This  would  correspond  to  a  single  pair 
of  such  ijartides  as  separate  if  the  internal  from  cen- 
ter to  center  is  about  five-sixths  of  the  above  distance 
or,  say,  0.17  ii.  When  the  particles  are  nearer  to  each 
other  they  do  not  resolve  as  their  diffraction  discs 
overlap.  On  the  other  hand,  isolated  objects  if  only 
a  fraction  of  a  wave-length  in  diameter,  can  give  a 
visible  image.  It  is  only  a  question  of  contrast  light 
effect,  good  definition  of  the  objective,  sensitiveness 
of  the  retina  and  proper  apparatus. 

Particles  to  be  optically  imaged  are  not  self- 
luminous  (or  so  weakly  so  as  to  be  disregarded)  so 
that  artificial  illumination,  as  sunlight  or  a  brilliant 
electric  arc,  must  be  employed.  When  the  ravs  of 
light  impinge  upon  the  particles  they  become  visible 
through  the  cone  rays  that  they  diffract  and  reflect. 
If  the  dimension  in  each  direction  of  the  particles  is 
less  than  one-half  wave-length  then  the  microscopic 
image  will  be  a  polarized  diffraction  disc,  or  an  ul- 
tramicroscopic  particle.  The  true  shape  and  size 
of  the  particle  is  not  visible,  only  its  diffraction  disc. 
Such  particles  are  called  ultramicrons.  The  radiation 
from  a  surface  depends  upon:  (1)  specific  intensitv  of 
the  radiation;  (2)  the  area  of  the  radiating  surface; 
(3)  the  solid  angle  at  which  the  radiation  is  emitted 
from  the  surface. 

In  order  to  render  such  small  particles  visible, 
certain  factors  are  necessary: 

1.  The  illumination  must  be  the  most  intense 
possible  and  must  be  arranged  in  such  a  manner  so 
that  no  beam  of  illumination  enters  the  e3-e  of  the 
observer  directly,  only  the  diffracted  rays. 

2.  The  field  of  view  must  be  as  dark  as  possible. 
In  order  to  obtain  these  results  the  illumination 

must  be  arranged  so  that  the  axis  of  the  illuminat- 
ing cone  is  at  a  right  angle  to  the  axis  of  the  cone 
diffracted  upward  into  llie  microscope  and  so  that 
the  cones  do  not  overlap  any  part  of  each  other. 
.\ny  reflections  from  the  condenser  surfaces  are  made 
harmless  and  no  stray  light  can  enter  the  objective. 
(In  the  ordinary  microscope  the  illuminating  rays  or 
cone  arc  transmitted  through  the  object  and  may  be 
parallel  or  oblique  to  the  optic  axis  of  the  microscope.) 
In  this  way  the  ultramicroscope  differs  from  ordinary, 
dark  ground  illumination.  In  the  latter,  due  to  the 
different  manner  of  arrangement  of  the  illumination, 
reflections  occur  from  the  several  lens  surfaces  of  the 
condenser  and  refractions  in  the  preparations  them- 
selves. The  illumination  over  a  small  area  can  be 
greatly  increased  by  focussing  a  sunbeam  from  a  smalt 
slit  by  means  of  a  condenser. 

Siedentopf  devised  a  method  and  apparatus  fo' 
focussing  a  wedge  of  light  through  the  edge  of  a  .slide 
containing  the  object,  so  that  the  only  light  brought 
to  the  eye  was  that  reflected  and  diffracted  from 
the  object  alone.  This  apparatus  is  termed  the 
ultra  m  icroscope. 

This  apparatus  comprises  the  following:  .\n  optical 
bench  1  meter  long  fastened  to  a  table  top  34  centi- 
meters longer  to  allow  for  the  use  of  an  are  lamp,  if 
sunlight  is  not  used.  A  cli)ck-<lrir,n  licliostat  outside 
of  the  darkened  laboratory,  if  sunlight  is  utilized. 
If  artificial  illumination  is  employed  a  sclf-rrgulnling 
projection  arc  lamp  of  20  amperes  is  necessary  (Fig. 
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4990).  From  this  a  small  beam  of  light  emerges  from 
the  diaphragm  d  and  passes  through  a  small  pro- 
jeciinn  lens  /.  This  has  a  focus  of  80  millimeters,  is 
corrected  chromatically  and  spherically  and  is  placed 
41  centimeters  (16  inches)  above  the  top  of  the  bench. 
It  is  mounted  in  a  15-centimeter  metal  screen  to  cut 
off  light  coming  from  the  side. 

The  rays  of  light  are  focussed  by  this  lens  upon  the 
precision  slit  g  which  is  mounted  like  the  preceding, 
but  is  movable  upon  the  optical  bench  so  that  it  can 


Fio.  4090. — Arrangement  for  Investigating  Ultramicroscopic  Particles  in  Solid  Substi 

be  accurately  adjusted  to  the  focussed  beam.  This 
slit  is  shown  in  Fig.  4991  and  is  adjustable.  By  means 
of  the  graduate  drum  (c)  the  slit  can  be  opened  to 
\  millimeter  in  fractions  of  ^U  millimeter  (one  for 
each  of  the  fifty  divisions  of  the  drum  scale). 
The  most  favorable  width  of  the  slit  for  fluids  is  ^^ 
to  iV  (scale  10  to  40).  By  means  of  two  checks 
(a)  at  right  angles  to  the  slit,  the  length  of  the  slit 


Fig.  4991.— Pr^ 


can  be  regulated.  A  slit  1  millimeter  in  length  is 
most  suitable  for  sunlight.  By  means  of  the  lever  6, 
the  whole  slit-head  can  be  rotated  ninety  degrees 
turning  the  slit  horizontally.  The  slit  regulates  the 
illuminated  volume  (directly  proportional  to  the  width 
of  the  slit)  and  also  the  depth  of  the  illuminated 
volume.  The  latter  must  be  regulated  to  the  depth 
of  focus  of  the  objective  used  or  the  field  of  view  will 
be  clouded. 

A  polarizer,  p,  is  mounted  between  the  first  projection 


lens  and  the  slit  so  as  not  to  disarrange  the  production 
of  the  image.     It  can  readily  be  swung  out. 

The  second  projection  lens,  h  (fifty-five-millimeter 
focus),  is  placed  about  fourteen  millimeters  from  the 
slit.  It  is  mounted  like  the  lens,/,  and  its  front  sur- 
face is  also  toward  the  microscope.  It  projects  and 
reduces  (one  and  one-half  times)  the  .slit  to  a  dis- 
tance of  about  ninety  millimeters  from  the  lens.  It 
projects  the  image  of  the  slit  into  the  plane  of  the 
microscope  objective.  It  can  also  be  used  to  reduce 
the  aperture  of  the  slit,  without 
working  the  latter  itself,  by  alter- 
ing the  position  of  the  projection 
lenses  and  slit  upon  the  optical 
bench. 

The  microscope  stand,  i,  is  secured 
by  means  of  the  clamp,  s,  to  the 
sole-plate,  k,  with  its  cross-slide,  I. 
This  cross-slide  is  movable  in  two 
dii-ections,  at  right  angles  to  each 
other,  by  means  of  the  screws,  mm 
(only  one  is  visible). 

The  illuminating  objective  is  con- 
nected to  the  cross-slide  by  means 
of  a  sleeve  so  that  it  can  be  cen- 
tered in  relation  with  the  objective 
of  the  ob.serving  microscope.    This 
illuminating    objective    serves    to 
further  reduce    the    image  of  the 
slit   about    ten   times  more.     The 
illuminated  stratum  of  the  prepa- 
ration can  thus  be  reduced  to  less  than  1  m  in  thickness. 
A   special   object    stage  (Fig.  4992)  which    can    be 
elevated  by  means  of  screw,  n,  is  fitted  to  the  micro- 
scope stage.     By  means  of  this  stage  any  layer  of  the 


Fig.  4992. — Microscope  Stage  and  Rotating  Analy.zcr  on  the  Sole- 
plate  with  Cross  Slides. 

specimen  can  easily  be  brought  to  an  accurate  focus 

and  the  several  layers  examined  one  after  the  other. 

Achromatic  dry  objectives  are  to  be  used  unless  the 

particles  are  very  small,  and  then  oil  immersion  systems 
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may  be  employed.  In  the  latter  ca.so  a  diaphragm 
must  be  placed  between  the  slit  and  the  first  projec- 
tion lens  so  as  to  cut  down  the  jjencil  of  rays.  The 
oculars  (Huygenian  4  or  compensating  12  and  18)  are 
recommended  and  are  to  be  provided  with  cross-line 
divisions  for  determining  the  cubic  capacity  of  the 
specimens  under  investigation. 

The  rotating  analyzer  (Fig.  4992)  is  fitted  to  the 
ocular  to  be  used  in  connection  with  the  polarizer. 
Its  movements  are  operated  by  clockwork,  9,  and  the 
analyzer,  r,  can  readily  be  swung  out  if  so  desired. 

In  the  investigation  of  fluids  (colloids),  a  special 
achromatic,     water-immersion     objective     is     used. 


Fig.  4993— Objective  with  Cell-holder  and  Cell. 

This  has  a  focal  length  of  4.4  millimeters,  N.A.  O.7.") 
and  a  working  distance  of  1.5  millimeters.  With 
Huygenian  ocular  4  and  a  tube-length  of  160  milli- 
meters the  linear  magnification  is  X390. 

For  fluids  a  special  cell  with  quartz  windows  and  a 
special  cell  holder  have  been  devised  (Fig.  4993). 

For  the  investigation  of  colloids  in  solid  solutions, 
a  special  heatable  microscope  has  been  evolved.  By 
means  of  this- the  temperature  may  be  raised  several 
hundred  degrees. 

With  this  apparatus  only  the  particles  to  be  made 
visible  are  illuminated.  The  limit  of  sensitivene.ss  of 
the  retina  has  been  determined.     From  this  and  the 


in  the  Taraboloid  Condenser. 

greatest  radiation  obtainable  by  the  diffraction  of 
these  particles,  the  dimension  of  the  smallest  objects 
that  can  be  made  directly  visible  has  been  calculated 
to  be  0.008 11. 

Small  particles  in  gold  ruby  glass  are  too  close  to- 
gether and  too  small  to  be  resolved  by  the  ordinary 
microscope.  When  examined  with  the  ultramicro- 
scope,  particles  as  small  as  0.03  ft  were  readily  seen. 
This  is  equivalent  to  .50,000  diameters;  the  utmost 
limit  is  150,000  diameters  or  6  iiii.  As  the  average 
diameter  of  a  molecule  is  computed  at  O.G  tiii  it  is 
invisible  so  that  the  small  particles  consist  of  probably 
10,000  molecules.  In  order  to  render  a  molecule 
visible  it  would  be  necessarv  to  increase  the  specific 
luminosity  of  the  solar  molecules  ten  times  or  the 


sensitiveness  of  the  retina  would  have  to  be  greatly 
increased;  both  conditions  are  inconceivable. 

No  particles  in  glass  are  too  small  to  be  rendered 
visible  providing  the  light  that  each  particle  emits  is 
sufficient  to  make  it  visible  and  providing  that  the 
particles  are  distant  from  one  another  by  intervals 
that  are  not  ultramicroscopic.  Other  particles,  as 
bacterial  flagella,  ordinarily  invisible,  are  rendered 
visible  by  the  apparatus.  To  obtain  results  the  re- 
fractive index  of  the  particles  and  that  of  the 
medium  in  which  they  are  must  differ  sufficiently. 
For  that  reason  the  results  with  cellular  tissues  and 
most  colloids  are  not  satisfactory,  but  bacteria  are 
readily  studied. 

The  ultramicro.scope  has  also  been  useful  in  testing 
dyes  and  stamped  products  of  the  textile  industry. 

Dark  Grountl  Illumination. — Paraboloid  condenners 
have  been  incorrectly  termed  ultramieroscopes.  The 
construction  and  illumination  are  not  similar,  how- 
ever. Although  objects  invisible  in  the  orditiary 
microscope  and  extremely  small  are  rendered  visible 
by  this  method,  their  visibilitv  is  due  to  diffraction  of 
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Fir;.  4995. — Trace  of  Raya  through  the  Cardioid  Condenser. 

oblique  rays  of  light.  These  rays  do  not  enter  the 
objective,  but  cross  the  field  in  which  the  object  lies 
and  are  then  reflected,  diffracted  and  refracted  to  the 
eye.  Toppler  in  ISO"  first  used  this  method  and  it 
has  recentlv  been  revised  and  elaborated  upon  by 
Gordon  (J.R.M.S.,  190t)),  Siedcntopf,  and  others. 
Wenham  devised,  in  1850,  an  air  paraboloid  with  a 
spot  lens,  in  1856  a  truncated  paraboloid  with  spot 
lens,  and  in  the  same  year  a  glass  paraboloid. 

Before  the  substage  condensers  were  known,  the 
spot-lens  was  used,  but  only  with  low  powers  up  to 
one-half  inch.  It  was  mounted  on  the  sub-stage  and 
raised  or  lowered  until  the  best  black  background  was 
obtained.  If  greater  brilliancy  was  desired,  a  stand 
condenser  was  interposed  between  the  light  and  the 
plane  mirror  (convex  side  of  the  condenser  toward 
the  mirror). 

Now  for  low-power  work  a  suitable  dark  ground  can 
be  obtained  by  the  u.se  of  a  central  stop  diaphragm 
between  the  mirror  and  the  Abbe  condenser. 

When  especial  illuminators  are  used  the  illuminat- 
ing rays  have  a  numerical  aperture  extending  from 
1.0  to  1.45.  The  objectives  employed  must,  there- 
fore, have  a  numerical  aperture  less  than  1.0  or  they 
will  receive  direct  rays. 

When  low  powers  are  u.sed,  then  a  layer  of  immer- 
sion oil  must  be  placed  between  the  object  slide  and 
the  surface  of  the  illuminator  or  the  aperture  in 
excess  of  1.0  (maximum  of  air)  will  not  be  obtainable. 
The  object  must  be  thin,  its  medium  clear  and  the 
cover-glass  and  slide  clean.  The  cover-glass  thick- 
ness varies  with  each  illuminator  and  the  latter  must 
be  accurately  centered  to  the  objective. 

If  oil  immersion  objectives  are  to  be  used,  then  an 
appropriate  stop   must   be  inserted.     This   may   be 
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accomplished  by  grinding  and  blackening  the  central 
area  of  the  back  surface  of  the  front  lens  of  the  object- 
ive (Abb6)-  This  area  suits  the  aperture  of  the 
illuminator.  In  this  way  reflections  from  the  lens 
surfaces  are  avoided,  tedious  centering  is  obviated, 
and  the  stop  cannot  be  decentered. 

The     vmahnioid    illunanalors   are   the   most  satis- 
factory as   they   give   blacker   backgrounds   than   is 


Fla.  4096.— Light  Cou 


vd  by  thu  Cardioul  Condenser. 


possible  with  a  condenser.  They  are,  however, 
unsuited  for  objectives  with  a  numerical  aperture 
under  0.48.  In  1879  Stephenson  suggested  a  spherical 
reflecting  surface. 

This  illuminator  is  a  planoconvex  body  of  glass 
and  will  fit  into  any  condenser  sleeve  of  36.8  milli- 
meters. A  layer  of  cedar  oil  1.0  to  1.5  millimeters 
thick  is  placed  between  the 
illuminator  and  the  bottom 
of  the  slide  that  carries 
the  object.  The  illumi- 
nating beams  have  a  N.A.  of 
1.1  (o  1.4  and  are  totally  re- 
flected at  the  upper  plane  of 
the  cover-glass  in  contact  with 
the  air.  The  condenser  re- 
flects the  light,  but  does  not 
refract  it  as  is  usual  with 
glass.  Those  rays  of  light 
striking  the  surface  nearest 
the  aperture  are  the  most  ob- 
lique after  reflection  and  the 
desired  ones,  those  farther  out, 
are  (down  to  1.1)  not  desir- 
able and  can  readily  be  cut 
out  by  the  use  of  the  iris  dia- 
phragm of  the  illuminator. 
Fig.  4994  shows  the  action  of  .'  ,       , 

the  paraboloid.  Dry  lens  ob- 
jective systems  of  medium 
strength  require  strong  com- 
pensating  oculars. 

The  latest  device  is  the  car- 
dioid  cnridenser.  (Fig.  4995.)  It  consists  of  two  parts 
cemented  together.  (The  glass  is  represented  by  hori- 
zontal shading.)  The  annular  stop,  b,  is  such  that  the 
rays  admitted  when  brought  to  a  focus  correspond  to 
an  apertural  interval  extending  from  1.1  to  1.3.     The 
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incident  rays  upon  meeting  the  enclosed  spherical  sur- 
face on  its  convex  side  are  dispersed  and  then  by  reflec- 
tion upon  the  external  concave  surface,  d,  are  brought  to 
a  focus  in  the  plane  of  the  object.  The  object  slide  and 
the  top  plane  of  the  condenser  are  separated  by  a  thin 
stratum  of  immersion  fluid,  preferably  distilled  water 
free  from  air  bubbles.  Cedar  oil  should  not  be  used. 
The  thickness  of  the  object  slide  is  of  great  importance 
and  is  usually  indicated  upon  the  condenser.  For 
liquids  a  special  quartz  chamber  with  appropriate  cover- 
glass  should  be  used  so  as  to  insure  the  proper  depth  of 
the  stratum  to  be  examined.  A  special  holder  to  in- 
sure correct  position  on  the  stage  of  the  microscope  is 
advisable. 

The  entire  apparatus  is  shown  in  Fig.  4997.  The 
source  of  light  may  be  an  arc  lamp  or  a  clock-driven 
heliostat.  In  connection  with  the  lamp  there  is  a 
biconvex  condensing  lens  (with  a  diaphragm  screen) 
of  an  aperture  of  about  //1. 8.  The  lesser  convex 
surface  is  about  8  centimeters  from  the  crater. 
Both  lens  and  screen  are  so  tilted  as  to  fill  the  mirror 
of  the  microscope  with  light.  A  cooling  chamber  is 
filled  with  twenty  per  cent,  ferro-ammonium  sulphate 
.solution  and  placed  between  the  lamp  and  the  micro- 
scope. This  absorbs  the  heat  rays.  The  side  of 
the  chamber  toward  the  lamp  should  be  covered  with 
a  dark  cardboard  with  a  sufficiently  large  circular 
opening  for  the  passage  of  the  necessary  light.  The 
cardioid  condenser  is  mounted  in  the  place  of  the 
Abbe  condenser. 

These  illuminators  have  been  found  of  great  value 
in  the  examination  and  study  of  living  bacteria 
(especially  spirochoeta  pallida)  which  are  visible 
solely  by  the  light  which  they  diffract.  They  render 
visible  those  organisms  which  are  invisible  to  the 
ordmary  microscope.  The  cardioid  apparatus  has 
also  become  very  useful  in  the  investigation  of  the 
photoreactions.  It  is  also  well  adapted  for  the  study 
of  chemical  reactions  in  ultramicroscopic  media  and  in 
the  investigation  of  colloids.  H.  E.  Radasch. 
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Velnii,  Anonulies  of 


Veins,  Anomalies  of.— The  anomalies  of  veins, 
though  of  great  morpliological  interest,  are,  witli  a  few 
exceptions,  of  no  great  surgical  importance.  The 
most  important  variations  of  the  venous  system  arc 
found  in  the  great  veins  entering  the  heart,  and  in 
their  large  tributary  branches  in  the  thorax  and 
abdomen. 

Caudiac  Veins. — Coronary  Sinus. — The  coronary 
sinus  and  the  small  oblique  vein  connected  with  it 
must  be  regarded  as  the  persistence  of  a  fetal  condition 
which  will  be  described  in  connection  with  the  superior 
cava;  it  is  really  the  termination  of  the  left  du<-t  of 
Cuvier,  or  left  superior  cava.  The  vena  azygos  minor 
has  been  seen  emptying  into  the  coronary  sinus;  in 
this  case  the  left  superior  cava  was  persistent  as  a 
small  branch. 

It  is  not  uncommon  for  one  or  more  of  the  cardiac 
veins  to  be  absent.  When  the  left  superior  cava  per- 
sists, it  may  receive  veins  which  normally  enter  the 
coronary  sinus.  The  great  coronary  vein  may  end  in 
the  auricle  itself,  as  may  also  the  middle  cardiac  vein; 
this  is  the  normal  condition  in  the  horse,  camel,  etc. 

Pdlmonart  Veins. — The  pulmonary  veins  occa- 
sionally communicate  with  other  veins,"  as  the  innom- 
inate (Hyrtl);  the  right  upper  pulmonary  has  been 
seen  to  empty  into  the  superior  cava,  and  the  left 
upper  into  the  innominate.  The  two  pulmonary  veins 
of  one  side  may  unite  into  a  single  trunk  (more  com- 
monly on  the  left  side)  before  emptying  into  the  left 
auricle.  There  may  be  three  pulmonary  veins  on  the 
right  side,  the  third  coming  from  the  middle  lobe  of  the 
right  lung.  Hepburn  records  a  case  of  double  vena 
cava  in  which  there  were  three  right  pulmonary  veins, 
the  upper  opening  into  the  superior  cava  of  the  right 
side,  and  the  two  lower  into  the  right  auricle;  there 
was  also  a  separate  foramen  (quite  distinct  from  the 
foramen  ovale)  between  the  right  and  left  auricles. 
Peacock  records  a  similar  case  in  a  child  six  years  of 
age.  1  have  on  two  occasions  seen  the  upper  pulmo- 
nary vein  of  the  right  side  emptying  into  the  superior 
vena  cava.   The  left  vein  may  open  into  the  innominate. 

Development  of  the  Great  Veins. — In  order  to 
understand  more  thoroughly  the  variations  of  the 
great  veins  which  return  the  blood  to  the  heart,  the 
following  description,  abridged  from  Quain's  ".Anat- 
omy," will  be  of  service:  "At  the  time  of  the  com- 
mencement of  the  placental  circulation  two  short 
transverse  venous  trunks,  ducts  of  Cuvier,  one  on  each 
side,  open  into  the  auricle  of  the  heart;  each  is  formed 
by  the  union  of  a  superior  and  an  inferior  vein  named 
the  primitive  jugular  &nd\\\ecardinalvein.  The  primi- 
tive jugular  receives  the  blood  from  the  cranial  cavity 
by  channels  in  front  of  the  ear,  which  are  subse<iuenf  ly 
obliterated;  in  the  greater  part  of  its  extent  it  becomes 
the  external  jugular  vein,  and  near  its  lower  end  it 
receives  small  branches  which  grow  to  be  the  internal 
jugular  and  subclavian  veins." 

The  cardinal  veins  are  primitive  vessels  which  return 
the  blood  from  the  Wolffian  bodies,  the  vertebral  col- 
umn, and  the  parietes  of  the  trunk.  The  inferior  cava 
is  a  vessel  of  later  doveloijiiient,  which  opens  into  the 
trunk  of  the  umbilical  and  omphalomesenteric  veins 
above  the  vei^w  hcpalirw  revehentcs. 

The  iliac  veins,  which  unite  to  form  the  inferior 
cava,  communicate  with  the  cardinal  veins.  The  in- 
ferior extremities  of  the  cardinal  veins  are  persistent 
as  the  internal  iliac  veins;  above  the  ili.ac  veins  the 
cardinal  veins  are  obliterated  in  a  considerable  part  of 
their  course;  their  upper  portions  then  become  con- 
tinuous W'ith  two  new  vessels,  the  posterior  vertebral 
veins  of  Rathke,  which  receive  the  lumbar  and  inter- 
costal twigs. 

As  development  proceeds,  the  direction  of  the  ducts 
of  Cuvier  is  altered  by  the  descent  of  the  heart  to  the 
thoracic  region,  and  then  it  becomes  continuous  with 
that  of  the  primitive  jugular  veins.     A  communicat- 


ing branch  makes  its  appearance  between  the  two 
jugulars,  directed  obliquely  downward  from  left  to 
right;  further  down  in  the  dorsal  region,  between  the 
posterior  vertebral  veins,  another  communicatine 
branch  is  developed. 

The  communicating  branch  between  the  jugulars  is 
converted  into  the  left  innominate  vein  (see  Fig.  4998). 
The  portion  of  the  primitive  jugular  below  the  com- 
municating vein,  together  with  the  right  duct  of 
Cuvier,  forms  the  superior  vena  cava,  while  the  car- 
dinal vein  opening  into  it  is  the  extrcmitv  of  the  great 
azygos  vein.  On  the  left  side,  the  portion  of  the 
primitive  jugular  placed  below  the  communicating 
branch,  and  the  cardinal  and  posterior  vertebral  veins, 
together  with  the  cross  branch  between  the  two  pos- 
terior vertebral  veins,  are  converted  into  the  left 
superior    intercostal    and    left   superior   and    inferior 


Fig.  499S. — A,  Diagram  Bhowing  Vestige  of  the  Left  Superior 
Cava  with  Brachiocephalic,  Superior  Intercogtal.  Azygos,  and 
Cordiao  Veins.  B,  Diagram  showing  persistaace  of  the  left  su- 
perior cava  and  its  communication  with  the  coronary  sinus. 
(After  Marshall.) 

azygos  veins.  The  left  duct  of  Cuvier  Ls  obliterated, 
except  at  its  lower  end,  which  always  remains  pervious 
as  the  coronary  sinus.  Traces  of  this  vein  are  recog- 
nized in  the  adult  as  a  fibrous  band  or  a  small  vein 
(see  Fig.  4998,  A).  The  variability  in  the  adult  ar- 
rangement of  these  vessels  depends  on  the  various 
extent  to  which  the  originally  continuous  vessels  are 
developed  or  atrophied  at  one  point  or  another. 

VARIETrES   OF   THE    SUPERIOR    CaVA   AND    INNOMINATE 

Veins. — Double  Vena  Cava. — This  anomaly  is  rather 
a  rare  one,  and  is  due  to  the  persistence  of  the  left  duct 
of  Cuvier.  When  the  left  duct  of  Cuvier  persists,  the 
transverse  innominate  vein  is  absent  or  of  a  very  small 
size,  and  the  vein  formed  by  the  junction  of  the  left 
internal  jugular  and  subclavian  is  continued  down  in 
front  of  the  arch  of  the  aorta  and  root  of  the  left  lung 
to  the  heart  (see  Fig.  4999),  where  it  receives  the  great 
cardiac  vein,  and  then  passes  outward  to  become 
continuous  with  the  coronary  sinus,  and  thus  opens 
into  the  right  auricle  (see  Fig.  4998,  B). 

The  explanation  of  this  anomaly  is  simple,  if  the 
description  of  the  development  of  the  great  veins, 
given  above,  be  referred  to.  It  is  merely  a  persistence 
of  the  fetal  condition.  The  left  duct  of  Cuvier  is  not 
obliterated,  and  in  consequence  the  transverse  branch 
bewcen  the  two  primitive  jugulars  has  been  developed 
but  slightly  or  not  at  all.  Tlie  persistent  left  cava  has 
been  seen  in  a  few  cases  to  open  into  the  left  auricle 
(Hyrtl,  Gruber,  and  others). 

In  birds  and  some  mammals,  as  the  rabbit,  etc..  the 
left  duct  of  Cuvier  persists  normally  as  well  as  the 
right. 

R.  Howdcn  reports  a  case  of  double  vena  cava  in 
which  the  loft  vein  was  joined  by  a  large  loft  azygos 
vein ;  the  right  azygos  was  broken  uj)  into  several  veins; 
the  most  inferior  one  joined  the  left  azygos,  and  the 
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superior  the  vena  cava.  This  is  a  reversal  of  the  usual 
condition,  and  the  left  azygos  in  this  case  must  be 
looked  upon  as  a  persistence  of  the  left  cardinal  vein. 

The  writer  has  met  with  no  less  than  six  cases  of 
persistence  of  the  left  duct  of  Cuvier.  They  all 
occurred  in  adults  (four  males  and  two  females),  and 
were  of  the  usual  form;  in  four  the  transverse  innomi- 
nate was  of  considerable  size.  In  the  third  and  fourtli 
cases  it  was  very  small,  and  formed  chiofiy  by  the 
inferior  thyroid  veins.  Instances  have  been  recorded 
in  which  the  right  superior  cava  was  absent  and  the 
left  persisted ;  in  such  cases  there  was  a  right  transverse 
innominate  vein.  This  variation  occurred  without 
transposition  of  the  arcli  of  the  aorta  or  any  of  the 
viscera.  In  cases  of  transposition  of  the  viscera  this  is 
the  normal  arrangement. 

In  some  cases  the  transverse  innominate  vein  is  of 
normal  size,  and  yet  there  is  a  persistence  of  the  left 
duct  of  Cuvier  in  its  whole  length,  either  as  a  good- 
sized  canal  or  as  a  very  small,  but  patent,  vein. 

In  some  cases  in  which  two  superior  cava;  are  present, 
the  left  has  been  seen  to  enter  the  left  auricle  instead  of 
the  coronarv  sinus. 


Gruber  reports  a  case  in  which  the  principal  veins  of 
the  heart  terminated  in  a  trunk  which  opened  into  the 
left  innominate  vein,  the  opening  of  the  coronary  sinus 
into  the  right  auricle  being  occluded. 

Connection  bclwecn  the  Vena  Cava  and  Pulmonary 
Veins. — Cases  are  on  record  of  the  upper  right  pul- 
monary vein  emptying  into  the  superior  cava  (Meckel, 
Gegenbauer);  of  the  loft  pulmonary  vein  joining  tlie 
innominate  (Bachhammer);  and  also  of  the  right  pul- 
monary vein  opening  into  the  vena  azygos  major 
(Sheplierd).  Hyrtl  reports  a  case  in  which  there  was  a 
communication  between  a  rudimentary  left  cava  and 
the  left  inferior  jiulmonary  vein. 

Transverse  Innotninate. — This  vein  may  be  placed 
higher  up  than  usual — so  high,  in  fact,  that  in  children 
with  short  necks  it  might  be  accidentally  wounded  in 
the  low  operation  for  tracheotomy. 

Cooper  reijorts  it  as  passing  through  the  thymus. 
Gruber  examined  many  embryos  of  children,  and 
found  tliat  in  certain  cases  the  vein  passed  behind  the 
left  and  in  front  of  the  right  lobe  of  the  gland,  and  in 
others  in  front  of  the  left  and  behind  the  right  lobe 
(quoted  by  Krause). 

Coronary  Sinus. — This  has  been  seen  to  open  into 
the  left  auricle.  Gruber  reports  a  case  in  which  the 
opening  into  the  right  auricle  was  occluded,  and  the 
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principal  veins  of  the  heart  ended  in  a  trunk  which 
passed  up  to  join  the  left  innominate  vein. 

Vertebral. — This  vein  not  infrequently  passes  behind 
the  subclavian  to  reach  the  innominate,  or  it  may  em- 
brace the  subclavian  by  dividing  above  and  reuniting 
below.  It  occasionally  passes  through  the  transverse 
process  of  the  seventh  cervical  vertebra,  or  sends  a 
branch  through  the  foramen  to  join  the  deep  cervical 
vein. 

Internal  Mammary. — This  may  be  double,  and  may 
anastomose  with  the  upper  intercostal.  The  writer 
has  seen  it  empty  into  the  superior  cava.  It  may 
empty  into  the  azygos  major  on  the  right  side  (Portal). 

Superficial  Veins  of  the  Head  and  Neck. — The 
arrangement  of  the  superficial  veins  of  the  neck  often 
varies  greatly  from  that  described  in  text-books  of 
anatomy. 

The  two  divisions  of  the  temporomaxillary  vein  are 
frequently  very  unequal  in  size;  the  branch  joining 


Fio.  5000. — Facial  Vein,  continous  with  the  Anterior  .Jugular, 
which  is  Joined  to  the  Internal  Jugular  by  a  large  Communicat- 
ing Branch  over  the  Carotid.  The  internal  jugular  is  seen  cover- 
ing the  upper  part  of  the  carotid  artery.     (R.  Quain.) 

the  facial  may  be  of  large  size,  and  that  going  to  the 
external  jugular  very  much  diminished,  or  vice  versa. 
In  some  cases  the  branch  joining  the  facial  returns  all 
tlie  blood  into  the  internal  jugular,  and  in  other  cases 
the  internal  jugular  receives  no  branch  from  the  tem- 
poromaxillary. When  the  latter  arrangement  exists 
all  the  blood  empties  into  the  external  jugular. 

The/aciaZveui  sometimes  passes  back  over  the  ster- 
nomastoid  muscle  to  join  the  external  jugular.  It 
may  pass  across  the  sternomastoid  to  its  posterior 
border,  and  then  join  the  internal  jugular  beneath  that 
muscle.  It  sometimes  joins  the  internal  jugular  be- 
hind the  posterior  belly  of  the  digastric  and  stylohyoid 
muscle,  or  it  may  be  continued  downward  to  the 
anterior  jugular. 

External  Jugular. — This  vein  may  be  double.  In 
those  cases  in  which  the  posterior  division  of  the  tem- 
poromaxillary trunk  is  w'anting,  and  all  the  blood  goes 
to  the  internal  jugular,  the  external  jugular  is  very 
small,  being  formed  altogether  by  the  posterior 
auricular. 
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When  the  posterior  aurieuhir  joins  the  tcmporo- 
maxillary  trunk,  the  external  jugular  is  wanting  al- 
together in  the  upper  part  of  the  neck.  Gruber 
describes  a  case  in  which  a  loop  was  formed  in  this 
vein  through  which  passed  the  transverse  cervical 
nerve.     The  lower  end  of  the  external  jugular  may 


Fio.  5001. — Cephalic  Vein  passing  up  under  the  Clavicle  to 
Join  the  Subclavian.  The  cephalic  is  connected  with  the  external 
jugular  by  a  loop  line  which  passes  over  the  clavicle.     (Nuhn.) 

divide  into  two  branches,  one  of  which  joins  the  sub- 
clavian vein  or  transversus  colli,  and  the  other  the 
anterior  jugular,  subclavian,  or  internal  jugular. 

Occasionally  the  vein  may  pass  over  the  clavicle  and 
join  the  cephalic  vein,  or  the  cephalic  may  join  the  ex- 
ternal jugular  beneath  the  clavicle,  and  communicate 


Fig.  5002. — External  Jugular  passing  over  the  Clavicle  and 
going  up  betwein  that  Bone  and  the  Subclaviua  Muscle  to  join 
the  Subclavian.     (Uichard  Quain.) 

with  it  at  the  same  time  by  a  loop  line  above  the  clavicle 
(Nuhn).      (,Seo  Fig.  .WOl.) 

The  writer  has  seen  several  cases  in  which  the  exter- 
nal jugular  pas.sod  over  the  clavicle  and  then  turned 
up  between  that  bone  and  the  subclavius  muscle  to 
join  the  subclavian  (see  Fig.  5002).  .V  knowledge 
of  these  anomalies  is  important  in  operations  on  the 
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clavicle  and  subclavian  artery.  According  to  Hallett, 
the  external  jugular  is  absent  once  in  ninety-three 
subjects. 

Anterior  Jugular  Veins. — These  veins  are  not  con- 
stant. One  may  be  much  larger  than  the  other. 
Occasionally  the  two  join  to  form  a  single  median 
trunk.  The  two  veins  may  be  united  by  a  large  trunk 
over  the  trachea,  which  m.ay  give  rise  to  troublesome 
hemorrhage  if  wounded  in  the  operation  of  trache- 
otomy. Pilcher  says  that  when  one  of  the  veins  is 
absent  it  is  compensated  for  by  a  large  obliquely 
transverse  branch  which  comes  from  the  external 
jugular  and  crosses  the  neck  at  its  lower  third  to  join 
the  anterior  jugular  which  persists. 

Pilcher  also  describes  a  deep  anterior  jugular  of 
large  size  which  is  occasionally  seen.  It  has  its  origin 
in  the  subhyoid  region,  passes  down  directiv  in  the 
median  line,  deeply  seated  beneath  the  miisclcs;  it 
pa.sscs  over  the  cricothyroid  space,  and  going  down  the 
middle  of  the  neck  over  the  trachea,  receives  the  su- 
perior and  inferior  thyroid  veins,  and  finally  empties 
into  the  transverse  innominate  vein. 

The  anterior  jugular  may  in  rare  cases  pass  outward 
over  the  sternomastoid  muscle. 

Transverse  cervical  and  suprascapular  veins  not  infre- 
quently empty  into  the  subclavian  vein  independently. 
Occasionally  they  join  the  internal  jugular  (R.  Quain). 

Internal  Jugular. — The  vein  frequently  covers  the 
common  carotid  artery  to  such  an  extent  that  the 
artery  cannot  be  seen  until  the  vein  is  drawn  aside. 
(See  Fig.  5000).  According  to  R.  Quain  this  occurs 
most  frequently  in  the  left  side.  The  left  vein  is 
occasionally  of  verj-  small  size  its  place  being  taken  by 
the  external  jugular  (\V.  Krause).  This  is  a  persist- 
ence of  an  early  fetal  condition,  for  in  early  fetal  life 
the  primitive  or  external  jugular  returns  all  the  blood 
from  the  heart.  This  is  the  normal  adult  condition 
in  many  mammals,  as  rabbits,  squirrels,  etc.  The 
internal  jugular  is  altogether  absent  in  fishes,  many 
amphibia,  birds,  and  some  mammals,  as  the  horse  and 
ruminants. 

A  case  is  reported  by  J.  W.  Williams  in  which  the 
right  omohyoid  muscle,  in.stead  of  p.'i.ssing  over  the 
vein,  "played  b\'  means  of  its  intermediary  tendon 
through  a  slit  in  the  vessel."  In  some  cases  the  tem- 
porofacialtrunkfailstoemptyinto  the  internal  jugular, 
the  external  receiving  all  its  bloo<l. 

The  internal  jugular  may  receive  the  vertebral, 
the  transverse  cervical,  and  the  suprascapular  veins. 
.\  superior  intercostal  has  been  .seen  to  empty  into  it 
(Lauth);  or  a  large  bronchial  vein  (Weber).  The  ex- 
ternal jugular  has  been  seen  to  empty  into  the  internal 
about  the  middle  of  the  neck  (Fiihrer). 

Varieties  of  Cerebral  Sindse.s. — The  sinuses  about 
the  tnrcular  Herophiti  are  subject  to  considerable 
variation.  A  true  confluence  of  the  sinus<'s  is  not 
always  found  at  this  point.  The  torcular  may  be 
placed  to  one  side  or  other  of  the  median  line.  The 
connecting  braru'h  between  the  torcular  and  straight 
sinus  may  be  of  large  size  and  convey  the  blood  from 
the  superior  longitudinal  sinus. 

Superior  Longitudinal  Sinus. — This  sinus  may  be 
completely  absent  (Portal).  Knott  describes  it  as 
being  occasionally  so  small  as  hardly  to  represent  a 
normal  sinus.  It  may  join  the  straight  sinus;  it  may 
bifurcate  posteriorly  a  little  behind  the  coronal  suture, 
and  reunite  about  an  inch  ))ostcriorly  (Knott  and 
Vicq  d'.'Vzyr).  Malacarne  reports  a  case  of  bifurva- 
tion  of  the  sinus  near  the  apex  of  the  occipital  bone, 
each  branch  following  the  lambdoidal  suture  of  its 
own  side  and  joining  the  lateral  sinus. 

Lateral  Sinus. — The  right  is  often  very  diminutive. 
Lieutaud  has  recorded  a  case  of  complete  absence  of 
the  left  lateral  sinus.  Roth  lateral  sinuses  may  be  of 
small  size;  in  such  cases  the  occipital  sinuses  are  much 
enlarged,  and  empty  their  blood  into  the  internal 
jugular. 
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Sometimes  one  or  both  sinuses  are  divided  into  two 
by  a  septum  (Hallett).  Verga  describes  an  aberrant 
vein  goinf^  from  the  cavernous  sinus  or  ophthalmic 
vein  to  the  left  lateral  sinus.  One  sinus  may  be  of  large 
size  and  the  other  small.  The  left  is  usually  the  larger. 
A  case  is  reported  in  which  both  lateral  sinuses  were 
small,  especially  the  right,  which  became  quite  mi- 
nute after  the  e.xit  of  a  large  vein  through  the 
mastoid  foramen.  In  this  ease  three  large  emissary 
veins  were  present  at  the  anterior  extremity  of  the 
superior  longitudinal  sinus,  also  three  others  opening 
into  the  torcular,  one  into  the  commencement  of  the 
right  lateral  sinus,  and  one  into  the  posterior  extremity 
of  the  superior  longitudinal. 

Inferior  Longitudiiud. — Knott  reports  a  case  in 
which  this  sinus,  instead  of  joining  the  straight,  turned 
up  between  the  layers  of  the  falx  and  ended  inthe 
superior  longitudinal  sinus,  one-tiuarter  of  an  inch 
above  the  internal  occiptal  protuberance. 

Straight  Sinus. — Sometimes  absent.  In  a  case  re- 
ported by  Knott  the  vein  of  Galen  and  the  inferior 
longitudinal  sinus  met  at  the  anterior  edge  of  the  ten- 
torium, formed  a  tnmk  three-quarters  of  an  inch  long, 
and  then  divided  into  three  veins,  one  of  which  passed 
up  between  the  layers  of  the  falx  to  join  the  superior 
longitudinal,  and  the  other  two  passed  between  the 
layers  of  the  tentorium  to  the  left  side  to  join  the 
lateral  sinus. 

Cavernous  Sinus. — Complete  absence  of  this  sinus 
is  reported  by  Santorini.  There  is  sometimes  a  vein 
from  it  going  through  the  foramen  rotundum  with  the 
superior  maxillary  division  of  the  fifth  cranial  nerve 
(Nuhn). 

Superior  Petrosal. — Sometimes  absent;  may  com- 
municate with  the  ophthalmic  vein  (Verga). 

Inferior  Petrosal. — Sometimes  terminates  within  the 
skull  above  the  margin  of  the  jugular  foramen. 

Circular  Sinus. — May  receive  the  ophthalmic  vein: 

Occipital  Sinuses. — Sometimes  wanting,  occasionally 
of  large  size;  in  such  cases  the  lateral  sinuses  are  small; 
they  may  be  very  small.  The  sinus  is  often  much 
larger  than  its  fellow,  and  may  groove  the  occipital 
bone  as  it  passes  forward  to  join  the  lateral  sinus. 

Petrosquamous  Sinus  (Luschka,  W.  Krause). — ^This 
additional  sinus  is  sometimes  present,  lying  in  a  small 
groove  along  the  junction  of  the  petrous  and  squamous 
portions  of  the  temporal  bone,  and  opening  behind  into 
the  lateral  sinus.  In  rare  cases  it  is  found  passing 
through  an  aperture  {foramen  jugulum  spinosurn)  in 
the  squamous  portion  of  the  temporal  bone,  between 
the  orifice  of  the  external  auditory  meatus  and  the 
glenoid  cavity,  and  joins  the  temporal  vein.  In  the 
dog  and  many  other  animals  a  similar  vessel  forms  the 
principal  outlet  for  the  intracranial  blood.  In  the 
human  subject  also,  at  an  early  period  of  fetal  life, 
the  lateral  sinus  is  continued  forward  in  this  course, 
and  opens  into  the  primitive  (afterward  the  external) 
jugular  vein;  the  occurrence  of  the  petrosquamous 
sinus  is  due  to  the  persistence  of  this  channel,  which 
usually  becomes  obliterated  after  the  development  of 
the  internal  jugular. 

Veins  of  the  Upper  Lii\rB. — The  superficial  veins 
of  the  forearm  are  subject  to  considerable  variation, 
both  as  to  arrangement  and  as  to  size.  At  the  bend  of 
the  elbow  the  arrangement  varies  greatly. 

The  radial  vein  may  be  very  small  or  absent,  and  in 
such  cases  the  cephalic  vein  is  wanting,  the  outer 
branches  from  the  radial  side  being  collected  into  the 
median  vein,  which  goes  directly  to  form  the  median 
basilic.     This  latter  is  occasionally  double. 

The  cephalic  vein  may  be  absent  (Hallett  found  it 
absent  in  two  out  of  ninety-three  cases).  It  may  be 
double.  It  sometimes  empties  near  the  insertion  of 
the  deltoid  into  the  brachial  vein.  Sometimes  it  anas- 
tomoses with  the  brachial  vein  by  an  aberrant  branch. 
It  may  pass  up  over  the  clavicle  to  join  the  external 
jugular,  or  it  may  be  connected  with  it  by  a  branch 
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called  the  jugulocephalic  (see  Fig.  5001).  In  two 
cases  this  branch  has  been  seen  to  perforate  the  clavicle 
(Allen  Thompson).  This  vein  may  pass  up  between 
the  clavicle  and  subclavius  muscle  to  join  the  sub- 
clavian vein;  the  writer  has  seen  several  examples  of 
this  anomaly. 

The  median  cephalic  vein  is  not  infrequently  absent. 

Basilic  Vein. — May  be  double  in  its  whole  course. 
May  anastomose  with  the  ulnar  vein.  May  be  sepa- 
rated from  the  brachial  artery  by  only  a  very  thin 
fascia;  this  fact  should  be  kept  in  mind  in  bleeding 
from  this  vessel.  The  basilic  may  anastomose  by  a 
large  branch  with  the  cephalic  vein  (TheUe). 

Axillary  Vein. — This  vein  may  be  double,  from  a 
failure  of  the  venoe  comites  to  unite  with  the  basilic. 
R.  Quain  has  repeatedly  seen  the  axillary  vein  perfo- 
rated by  a  branch  of  the  internal  cutaneous  nerve. 

Subclavian  Vein.— This  vein  may  be  placed  at  a 
higher  level  than  usual,  overlapping  the  artery  at  the 
outer  edge  of  the  scalenus  anticus.  In  rare  cases  the 
vein  passes  behind  the  scalenus  anticus  muscle  with  the 
artery,  or,  in  cases  in  which  the  artery  passes  in  front 
of  the  muscle,  the  vein  may  pass  behind.  Luschka 
has  several  times  seen  the  subclavian  vein  passing 
between  the  clavicle  and  the  subclavius  muscle. 
The  same  anatomist  also  reports  having  seen  the  vein 
divide  and  embrace  the  scalenus  anticus  muscle,  and 
reunite  and  follow  its  usual  course.  The  two  ven® 
comites  have  been  seen  to  empty  into  the  subclavian; 
also  a  left  bronchial  vein  (Wclser). 

Double  Subclavian. — ^Iorgagni  in  one  instance 
found  on  both  sides  of  the  same  body  two  venous 
trunks  placed  side  by  side,  instead  of  the  usual  single 
subclavian  vein.  On  the  right  side  the  two  veins 
were  of  equal  size,  about  five  inches  long,  and  reached 
to  a  point  where  the  internal  jugular  ends.  On  the 
left  side  one  of  the  veins  was  of  very  small  size. 

The  anterior  jugular,  strprascnpvlar,  or  transverse 
cervical  may  empty  into  the  subclavian  separately. 
Weber  reports  the  subclavian  receiving  a  large 
bronchial  vein.  The  cephalic  vein  may  empty  into 
the  subclavian  above  or  below  the  clavicle.  An  aber- 
rant vein  may  unite  the  upper  end  of  the  ceplialic 
vein  with  the  subclavian  by  passing  behind  the  clav- 
icular portion  of  the  pectoralis  major  (\V.  Krause). 

Azygos  Veins. — The  variations  of  the  azygos  veins 
are  considerable,  the  veins  on  the  left  side  being  e.spe- 
cially  liable  to  variation.  Two  or  three  of  the  middle 
intercostal  veins  of  the  left  side  not  uncommonly  unite 
into  a  single  trunk  which  passes  directly  into  the 
azygos  major.  The  left  superior  (hemi-)  azygos  vein 
may  be  absent,  the  intercostal  veins  emptying  .sepa- 
rately into  the  main  tnmk.  The  hemiazygos  may 
empty  into  the  subclavian  (Wrisberg)  or  info  the 
left  innominate,  joining  with  the  superior  intercostal. 
A  case  has  been  reported  (Ccrutti)  in  which  the 
hemiazygos  joined  the  internal  jugular  vein.  AU 
the  intercostal  veins  on  the  left  side  maybe  collected 
into  a  single  trunk  which  empties  into  the  left  in- 
nominate, a  distribution  somewhat  similar  to  that  on 
the  right  side.  The  writer  has  reported  an  example 
of  this  arrangement.  By  referring  to  the  short  ac- 
count given  above  of  the  development  of  the  great 
veins  it  will  be  seen  that  this  anomaly  is  due  to  a 
persistence  of  the  left  cardinal  vein.  A  case  is  re- 
corded by  Gruber  in  which  the  left  azygos  opened 
into  the  coronary  sinus,  and  was  met  by  a  small 
vein  descending  from  the  union  of  the  subclavian  and 
jugular.  In  this  case  the  jugular  vein  had  been  de- 
veloped in  the  usual  way,  while  the  left  vena  azygos 
continued  to  pour  its  blood  into  the  left  duct  of 
Cuvier  (Quain). 

The  azygos  veins  may  be  transposed,  the  larger 
vessel  being  placed  on  the  left  side  and  being  joined  by 
the  right  azygos;  the  trunk  formed  by  these  veins  then 
arches  over  the  root  of  the  right  lung  and  opens  into 
the  left  coronary  sinus  (Gruber).  This  is  the  normal 
arrangement  in  the  sheep  and  some  other  animals. 
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R.  Howtlcn  reports  a  case  of  double  vena  cava  in 
which  a  single  large  loft  azygos,  after  being  joined 
by  some  of  the  right  intercostal  veins,  emptied  into 
the  left  cava  near  the  coronary  sinus.  The  upper 
right  intercostals  formed  a  trunk  which  emptied  into 
the  right  cava. 

There  may  be  a  single  azygos  vein  ascending  in 
front  of  the  spinal  column  and  receiving  the  inter- 
costal veins  of  both  sides  (Wagner).  The  azygos 
major  may  empty  into  the  right  innominate  (Meckel) 
or  higher  up  than  usual  into  the  superior  cava. 
Wrisberg  has  described  a  case  in  whicht  he  azygos 
major  passed  through  a  canal  by  grooving  the  upper 
lobe  of  the  right  lung.  Most  of  the  varieties  men- 
tioned above  may  be  easily  explained  by  studying  the 
development  of  the  veins,  for  they  are  all  persistent 
fetal  conditions.  The  vena  cava  inferior  has  been 
seen  continuous  with  the  azygos  major.  (See  Fig. 
5004.  This  will  be  more  fully  described  with  the 
vena  cava  inferior.) 

The  right  spermatic  has  been  noted  as  emptying 
into  the  azygos  vein,  also  the  left  renal  and  suprarenal 
veins  (Quain). 


FlQ.  5003.— Case  of  Double  Inferior  Vena  Cava,  the  Two  Com- 
inon  Iliacs  being  Joined  by  a  Transverse  Branch.  .1,  Occluded 
Tenacava:  e,  right  renal:  /,  right  spermatic:  d,  large  branch,  prob- 
ably joining  the  splenic,  through  which  circulation  was  carried  on. 
View  taken  from  behind.     (W.  Osier.) 

An  aberrant  branch  has  been  seen  going  from  the 
angle  of  junction  of  the  left  renal  and  inferior  vena 
cava  to  the  right  azygos  (\V.  Krause).  The  right 
pulmonary  vein  has  been  seen  to  join  the  vena 
azygos  major. 

Jjiferior  Vena  Cava. — R.  Quain  divides  the  peculiari- 
ties of  this  vein  into  two  classes:  (a)  Where  the  vein 
has  the  usual  mode  of  termination  in  the  heart; 
(6)  where  it  terminates  in  the  superior  vena  cava. 

The  common  iliac  veins  may  not  join  at  the  usual 
place;  the  left  common  iliac,  after  sending  a  branch 
across  to  join  the  right,  may  pass  up  on  the  left  side  of 
the  aorta  and  join  the  left  renal.  This  is  not  a  very 
uncommon  anomaly,  and  has  been  seen  several  times 
by  the  writer.  It  is  sometimes  called  an  example 
of  double  vena  cava  inferior.  A  ca.sc  is  reported  by 
William  Osier  of  occlusion  of  the  vena  cava  as  it  en- 
tered the  liver.  There  was  in  this  case  a  double  cava 
arranged  as  above  described  (see  Fig.  r)00;5);  the  circu- 
lation was  carried  on  by  a  large  branch  from  the  left 
renal,  which  probably  joined  the  splenic. 

In  some  eases  there  is  no  transverse  branch  below 
between   the   two   common   iliacs.     These   cases   are 


examples  of  the  persistence  of  the  lower  part  of  tin; 
cardinal  veins. 

Another  somewhat  similar  anomaly  is  that  in  which 
the  two  common  iliac  veins  join  to  form  a  common 
vein  which  passes  up  on  the  left  side  of  the  aorta,  but, 
after  receiving  the  left  renal,  crosses  over  (rarely  under) 
the  aorta  and  from  there  on  takes  its  usual  position. 

The  explanation  of  this  anomaly  is  that  the  right 
cardinal  vein  has  been  obliterated  while  the  left 
persists.  In  cases  of  transposition  of  the  viscera  the 
vena  cava  inferior  passes  up  the  whole  distance 
on  the  left  side  of  the  aorta,  grooves  the  transposed 
liver,  and  joins  the  right  auricle  of  the  heart  in  ita 
transposed  position  on  the  left  side.  A  case  of  trans- 
position of  the  viscera  is  recorded  (Hernholdt)  in 
which  the  inferior  cava  passed  up  on  the  right  of  the 
aorta,  pierced  the  diaphragm,  and  then  crossed  over 
to  join  the  transposed  superior  cava. 

In  some  rare  cases  the  inferior  cava  pa.s.'ips  up  nor- 
mally to  the  diaphragm  without 
receiving  the  hepatic  veins,  it 
then  pierces  the  diaphragm,  and 
goes  over  the  root  of  the  right 
lung  to  join  the  superior  cava, 
thus  taking  the  place  of  the  vena 
azygos  [major;  the  hepatic  veins 
in  tliese  cases  form  a  trunk,  which 
opens  into  the  right  auricle  at  the 
usual  place  of  termination  of  the 
inferior  cava  (Fig.  5004.)  Again, 
the  inferior  cava  may  pass  up  on 
the  left  side  of  the  aorta  and,  after 
piercing  the  diaphragm  on  that 
side,  go  behind  the  aorta  and 
thoracic  duct  to  join  the  superior 
vena  cava,  thus  following  the 
course  of  the  left  azygos  vein. 
The  hepatic  veins,  as  in  the  for- 
mer case,  open  into  the  right 
auricle.  These  cases  are  explained 
on  the  supposition  that  the  normal 
inferior  cava  has  never  been  de- 
veloped, and  that  the  blood  is  re- 
turned from  the  lower  part  of  the 
body  by  a  persistent  cardinal 
vein. 

W.  Gruber  reports  a  case  in 
which  the  inferior  cava  was  p,(,  5<x)4. The  In- 
formed by  the  junction  of  three  fcrior  Cava  continued 
trunks — right  and  left  external  into  the  Thorax  aa  the 
iliacs  and  a  common  iliac  formed 
by  the  junction  of  the  two  inter- 
nal iliacs;  this  arrangement  is 
seen  in  some  of  the  lower  animals, 
as  the  bear,  etc.  The  vena  cava 
inferior  is  occasionally  formed 
by  a  common  iliac  vein  and  the 
veins  of  the  other  side,  not  open- 
ing by  a  common  trunk,  but  sepa- 
rately. 

Renal  Veins. — The  left  renal  vein,  in  order  to  rejich 
the  inferior  cava,  may  pass  behind  instead  of  in  front 
of  the  aorta.  Superumcrary  renal  veins  are  not  so 
common  as  supernumerary  renal  arteries,  but  they 
not  infrequently  occur.  One  of  these  supernumerary 
vessels  of  the  left  side  may  open  into  the  azygos  of 
that  side. 

Walsham  reports  a  case  of  double  left  renal  vein 
embracing  the  aorta,  one  passing  in  front  and  the  other 
behind.  The  posterior  branch  received  the  spermatic 
and  also  the  third  lumbar  vein.  The  writer  has  seen 
a  somewhat  similar  case,  referred  to  below.  When  the 
kidney  is  placed  lower  than  normal,  a  vein  from  it 
usually  empties  info  the  common  iliac. 

In  the  museum  of  McGill  I'niversity  is  a  beautiful 
specimen  of  abnormal  renal  veins  obtained  by  the 
writer.  Both  kidneys  were  placed  lower  down  than 
normal,  reaching  to  the  intervertebral  substance  bc^ 
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twccn  the  fourtli  and  fifth  hirabar  vertebrse,  and  ea,ch 
received  a  supernumerary  artery  from  the  common  iliac 
artery.  On  the  right  there  were  two  renal  veins,  on  the 
left  one  large  vein  proceeded  from  the  hilus  of  the 
kidney  in  front  of  the  aorta,  and  a  smaller  one  passed 
behind  the  aorta  to  join  the  inferior  cava  lower  down. 
This  communicated  below,  by  a  large  branch  which 
jwssed  beneath  the  left  common  iliac  artery,  with  the 
left  common  iliac  vein,  and  above,  by  another  large 
branch,  with  the  splenic  vein  (see  Fig.  5005).  This 
case  is  jjrobably  one  of  persistence  of  the  left  cardinal 
vein  in  its  lower  part. 

Spermatic  and  Suprarenal  Veins. — These  may  empty 
by  a  common  trunk  into  the  azygos.  The  right  sper- 
matic may  empty  into  the  right  ren.-il  and  the  left 
spermaticinto  the  inferior  cava.  The  spermatic  vein 
may  empty  into  the  suprarenal.  It  may  be  double 
in  the  upper  parts  of  its  course  or  may  be  altogether 
absent. 

Common  Iliac  Veins. — A  perforation  is  occasionally 
seen  through  which  i^asses  a  small  artery.  Sometimes 
the  vein  divides  and  reunits  farther  on,  thus  making  it 
double  in  part  of  its  course   (R.   Quain).     The  left 


Fig.  6005. — Anomalous  Renal  Vessels.  .-1,  Aorta;  V,  vena 
cava:  6,  communication  between  the  left  renal  and  the  left  common 
iliac;  iS,  vein  from  left  renal  going  to  join  the  splenic:  c,  super- 
numerary renal  veins.     (Shepherd.) 

common  iliac  vein  has  been  seen  passing  in  front  of  the 
right  common  iliac  artery  (Zaaijer).  Absence  of  the 
common  iliac  vein  of  one  or  both  sides  has  been  met 
with  by  Gruber;  the  left  e.xternal  and  internal  iliac 
veins  in  one  instance  being  continued  upward  to  enter 
the  commencement  of  the  inferior  cava,  and  in  another 
the  two  internal  iliac  veins  were  joined  into  a  common 
trunk  which  united  with  the  right  and  left  e.xternal  Uiac 
veins  to  form  the  vena  cava. 

Obturator  Vci?i. — Often  double,  one  accompanying 
the  artery  and  the  other  coursing  around  the  inner  side 
of  the  femoral  ring.  It  may  open  by  two  mouths  into 
the  external  iliac. 

Internal  iliac  vein  of  the  right  side  has  been  seen  to 
empty  into  the  left  common  iliac  vein.  The  internal 
iliac  may  be  double  (Quain). 

Veins  of  the  Lower  Limb;  Superficial  Veins. — 
External  Sapheno^is. — This  vein  may  empty  into  the 
long  saphenous  or  femoral  instead  of  the  popliteal.  It 
may  communicate  with  the  gluteal  veins  beneath  the 
gluteus  maxiraus  muscle. 

A  case  is  reported  in  which  the  external  saphenous, 
after  piercing  the  deep  fascia  in  the  popliteal  space,  ran 
up  on  the  posterior  surface  of  the  adductor  magnus, 
jierforating  it  near  the  second  perforating  artery,  and 
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then  joined  the  profunda  vein.  In  the  same  paper 
another  case  is  mentioned  in  which  the  vena;  comites  of 
the  posterior  tibial,  instead  of  uniting  to  form  the 
popliteal,  continued  up  as  two  veins,  being  joined  by 
the  external  saphenous,  and  going  up  on  the  adductor 
magnus  to  open  into  the  profunda  vein  near  the  first 
perforating  artery.  The  writer  has  seen  the  external 
saphenous  empty  about  the  middle  of  the  thigh  into  an 
abnormal  poi>liteal  vein  which  passed  up  tlie  back  of 
the  tliigh  to  join  the  profunda.  The  external  saphe- 
nous may  empty  into  muscular  branches  in  the  adduc- 
tor magnus.  Branches  of  communication  have  been 
seen  between  the  perforating  and  ischiatic  veins  and 
the  external  saphenous. 

Internal  Saphenous  Vein. — This  vein  may  pierce  the 
fascia  lata  higher  or  lower  than  usual.  It.  may  be 
doubled,  or  may  form  an  island.  It  may  receive  the 
superficial  epigastric,  circumflex  iliac,  an  accessory 
saphenous,  or  the  external  saphenous.  It  is  in  some 
cases  very  large,  and  in  others  of  no  great  size.  There 
is  frequently  an  accessory  internal  saphenous. 

Deep  Veins  op  the  Lower  Limb. — Popliteal  Vein. 
— The  veins  which  form  the  popliteal  occasionally 
unite  farther  up  than  usual,  so  that  the  lower  part  of 
the  artery  is  accompanied  by  two  veins.  In  some  rare 
cases  the  vein  is  double  in  its  entire  length.  It  may  be 
double  as  high  up  as  the  profunda  vein.  Sometimes 
the  popliteal  vein  passes  up  the  thigh  and  joins  the 
profunda;  in  such  cases  the  external  saphenous  empties 
into  this  vein  high  up  on  the  thigh.  When  the  ijopli- 
teal  vein  does  not  accompany  the  artery  to  become  the 
femoral,  a  small  vein  is  occasionally  seen  with  the 
artery. 

The  popliteal  vein  may  lie  deeper  and  more  internal 
than  the  artery  and  next  the  bone. 

Femoral  Vein. — Occasionally  double  in  part  and, 
more  rarely,  in  the  whole  of  its  course.  When  double, 
the  femoral  artery  lies  between  the  two  veins.  In 
some  cases  one  of  the  veins  may  cross  the  artery. 
Small  veins  are  occasionally  observed  passing  over  the 
artery  in  various  directions,  sometimes  in  transverse 
loops  or  obliquely;  these  transverse  branches  usually 
connect  various  parts  of  the  double  vein.  The  fem- 
oral vein  may  be  much  diminished  in  size  when  the 
popliteal  vein  empties  into  the  deep  femoral  and 
pierces  the  adductor  magnus  at  a  higher  point  than 
usual.  In  these  cases  the  femoral  vein  proper  first 
comes  in  contact  with  the  artery  in  the  groin.  R. 
Quain  mentions  a  case  in  which  he  could  find  no  fem- 
oral vein  accompanying  the  lower  end  of  the  artery; 
the  writer  has  seen  one  such  case. 

PoRT.iL  System  of  Veins. — Hepatic  Veins. — Rothe, 
a  German  surgeon,  reported  many  years  ago  (1787)  a 
case  in  which  one  of  the  large  hepatic  trunks  from  the 
right  lobe  of  the  liver  terminated,  not  in  the  inferior 
cava  or  right  auricle,  but  in  the  base  of  the  right 
ventricle.  Its  entrance  was  guarded  by  three  valves 
(quoted  by  W.  Krause).  In  cases  in  which  the  inferior 
cava,  as  already  described,  joins  the  superior  cava,  the 
hepatic  veins  may  open  separately  (Horner)  or  by  a 
single  trunk  (Abernethy)  into  the  riglit  auricle.  This 
arrangement  is  normal  in  some  animals.  The  writer 
has  described  a  case  in  which  the  vena  cava  inferior, 
after  piercing  the  liver  and  being  joined  there  by  a  few 
small  hepatic  veins  (principally  from  the  left  side), 
passed  as  usual  to  the  diaphragm,  and  as  it  pierced 
that  muscle  it  was  joined  by  a  large  vein,  the  size  of 
one's  finger,  and  with  walls  as  thick  as  those  of  an 
artery.  This  vein,  when  traced  back,  proved  to  be  a 
common  trunk  formed  by  two  large  hepatic  veins 
w'hich  came  from  the  right  lobe;  the  common  trunk 
measured  one  inch  in  length  (see  Fig.  5006). 

Morgagni  reports  a  case  of  the  hepatic  veins  joining 
the  vena  cava  inferior  after  it  had  pierced  the  dia- 
jjhragm  (quoted  by  W.  Krause).  H,vrtl  has  seen  the 
hepatic  veins  empty  by  a  common  trunk  into  the 
right  auricle  to  the  inner  side  and  separately  from  the 
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inferior  cava;  this,  as  mentioned  above,  is  the  normal 
course  when  the  vena  cava  is  absent  or  its  place  is 
taken  by  a  persistent  cardinal  vein. 

Umbilical  Vein. — This  vein  has  occasionally  been 
found  patent  for  a  variable  distance  below  the  liver. 
It  may  communicate  with  tlie  e|)iga-stric,  and  thus 
establish  a  collateral  circulation;  this  is  much  more 
evident  when  a  diseased  condition  of  the  liver  ob- 
structs the  venous  circulation. 

J.  A.  Russel  reports  two  cases  of  persistent  commu- 
nication between  the  umbilical  and  portal  veins  in  the 
human  subject.  F.  Champneys  describes  a  communi- 
cation between  the  external  iliac  and  portal  veins 
through  the  epigastric  and  umbilical  veins. 

This  was  due,  probably,  to  fusion  of  Lvischka's  par- 
umbilicalis  (which,  according  to  him,  always  exists 
normally  as  a  communication  between  the  portal  and 
epigastric  veins),  and  the  channel  was  afterward  in- 
creased in  size  by  obstruction,  duo  to  enlarged  liver 


Flo.  5000 — Hepatic  Veins  from  Right  Lobe  of  the  Liver  Open, 
ing  by  a  Common  Trunk  near  the  Entrance  of  the  Inferior  Vena 
Cava  through  the  Diaphragm.  R,  Right  auricle;  D,  line  of  dia- 
phragm; L,  liver;  V,  vena  cava;  //,  abnormal  hepatic  veins. 
(Shepherd.) 

A  communication  of  large  size  between  the  umbilical 
and  epigastric  veins  is  the  normal  arrangement  in 
many  of  the  lower  animals,  as  the  rorqual,  seal,  sheep, 
pig,  etc.,  and  in  man  is  an  early  fetal  conditioii. 
Numerous  examples  have  been  recorded  of  communi- 
cation between  the  veins  of  the  abdominal  parictes,  as 
the  phrenic  (azygos,  etc.)  and  the  po'rtal  vein.  The 
writer  has  already  described,  in  connection  with  the 
renal  vein,  a  case  in  which  a  large  branch  of  communi- 
cation existed  between  the  left  renal  vein  and  the 
splenic. 

Meniere  has  described  a  case  in  which  a  large  vein, 
as  thick  as  a  finger,  went  from  the  portal  vein  to  the 
right  iliac.  And  Brigidi  has  reported  a  case  of  free 
communication  between  the  umbilical  vein,  which  was 
patent,  and  the  right  iliac  by  means_  of  a  branch  of 
large  size  in  a  case  of  cirrhosis  of  the  liver. 

W.  Krause  mentions  a  number  of  cases  of  communi- 
cation between  the  portal  vein  and  the  iliac  veins  by 
means  of  a  patent  umbilical,  connected  directly  by  a 
branch  or  through  an  epigastric  vein.  These  com- 
munications are  all  due  to  persistent  fetal  conditions, 
and  are  much  more  apparent  when  there  is  any  ob- 
struction to  the  portal  circulation. 

Francis  ,T.  Shepherd. 


Veins,  Pathology  of. — In  general,  the  same  patho- 
logical processes  are  found  in  the  veins  as  in  the  arter- 
ies, thougli  varying  in  degree  and  importance  in  the 
two  sets  of  vessels,  some  conditions  being  more  pro- 
nounced in  the  arteries,  others  in  the  veins.  Thus,  for 
example,  inflammatory  changes  are  of  much  more 
frequent  occurrence  in  the  veins;  sclerosis  and  calci- 
fication in  the  arteries.  Tlirombosis  of  veins  and 
thrombophlebitis  are  among  the  most  common  and 
important  of  pathological  conditions;  while,  on  the 
other  hand,  from  the  nature  of  things,  arterial  embo- 


lism holds  a  like  important  place  in  pathology.  In 
addition  to  the  pathological  processes  common  to  both 
sets  of  vessels  there  is  a  number  of  morbid  conditions 
peculiar  to  the  veins,  among  the  most  important  of 
which  may  bo  mentioned  varices  and  ]>hlebcctasias. 

ANOM.'iUEs. — Congenital  anomalies  in  the  number, 
branching,  course,  and  distribution  of  veins  are  very- 
common.  They  are  rarely  of  clinical  importance, 
though  at  times  causing  temporary  embarra-ssment 
during  surgical  operations.  Congenital  dilatations  or 
varices  are  also  of  very  frequent  occurrence.  They 
may  vary  in  size  from  a  slight  local  increase  in  the 
prominence  of  the  veins  (lenou.f  nau.i)  to  extensive 
dilatations  of  the  superficial  veins  involving  an  entire 
extremity,  or  the  greater  portion  of  the  trunk  or  body. 
Heredity  is  an  important  factor.  As  a  rule  the  con- 
dition does  not  become  especially  noticeable  until 
about  the  age  of  puberty  when  there  is  usually  a  rapid 
increase  in  the  degree  of  the  abnormality.  The  super- 
ficial veins  alone  may  be  affected,  or  anomalous  com- 
munications may  exist  between  these  and  the  deep 
venous  trunks,  or  the  entire  venous  system  of  an  ex- 
tremity may  be  overdeveloped  without  a  correspond- 
ing development  of  the  artery.  (See  Veins,  Anomalies 
of.) 

Retrograde  Ch.\xges. — Atrophy. — \  thinning  of 
the  wall  of  a  vein  may  result  from  long-continued  over- 
distention,  or  from  a  lessened  function,  as  in  the  case 
of  an  amputation  stump.  As  the  result  of  such  thin- 
ning of  the  vessel  wall  there  may  follow  a  dilatation 
of  the  lumen,  formation  of  varices,  insufficiency  or 
rupture  of  the  valves  of  the  veins,  or  even  rupture  of 
the  vessel  itself.  The  atrophy  may  be  confined  to  one 
venous  system  or  may  be  universal.  The  latter  oc- 
curs particularly  in  the  case  of  extreme  general  venous 
congestion,  as  in  chronic  valvular  lesions  of  the  heart. 
A  secondary  atrophy  of  the  walls  of  veins  appears  also 
as  a  frequent  accompaniment  or  sequela  of  a  variety 
of  primary  conditions  affecting  the  veins,  such  as 
phlebitis,  etc.  Hypertrophy  of  the  vein  wall  is  usu- 
ally followed  by  a  secondary  tliinning,  which  may  bo 
associated  with  retrograde  changes,  sudi  as  f.atty  do- 
generation,  hyaline  change,  calcification,  etc.  A  sec- 
ondary thinning  of  the  vein  wall  is  also  of  common 
occurrence  in  varices. 

Fatty  degeneration  occurs  in  the  intima  of  veins  under 
the  same  conditions  as  in  that  of  arteries  (anemia,  in- 
toxications, infections,  etc.).  In  the  intima  of  the 
affected  vein  there  are  seen  whitish  or  yellowish  spots 
or  patches  which  arc  usually  slightly  elevated  above 
the  general  surface  of  the  intima.  The  degeneration  is 
usually  confined  to  the  endothelium,  and  the  affected 
cells  are  more  easily  scraped  from  their  basement 
membrane  than  are  the  normal  cells.  In  long-con- 
tinued and  severe  intoxications,  as  in  sepsis,  chronic 
nephritis,  icterus,  pernicious  anemia,  etc.,  extensive 
fatty  degeneration  may  be  found  in  the  intima  of  the 
veins.  Similar  marked  changes  may  also  be  found  in 
very  severe  cases  of  certain  of  the  acute  infections, 
such  as  diphtheria  and  pneumonia,  also  in  severe  ane- 
mia due  to  hemorrhage,  and  in  poisoning  with  phos- 
phorus, arsenic,  etc. 

Hyaline  degeneration  of  the  connective  tissue  of  the 
walls  of  veins,  while  not  so  common  .as  in  the  walls  of 
arteries,  is  nevertheless  of  relatively  frequent  occur- 
rence. The  radicles  of  the  portal  vein  are  most  often 
affected,  but  the  process  is  common  enough  in  the 
femoral  veins  and  in  the  veins  of  the  lower  extremities. 
The  spermatic  and  ovarian  veins,  and  the  veins  of  the 
broad  ligament  not  infrequently  show  this  change.  It 
may  be  primary  or  follow  secondarily  upon  a  chronic 
phlebitis.  The'  change  may  be  diffused  or  localized. 
In  the  majority  of  ca.ses  it  is  the  sequela  of  a  fibroid 
thickening  of  the  intima,  the  new  connective  tissue 
formed  bencatli  the  endothelium  soon  booming  hya- 
line in  character  (phlcbosclerosis).  Calcification  and 
fatty  degeneration  may  follow,  but  are  much  less  com- 
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inon  than  in  the  case  of  the  arteries.  The  portal  rad- 
icles, hepatic  veins,  and  the  veins  of  the  lower  extremi- 
ties are  most  frequently  affected.  When  occurring 
primarily  and  not  as  a  sequela  of  phlebitis,  hyaline 
degeneration  of  the  wall  of  veins  is  usually  dependent 
upon  a  chronic  intoxication,  as  in  the  case  of  syphilis. 
The  media  and  adventitia  are  rarely  involved.  After 
thrombosis  of  a  vein  and  subsequent  organization  of 
the  thrombus  the  newly  formed  connective  tissue  re- 
I)lacing  the  thrombus  may  become  hyaline  in  charac- 
ter. In  extreme  chronic  passive  congestion  of  the 
lungs  (mitral  stenosis)  the  pulmonary  veins  as  well  as 
the  arteries  may  become  greatly  thickened  and  present 
a  hyaline  change  of  greater  or  less  degree. 

Calcification. — This  is  on  the  whole  relatively  rare  in 
veins,  and  is  usually  localized  to  small  areas.  Only 
rarely  are  veins  calcified  throughout  any  considerable 
portion  of  their  wall.  The  deposit  of  lime  salts  most 
frequently  follows  hyaline  or  fatty  changes,  or  is  a  se- 
quela of  thrombophlebitis.  In  cases  of  chronic  phle- 
bitis true  bone  may  sometimes  be  formed  in  the  walls 
of  veins.  This  event  occurs  particularly  in  the  fem- 
oral and  its  branches  and  in  the  radicles  of  the  portal 
vein.  The  writer  has  observed  a  number  of  cases  of 
calcification  of  the  femoral  and  saphenous  veins  follow- 
ing thrombophlebitis  of  these  vessels.  In  two  cases 
osteoid  and  true  osseous  tissues  were  found  in  the  vein 
walls  and  in  the  adjacent  tissues.  Calcification  of  the 
portal  vein  is  of  not  infrequent  occurrence.  Virchow, 
Spiegelberg,  and  others  have  described  such  cases. 
The  lime  salts  are  deposited  in  the  form  of  thin  laminse, 
usually  in  the  media  of  the  vein,  but  at  times  also  in 
the  intima  and  adventitia.  Evidences  of  a  chronic 
pyleplilebitis  are  usually  present  in  the  form  of  scle- 
rotic changes,  irregular  thickenings  of  the  wall,  bridges 
of  connective  tissue  crossing  the  lumen  of  the  vein, 
etc.  The  mesenteric  and  splenic  veins  may  show  simi- 
lar changes.  In  two  cases  of  Banti's  disease  studied 
by  the  writer  there  was  a  marked  stenosis  of  the  portal 
vein  with  extensive  sclerosis  and  calcification,  involv- 
ing chiefly  the  middle  coat  of  the  vessel.  The  irregu- 
lar character  of  the  vein  wall,  the  rougliened  intima,  and 
the  strands  of  connective  tissue  crossing  the  lumen  in 
one  of  the  cases  made  it  very  probable  that  the  steno- 
sis and  the  accompan3'ing  sclerosis  and  calcification 
were  the  sequela;  of  an  old  thrombopylephlebitis.  In 
both  cases  the  splenic  and  mesenteric  veins  and  their 
radicles  were  greatly  dilated  and  showed  marked  scle- 
rotic changes.  Deposits  of  lime  salts  were  also  present 
in  the  sclerotic  walls  of  many  of  the  smaller  branches 
of  the  mesenteric  veins.  Several  similar  cases  have 
been  reported  under  various  heads  in  the  older  litera- 
ture. In  connection  with  these  cases  the  ciuestion 
arises  if  the  symptom  complex  now  known  as  splenic 
anemia  may  not  be  secondary  to  portal  obstruction 
due  to  various  causes.  Sclerosis  and  deposits  of  lime 
salts  are  not  rare  in  the  portal  vein  and  its  branches 
in  the  late  stages  of  cases  of  hepatic  cirrhosis.  Calci- 
fication of  the  vein  walls  in  other  parts  of  the  body  is 
of  rare  occurrence,  except  in  the  case  of  local  deposits 
at  the  site  of  calcified  thrombi. 

Amyloid  change  is  much  rarer  in  the  veins  than  in 
the  arteries,  and  is  usually  found  in  but  slight  degree. 
It  is  extensive  only  in  the  case  of  extreme  general 
amyloidosis. 

Progressi\-e  Changes. — Hypertrophy  of  all  three 
coats  of  the  vein  wall  with  dilatation  of  the  lumen 
occurs  in  athletes  and  in  individuals  accustomed  to 
heavy  labor.  The  degree  of  hypertrophy  bears  no 
constant  relation  to  excessive  muscular  activity,  and 
such  an  enlargement  of  the  veins  may  be  entirely  ab- 
sent in  individuals  in  whom  such  conditions  are  pres- 
ent. It  must,  therefore,  be  assumed  that  some  inher- 
ent peculiarity  in  the  structure  of  the  vein  walls  lies 
at  the  foundation  of  such  hypertrophy.  This  view  is 
further  supported  by  the  fact  that  individuals  not 
given  to  marked  muscular  activity  may  also  show  such 
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a  venous  hypertrophy.  In  the  latter  case  the  hyper- 
trophy is  usually  congenital  and  often  inherited,  par- 
ticularly from  the  paternal  side.  It  is  probable  that 
such  congenital  hypertrophy  of  the  veins  is  due  to  a 
primary  weakening  of  the  walls  or  to  a  lowered  tension 
in  the  tissues  surrounding  the  vessels.  The  loss  of 
the  aid  given  to  the  venous  circulation  by  muscular 
activity  may  also  play  a  part  in  the  production  of  the 
condition.  Aphysiologicalhypertrophy  of  the  uterine 
veins  occurs  in  the  pregnant  uterus. 

A  hypertrophic  condition  of  the  veins  occurs  also  in 
the  vessels  taking  part  in  the  formation  of  a  collateral 
circulation.  In  general  it  may  be  said  that  stagnation 
of  the  blood  flow  in  veins  leads  to  a  thickening  of  their 
walls.  A  general  hypertrophy  of  the  venous  system 
may  therefore  be  the  result  of  a  general  venous  stasis, 
as  in  the  case  of  heart  lesions  without  proper  compen- 
sation. In  mitral  stenosis  there  is  almost  always  a 
marked  thickening  of  the  walls  of  the  pulmonary  veins, 
and,  in  case  the  right  ventricle  is  not  compensating 
fully  for  the  lesion,  a  similar  thickening  of  the  sys- 
temic veins  also  results.  A  local  venous  stagnation 
may  give  rise  to  a  local  venous  hypertrophy.  Such 
eVilargement  of  the  veins  and  thickening  of  their  walls 
are  frequently  seen  in  the  neighborhood  of  tumors. 
A  secondary  atrophy  follows  sooner  or  later  in  all 
cases. 

The  increase  of  thickness  may  involve  all  three 
coats,  but  often  the  muscularis  is  alone  hypertrophic. 
At  other  times  the  intima  may  show  the  most  thick- 
ening, and  in  other  cases  still  the  adventitia.  In  the 
case  of  collateral  anastomoses,  particularly  in  arterio- 
venous anastomoses  and  behind  obstructions,  the  vein 
wall  may  show  a  very  marked  degree  of  thickening. 
In  the  majority  of  cases  such  hypertrophies  are  in 
reality  connective-tissue  hyperplasias  duo  to  chronic 
hyperplastic  phlebitis.  A  true  muscular  hypertrophy 
and  hyperplasia  do  occur,  however.  The  new  con- 
nective tissue  formed  in  the  vein  wall  is  usually  of  the 
character  of  scar  tissue.  The  elastic  fibers  often 
appear  to  be  increased  in  size  and  number.  Secondary 
atrophy,  contraction  and  thinning,  in  association  with 
sclerotic  changes,  fatty  degeneration,  calcification,  etc., 
follow  the  hypertrophy.  The  hyperplasia  of  the  mus- 
cularis in  the  case  of  collateral  anastomoses  is  to  be 
regarded  as  purely  compensatory  in  nature,  though 
often  associated  with  inflammatory  changes.  In  all 
organs  in  which  there  has  been  for  some  time  a  condi- 
tion of  marked  chronic  congestion  the  number  of  large 
veins  appears  to  be  greatly  increased.  It  is  due  to  the 
fact  that  the  walls  of  the  smaller  veins  become  thick- 
ened in  proportion  to  the  dilatation  of  the  vessel  lumen. 
In  these  cases  the  muscle  does  not  become  increased 
in  amount,  the  thickening  of  the  wall  being  due  to  a 
new  formation  of  connective  tissue  which  later  be- 
comes more  or  less  hyaline  in  character. 

Infl.^mmation,  Phlebitis. — Inflammation  is  a 
much  more  common  occurrence  in  the  veins  than  in 
the  arteries.  Though  an.alogous  in  structure  to  the 
latter,  the  walls  of  the  veins  are  thinner  and  weaker, 
and  their  coats  less  sharply  differentiated.  For  this 
reason  it  is  hardly  possible  to  separate  inflammatory- 
processes  of  the  vein  walls  into  endo-,  meso-,  and  peri- 
phlebitis. In  the  great  majority  of  cases  all  three 
coats  are  coincidently  affected,  the  process  extending 
quickly  from  the  intima  to  the  adventitia,  or  in  the 
opposite  direction,  so  that  the  entire  vein  wall  becomes 
equally  involved.  A  further  and  more  important  dif- 
ference between  the  arteries  and  veins  is  the  part 
played  by  the  latter  in  inflammations  of  the  tissues. 
In  such  conditions  the  arteries  may  present  no  recogniz- 
able anatomical  changes;  the  veins,  on  the  other  hand, 
present  the  phenomena  of  a  marginal  disposition  of  the 
leucocj'tes  and  diapedesis  of  the  same.  In  purulent 
inflammations  the  smallest  veins  may  become  so  in- 
volved that  the  elements  of  their  walls  suppurate  or 
show  signs  of  proliferation.     Such  changes  should  be 
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included  under  phlebitis  in  a  broad  sense,  but  the  term 
is  usually  restricted  in  its  application  to  inflammatory 
processes  involving  the  large  veins. 

According  to  Kostcr,  phlebitis  is  to  be  regarded  as  a 
Ii/mphaugitis  of  the  vein  wall,  the  inflammatory  proc- 
ess extending  along  the  lymph  spaces  and  lymph  ves- 
sels with  which  the  wall  is  richly  supplied.  The  ex- 
tension upward  along  the  vein  (ascending  phlebitis)  is 
due  to  an  ascending  lymphangitis.  The  vasa  vasorum 
likewise  play  an  important  part  in  the  extension  of  the 
process.  The  connection  between  peripheral  lym- 
phangitis and  phlebitis  is  very  close.  In  the  case  of 
infected  wounds  of  the  extremities  the  signs  of  an 
ascending  lymphangitis  precede  those  of  phlebitis, 
the  infection  of  the  vein  wall  following  that  of  the 
lymphatics. 

In  all  cases  of  phlebitis  in  which  the  intima  of  the 
vein  is  damaged  thrombosis  results.  The  combina- 
tion of  thrombosis  with  phlebitis  is  known  as  phteho- 
ihrombosis,  and  is  to  be  regarded  as  one  of  the  most 
important  features  of  the  process.  In  the  ca.sc  of 
hematogenous  infection  (intravascular)  the  formation 
of  a  thrombus  may  constitute  the  first  step  of  the 
process,  the  inflammation  of  the  vein  wall  following 
upon  this.  In  the  case  of  periphlebitis  (extravascular 
infection;  the  thrombosis  follows  the  extension  of  the 
process  to  the  intima.  By  some  writers  the  term 
thrombophlebitis  is  applied  to  the  first  condition,  phle- 
bothrombosis  to  the  second.  This  distinction  is  not 
commonly  observed,  however,  and  the  term  thrombo- 
phlebitis is  used  to  designate  both  processes.  Throm- 
bosis may  be  associated  with  either  acute  or  chronic 
phlebitis. 

Etiology. — The  infection  of  the  vein  may  be  either 
intra-  or  extravascular.  In  the  first  case  the  infection 
is  either  of  metastatic  or  of  cryptogenic  origin.  More 
frequently  the  vein  is  involved  by  an  extension  Qymph- 
angitis)  from  neighboring  suppurative  processes.  In- 
fected wounds  (trauma,  operation,  childbirth,  varices, 
etc.)  form  the  most  common  causes  of  phlebitis.  The 
primary  infection  may  be  of  slight  degree,  or  the  infec- 
tion may  take  place  through  uninjured  tissues  (hair 
follicle).  Phlebitis  due  to  infection  following  abortion 
or  childbirth  is  of  frequent  occurrence.  In  the  majority 
of  the  infectious  diseases  phlebitis  occurs  often,  being 
due  either  to  the  direct  action  of  the  specific  infectious 
agent,  the  intoxication,  or  to  a  secondary  infection. 
In  smallpox,  typhoid  fever,  influenza,  erysipelas,  diph- 
theria, dysentery,  scarlatina,  pneumonia,  and  gonor- 
rhea phlebitis  not  infrequently  occurs.  In  the  milder 
infections,  such  as  measles,  it  is  a  more  rare  complica- 
tion. Chronic  intoxications,  syphilis,  gout,  alcohol- 
ism, etc.,  are  regarded  by  some  writers  as  causal  agents 
in  chronic  phlebitis.  Obliterating  endophlebitis  in 
particular  has  been  ascribed  to  syphilis.  By  other 
writers  the  existence  of  a  specific  rheumatic  or  gouty 
(alcoholic)  phlebitis  is  denied.  Of  the  microorgan- 
isms causing  phlebitis,  the  streptococcus,  staphylococ- 
cus, pneumococcus.  gonococcus,  typhoid  baciUus,  and 
the  colon  bacillus  play  the  chief  roles. 

Varieties. — As  mentioned  above,  it  is  rarely  possible 
in  the  acute  forms  of  phlebitis  to  diff'erentiate  endo-, 
nicso-,  and  periphlebitis.  In  chronic  phlebitis  such  a 
classification  is  often  possible,  the  chronic  forms  being 
more  often  confined  to  the  inner  and  middle  coats. 
.\ccording  to  the  chief  characteristics  of  the  inflam- 
matory process,  there  may  be  distinguished  the  follow- 
ing varieties  of  phlebitis: 


Aouta  (hematogenous 
I      extravascular). 


Chronica  (heniatogenou:^ 
or  extravascular). 


1.  Exudativa. 

(d)  Purulenta. 
(6)  Suppurativa. 

2.  Dissecans. 

3.  Protiuctiva,    s.     adhaj- 

siva,  s.  organisatoria. 

4.  Gangrenosa. 
1.   Hyperplastica. 

1  2.  ,\trophica. 
3.  Obliterans. 


il 


Various  other  terms  have  been  applied  by  different 
authors  to  designate  especial  features  of  given  cases: 
ascending  phlebitis,  diffuse  phlebUts,  universal  phUbUit, 
panphlebitis,  etc.  Phlebitis  circumscripta  is  also  ap- 
plied to  a  localized  phlebitis,  more  particularly  to 
areas  of  localized  inflammation  in  the  walls  of  the 
cerebral  sinuses. 

Acute  Phlebitis. — The  vein  wall  may  be  infected 
from  the  blood  {hematogenmis)  or  from  the  tissues  {ez- 
travascular).  The  latter  occurrence  is  probably  the 
more  common. 

(«)  Exlravascxdar  Origin. — In  this  case  the  adventi- 
tia  is  first  affected,  and  the  early  .stages  of  the  process 
appear  as  a  purulent  periphlebitis.  The  lymphatics 
and  the  small  veins  of  the  vessel  wall  become  filled 
with  leucocj^es,  and  these  may  collect  in  such  num- 
bers as  to  give  the  process  the  character  of  a  purulent 
infiltration  of  the  vein  wall  (phlebitis  exudativa  or  ptiru- 
lenta).  Edema  and  liquefaction  of  the  elements  of 
the  wall  may  also  take  place  as  the  process  increases 
in  severity  (phlebitis  suppurativa).  Inasmuch  as  the 
connective-tissue  sheath  of  the  vein  wall  is  vcrj-  re- 
sistant the  exudate  collects  beneath  it  and  extends 
along  the  vessel  for  some  distance,  giving  rise  to  other 
abscesses.  In  this  way  the  vein  may  become  sur- 
rounded by  a  mantle  of  pus,  which  may  be  so  great  as 
to  separate  the  vessel  from  its  neighboring  tissues  and 
lead  to  the  complete  necrosis  of  the  elements  of  its 
wall.  The  media  and  intima  are  usually  quickly  in- 
volved by  direct  extension  and  also  through  the  lym- 
phatics and  vasa  vasorum.  I'ltimatcly  the  entire  ves- 
sel wall  may  present  a  dense  purulent  infiltration;  in 
some  cases  only  traces  of  the  original  tissues  of  the 
wall  can  be  made  out.  The  thickne.<s  of  the  wall  may 
become  greatly  increased,  ten  to  twelve  times  as  great  ^ 
as  normal;  and  the  lumen  of  the  vein  may  be  obstructed 
or  wholly  obliterated  as  the  result  of  the  swelling 
alone.  In  large  veins  or  in  the  case  of  a  lesser  degree 
of  infiltration  the  intima  may  show  circumscribed 
areas  of  bulging  corresponding  to  the  points  of  great- 
est infiltration.  In  addition  to  the  swelling  caused  by 
edema  and  cellular  exudate,  hemorrhages  of  varying 
size  may  occur. 

The  elastic  tissue  of  the  media  plays  an  important 
part  in  the  extension  of  the  infiltration  toward  the 
intima.  The  advancing  exudate  pushes  the  elastic 
fibers  toward  the  intima,  and  finally  breaks  through 
them  at  the  points  of  least  resistance.  The  elastica 
interna  remains  preserved  for  the  longest  time,  but 
finally  gives  way,  and  the  exudate  presses  through  the 
point  of  rupture.  Finally,  the  elastic  fibers  become 
involved  in  the  complete  di.«solution  of  the  vein  wall. 

The  damage  to  the  intima  results  constantly  in 
thrombosis.  The  thrombus  thus  formed  may  be  ob- 
turating or  parietal;  in  both  cases  it  serves  to  prevent 
further  entrance  of  the  exudate  into  the  lumen  of  the 
vein.  In  the  formation  of  the  thrombus  the  elements 
of  the  blood  circulating  through  the  vein  may  take 
part,  or,  as  affirmed  by  Koster  and  others,  the  inlra- 
vasation  of  red  and  white  cells  and  fibrinogen-contain- 
ing  exudate  from  the  affected  wall  into  the  vessel 
lumen  may  aid  in  the  formation  of  the  thrombus,  or  be 
alone  concerned  in  its  production.  The  inflammation 
of  the  vessel  wall  is,  therefore,  the  priman,-  process,  the 
thrombosis  the  secondary,  the  entire  process  being  re- 
garded as  analogous  to  the  formation  of  exudates  upon 
serous  membranes,  the  exudate  containing  red  bliHxl 
cells,  blood  plates,  leucocytes,  fibrinogen,  etc.,  these 
being  poured  out  from  the  v;isa  vasorum  over  the 
intima  of  the  affected  portion  of  the  ve.s.sel.  With  the 
formation  of  the  thrombus  upon  the  intima  the  proc- 
ess may  be  appropriately  designated  phlebothrom- 
bosis  [phUbothromhos-is  piiruleiita).  Bv  Hunter  it  w.ia 
termed  phlebitis  pscudomcmbraiuice^.  By  the  majority 
of  writers  no  distinction  is  made  between  the  throm- 
bophlebitis and  phlebothrombosis.  but  by  others  the 
distinction  as  given  above  is  favored.  Inasmuch  as 
the  thrombosis  is  in  one  case  the  primary  process  and 
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in  the  otlier  a  secondary,  it  would  seem  well  to  retain 
the  distinction. 

The  edema  and  infiltration  of  the  coats  of  the 
affected  vein  may  lead  to  their  separation  from  eacii 
other  (phlehilis  dissecans).  In  the  case  of  an  involve- 
ment of  a  vein  in  a  gangrenous  process  the  phlebitis 
may  also  assume  a  gangrenous  character  (phlebitis 
gangrcenosa).  With  the  advent  of  thrombosis  and  the 
partial  or  complete  obturation  of  the  vessel  on  the  one 
hand  and  the  cessation  of  the  inflammation  on  tlic 
other,  organization  of  the  thrombus  may  take  place 
{pldebilis  producliva,  s.  adhcesiva,  s.  organisaloria)  and 
healing  may  result.  The  sequete  of  such  healing  may 
be  thiclcening  of  the  vessel  wall,  obliteration  of  the  lu- 
men, formation  of  connective-tissue  bridges,  calcifica- 
tion, etc.  During  the  healing  process  or  subsequently 
thereto  a  regeneration  of  elastic  fibers  may  take 
place,  and  newly  formed  fibers  may  also  be  found  in  the 
organized  tlirombus.  _ 

(6)  Hematogenous  Origin. — The  phlebitis  caused  by" 
intravascular  excitants  of  inflammation  runs  a  differ- 
ent course.  There  is  usually  a  primary  thrombosis 
followed  by  a  secondary  inflammation.  As  a  result  of 
changes  produced  in  the  intima  of  the  vein  by  toxins, 
or  by  the  direct  action  of  bacteria,  or  by  the  direct 


Fig.  5007. — Secondary  Vasculitis  of  a  Small  Vein  of  the  Leg  in 
Phlegmon  due  to  Streptococcus  pyogenes,  a.  Leucocytes;  6, 
Streptococci.     (After  Weichselbaum.) 

action  of  heat,  freezing,  trauma,  etc.,  there  results  a 
thrombosis.  If  microorganisms  capable  of  exciting 
suppuration  are  not  present  in  the  thrombus  (so- 
called  benign  thrombus),  the  only  effect  upon  the  vein 
wall  is  the  slight  reactive  inflammation  caused  by  tlio 
presence  of  a  foreign  body.  Organization  of  the 
thrombus  takes  place,  and  it  is  replaced  by  newly 
formed  connective  tissue  and  blood-vessels  {phle- 
bitis producliva,  s.  adhcesiva,  s.  organisaloria).  Tlio 
seciuela;  of  calcification,  obliteration  of  the  lumen  by 
connective  tissue,  thickening  of  the  vessel  wall,  for- 
mation of  connective-tissue  bridges,  etc.,  likewise 
occur  in  this  connection.  Irregular  dilatations  and 
stenoses  of  the  affected  vein  result;  the  newly  formed 
connective  tissue  in  its  lumen  may  become  channelled 
by  new  vessels  and,  the  circulation  partly  or  wholly 
reestablished.  As  the  result  of  such  changes  the  vein 
may  come  to  have  a  structure  suggesting  that  of  the 
longitudinal  sinus  of  the  dura  mater  (Fig.  5007). 

Much  more  unfavorable  is  the  course  if  the  original 
thrombus  contains  pyogenic  microo.rganisms  capable 
of  multiplication.  These  exert  their  characteristic 
effects  upon  the  intima  and  upon  the  elements  of  the 
thrombus;  necrosis,  liquefaction,  and  infiltration  of  the 
vein  wall  follow,  the  process  extending  outward  toward 
the  adventitia  [llirombophlebilis  purulenla  s.  suppura- 
liva).     The  infection  of  the  lymphatics  and  blood- 
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vessels  of  the  vein  wall  leads  to  a  further  extension  of 
the  process,  and  the  surrounding  tissues  become 
secondarily  involved  The  thrombus  and  the  entire 
vein  wall  at  the  seat  of  infection  may  be  completely 
destroyed  by  the  suppurative  process.  Healing  and 
organization  may  take  place;  but  in  the  majority  of 
cases  the  softening  of  the  thrombus  leads  to  embolism 
of  infected  material,  and  the  suppurative  process  re- 
peats itself  at  the  site  of  lodgment  of  the  emboli.  The 
presence  of  pyogenic  organ- 
isms in  the  circulation  leads  , 
to  a  general  pyemia  whicli  H  ^ 
is  frequently  fatal.  In  the 
prcaseptic  days  this  form 
of  phlebitis  was  much  more 
common  than  the  second- 
ary phlebothrombosis,  but  fvii  '  iB  1 1 
it  is  now  relatively  more 
rare.  Childbirth,  abortion, 
infected  wounds  from 
trauma  or  operation,  malig- 
nant endocarditis,  acute 
infections,  and  secondary 
infections  following  the 
acute  infectious  diseases  are 
most  often  followed  by 
hematogenous  phlebitis. 
Cryptogenic  infections  are 
also  common.  In  the  case 
of  infection  by  certain  or- 
ganisms the  phlebitis  may 
assume  a  gangrenous  char- 
acter {Ihrombophlebitis  gan- 
grcenosa). This  is  more 
rare  than  in  the  case  of 
an  infection  of  the  vein 
from  the  tissues. 

Should  organization  of 
the  thrombus  and  healing 
of  the  phlebitis  occur  the 
process  assumes  the  char- 
acter of  a  thromhophlebilis 
organisaloria.  An  acule 
productive  phlebitis  {phlebitis 
prolifera)  without  throm- 
bosis may  be  associated 
with  inflammatory  proc- 
esses in  the  neighborhood 
of  the  affected  vessel,  as 
shown  by  a  fibroblastic 
thickening  of  the  vein  wall, 
dilatation,  and  thickening 
of  the  vasa  vasorum,  etc. 
It  is  also  possible  that  simi- 
lar changes  may  be  of  hema- 
togenous origin. 

Chronic  Phlebitis.— The 
processes  of  organization, 
repair,  etc.,  following  an 
acute  phlebitis  are  often  re- 
garded as  of  the  nature  of  a 
chronic  phlebitis.  They 
are  more  properly  sequela;. 
A  true  chronic  phlebitis, 
however,  occurs  as  the  re- 
sult of  chronic  inflamma- 
tions in  the  neighborhood 
of  veins,  and  possibly  also 
as  a  result  of  chronic  in- 
toxications.    In  hepatic 

cirrhosis  the  branches  of  the  hepatic  veins  usually  sliow 
chronic  inflammatory  changes.  The  veins  in  the  neigh- 
borhood of  chronic  ulcers  or  abscesses,  chronic  tuber- 
culous or  actinomycotic  foci  usually  show  marked 
changes  of  the  nature  of  a  chronic  inflamnuition. 
These  are  characterized  by  a  connective-tissue 
thickening  of  the  vein  wall  {phlebitis  hyperplastica), 
enlargement  of  the  vasa  vasorum,  and  thickening  of 
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the  Involvement  of  the  Vessels 
by  a  Retroperitoneal  Abscess. 
The  irregularities  of  the  in- 
tima and  the  connective-tissue 
bridges  crossing  the  lumen 
caused  the  vessel  to  resemble 
the  superior  longitudinal  sinus. 
(After  Schrotter.) 
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their  walls,  and  either  a  dilatation  or  stenosis  of  the 
vessel  lumen.  The  thickening  of  the  vessel  wall  may 
depend  to  some  extent  upon  a  chronic  infiltration 
Secondary  thinning  of  the  wall  frequently  follows 
(plUcbiUs  alTophica).  By  many  writers  varices  are 
regarded  as  a  sequela  of  chronic  phlebitis.  Sclerotic 
changes  or  calcification  may  also  occur.  Thrombosis 
may  or  may  not  be  associated  with  the  process.  The 
organization  of  the  thrombus  or  the  proliferation  of 
the  intima  may  lead  to  an  obliteration  of  the  vein  at 
the  affected  point  {phlebitis  ohiUcrans).  (Fig.  5008.) 
An  cndoplilebitis  obliterans  {cndo phlebitis  prolifera) 
occurs  coincidcntly  with  or  under  the  same  condi- 
tions as  endarteritis  obliterans.  As  a  result  of  the 
proliferafion  of  the  intima  the  lumen  is  partially  or 
completely  filled  with  a  newly  formed  connective  tis- 
sue, often  resembling  myxomatous  tissue,  and  con- 
taining numerous  new  blood-vessels,  giving  it  a  certain 
amount  of  vascularization.  In  the  majority  of  cases 
the  condition  may  be  ascribed  to  syiihilis,  but  similar 
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hard.  If  the  surrounding  tissues  arc  markedly  edema- 
tous and  mfiltrated-it  may  not  be  possible  to  feel  the 
vem.  Pressure  over  deep-seated  veins  is  also  painful 
Ihe  pam  is  also  spontaneous,  not  only  along  the  course 
of  the  vem,  but  al.so  in  its  neighborhood.  An  edema- 
tous swelling  of  the  vein  or  of  the  ti.'isues  surrounding 
a  vein  does  not  necessarily  indicate  a  phlebitis,  as  the 
condition  may  result  from  a  non-infected  thrombus, 
the  distention  of  the  superficial  veins  mav  in  both 
cases  be  regarded  as  evidence  of  the  establishment  of  a 
collateral  circulation.  The  svmptoms  of  chronic 
phlebitis  are  in  general  similar  to  those  of  the  acute 
but  are  less  severe.  Acute  exacerbations  are  common 
in  the  infected  cases,  the  symptoms  being  tlio.se  of  an 
acute  i)lilebitis.  In  the  case  of  superficial  vessels  the 
thickening  remains  permanent,  while  the  redness  and 
tenderness  disappear.  The  development  of  the  col- 
lateral circulation  is  usually  more  pronounced,  and 
the  distention  of  the  superficial  vessels  lasting  in  the 
case  of  chronic  phlebitis. 

It  must  be  noted,  however,  that  the 
symptoms  of  phlebitis  may  vary  greatly 
in  dilTerent  cases,  according  to  the  cause, 
location,  sequela},  and  the  nature  of  the 
general  or  local  disease  with  which  it  is 
usually  associated. 

Diagnosis. — From  the  above  it  is  clear 
that  the  diagnosis  of  phlebitis  is  often 
not  possible,  the  condition  being  com- 
pletely concealed  under  the  symptoms 
of  the  primary  or  accompanying  di.sease, 
the  two  forming  a  symptom  complex 
usually  designated  as  cryptogenic  septi- 
copyemia. The  diagnosis  is,  however, 
easy  in  many  cases,  particularly  when 
superficial  veins  arc  involved.  The 
differentiation  between  phlebitis  with 
secondary  thrombosis  (phlebothrom- 
bosis)  and  thrombosis  with  secondary 
phlebitis  (thrombophlebitis)  is  in  the 
majority  of  cases  impossible.  Neither 
the  nature  of  the  primary  affection, 
the  character  of  the  fever  or  pain,  nor 
the  late  appearance  of  the  symptoms  in 
the  course  of  another  disease  can  be 
used  as  differential  points.  Both  throm- 
bosis and  phlebitis  may  occur  late  in  an 
infectious  disease,  even  during  convales- 
cence. The  persistence  in  the  body  of 
virulent  bacteria  may  lead  to  phlebitis 
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changes  may  follow  the  ligation  of  veins,  thrombosis, 
and  possibly  various  chronic  intoxications.  The  veins 
of  the  lower  extremities,  the  portal  radicles,  and  the 
branches  of  the  hepatic  veins  appear  to  be  the  most 
frequently  affected.  In  three  cases  describe!  bj'  Chiari 
the  proliferation  of  the  intima  of  the  hepatic  veins  led 
to  a  marked  stenosis  of  their  lumen,  in  some  vessels 
even  to  a  complete  obliteration,  as  a  result  of  which 
secondary  changes  occurred  in  the  liver,  accompanied 
by  overdistention  of  the  portal  vein  and  ascites. 
Death  took  place  from  thrombosis  of  the  obstructed 
veins.  Chiari  regarded  syphilis  as  the  most  probable 
causal  factor  in  tliesc  cases. 

Sjimptonis. — Phlcliitis  may  occur  without  any  in- 
dividual signs  or  symptoms;  or  these  may  be  obscured 
by  the  general  symptoms  of  the  primary  disease. 
Particularly  in  the  case  of  the  deci)ly  lying  veins  may 
symptoms  be  absent,  and  the  condition  may  become 
evident  only  through  the  occurrence  of  thrombosis  or 
of  other  sequeUe.  In  acute  phleliilis  there  is  usually 
an  irregular  fever,  which  at  times  may  reach  a  higii 
degree.  The  course  of  the  vein,  if  superficial,  may 
be  revealed  by  the  presence  of  a  dark  blue,  or  reddish, 
thick  cord,  which  is  very  tender  on  pressure.  In  the 
event  of  thrombosis  the"  cord  becomes  more  firm  and 


attack  of  the  disease. 
Occurrence. — The  veins  of  the  lower  ex- 
tremities are  most  frequently  affected.  The  reasons  for 
this  are  largely  anatomical,  these  veins  being  more 
likely  to  suffer  from  stasis  and  consequent  dilatations. 
Trauma  with  infection  is  also  of  freciuent  occurrence 
in  this  region.  Varicose  ulcers  of  the  legs  very  often 
lead  to  phlebitis  of  the  saphenous  veins.  The  fcna 
spermaticce  and  utcrina;  may  become  infected  after 
abortion  or  childbirth.  Retention  of  the  placenta 
leads  frequently  to  an  infection  of  the  uterine  veins. 
The  thrombophlebitis  beginning  in  these  vessels  may 
extend  to  the  vena  cava  or  the  femoral  vein  (phlegmasia 
alba  dolens).  The  femoral  vein  itself  is  very  often 
affected  primarily  in  the  acute  infections  and  in 
marasmic  conditions.  Phlebitis  of  the  hemorrhoidal 
and  vesical  veins  follows  cystitis.  )>rostatitis,  gonor- 
rheal infections,  rectal  and  jierirectal  abscesses.  In- 
fection through  hemorrhoids  themselves  is  also  com- 
mon. In  all  of  these  cases  the  colon  bacillus  doubtless 
plays  an  important  role.  Phlebitis  of  the  mesenteric 
veins  and  pylephlebitis  occur  in  connection  with  dysen- 
tery, perityphlitis,  and  other  inflammatory  conditions 
of  the  intestines.  In  infections  of  the  umbilical  cord 
in  the  new-born  the  umbilical  vein  usually  presents 
the  picture  of  a  thrombophlebitis  purulenta  which  may 
extend  into  the  vessels  of  the  liver  and  into  the  portal 
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veins.  The  veins  of  the  upper  extremities  are  less  fre- 
quently the  seat  of  a  phlebitis,but  show  the  condition 
often  enough.  Infected  wounds  of  the  hands  and 
boils  are  the  most  common  sources  of  infection. 
Cryptogenic  infection  through  an  uninjured  hair 
follicle  may  take  place.  Venesection  was  formerly  tlie 
most  common  cause  of  phlebitis  of  the  upper  extremi- 
ties. The  meningeal  veins,  sinuses,  and  tlie  veins  of  the 
diploe  are  very  frequently  the  seat  of  phlebitis.  In- 
fected wounds  of  the  head,  mastoid  or  middle-ear 
di.sease,  caries  of  the  petrous  bone,  etc.,  give  rise  to 
thrombophlebitis  of  these  vessels  and  further  to  men- 
ingitis and  encephalitis.  The  internal  jiiqular  may 
ultimately  be  affected.  The  simis  siqmoideus  plays 
an  important  role  in  the  extension  of  infections  from 
the  ear.  Phlebitis  of  the  meningeal  veins  and  sinus 
thrombosis  may  also  follow  infections  through  tlie 
orbital  or  nasal  cavities.  In  rare  cases  carious  teeth 
may  be  the  primary  lesion  from  whicli  sinus  throm- 
bosis ultimately  results.  Phlebitis  of  the  pulmonary 
veins  may  result  from  septic  infarcts,  abscesses,  gan- 
grene, and  other  inflammatory  conditions  of  the  lungs. 
In  osteomyelitis  the  veins  of  the  ^narrow  and  of  tlie 
bones  present  the  picture  of  thrombophlebitis. 

SeqiielcB. — -The  most  favorable  sequela  of  thrombo- 
phlebitis or  phlebotlirombosis  is  the  organization  of 
the  thrombus  and  the  partial  or  complete  obliteration 
of  the  affected  vessel  with  the  development  of  an  ade- 
quate collateral  circulation.  Embolism  of  infective 
material  from  the  primary  focus  in  purulent  phlebitis 
is  the  most  unfavorable  sequela.  Such  an  embolism 
may  be  direct,  retrograde,  or  paradoxical.  In  general, 
it  may  be  assumed  that  from  every  phlebitic  focus  por- 
tions of  material  are  set  free  into  the  venous  circula- 
tion. If  these  contain  pyogenic  bacteria  the  emboli 
given  off  may  cause  an  endocarditis  of  the  right  side  of 
the  heart,  septic  infarcts  and  abscesses  of  the  lungs; 
or  they  may  pass  tlirough  the  pulmonary  capillaries 
and  give  rise  to  a  mitral  or  an  aortic  endocarditis,  or  to 
pyemic  abscesses  throughout  the  arterial  system. 
Phlebitis  in  the  regions  tributary  to  the  superior  vena 
cava  may  give  rise  to  liver  infarcts  and  abscesses 
through  retrograde  embolism.  Phlebitis  of  the  pul- 
monary veins  in  particular  leads  to  the  production  of 
embolic  infarcts  and  abscesses  throughout  the  general 
circulation,  especially  of  the  brain,  spleen,  and  kid- 
neys. Pylephlebitis  may  lead  to  infarcts  and  abscesses 
of  the  liver  and  lungs.  In  general  the  sequehc  of 
thrombophlebitis  depend  upon  tlie  location  of  the  vein, 
the  character  and  extent  of  the  thrombosis,  the  pres- 
ence of  bacteria  and  the  variety  of  the  same,  the  pos- 
sibilities of  embolism,  and  the  vital  importance  of  the 
affected  organs. 

Prognosis. — This  depends  upon  the  size  and  location 
of  the  affected  vein,  the  bland  or  infectious  nature  of 
the  process,  the  occurrence  of  embolism,  and  the  im- 
portance of  the  affected  organ.  In  the  less  severe  cases 
of  phlebitis  of  the  lower  extremities  the  prognosis  is 
relatively  favorable,  even  in  the  case  of  pulmonary 
embolism,  since  the  emboli  are  likely  to  be  of  small 
size.  The  more  severe  cases  with  marked  edema  of 
the  extremity  {phlegmasia  alba  dolens),  in  which  the 
principal  veins  are  affected,  are  very  dangerous  be- 
cause of  the  possibility  of  emboli  of  large  size  or  the 
growth  of  the  thrombus  into  the  vena  cava.  Sudden 
death  from  pulmonary  embolism  may  occur.  The 
etiological  factors  in  phlebitis  of  the  larger  veins  are  in 
themselves  of  grave  significance.  The  prognosis  in  the 
septic  cases  is  always  grave  because  of  the  possibility 
of  embolism  and  the  occurrence  of  general  pyemia  and 
septicemia.  The  persistence  of  fever  is  the  most 
important  indication  to  be  followed.  As  long  as  there 
is  a  daily  rise  of  temperature  the  danger  of  fresh  throm- 
bosis and  embolism  or  of  an  extension  of  the  phlebitis 
is  present. 

Treatment. — The  old  methods  of  treatment  with 
mercurial  ointments,  iodine,  etc.,  have  been  entirely 
abandoned.     The    local    massage  employed  in  their 
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administration  made  their  application  a  source  of 
danger. 

Prophylaxis  is  of  prime  importance.  Asepsis  or 
antisepsis  at  all  times  is  the  chief  means  by  wliich  the 
complication  of  phlebitis  and  its  attendant  thrombosis 
may  be  avoided.  A  small  boil  or  even  the  slightest 
infected  scratch  may  lead  to  a  dangerous  i)\il('bitis. 
The  pernicious  habit  of  "paring  corns"  with  domestic 
instruments  is  also  a  source  of  infection,  which  ni.ay 
sometimes  run  a  dangerous  and  fatal  course.  The 
(lucrperium  is  obviously  a  time  when  modern  aseptic 
precautions  should  be  carefully  observed.  Abortion 
with  retention  of  placental  fragments  is  likewise  of  the 
greatest  danger.  Infection  through  carious  teeth 
should  be  avoided  by  prompt  attention  to  the  con- 
dition. Mastoid  and  middle-ear  disease  should  re- 
ceive proper  operative  treatment.  As  a  result  of 
modern  prophylactic  measures  the  dictum  of  Cruveil- 
hier  that  "la  phlebitc  domine  toute  la  pathologic"  no 
longer  applies.  With  the  almost  universal  adoption 
of  aseptic  and  antiseptic  measures,  pyemia  and  puer- 
peral sepsis  have  become  much  less  frequent,  and 
thrombophlebitis  in  consequence  is  a  much  less  common 
complication. 

In  the  case  of  an  established  thrombophlebitis  the 
most  important  indication  is  the  avoidance  of  embo- 
lism by  means  of  absolute  rest  until  no  doubt  exi.sts  as 
to  the  subsidence  of  the  process  and  the  complete 
organization  of  tlie  thrombus,  and  the  establishment  of 
the  collateral  circulation.  This  is  particularly  the 
case  in  thromboptilebitis  of  the  extremities,  especially 
the  lower  ones.  Elev.ation  and  fixation  of  the  affected 
limb  may  be  of  service  in  promoting  the  return  flow 
from  the  obstructed  area.  In  the  event  of  severe  pain 
the  application  of  cold,  etc.,  may  be  useful.  The 
dangers  of  embolism  and  the  results  of  moving  the 
limb  should  be  thoroughly  impressed  upon  the  patient. 

Many  cases  of  phlebitis  are  now  treated  surgically. 
The  opening  and  drainage  of  peripblebitic  abscesses 
should  be  carried  out  as  soon  as  possible.  Ligation  of 
the  efferent  veins,  exposure  of  the  affected  vein  with 
direct  antiseptic  treatment  of  the  same,  or  resection  of 
the  diseased  portion,  etc.,  are  recent  operations  per- 
formed with  great  success.  In  the  case  of  mastoid  and 
middle-ear  disease  with  extension  to  the  meninges  and 
sinus  thrombosis  the  jugular  may  be  ligated.  As  the 
result  of  these  operations  the  duration  of  the  process 
is  shortened,  the  dangers  of  embolism  are  removed,  and 
the  recurrences  rendered  impossible.  The  more  severe 
the  case  the  greater  the  indications  for  such  operative 
interference. 

The  local  and  general  conditions  should  receive  ap- 
propriate treatment  also.  Septic  and  pyemic  con- 
ditions should  be  treated  according  to  the  conditions. 

Wounds  of  Veins. — Ruptures,  lacerations,  bruises, 
and  erosions  of  veins  are  of  common  occurrence.  They 
take  place  much  more  frequently  in  the  case  of  small 
veins  than  in  the  case  of  the  arteries.  Aside  from 
direct  trauma,  an  increase  of  intravenous  pressure 
plays  the  most  important  part  in  the  rupture  of  veins. 
Hemorrhage  from  the  conjunctival  veins  may  result 
from  spasmodic  coughing  and  vomiting.  The  same 
cause  may  lead  to  rupture  of  small  veins  in  the  mucosa 
of  the  larynx  and  trachea.  The  veins  of  a  collateral 
circulation  frequently  burst,  particularly  in  the  case  of 
esophageal  varices  in  hepatic  cirrhosis.  The  pressure 
of  a  tumor  or  aneurysm  upon  the  great  cervical  veins 
may  lead  to  a  rupture  of  the  meningeal  veins.  Rup- 
tures of  the  veins  of  the  lower  extremities  are  of  fre- 
quent occurrence.  Increase  of  pressure,  fatty  degen- 
rrution  of  the  vein  wall,  etc.,  are  causal  factors. 
Rupture  of  varices  and  hemorrhoids  occurs  very  fre- 
quently. Intense  cramps  of  the  muscles  of  the  calf 
may  cause  the  rupture  of  small  veins.  In  a  case  re- 
ported by  Frerichs  fatty  degeneration  of  the  wall  of 
the  portal  vein  led  to  the  rupture  of  this  vessel. 
Rupture  of  the  superior  and  inferior  vense  cavoe  may 
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be  caused  by  falls,  crushing  of  the  body,  etc.  A  fall 
upon  the  head  may  cause  a  rupture  of  a  cerebral  sinus 
even  without  external  signs  of  injury.  HuUet  wounds 
of  all  kinds  may  occur  in  the  veins  in  any  part  of  the 
body.  The  wound  may  be  caused  by  the  direct 
action  of  the  projectile  or  by  pieces  of  bone.  Cases 
have  been  reported  in  which  the  bullet  remained  em- 
bedded in  the  vein  wall. 

The  sequela;  of  such  injuries  are  hemorrhage  into  the 
tissues  or  body  cavities  (hemothorax,  hematopericar- 
dium,  etc.),  hematoma  formation,  thrombosis  at  the 
point  of  injury,  healing,  and  the  formation  of  a  collat- 
eral circulation.  If  the  artery  is  injured  at  the  same 
time  with  the  vein  an  anastomosis  arteriovenosa  ("trau- 
matic aneurysm")  may  be  formed.  Embolism  of  air 
or  of  portions  of  the  thrombus  may  also  follow.  The 
aspiration  of  air  into  the  veins  is  particularly  likely 
to  happen  in  injuries  of  the  veins  of  the  neck,  but 
is  seen  more  rarely  in  the  case  of  injuries  of  the 
veins  of  the  extremities,  uterus,  head,  and  possibly 
through  the  veins  of  the  stomach  in  the  case  of 
erosions,  ulcerations,  etc.  Repeated  small  hemorrhages 
from  hemorrhoids  or  eroded  varices  may  give  rise 
to  the  severest  grades  of  anemia.  In  the  case  of  the 
loss  of  large  quantities  of  blood  on  a  single  occasion, 
death  may  follow  immediately  or  later,  as  the  result 
of  fatty  degeneration  of  the  heart  and  other  organs. 
In  the  case  of  injury  of  the  large  veins  death  usually 
follows  at  once  from  the  large  amount  of  blood  lost, 
but  even  in  these  cases  spontaneous  recovery  may 
take  place.  Surgical  interference  reduces  greatly  the 
mortality  in  these  cases.  Ligation  of  the  jugular, 
innominate,  axillary,  and  femoral  veins,  as  well  as  of 
the  inferior  vena  cava,  has  been  successfully  performed, 
and  a  collateral  circulation  established.  Successful 
healing  has  also  followed  the  suturing  and  resection  of 
the  femoral  and  the  vena  cava. 

The  treatment  of  rupture  of  veins  is  chiefly  surgical. 
Compression,  clamping,  ligaturing,  and  suturing  are 
resorted  to  according  to  the  conditions.  Even  in  the 
case  of  hemorrhage  into  thebody  cavities  (pericardium, 
etc.)  the  bleeding  veins  may  be  found  and  successfully 
ligatured.  In  some  cases  ligature  of  the  correspond- 
ing artery  may  be  necessary  to  subdue  the  hemorrhage. 
The  occurrence  of  after-hemorrhage  should  always 
be  anticipated.  General  principles  of  absolute  rest, 
proper  position,  etc.,  should  also  be  applied  according 
to  the  indications. 

Perforation  of  the  veins  occurs  in  the  case  of  aneu- 
rysm, abscess,  tuberculosis,  actinomycosis,  and  new 
growths.  Abscesses  of  the  liver  may  rupture  into  the 
inferior  vena  cava.  Erosions  are  of  importance 
particularly  in  the  case  of  the  stomach  veins,  in  cirrho- 
sis of  the  liver,  splenic  anemic,  stenosis  of  the  portal 
vein,  etc.,  fatal  hemorrhage  may  follow  the  erosion  of 
the  greatly  dilated  branches  of  the  coronary  or 
esophageal  veins. 

Thrombosis. — Thromobosis  of  veins  is  of  very 
common  occurrence.  In  general  the  causes  are: 
Changes  in  the  vessel  wall  (phlebitis,  intoxications, 
etc.);  changes  in  the  lumen  (phlebectasias,  varices, 
obstruction,  etc.);  changes  in  the  composition  of  the 
blood  (intoxications,  anemia,  cachexia,  hydremia, 
presence  of  agents  causing  coagulation,  etc.); changes 
in  the  blood  current  (stagnation,  retrograde  currents, 
etc.). 

According  to  their  location  venous  thrombi  may  be 
divided  into  parietal  and  valvular.  A  thrombus  com- 
pletelv  obstructing  the  vein  is  called  an  obturating 
thrombus.  Parietal  and  valvular  thrombi  are  found 
particularly  in  the  veins  of  the  extremities;  obturating 
thrombi  in  the  uterine,  vesical,  and  hemorrlioidal 
veins,  in  the  pampiniform  plexus  and  in  the  dural 
sinuses.  An  aiitochthnnous  thrombus  is  one  arising  at 
the  place  in  which  it  is  found.  A  thrombus  may,  how- 
ever, originate  in  the  saphenous  or  the  femoral,  and 
growing  upward  by  continued  accretions  finally  reach 


the  right  heart.  This  process  is  spoken  of  as  a  pro- 
gressive or  continued  thrombosis. 

According  to  their  structure  venous  thrombi  may  be 
divided  into  white,  red,  mixed,  and  laminated.  The  red 
ones  are  composed  chiefly  of  rod  cells,  and  are  formed 
as  tlie  result  of  the  stasis  of  the  venous  flow.  The 
white  or  gray  thrombi  are  composed  of  blood  plates, 
fibrin,  or  leucocytes,  or  contain  these  elements  in 
varying  proportions.  They  are  formed  during  the 
circulation  of  the  venous  blood,  and  represent  sub- 
.stanees  which  are  thrown  out  of  the  blood.  In  the 
case  of  alternating  rates  of  current  the  thrombu.s  may 
be  formed  of  alternate  layers  of  white  and  red  clot 
{laminated  thrombus),  or  the  wliite  and  red  portions 
may  be  mixed  in  varj'ing  proportions. 

Venous  thrombi  may  undergo  simple,  purulent,  or 
gangrenous  softening,  organization,  and  calcification, 
or  the  elements  of  the  thrombus  may  be  loosened  from 
their  attachment  to  the  vein  wall  and  be  carried  away 
as  emboli.  Simple  softening  without  embolism,  or- 
ganization, and  calcification  are  the  most  favorable 
terminations  of  thrombosis;  purulent  and  gangrenous 
softening  the  most  unfavorable.  The  last  two  are  due 
to  infection,  either  hematogenous  or  extra  vascular. 
Embolism  of  portions  of  the  thrombus  is  of  importance 
according  to  the  size  of  the  transported  material,  and 
its  origin  from  a  bland  or  infected  thrombus.  Bland 
emboli  may,  if  large  enough,  cause  immediate  death 
through  obstruction  of  the  pulmonary  artery;  when 
smaller  they  may  obstruct  the  smaller  branches  of  the 
puliMoiiary  arteries  and  cause  disturbances  of  the 
pulmonary  circulation  (hemorrhagic  infarclion).  The 
embolism  may,  however,  be  without  effect  if  the  collat- 
eral circulation  is  adequate,  as  is  usually  the  case  in  the 
normal  lung.  The  production  of  a  hemorrhagic  in- 
farct of  the  lung  is  therefore  dependent  upon  the  size 
of  the  embolus  and  the  condition  of  the  pulmonary 
circulation.  If  the  emboli  are  infective,  metastatic 
abscesses  and  gangrenous  processes  are  set  up  at  the 
point  of  lodgment.  The  occurrence  of  multiple  in- 
fected emboli  gives  rise  to  the  picture  of  pyemia.  The 
larger  infected  emboli  arising  from  venous  thrombi 
find  lodgment  in  the  pulmonary  circulation,  but  the 
bacteria  arising  from  such  thrombi  may  pass  through 
tlie  lungs  and  give  rise  to  pyemic  abscesses  in  the 
spleen,  kidneys,  heart,  etc.  Fortunately,  pyemia  is 
not  to-day  such  a  common  condition  as  it  was  a  gen- 
eration ago.  Thrombophlebitis  of  the  uterine  veins 
after  abortion  or  childbirth  is  a  very  common  source 
of  pulmonary  emboli.  Operative  injury  and  postoper- 
ative infection  of  the  pampiniform  or  prostatic  plexus 
is  also  a  very  common  cau.se  of  thrombophlebitis  and 
pulmonary  emboUsm.  The  diagnosis,  prognosis,  and 
treatment  are  the  same  as  those  discussed  under 
phlebitis 

Phleboliths. — As  the  result  of  the  calcification  of 
venous  thrombi  there  arise  the  so-called  vein  stones  or 
phleboliths.  They  usually  lie  free  in  saccular  dilata- 
tions or  in  varices.  Through  rotation  the  calcified 
ma.ss  becomes  rounded  and  smooth.  They  are  found 
most  frequently  in  the  splenic  veins,  in  the  hemor- 
rhoidal, vesical,  and  pampiniform  ])lexu.ses.  .\dherent 
and  partly  organized  tlirombi  may  undergo  calcifica- 
tion and  appear  as  calcified  masses  in  the  vein  wall. 

Am  Embolism. — This  subject  is  discussed  elsewhere. 
It  is  only  necessarj-  in  this  connection  to  mention 
general  facts.  .Aspiration  of  air  into  the  veins  occurs 
particularly  in  the  case  of  wounds  of  the  veins  of  the 
neck  and  upper  extremities,  but  may  take  place  also 
through  the  veins  of  the  head,  uterus,  and  stomach. 
Small  amounts  entering  the  venous  blood  are  absorbed, 
hut  in  the  c.a.se  of  the  aspiration  of  larger  amounts,  the 
air  collects  in  the  right  ventricle  and  pulmonary 
artery,  forming  a  foamy  mass  which  the  contractions 
of  the  ventricle  are  unable  to  drive  onward,  and  death 
ensues  from  stoppage  of  the  circulation.  Opinions 
differ  as  to  the  amount  of  air  which  must  be  aspirated 
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in  order  to  bring  about  a  fatal  termination.  It  is 
probable  that  the  amount  varies;  the  fatal  termination 
depending  in  part  at  least  upon  other  factors. 

PHLEBOscLEnosis. — Sflerosis  of  the  veins  is  a  com- 
mon process,  but  does  not  occur  to  the  same  extent  or 
with  the  same  frequency  as  arteriosclerosis.  It  may 
involve  the  entire  venous  system,  or  be  confined  to 
certain  veins  or  even  to  portions  of  these.  We  may 
therefore  distinguish  a  diffuse,  local,  and  nodal 
phlebosderosis.  The  changes  are  rarely  so  marked  as 
to  be  distinguishable  with  the  naked  eye  as  is  the  case 
in  the  arteries.  Microscopically  the  process  is  char- 
acterized by  a  subcndothclial  formation  of  connective 
tissue,  which  assumes  a  hyaline  character,  but  under- 
goes fatty  degeneration  and  calcification  much  more 
rarely  than  is  the  case  in  the  arteries.  In  extreme 
cases  a  partial  or  complete  obstruction  of  the  vessel 
lumen  may  result.  These  cases  are  usually  secondary 
to  a  chronic  obliterating  phlebitis.  Many  writers 
speak  of  a  -primary  and  a  secondary  phlebosderosis,  but 
such  a  classification  is  hardly  practical,  as  it  is  not 
possible  to  differentiate  between  a  sclerosis  following  a 
phlebitis  and  one  arising  primarily. 

In  the  great  majority  of  cases  phlebosderosis  is  the 
result  of  a  previous  phlebitis,  either  acute  or  chronic. 
In  a  certain  proportion  of  cases,  however,  the  hyaline 
thickening  of  the  vein  wall  may  bo  of  a  compensatory 
nature,  the  new  formation  of  connective  tissue  and 
elastic  fibers  in  the  intima  and  media  serving  to  com- 
pensate for  a  weakening  of  the  vessel  through  loss  of 
its  elasticity.  Such  a  weakening  of  the  wall  may  be 
congenital,  or  acquired  as  the  result  of  a  chronic 
venous  stasis  following  cardiac  and  pulmonary  affec- 
tions, chronic  intoxications,  cachectic  conditions,  etc. 
Statistics  show  that  the  veins  of  the  lower  extremities 
most  frequently  show-  a  condition  of  sclerosis,  those  of 
the  upper  extremities  next,  the  vena;  cava;  following 
next  in  order.  The  portal,  mesenteric,  and  splenic 
veins  occasionally  present  a  marked  degree  of  sclerosis, 
which  is  sometimes  associated  with  extensive  calci- 
fication and  fatty  change.  The  changes  may  be  so 
marked  as  to  be  plainly  visible  to  the  naked  ej-e; 
the  smaller  branches  of  these  veins  may  appear  like 
sclerotic  arteries.  The  condition  is  probably  second- 
ary to  an  old  thrombopylephlebitis,  but  may  be 
caused  by  an  increase  of  portal  pressure  due  to  hepatic 
disease  or  portal  stenosis.  Chronic  intoxication 
may  also  play  a  causal  role.  Such  sclerosis  of  these 
vessels  occurs  in  splenic  anemia  and  hepatic  cir- 
rhosis, Phlebosderosis  usually  bears  no  relation  to 
arteriosclerosis;  the  latter  may  exist  in  an  extreme  de- 
gree without  the  occurrence  of  changes  in  the  veins. 
On  the  other  hand,  extensive  phlebosderosis  may  be 
seen  involving  a  large  portion  of  the  venous  system 
without  corresponding  changes  in  the  arteries. 
Phlebosderosis  presents  no  recognizable  clinical  symp- 
toms by  which  it  can  be  diagnosed  with  certainty. 
In  the  case  of  the  superficial  veins  the  condition  may 
be  revealed  by  the  presence  of  thicker  and  more  rigid 
vessels.  In  such  cases  it  is  necessary  to  determine 
whether  these  appearances  are  transitory  (phlebitis) 
or  are  permanent. 

Stenosis  and  Obstruction  op  Veins. — The  lumen  of 
veins  may  be  narrowed  or  wholly  obstructed  by  com- 
pression from  without,  by  diseased  conditions  of  the 
vein  wall,  by  anomalies  of  the  vein  contents,  or  by 
combinations  of  these  factors.  On  account  of  the 
thinness  and  relatively  slight  elasticity  of  the  walls  of 
veins,  particularly  of  the  large  veins,  the  lumen  is  easily 
influenced  by  pressure  from  without.  Such  pressure 
may  be  due  to  tumors,  aneurysms,  abscesses,  inflam- 
matory infiltrations,  tuberculous  processes,  gum- 
mata,  actinomycotic  nodules,  etc.  The  contraction  of 
scar  tissue  in  the  neighborhood  of  a  vein  may  like- 
wise affect  its  lumen.  In  exudative  phlebitis  the 
thickening  of  the  wall  due  to  the  inflammatory  in- 
filtration may  be  so  great  as  partially  or  completely  to 
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obstruct  the  vessel.  Sclerosis,  calcification,  and  the 
thickening  of  the  wall  due  to  chronic  phlebitis,  may 
also  lead  to  stenosis  or  to  obliteration  of  the  lumen. 
Thrombosis  is  the  most  common  cause  of  venous 
stenosis  and  obstruction.  Parietal  thrombi  lead  to 
stenosis;  obturating  thrombi  to  complete  obliteration 
of  the  lumen.  As  the  result  of  the  organization  of 
thrombi  the  lumen  of  veins  may  be  partly  obstructed 
by  diffuse  or  local  thickenings  of  the  wall,  by  con- 
nective-tissue bridges,  etc.  Phleboliths  also  cause  a 
more  or  less  complete  obstruction  of  that  portion  of 
the  vein  in  which  they  are  found.  The  invasion  of 
the  lumen  by  sarcoma  or  carcinoma  may  also  lead 
to  the  blocking  of  a  vein  by  tumor  masses  growing 
within  the  vessel.  Combinations  of  these  different 
factors  may  also  occur. 

As  the  result  of  such  obstruction  or  stenosis  the 
region  tributary  to  the  affected  vein  becomes  hyper- 
emic  or  cyanotic  if  the  collateral  circulation  is  not  per- 
fectly established.  If  the  obstructed  vein  is  a  chief 
vein  and  the  collateral  anastomoses  are  poorly  devel- 
oped, edema  and  effusions  into  the  body  cavities  result. 
Hypertrophies,  chronic  inflammations,  hemorrhages, 
and  thrombosis  also  occur  in  the  area  of  stagnation. 
The  lowered  nutrition  and  diminished  resistance  of 
the  tissues  in  such  an  area  predisposes  to  the  occur- 
rence of  gangrene. 

Stenosis  of  the  superior  vena  cava  may  be  caused  by 
aneurysms,  tumors  of  the  mediastinum,  lungs,  thyroid, 
thymus,  cervical  glands,  tuberculosis  and  actinomy- 
cosis of  the  bronchial  glands,  gummata,  and  scars  "of 
old  tuberculous,  syphOitic,  and  actinomycotic  proc- 
esses. The  condition  is  revealed  by  the  intense  cy- 
anosis and  edema  of  the  head  and  upper  extremities, 
and  by  the  ectasia  of  the  superficial  veins.  The  in- 
nominate, vena  azygos,  inferior  vena  cava,  common 
iliac,  and  femoral  veins  may  also  become  stenosed  or 
obstructed.  In  all  these  cases  the  diagnosis  is  de- 
pendent upon  the  location  of  edema,  cyanosis,  hemor- 
rhage, and  other  symptoms  due  to  venous  stagnation. 
The  prognosis  is  more  unfavorable  in  the  case  of 
obstruction  of  the  superior  vena  cava  than  of  the 
inferior.  Cerebral  symptoms  soon  appear  in  the  for- 
mer case,  and  dangerous  effusions  into  the  plcur.al  and 
pericardial  sacs  may  occur.  In  general  the  prognosis 
depends  upon  the  nature  of  the  accompanying  condi- 
tion, the  rapidity  with  which  the  obstruction  takes 
place,  and  the  possibility  of  the  formation  of  a  col- 
lateral circulation.  The  working  capacity  of  the  heart 
is  also  an  important  factor.  The  treatnient  must  be 
directed  to  the  causal  factor  as  well  as  to  the  condition 
itself.  TumorS;  aneurysm,  etc.,  must  be  treated  ac- 
cording to  the  indications.  In  all  cases  the  strength 
of  the  heart  must  be  maintained.  Venesection  may 
give  temporary  relief  from  cerebral  symptoms  in  ob- 
struction of  the  superior  cava.  The  treatment  in  the 
case  of  obstruction  of  the  inferior  cava  is  more  favor- 
able; rest,  proper  position  of  the  extremities,  bandag- 
ing, etc.,  may  add  much  to  the  patient's  comfort. 
In  the  case  of  portal  vein  obstruction  Talma's  opera- 
tion may  be  attempted.  Through  new  blood-ves- 
sels formed  in  the  adhesions  set  up  between  the  dia- 
phragm, abdominal  wall,  and  the  liver,  spleen,  and 
omentum,  the  portal  stagnation  may  be  relieved  to 
such  an  extent  that  ascites  is  no  longer  produced. 

Phlebectasias  and  Varices. — Diffuse  dilatations  of 
the  veins  are  known  as  phlebectasias;  local  or  partial 
dilatations  as  varices.  Phlebectasias  are  due  to  a 
thinning  of  the  vein  wall  caused  by  stretching; 
inflammatory  changes  in  the  wall  follow  secondarily. 
Varices  are  due  to  primary  changes  in  the  wall, 
usually  of  the  nature  of  a  phlebitis  which  results  in  a 
loc.il  weakening  of  the  wall.  Phlebectasias  arc 
cylindrical,  serpentine,  or  cirsoid;  varices  are  saccular, 
nodular,  or  bell-shaped.  The  different  forms  may 
pass  into  each  other.  The  nodular  varices  may  reach 
the  size  of  a  hen's  egg.     The  walls  of  ectatic  veins  are 
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at  first  thin  and  atrophic,  but  after  a  time  there  de- 
velops a  productive  phlel)itis  which  leads  to  a  con- 
nective-tissue hyperplasia  and  sclerotic  changes 
with  atrophy  of  the  muscle  and  elastic  fibers.  Occa- 
sionally the  latter  become  increased.  The  vasa 
vasorum  are  dilated  and  show  greatly  thickened  walls. 
The  lumen  of  the  vein  may  finaliy  become  partly 
or  wholly  obliterated.  In  the  walls  of  old  phlebec- 
tasis  there  is  not  infrequently  a  deposit  of  lime  salts. 
Large  amounts  of  blood  pigment  may  also  be  found  in 
the  wall  as  the  result  of  hemorrhages.  Thrombosis 
is  of  common  occurrence  in  the  saccular  varices' 
through  the  calcification  of  the  Ihrombi  there  arise 
phleboliths.  The  pressure  of  varicose  portions  of  a 
vein  when  lying  close  together  may  lead  to  a  pressure 
atrophy  and  confluence  of  the  neighboring  parts 
{varix  a?iastomolicus).  In  this  way  a  tumor-like 
formation  composed  of  communicating  cavernous 
blood  spaces  may  be  formed.  In  the  true  varix  an  in- 
crease in  the  length  of  the  affected  veins  mav  some- 
times occur.  The  saccular  dilatations  offer  conditions 
favorable  to  thrombosis,  and  the  impregnation  of  the 
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thrombi  with  lime  salts  results  in  the  formation  of 
phleboliths. 

The  chief  etiological  factor  in  the  case  of  both 
phlebectasias  and  varices  is  to  be  found  in  a  general  or 
local  disturbance  of  the  circulation  leading  to  an 
increase  of  venous  pressure  and  hindering  the  return 
flow  of  of  venous  blood.  A  general  venous  stasis 
may  be  caused  by  cardiac  weakness,  valvular  lesions, 
diseases  of  the  lungs  leading  to  an  obstruction  of  the 
pulmonary  circulation,  loss  of  the  aid  to  the  venous 
circulation  through  the  lessening  of  the  negative 
pressure  in  the  thorax,  effects  of  gravity,  etc.  A 
local  venous  stasis  may  result  from  the  pressure  of  an 
aneurysm,  tumor,  gravid  uterus,  enlarged  lymph 
glands,  or  from  the  obstruction  of  the  vein  bj'  a  liga- 
ture, thrombosis,  obliterating  phlebitis,  intravascular 
growth  of  tumor  cells,  constricting  bands  of  scar  tissue, 
tight  belts,  garters,  bandages,  etc.;  or  through  inher- 
ent weakness  of  the  vein  wall  (congenital  varix),  ex- 
cessive muscular  activity,  loss  of  tension  in  the  tissues 
surrounding  the  vein,  influence  of  gravity,  etc.  Stasis 
in  tlie  portal  vein  is  usually  secondary  to  diseases  of 
the  liver.  The  overloaded  rectum  in  cases  of  chronic 
constipation  may  likewise  cause  an  obstruction  to  the 


Veln^,  Palhulogy  of 


venous  flow  in  its  neighborhood.  The  influence  of 
gravity  is  shown  particularly  in  the  case  of  varices 
of  the  lower  extremities.  In  individuals  who  habitu- 
ally stand  upright  without  adequate  muscular  move- 
ments of  the  lower  limbs,  especiallv  in  long-limbed- 
individuals,  varices  of  the  veins  of  the  leg  are 
of  very  common  occurrence.  The  saphena  magna 
and  its  branches  are  most  frequently  affected.  The 
aid  given  to  the  venous  circulation  bv  the  inter- 
mittent pressure  exerted  upon  the  veinsbv  the  con- 
tractions of  the  muscles  is  in  such  cases  but  slight; 
through  the  influence  of  gravity  the  veins  become 
dilated,  their  valves  become  relatively  insufficient, 
and  the  vein  walls,  unable  to  support  the  long  column 
of  blood  in  the  vena  cava,  become  stretched.  Veins 
which  have  been  dilated  for  some  time  do  not  regain 
tlieir  old  caliber.  The  valves  retain  their  original 
size,  though  an  increase  in  the  tissues  of  the  walls  is 
necessary  to  the  enlargement  of  the  lumen.  Hered- 
ity is  a  factor  of   some   importance  in  the  etiology 


Fio.  5011— V 


rom  Leg.     (.\fter  Zieglcr  i 


of  i)hlebectasias  and  varices.  In  just  what  lies  the 
weakness  of  the  vessel  wall  is  not  yet  known.  The 
state  of  the  tension  of  the  surrounding  tissues  is  also 
an  important  factor. 

Phlebectasias  are  most  common  in  the  veins  of  the 
hemorrhoidal  plexus,  the  spermatic  veins,  pampini- 
form and  pudendal  plexuses,  the  uterovaginal  and 
vesical  veins,  the  tributaries  of  the  portal  vein,  the 
veins  of  the  lower  extremities,  etc.  Dilatations  are  of 
less  frequent  occurrence  in  the  veins  of  the  esophagus, 
Ijharynx,  meninges,  brain,  and  uterus  wall.  They  are 
of  rare  occurrence  in  the  veins  of  the  upper  extremities. 
Hemorrhoids  are  the  most  frequent  form  of  phlebec- 
tasias. The  knots  and  convolutions  of  dilated  veins 
may  lie  above  the  anus  (internal  hemorrhoids)  or 
l)roject  from  it  (external  hemorrhoids).  Aside  from 
the  general  etiological  factors  mentioned  above,  hem- 
orrhoids may  be  caused  by  catarrhal  inflammations 
of  the  mucosa  of  the  rectum  due  to  constipation.  The 
extension  of  the  inflammation  to  the  vein  walls  leads  to 
a  dilatation  of  the  lumen  and  a  thinning  of  the  wall. 
The    collateral    anastomoses    of    the    hemorrhoidal 
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veins  make  them  subject  to  th«  influence  of  stasis  in 
either  the  portal  system  or  that  of  the  vena  cava. 
Hepatic  cirrhosis  is  therefore  associated  with  more  or 
less  extensive  formation  of  hemorrhoids.  The  dila- 
tations of  the  esophageal  veins  in  cases  of  portal 
stasis  are  also  .styled  hemorrhoids  (esophageal  hemor- 
rhoids). The  dilatations  of  the  veins  along  the  sper- 
matic cord  are  known  as  varicocele;  those  of  the  veins 
of  the  abdominal  wall  in  the  neighborhood  of  the 
umbilicus  in  the  collateral  anastomosis  of  portal 
stasis  are  designated  the  "caput  Medusa'."  In  the  de- 
velopment of  such  a  collateral  circulation  the  veins 
of  the  esophagus,  the  liypogastric,  spermatic,  infe- 
rior epigastric,  internal  mammary,  and  interco.stal 
veins,  the  veins  of  the  kidney  capsule,  the  azygos  veins, 
and  the  small  branches  in  the  suspensory  ligament  of 
the  liver  may  become  ectatic. 

The  sequela;  of  varix  formation  are  of  great  impor- 
tance. Rupture  of  the  dilated  veins  is  of  common  oc- 
currence. This  occurs  most  often  in  the  case  of 
hemorrhoids.  Fatal  hemorrhage  may  follow,  or  as 
the  result  of  repeated  small  hemorrhages  the  most 
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Fio.  50:2. — PhlebtH  t..Ma  ui  .superficial  Veins  in  Ca.se  of  I  >i.- 
Btruction  of  Venffi  Cavae  due  lo  Actinomycosis  of  Mediastinum. 
(.4fter  Schrotter.) 

severe  types  of  anemia  may  be  produced.  Varices 
of  the  esophagus,  stomach,  and  spleen  may  give  rise 
to  fatal  hemorrhage  or  to  severe  anemia.  Deatli 
may  follow  the  rupture  of  a  varix  in  the  brain  or 
meninges.  Next  to  rupture  and  hemorrhage  throm- 
bosis is  the  most  important  result  of  venous  dilata- 
tion. Embolism  from  such  thrombi  is  most  common 
in  the  case  of  hemorrhoids  (after  operation)  and  in  the 
veins  of  the  lower  extremities.  Thrombophlebitis 
and  lymphangitis  are  not  infrequent  complications  of 
varices,  and  may  result  fatally.  Further,  as  the  re- 
sult of  phlebectasias  and  the  stagnation  of  the  venous 
flow,  the  tissues  of  the  region  tributary  to  the  affected 
veins  present  a  condition  of  chronic  edema.  In  tlie 
case  of  the  skin  there  may  be  an  increased  secretion 
of  sweat;  in  mucous  membranes  a  condition  of  chronic 
catarrh  results.  Hemorrhage  by  diapedcsis  from  the 
smaller  capillaries  is  of  frequent  occurrence.  The 
skin   over   varices   often   shows   a   marked   atrophy, 
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pigmentation,  desciuamation,  or  a  condition  of  chronic 
eczema  (eczema  naricosum).  As  a  result  of  the 
chronic  venous  congestion  and  chronic  edema  the  skin 
is  often  the  seat  of  a  chronic  inflammation  which 


Fig.  501.3.— Formation  of  Collater; 
Superior  and  Inferior  Epigastric  Vein 
Vena  Cava.      (After  Schrotter.) 


leads  to  a  fibroid  thickening  of  the  dermis  and  sub- 
cutaneous tissues.  Over  the  legs  these  thickenings 
may  form  irregular  folds  or  nodules  (elephantiasis 
phlcbectat-ica).     Ichthyotic  thickenings  of  the  stratum 
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Fin.  SOU.— Development  of  Collateral  Circulation  in  Thrombosis 
of   Subclavian   Vein.     {After   Schrotter.) 

corneum  may  also  be  produced,  the  epidermis  present- 
ing the  appearances  of  warty  excrescences.  The 
neighboring  periosteum  may  likewise  be  involved  in 
the  inflammatory  process  and  a  new  formation  of 
bone    may    take    place    (periostitis    ossificans).     As 


REFERENCE  HANDBOOK  OF  THE   MEDIC.\L  SCIENCES 


Veins,  Pathology  of 


the  result  of  slight  injuries  or  wounds  torpid  ulcers 
very    often    form     (ulcera    cruris,     varicose    ulcers). 


-U, 


^ 


Fig  501o — a  I  ubcrculou^  Ijr 
at  ihe  periphery;  o,  veins  wnose 
layers  of  which  show  caseation; 


large  blood-vessels 


iph  gland  with  Riint  cells  and  cispou-'  fo' 

ivalis  are  iniCKened  Dy 

,  fat  tissue.      X28.     (Zieglc 


These  run  a  very  chronic  course,  and  may  involve 
a  very  large  part  of  the  skin  of  the  leg.  Thrombo- 
phlebitis, pyemia,  and  amyloid  disease  may  follow  such 
ulceration. 

The  diagnosis  of  varices  offers  no  difficulties.  The 
prognosis  is  dependent  upon  the  extent  of  the  varices, 
their  etiology,  and  the  occurrence  of  such  complica- 
tions as  thrombophlebitis,  embolism,  hemorrhage, 
chronic  ulcerations,  amyloici  disease,  etc. 

The  trcnlmeiil  of  varices  is  chiefly  palliative:  elastic 
stockings,  bandages,  etc.,  ligatures,  cauterization,  clec- 
tropuncturc,  excision,  injections  of  crRotin.  chloral,  etc. 
The  inject  ion  methods  are  at  present  but  little  used,  and 
are  in  themselves  dangerous.  Trendelenburg's  double 
ligature  is  the  operation  most  frequently  carried  out. 

TrBERcnLosis. — Tuberculosis  of  the  veins  occurs 
most  frequently  in  the  veins  of  tuberculous  organs,  but 
also  not  rarely  in  the  larger  veins  in  the  neighborhood  of 
tuberculous  lymph  glands,  etc.  In  the  latter  case  the 
infection  of  the  vein  wall  takes  place  through  direct  ex- 
tension or  through  the  lymphatics.  In  rare  cases 
primary  tuberculosis  of  the  intima  of  veins  may  take 
place  through  the  presence  of  tubercle  bacilli  in  the 
circulation.  Involvement  of  the  veins  from  nciglibor- 
ing  tuberculous  processes  is  much  more  frequent  in 
the  case  of  the  veins  than  of  the  arteries,  and  is  one  of 
the  most  common  modes  of  dissemination  of  disease 
throughout  the  body.  Tuberculosis  of  the  veins 
presents  no  individual  clinical  picture,  the  symptoms 
being  covered  up  by  those  of  the  primary  infection. 
In  miliary  tuberculosis  of  hematogenous  origin  the 
veins  throughout  the  body  show  numerous  miliary 
tubercles  in  their  walls,  both  in  the  intima  and  in  the 
meilia,  appearing  as  small  gray  or  yellow  nodules 
projecting  into  the  lumen  of  the  vessel.  The  earliest 
stages  of  these  may  appear  as  small  collections  of  leuco- 
cytes or  as  agglutination  thrombi  resting  upon  the  in- 
tima. Epithelioid  proliferation  of  the  cells  of  the  in- 
tima occurs  later,  and  finally  typical  tubercles  are 
formed.  In  the  case  of  extension  from  neighboring 
tuberculous  foci  the  veins  come  to  present  the  picture 
of  a  caseating  tuberculous  phlebitis. 


Syphilis. — The  most  frequent  changes  in  the  veins 
ascribed  to  syphilis  arc  of  the  nature  of  an  obliterating 
endophlebitis  era  chronic  peri- 
phlebitis. The  small  veins  of 
the  meninges,  brain,  liver,  and 
other  internal  organs  are  most 
often  afTected.  In  the  neigh- 
borhood of  the  afTected  veins 
t  liere  is  usually  found  a  gumma 
or  focus  of  induration.  In  the 
great  veins,  and  particularly  in 
the  subcutaneous  veins,  symp- 
toms of  an  acute  phlebitis  oc- 
cur frequently  in  the  early 
stages  of  syphilis,  as  shown  by 
swelling,  redness,  and  tender- 
ness corresponding  to  the 
course  of  the  afTected  vessel. 
In  the  later  stages  gummatous 
infiltrations  of  the  vein  walls 
and  the  neighboringti.ssuesalso 
take  place.  The  proliferation 
and  formation  of  granulation 
tissue  may  begin  in  the  Intima, 
media,  or  adventitia.  Throm- 
bosis may  be  associated  with 
any  of  these  processes.  Scle- 
rotic changes,  calcification,  and 
fatty  change  may  follow.  The 
portal  vein  may  show  marked 
changes  of  this  character. 
Chiari  has  describeti  a  pro- 
raiiuiaiioii  iissue.  me  inner  liferating  endophlebitis  of  the 
hepatic  veins  which  lie  regarded 
as  of  syphilitic  origin.  Similar 
changes  have  also  been  found  in  the  veins  of  the  in- 
testinal wall  and  mesentery  associated  with  multi- 
ple strictures  of  syphi- 
litic nature.  In  con- 
genital syphilis  the 
veins  of  the  umbilical 
cord  may  show  a 
thickening  of  the  in- 
tima, due  to  a  cellular 
proliferation  or  new 
formation  of  connec- 
tive tissue.  A  peri- 
pylephlebitis  syphilit- 
ica neonatorum  has 
also  been  described. 
With  the  exception  of 
the  tji^ieal  gummata 
which  occur  but  rarely 
in  the  vein  walls,  the 
venous  changes  as- 
cribed to  syphilis  pii  - 
sent  no  d  i  s  t  i  n  c  t  i  V  e 
characteristics,  and 
the  syphilitic  origin 
in  the  majority  of  cases 
can  be  regarded  as 
only  probable. 


Actinomycosis.— 
The  veins  in  the  neigh 
borhood  of  actinomy 
cotic  foci  are 
frequently  in- 
volved in  the 
process,  the 
resulting 
changes  being 
of  the  nature 
of  a  chronic 
purulent  phle- 
bitis. Rup- 
ture of  the 
focus  through 
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the    intima   may   lead    to    a   metastasis    of   the   in- 
fection. 

Leprosy. — In  lepra  nodosa  and  anesthetiea  the 
veins  are  frequently  affected,  presenting  nodular 
thickenings.  Microscopically  the  media  and  ad- 
ventitia  are  infiltrated  with  round  cells,  the  intima 
is  thickened  and  hyaline,  and  the  vasa  vasorum 
are  thickened.  Bacilli  are  found  in  all  three  layers. 
The  process  is  therefore  to  be  regarded  as  a  bacillary 
invasion  phlebitis. 

Parasites. — Echinococcus  cysts  of  the  liver  not 
infrequently  break  into  the  hepatic  vein  and  give 
rise  to  metastases  in  the  right  heart  and  lungs.  The 
cysticercus,  Filaria  sanguinis  limninis,  and  Distoma 
hematobium  are  also  found  in  the  veins. 

Foreign  Bodies. — Under  very  rare  conditions 
foreign  bodies  which  have  entered  the  veins  may  be 
found  attached  to  the  wall  of  the  vessel.  One  case 
is  reported  of  the  finding  of  a  small  pistol  bullet  in  the 
internal  jugular. 

New  Growths. — Hemangiomata,  angiosarcomata, 
and  endotheliomata  may  be  primary  in  veins,  par- 
ticularly the  smallest  veins.  Primary  myomata  of 
veins  have  also  been  described.  Many  of  the  cases 
reported  as  primary  tumors  of  veins  are  of  doubtful 
nature,  it  being  very  probable  that  the  vein  w-alls  were 
secondarily  involved.  The  so-called  caver?w7na  of  the 
portal  vein  is  undoubtedly  nothing  more  than  a 
canalized  thrombus.  In  so  far  as  the  metastasis  of 
tumors  is  concerned,  the  veins  play  a  much  more 
important  part  than  the  arteries.  The  secondary 
involvement  of  veins  bj'  primary  carcinoma  and 
sarcoma  of  other  organs  and  tissues  is  of  very  common 
occurrence.  In  the  extension  of  the  tumor  into  the 
vessel  wall  rupture  of  the  tumor  cells  into  the  lumen  is 
prevented  for  a  long  time  by  the  endothelium,  which  is 
apparently  very  resistant  to  the  advancing  tumor  colls. 
Large  nodules  may  project  into  the  lumen  of  the  vein, 
but  on  microsco])ical  examination  the  endothelium  will 
be  found  intact  over  the  growth.  Carcinomata 
break  through  the  walls  of  large  veins  more  rarely  than 
do  sarcomata,  because  of  the  plastic  influence  which 
the  carcinoma  cells  exert  upon  the  connective-tissue 
cells  of  the  vessel  wall.  As  the  carcinoma  cells  ap- 
proach the  vein  wall  the  cells  of  the  latter  undergo 
proliferation,  and  a  layer  of  new  tissue  is  formed  be- 
tween the  vein  and  the  tumor.  In  the  ease  of  sarcoma 
there  is  but  little  plastic  influence  exerted  upon  the 
vessel  wall,  the  cells  of  the  tumor  being  genetically 
related  to  those  of  the  vein  wall. 

In  the  case  of  primary  malignant  tumors  of  the 
adrenals,  kidneys,  testis,  etc.,  large  tumor  masses  not 
infrequently  grow  into  the  veins  and  may  extend  into 
the  vena  cava.  Portions  of  these  may  break  loose 
and  lodge  in  the  heart  or  pulmonary  arteries.  Free 
tumor  emboli  may  occasionally  be  found  in  the  right 
ventricle.  Secondary  carcinomata  of  the  liver  fre- 
quently break  into  the  hepatic  veins  and  give  rise  to 
metastases  in  the  lungs.  In  the  case  of  tricuspid 
insufficiency  or  violent  spasmodic  coughing  a  retro- 
grade transportation  of  tumor  cells  may  take  place 
(retrograde  metastasis).  In  very  vascular  tumors  the 
veins  are  often  markedly  ectatic. 

Aldred  Scott  Warthin. 


Vertebral  Column. — (BNA,  Columna  vertebra- 
lis.  Fr.  coloiiiie  vcrtdbrale  ou  rachidienne,  rachis. 
Ger.  Wirbelsiiule.) 

Definition. — In  man  the  spinal  medulla  of  the 
central  nervous  system  is  protected  in  the  median  line 
of  the  back  by  enclosure  in  a  series  of  sujierposed 
bony  elements  called  vertebrae  that  collectively  con- 
stitute a  flexible  rod  termed  the  vertebral  column 
which  serves  as  a  central  axis  for  the  skeleton  of  the 
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trunk,  supports  the  skull  above,  the  ribs  on  the  sides, 
and  transmits  the  weight  through  the  pelvis  to  the 
pelvic  limbs  below. 

Composition. — As  this  rod  extends  from  the  cran- 
ium above  to  the  caudal  end  of  the  trunk,  the  verte- 
bra of  which  it  is  composed  are  characterized  from 
the  region  in  which  they  are  found.     There  are  7 


tiL-i 


Coccygeal  \ 
Fia.  5017.— The  Vertebral  Column. 

cervical,  12  dorsal  or  thoracic,  5  lumbar,  5  sacral,  and 
3  or  4  coccygeal  or  caudal  vertebra;. 

Flexibility  is  assured  by  the  ligaments  that  unite  the 
.separate  vertebra,  particularly  by  the  intervertebral 
discs  or  fibrocartilages  (Fig.  5018)  which  together  con- 
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stitute  about  one-fourth  of  the  movable  part  of  the 
column  and  by  their  torsion  allow  a  slight  shifting 
between  contiguous  vertebrie  which  becomes  considera- 
ble, wlien  several  successive  joints  are  involved.  From 
this  mobility,  indeed,  the  vertebrie  derive  their  name: 
L.  i<ertere,  to  turn.  In  the  adult  there  are  twenty-three 
of  these  discs,  none  being  present  between  the  first  and 


Vtbrocartila^o   intervertehral 


Fio.   oOlS. — The  Spinal  Ligaments.      (After  Heitzmann.) 

second  cervical  vertebrae.  In  infancy  discs  also  exist 
between  the  vertebroe  of  the  sacral  and  coccygeal  re- 
gions, but  these  later  become  co-ossified  with  the 
verteljr;e  forming  an  immovable  segment.  These 
are,  therefore,  called  fixed  or  false  vertebrie,  thus  dis- 
tinguishing them  from  the  movable  or  true  vertebra'. 
They  form  the  sacrum  and  the  coccj-x. 


Fio.  5019.— Tl 
rudimentary  spi 
riffi  vertebralis;  4,  f< 
versariuni;  6,  proce; 
of  transverse  liga 


ve.  1,  Tuberculum  posterius. 
ircus  posterior:  3,  sulcus  arte- 
k  articularis  superior:  5,  foramen  trans- 
transversus;  7,  tubercle  for  attachment 
S,   arcus  anterior:  9,  fovea  dentis:  10, 


tuberculum  anterius;  11,  position  of  the  transverse  ligament. 
(.4fter  Quain.) 

Dimensions. — The  average  length  of  the  vertebral 
column  is  variously  stated  by  ditferent  authors. 
According  to  Testut  it  is  in  the"  male  adult  73  to  7.5 
centimeters  (283  to  '--U  in.)  Fick,  measuring  along  the 
curves,  makes  it  76.2  to  75  centimeters,  or  45  per  cent,  of 
the  length  of  the  bodv.     Among  those  who  measure  the 


exact  perpendicular  height  wc  have  Sappey,  73  cm.; 
liryce  (in  Quain's  Anatomy),  71  centimeteVs  (!  boily 
length) ;  Howden,  in  his  edition  of  Cray's  ,\natomy,  7'l 
centimeters;  Buchanan,  71  centimeters  -|-  ;  Debierre 
7()-7.)  centimeters;  Cunningham,  70-73  centimeters; 
Ihoinpson,  in  Morris's  Anatomy,  70  centimeters; 
Krause,  69-70  centimeters;  Beaunisand  Bouchard,  07 
centimeters;  Spitzka  in  his  edition  of  Gray,  67.5  centi- 
meters. The  spinal  column  is  generallv  considered  to 
be  somewhat  shorter  in  the  female,  bv  finch,  according 
to  Krau.se  and  Arnold,  but  one  can  scarcely  credit  the 
figures  of  a  length  of  only  60  centimeters  as  given  in 


Fia.  5020. — The  Epistropheus,  from  the  right  side.  I,  Dena; 
2,  faciea  articularis  anterior;  3,  corpus;  4,  processus  transveraus; 
.i,  foramen  transversarium;  6,  facies  articularis  inferior:  7,  pro- 
cessus apinosus;  8,  facies  articularis  superior;  9,  groove  for  traoB- 
verse  ligament.     (.-Vfter  Quain.) 

Sappey  and  Cunningham,  or  61  centimeters  in  How- 
den-Gray.  69  centimeters  as  given  by  Br>'ce  is  prob- 
ably more  nearly  correct.  The  same  diversity  exists 
in  statementsof  the  heights  of  different  regions.  Bryce 
cites  Fischel  as  stating  that  {he  cervical  region  is  about 
one-sixth,  the  thoracic  one-third,  the  lumbar  one- 
fourth,  the  sacrum  one-sixth,  and  the  coccvx  one- 
twentieth  of  the  total  length  of  the  column. 

In  the  fetus  and  the  young  child  the  column  bears 
a  greater  proportion  of  the  body  length  than  in  the 
adult.     The  dilTerencc  in  height  of  individuals  de- 


Fi<^.  5021. — .Vrticulatio  .-Vtlantoepistrophica,  front  view.  I, 
Dens;  2,  fovea  articularis  superior  of  atlas;  3,  processus  trans- 
versus  of  atlas;  4,  facies  articularis  inferior  of  atlas;  5,  facies 
articularis  superior  of  epistropheus;  6,  processus  transversua  of 
epistropheus;  7,  facies  articularis  inferior  of  epistropheus,  (.\ftcr 
Quain.) 

pends  rather  upon  the  difference  in  the  length  of  the 
pelvic  limbs  than  upon  the  length  of  the  spine.  It 
may  be  affirmed,  says  Fick,  that  the  column  is  the 
latest  of  all  parts  of  the  body  to  attain  its  final  dimen- 
sions. In  North  .\mericans  and  IrL<h  this  does  not 
occur  until  the  31st  year,  in  the  Englu;h  and  French 
from  the  2Sth  to  the  30th,  in  the  Germans,  however, 
at  the  23d  year.  Probably  further  observations  are 
required  to  confirm  this. 

In  old  ago  the  curv:itures  increase  and  the  discs  grow 
thinner  causing  a  shortening  that  may  reach  7  centi- 
meters.   Slight  variations  may  occur  during  the  day. 


Vol.  VIII.— 13 


Vertebral  Column 
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A  person  who  has  been  standing  or  walking  about  is 
slightly  shorter  at  night  than  in  the  morning  after 
repose  in  a  reclining  position.  This  is  due  mainly  to 
the  compression  of  the  elastic  intervertebral  discs  and 
alteration  of  the  curvatures.  The  variations  may 
amount  to  1.50  to  3  centimeters.  Pathologic  conditions 
affecting  the  integrity  of  the  vertebrae  are  a  frequent 
cause  of  shortening. 

The  column  is  not  perfectly  regular  in  diameter 
throughout  but  presents  a  series  of  slight  constric- 


Fio.  5022. — Fourth  Cervical  Vertebra,  from  above.  1.  Bifid 
processus  spinosus:  2,  lamina;  3,  back  of  facies  articularis  inferior; 
4,  faciesarticularis  superior;  5,  foramen  transversarium;  6,  tuber- 
culum  posterius:  7,  sulcus  nervi  spinalis;  8,  tuberculum  anterius; 
9,  corpus.     (After  Quain.) 

tions  and  expansions.  Expanding  somewhat  from 
the  2d  cervical  to  the  1st  thoracic  vertebra  it  then  de- 
creases to  the  4th  thoracic  afterward  increasing  again 
to  the  base  of  the  sacrum  from  which  it  rapidly  de- 
creases to  the  tip  of  the  coccyx. 

CuRVATOREs. — ^The  strength  of  the  column  is  greatly 
increased  by  the  arrangement  of  its  elements  in  a 
series  of  sagittal  elastic  curves  which  act  as  springs 
and  thus  offer  more  protection  to  shocks  than  a  rigid 


Fio.  5023.— Seventh  Cervical  Vertebra,  from  above.  1.  Pro- 
cessus spinosus;  2,  facies  articularis  superior;  3,  radix  arcus;  4, 
corpus;  5,  foramen  transversarium;  6,  processus  trans  versus 
(.\fter  Quain.) 

cord  would  do.  There  correspond  to  the  different  re- 
gions and  present  alternate  convexities  and  conca- 
vities. (Fig.  5017.)  The  cervical  curvature,  convex 
forward,  extends  from  the  2d  cervical  to  the  2d  thoracic 
vertebra;  the  thoracic  curvature,  concave  forward, 
comprises  the  remaining  thoracic  vertebra;;  the  lum- 
bar curvature,  convex  forward,  and  more  marked  in  the 
female,  is  formed  by  the  lumbar  vertcbrie;  and  the 
pelvic  curvature,  concave  forward,  is  formed  by  the 
sacrum  and  coccyx.     In  the  fetus  at  an  early  stage 
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there  is  but  one  long  spiral  curve  caused  by  the  approxi- 
mation of  the  cephalic  and  caudal  extremities.  The 
thoracic  and  pelvic  curves  arise  to  accommodate  the 
viscera  of  those  regions.  They  are  well  marked  at 
birth  and  are  therefore  called  ■primitive  curves.  The 
others  are  postnatal,  the  cervical  being  formed  by 
the  child  lifting  its  head,  the  lumbar  by  it  supporting 
itself  in  an  erect  position.  These  are  therefore  called 
compensatory  curves.  The  latter  are  produced  mainly 
by  the  varying  thickness  of  the  intervetobral  discs. 
Sagittal  inflections  beyond  the  normal  amount  may 
also  occur.     When  concave  forward  they  produce  the 


FiQ.  5024. — The  First  Thoracic  Vertebra.     (Heitzmann.) 

deformity  known  as  kyphosis  or  hump-back,  when 
concave  backward  lordosis  or  hollow  back.  A  slight 
lateral  curve  usually  exists  in  the  dorsal  region  due, 
apparently,  to  the  greater  use  of  the  right  hand.  An 
exaggeration  of  this,  often  due  to  faulty  position  at 
work  in  childhood,  is  known  as  scoliosis.  It  is  usu- 
ally accompanied  by  smaller  compensatory  curves 
above  or  below  the  principal  one. 

Configuration. — The  typical  form  of  a  vertebra 
is  best  conceived  by  considering  those  near  the  middle 
of  the  column.  Here  each  element  presents  a  broad 
base,  the  body  or  centrum  from  which  diverge  various 
processes  (apophyses).  Two  of  these  embrace  the 
medulla  spinalis  and  are  therefore  called  neurapo- 
physes,  and  the  arch  thus  formed  is  the  neural  arch. 
The  ventral  portion  of  each  neurapophysis  is  termed 

Troc  nrfJt*  svp 
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Proc.  artic.  ii\f. 
FiQ.  5025. — A  Lumbar  Vertebra.     (Heitzmann.) 

the  pedicle  the  posterior  flattenea  portion  the  lamina, 
at  their  junction  is  a  well-marked  outgrowth,  the 
spinous  process  (neural  spine)  for  the  attachment  of 
muscles  and  ligaments.  The  pedicles  are  grooved 
above  and  below  by  notches  (intervertebral  notches) 
which  together  make  intervertebral  foramina  for  the 
exit  of  nerves  when  the  vertebrce  are  articulated.  Above 
and  below  the  neural  arch  are  articular  processes, 
or  zygapophyses,  two  above  and  two  below,  for  union 
with  the  next  contiguous  vertebrae.  A  transverse 
process  (diapophysis)  projects  laterally  for  the  at- 
tacliment  of  muscles  and  ligaments.  Some  authors 
carry  this  still  farther,  conceiving  ventrally  another 
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arch,  the  visceral  or  hemal  arch  formed  by  the  ribs 
(hemapophyses  or  pleurapophyses)  and  sternum,  com- 
posed of  hemal  spines. 

This  scheme  is  nowhere  exactly  realized.  In  the 
cervical  region  the  first  vertebra,  or  atlas  (Fig.  5019 
and  5021)  gives  up  its  centrum  which  becomes  united 
with  the  second  vertebra  (the  epistropheus  or  axis), 
(Figs.  5020  and  5021),  constituting  the  dens  or 
odontoid  process  of  that  bone.  The  costal  elements 
or  hemapophyses  join  the  transverse  process  thus 
forming  the  foramen  transversarium  (Figs.  5019,  5022, 
and  5023).  Occasionally  oneor  more  remain  separate, 
constituting  a  cervical  rib. 

In  the  thoracic  region  the  ribs  articulate  with  the 
vertebra;  producing  characteristic  facets  (Fig.  5024). 
The  spinous  and  transverse  processes  are  large,  the 
neural  foramen  small. 

In  the  lumbar  region  the  costal  elements  again  be- 
come united  to  the  vertebrse,  simulating  transverse 
processes,  as  they  are  usually  called.  The  true  trans- 
verse processes  are  reduced  to  mere  rudiments  and 
are  called  mammillary  processes  (Fig.  5025).  Lumbar 
ribs  formed  by  separate  ossification  are  not  infrequent. 

It  will  be  seen  that  it  is  very  easy  to  determine  the 
region  to  which  an  isolated  vertebra  belongs;  if  it  has 
a  foramen  in  the  transverse  process,  it  is  cervical;  if 
it  possesses  costal  facets  it  is  thoracic;  the  absence  of 
both  these  characteristics  shows  it  to  be  lumbar. 

The  peculiarities  of  the  sacral  and  coccygeal  verte- 
brae are  given  in  the  article  Pelvis  in  this  Handbook 
to  which  the  reader  is  referred.  Fr.\nk  Bakeh. 


Wounds,  Antiseptic  Irrigation  of. — -By  this  title 
is  meant  the  application  of  antiseptic  solutions  to  deep 
wounds  for  the  prevention  or  cure  of  infection.  It  is 
immaterial  whether  mechanical,  chemical,  or  biolog- 
ical disinfection  is  concerned ;  but  an  ideal  plan  should 
perliaps  combine  all  three  principles.  By  any  method 
other  than  irrigation  such  synergism  of  effort  would 
hardly  be  possible;  nor  is  irrigation  itself  practicable 
unless  the  wound  be  remade  in  such  manner  that  all 
recesses  are  exposed  and  foreign  bodies  and  dead  tissue 
removed.  Irrigation  in  this  sense  may  mean  a  con- 
tiimous  process  and  one  which  requires  a  considerable 
installation  and  personnel. 

All  attempts  to  award  credit  for  priority  in  military 
methods  would  be  beside  tlie  mark  as  the  recent  prac- 
tices have  been  called  forth  very  largely  by  necessity. 
Perhaps  the  use  of  Wright's  h\'pertonic  solution  was 
the  original  method  for  it  grew  out  of  a  theory  and 
experiments  and  its  chief  intent  was  to  assist  the 
natural  possibilities  of  wound  healing.  In  other 
words  it  was  simply  a  biological  solution.  In  the 
contemporary  reviews  of  methods  of  wound  treat- 
ment it  is  no  longer  enumerated.  It  is  said  that  Car- 
rel found  it  uncertain  and  unsatisfactory  and  was  led 
to  attempt  something  better.  While  he  was  perfect- 
ing the  irrigating  tubes  which  go  by  his  name  Dakin 
at  his  recjuest  made  experiments  to  discover  an  ideal 
antiseptic.  Chlorine  in  the  form  of  some  hypochlo- 
rite is  the  basis  of  a  number  of  antiseptic  solutions, 
but  through  Dakin's  efforts  the  disadvantages  which 
inhere  in  the  latter  were  offset.  Manufactured  by  a 
special  process  its  chlorine  content  is  kept  within 
fixed  limits  (0.5  per  cent,  sodium  hypochlorite)  and  it 
is  deprived  of  caustic  alkalinity.  Moreover  the  Dakin 
solution  is  isotonic.  It  is  strongly  antiseptic,  but, 
while  irritating  to  the  integument,  does  not  affect  un- 
favorably the  wound  surface.  Its  toxicity  is  desig- 
nated as  "low."  Other  synergistic  features  in  wound 
healing  comprise  a  solvent  property  which  enables  it 
to  dissolve  all  dead  tissue  (pus,  blood-clots,  tissue 
debris),  while  healthy  tissues  remain  immune.  There 
are  a  reservoir  and  niain  feeding  tube  from  which  are 
given  off  a  series  of  secondary  flexible  distributing 
tubes  which  at  their  distal  ends  are  freely  perforated 
(see  Fig.  5026).    These  perforated  ends  are  wrapped 


with  gauze  when  applied  to  surface  wounds.  The 
down-flow  of  the  solution  is  controlled  by  a  pinch- 
cock  or  screw  valve  applied  to  the  main  tube  which 
is  left  open  until  the  gauze  is  properlv  saturated. 
About  every  two  hours  this  flush  ing  process  is  repeated. 
A  slcnhsatio  magna  is  not  claimwl  for  the  solution; 
on  the  contrary  the  wound  disinfection  Is  gradual! 
The  method  is  adapted  to  wounds  of  the  soft  part«, 
severe  compound  fractures,  infected  joints,  abscesses, 


Fia.  5026. — Carrel  Apparatus  for  Irrigating  Wounds.  A, 
graduated  reservoir;  B,  clamp  for  regulating  the  supply  of  fluid; 
C,  glass  cup  for  observation  of  the  speed  of  flow;  D.  termioal 
glass  distributor  for  four  tubes;  IC.  perforated  tubes;  F,  glass 
distributor  for  five  tubes;  G,  single  tube;  H,  double  tube. 

and  the  like.  In  addition  to  the  prevention  of  simple 
infection,  the  aim  of  the  treatment  is  to  prevent  general 
sepsis,  gas  gangrene,  and  chronic  suppuration.  Since 
its  trial  in  military  practice  the  method  has  been  tested 
favorably  in  civil  hospitals. 

As  already  stated  wounds  should  be  prepared  for 
the  Carrel-Dakin  treatment.  Tincture  of  iodine  may 
at  once  be  applied  to  the  wound  surface.  In  addition 
to  reshaping  of  the  latter  to  facilitate  drainage,  all 


Fio.  .■>027. — Cross-section  uf  the  Thigh.  Slio«rin|t  the  Tubes 
in  Contact  with  the  Interior  Surfaces,  kept  apart  by  tiauie 
at  the  Apertures.     {British  Medical  Journal.) 

bleeding  points  should  bo  lig.ated.  Naturally  the 
gauze  pack  (gauze  is  intcrpose<i  between  the  tubes) 
prevents  a  too  close  ."tggregation  of  the  tubes.  Too 
much  gauze  p.acking  may,  however,  compress  the 
latter.  In  addition  to  the  "care  of  the  tubes  the  wound 
dressings  proper  should  be  changed  daily.  This  pre- 
caution meansnaturallyth.it  the  loose  gauze  aKsorbs 
discharges.  To  prevent  any  mechanical  stagnation 
the  reshaped  wound  must  be  able  to  harbor  with 
ease  the  tubes  and  loose  gauze.     There  should  be  no 
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<li'iuii  opening  at  the  dependent  part  of  the  wound. 
That  the  Carrel-Dakin  method  is  not  a  stereotyped 
system  is  sliown  by  the  fact  that  the  solution  under 
certain  conditions  may  be  applied  by  a  hand  syringe. 
The  lulter  is  also  of  use  to  gauge  the  size  of  the 
wound  defect  in  small  or  nearly  closed  wounds. 

It  is  admitted  by  the  inventors  that  the  Carrel- 
Dakin  method  is  nothing  as  a  scientific  resource  in 
the  absence  of  complete  bacteriological  control,  since  it 
operates  purely  as  a  disinfectant,  and  therefore  con- 
trol of  results  "is  demanded.  Carrel  has  to  this  end 
insti  tuted  a  bacteriological  curve  as  a  control  of  wound 
healing.  Smears  taken  on  the  sixth  or  seventh  day  of 
treatment  may  show  as  high  as  1,000  virulent  micro- 
organisms to  the  field.  A  decline  is  usually  followed 
by  a  rise,  so  that  the  curve  is  quite  analogous  to  a 
fever  curve.  Generally  speaking  the  oscillations  are 
wiped  out  at  any  time  between  five  and  twenty-five 
days.  Smears  must  be  inade  every  two  or  three  days 
and  should  always  be  taken  from  the  deepest  recesses 
of  the  wound.  A "negativefind " meansthat  nocover 
one  bacterium  is  present  in  five  fields;  with  this 
control  the  wound  may  be  closed  by  suture  when,  for 
a  period  of  five  days  in  succession,  there  has  been  no  in- 
crease per  field  in  the  number  of  bacilli. 


Flu.  S02S. — Arrangement  of  Two  Distributing  Tubes,  each 
with  four  branches  passing  through  the  dressing.  {British  Med- 
icalJmnuil.) 

We  have  been  at  some  pains  to  describe  the  Carrel- 
Dakin  method  because  of  the  eminence  of  its  invent- 
ors and  of  the  intimate  relationship  which  obtains 
throughout  between  scientific  principles  and  practical 
efficiency.  The  very  superiority  in  these  respects 
tends  to"  make  its  realization  difficult  and  it  has  often 
been  claimed  that  without  the  personal  equation  of 
the  technicians  the  results  are  unsatisfactory.  The 
same  allegation  is  made  against  all  systems  of  disin- 
fection, and  since  system  must  be  opposed  to  system, 
not  a  few  methods"  are  in  use  with  claims  of  general 
superiority.  The  system  of  Vincent  may  be  dismissed 
briefly,  for  essentially  it  is  not  a  method  of  irrigation 
although  it  may  be  utilized  in  this  form.  Essentially 
it  is  a  dry  dressing  of  calcium  hypochlorite  and  boric 
acid.  Tiie  problem  involved  is  really  dry  dressings  vs. 
irrigation.  This  Vincent  method  is  preeminently  one 
of  first  aid  on  the  firing  line.  A  solution  would  mani- 
festly be  unsuitable  for  the  disinfection  of  such  wounds 
because  of  the   complicated  installation  required  as 
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well  as  the  prolonged  contact  necessary.  Vincent's 
powder  consists  of  ten  grams  of  freshly  powdered  cal- 
cium hypochlorite  and  ninety  grams  of  dry,  powdered 
boric  acid.  Theseingredients  are  carefully  mixed  and 
preserved  in  a  dry,  colored  glass  vessel.  However,  Vin- 
cent's powder,  which  has  an  affinity  for  water,  slowly 
dissolves  in  the  wound  secretions  and  tends  to  form  a 
permanent  saturated  solution  from  which  minute 
quantities  of  nascent  chlorine  are  constantly  given  off. 
Since  the  hypochlorite  of  lime  contains  from  five  to 
seven  per  cent,  of  calcium  chloride  the  powder  possesses 
hemostatic  properties. 

Another  hypochlorite  solution  is  that  of  Buret 
which  is  extensively  used.  It  is  isotonic  with  blood 
serum  and  owes  its  action  in  part  to  chemical  changes 
which  occur  on  the  wound  surface.  The  hypochlorite 
of  magnesium,  to  which  it  owes  its  antiseptic  quality 
is  prepared  by  mixing  chloride  of  lime  with  magnesium 
sulphate  in  aqueous  solution  and  filtering.  The  fil- 
trate, which  contains  magnesium  hypochlorite  and 
chloride,  now  receives  other  salts  of  magnesium  which, 
as  in  Dakin's  solution  of  sodium  hypochlorite,  tend 
to  give  it  a  fixed  chlorine  content  and  the  proper  alka- 
linity as  well  as  to  render  it  isotonic.  In  contact 
with  wound  surfaces  nascent  chlorine  is  given  off  and 
certain  decompositions  result.  In  the  presence  of 
sodium  chloride  double  soluble  oxychlorides  of  mag- 
nesium and  sodium  arc  formed.  Duret's  solution  is 
said  to  be  remarkably  bland.  It  is  applied  as  follows: 
after  mechanical  disinfection  of  the  wound  with  a  solu- 
tion of  hydrogen  peroxide,  one  to  nine,  the  ebullition  of 
which  within  the  recesse  and  crannies  of  the  wound 
area  jjroduces  a  detergent  mechanical  action,  Duret's 
solution  warmed  to  35°  C.  (95°  F.)  is  poured  into  the 
wound  cavity,  from  which  it  expels  the  frothy  hydro- 
gen peroxide  solution. 

Browning  of  the  Middlesex  Hospital  Institute  of 
Pathology  claims  to  have  discovered  an  ideal  anti- 
septic after  prolonged  experiments  with  aniline  color- 
ing matters,  chiefly  malachite  green,  brilliant  green, 
and  crystal  violet.  It  is  said  to  exert  wonderful  bac- 
tericidal powers  in  the  presence  of  blood  serum  whQe 
at  the  same  time  it  stimulates  the  natural  forces  of 
wound  repair.  It  does  not  injure  the  leucocytes  nor 
irritate  the  most  delicate  tissues. 

There  is  a  considerable  literature  concerning  Men- 
ciere's  solution  as  a  firing-line  first  antiseptic  applica- 
tion. This  is  an  ethereal  solution  of  antiseptics  which 
is  blown  rapidly  into  recent  wounds  with  a  nebulizer. 
It  cannot  be  considered  properly  under  irrigation  and 
is  only  mentioned  in  this  connection  as  a  procedure 
which  competes  with  the  preceding.  However,  two 
per  cent,  solutions  of  ether  have  been  used  to  some 
extent  for  irrigation.  Suggested  by  Menciere's  solu- 
tion is  Chassevants'  iodized  chloroform,  used  inciden- 
tally to  sterilize  the  operating  field  before  surgical 
intervention. 

Edward  Preble. 
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organs,  regional  and  surgical  anat- 

lingual, viii.  209.  211 

and  convergence,  relation  between. 

omy  of,  i.  14 

mammary,  ii.  471,  472 

V.  442 

section,  i.  20 

mediastinal,  vi.  286 

and  refraction,  i.  62 

wall,  anatomy  of,  i.  1,  S 

omental,  vi.  875 

binocular,  v.  443 

injuries  of,  i.  9 

perinephritic.  vii.  115 

disorders  of,  i.  67 

Abducens  nerve,  iii.  331 

Pott's,  vii.  891 

paralysis  of,  i.  67 

central  connections  of.  ii.  303 

psoas,  i.  50;  vii.  891 

range  of,  i.  62;  iv.  275 

Abductor  hallucis  muscle,  anomalies  of. 

diagnosis,  i.  38 

relative,  v.  443 

viii.  591 

treatment,  i.  52 

spasm  of,  i.  68 

indicis    muscle,    accessory    palmar. 

pulmonary,  vi.  104 

A.C.E.  mixture,  i.  385 

viii.  587 

surgical  treatment  of,  viii.  175 

Acephalocystis.  ii.  772 

minimi  digiti  muscle,  anomalies  of. 

retropharyngeal,  vii.  159 

Acervuloma,  vii.  344 

viii.  587 

serous,  i.  50 

Acervulus  cerebri,  ii.  578 

os.sis  metacarpi  quinti  muscle,  viii. 

splenic,  vii.  908 

Aceta,  i   68 

591 

submammary,  ii.  472 

Acetabulum,  vii.  81 

pollicis   muscle,    anomalies   of,   viii. 

subphrenic,  iii.  547;  vii.  13.5 

Acetal,  i.  68 

.587 

treatment,  i.  51 

Acetaldehyde,    occupational    diseases 

Abenakis  Springs,  i.  41 

tropical,  of  the  liver,  vi.  35 

caused  by.  vi.  >2S 

Abernethy,  John,  i.  41;  viii.  44 

tuberculous,  i.  50.  072 

Acetamide,  viii.  549 

Aberration,   chromatic   and   spherical. 

vitreous  body,  viii.  462 

Acetaminol,  i.  68 

iv.  272 

Absinthe,  i.  .54 

Acetanilide,  i.  68 

Abietic  acid,  i.  42 

Absinthism,  i.  64 

Acetic  acid,  i.  69,  77 

Abilona  Wells,  i.  42 

Absorbent  system,  vi.  159 

ca\istic  .ictiiui  of.  ii.  697 

Abiogenesis,  vii.  .524 

Absorption,  vi.  547 

postmortem  evidences  of  poison- 

Abiotrophy, i.  42 

iiiitritivo,  i.  66 

ing  by.  i.  805 

Ablepharon,  i.  42 

Abstracta,  i.  56 

tests  for.  in  the  stomach,  vii.  9oS 

Ablution  in  hydrotherapy,  v.  390 

Abulia,  i.  56 

cllu-r.  i.  69 

Abortion,  i.  42 

Abulkasim,  i.  56 

Acetoacetic  acid,  i.  72;  iii   627 

causes,  i.  42 

Acacia,  i.  66 

Acetone,  i.  70 

compounds,  source  of  the,  i.  72 

contagious,  milk-borne,  vi.  516 

Acanthaceee,  i.  67 

f-riininal,  i.  46 

Acanthia,  i.  57 

disinfectant  action  of,  iii.  626 

diagnosis,  i.  43 

columbarius,  v.  593 

in  diabetes,  iii.  522 

frequency,  i.  43 

hirundinis,  v.  593 

in  urine,  viii.  353 

induction  of,  i.  47 

inodora.  v.  593 

tests  for,  i.  70 
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Acetonuria,  i.  70,  71.';  viii.  ;i">3 

;uiliiiiti>xic-;itii)U  as  a  cause  of,  i.  "S2 
Acetozone,  i.  71 
Acetphenetidin,  i.  71 
Acetylene,  iv.  6'iO 
Acheiria,  iv.  868 
Achillea,  viii.  521 
Achilles  jerk,  vii.  505 
Achillinus,  i.  328 
Achillobursitis,  iv.  479 
Achillodynia,  iv.  479 
Achlorhydria,  vii.  975 
Acholia,  ii.  709 
Achondroplasia,  vi.  000 
Achorion  schbnleinii,  v.  456;  viii.  201 
Achroglobin,  \ii.  192 
Achromatin,  ii.  712 

Achromatolysis  (plasmolysis).  vii.  239 
Achromatopsy,  viii.  455 
Achylia  gastrica,  vii.  975 
Acid,  abietic,  i.  42 

acetic,  i.  69,  77 

caustic  action  of,  ii.  697 
postmortem  evidences  of  poison- 
ing by,  i.  805 

acetoacetic,  i.  72;  iii.  527 

aconitic,  i.  93 

agaric  or  agaricinic,  i.  144 

amino,  i.  78;  viii.  549 

arachidic,  i.  77 

arsenous,  i.  637 

caustic  action  of,  ii.  097 

aspartic,  i.  78 

beta-oxybutyric,  i.  72;  viii.  566 

boric,  ii.  265 

butyric,  i.  77;  ii.  565 

cacodylic,  ii.  569 

camphoric,  ii.  591 

capric.  i.  77;  ii.  616 

caproic.  i.  77;  ii.  616 

caprylic.  i.  77;  ii.  616 

carbamic.  ii.  617 

carbazotic,  vii.  190 

carbolic,  vii.  166 

carbonic,  ii.  623 

carminic,  vii.  194 

cerotic,  i.  77 

cholalic,  i.  78;  ii.  .50;  ii.  12 

cholic,  i.  78;  ii.  50;  iii.  12 

chromic  (chromium  trioxide),  iii.  51 
caustic  action  of,  ii.  697 
occupational  disease  caused  bv,  \'i . 
827 

chrysophanic,  iii.  58 

cinnamic,  iii.  74 

citric,  iii.  86 

cresotic  or  cresotinic,  iii.  351 

diacetic,  i.  72;  iii.  627 

digallic,  viii.  97 

eugenic,  ii.  665 

gallic,  iv.  612 

gallotannic,  viii.  97 

glutamic,  i.  78 

glycholic,  i.  78 

glycocholic,  i.  78 

hippuric,  i.  78;  v.  737 
in  urine,  viii.  361 

homogentisic,  test  for,  viii.  357 

hydriodic,  v.  380 

hydrobromic,  v.  381 

hydrochloric,  v.  390 

caustic  action  of,  ii.  697 
in  urine,  viii.  357 
postmortem  evidences  of  poison- 
ing by,  i.  805 

hydrocyanic,  v.  390 

postmortem  evidences  of  poison- 
ing by,  i.  806 
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Acid,  isovalerianic,  i.  77 

lactic,  i.  78;  v.  798 

in  blood  plasma,  ii.  123 
in  urine,  viii.  357 

lauric,  i.  77 

lepidotic,  vii.  194 

malic,  vi.  228 

meconic,  vi.  901 

myristic,  i.  77 

nitric,  vi.  792 

caustic  action  of,  ii.  697 
postmortem  evidences  of  poison- 
ing by,  i.  805 

nitrohydrochloric,  vi.  796 

nucleic,  vi.  811 

oleic,  i.  77;  vi.  864 

osmie  (osmic  tetroxide),  vi.  924 

oxalic,  i.  78;  vi.  966 
poi.souing  by,  viii.  596 
postmortem  evidences  of  poison- 
ing by,  i.  805 

palmitic,  i.  77 

phosphoric,  vii.  180 

picric,  vii.  190 

propionic,  i.  77 

salicylic,  vii.  613 

poisoning  by,  viii.  031 

stearic,  i.  77 

succinic,  i.  78 

sulphuric,  viii.  22 

caustic  action  of,  ii.  697 
postmortem  evidences  of  poison- 
ing by,  i.  805 

sulphurous,  viii.  22 

tannic,  viii.  97 

tartaric,  viii.  99 

taurocholic,  i.  78 

trichloracetic,  viii.  278 
caustic  action  of,  ii.  697 

uric,  i.  79;  v.  737;  viii.  341,  351 
in  urine,  viii.  360 

valerianic  or  valeric,  viii.  415 
Acidity,  gastric,  iii.  711 ;  vii.  973 
Acid -intoxication,  i.  72.  75 
Acidophiles  (eosinophiles),  ii.  117 
Acidophilic  tissues,  ii.  190 
Acidosis  and  acid  intoxication,   i.  72 

dial)etic,  i.  75;  iii.  522 

pathological,  i.  75 

in  shock,  vii.  732 
Acids,  amino,  i.  78;  viii.  549 

aromatic,  i.  78 

bile,  i.  78 

caustic  action  of,  ii.  697 

disinfectant  action  of,  iii.  625 

fatty,  in  urine,  viii.  357 

formation  of,  by  bacteria,  i.  834 

mineral,  disinfectant  action  of,  i.  837 

nucleic,  i.  79 

organic,  i.  77 

therapeutic  action  of,  i.  79 

vegetable,  i.  107 
Acinesia  algera,  i.  59 
Acini,  mammary,  ii.  453 
Acites,  diagnosis  of,  i.  25 
Acne,  i.  79 

albida,  vi.  505 

bromide,  i.  81 

cachecticorum,  i.  81;  v.  913 

definition,  i.  79 

diagnosis,  i.  83 

diagnosis  of,  from  smallpox,  vii.  800 

er.vthematosa,  i.  88 

etiology,  i.  82 

frontalis,  i.  87 

indurata.  i.  80 

iodide,  i.  81;  iii.  505 

keloid,  iii.  506 


Acne,  necrotica.  i.  87 

pathology,  i.  82 

picea,  i.  82 

pilaris,  i.  87 

prognosis,  i.  83 

punctata,  iii.  217 

rodens,  i.  87 

rosacea,  i.  88 

diagnosis,  iii.  832 

sebacea  cornea,  v.  719 

simplex,  i.  79 

symptomatology,  i.  79 

treatment,  i.  84 

vaccine  therapy  of,  viii.  402 

varioliformis,  i.  87 
Acoin,  i.  91 

local  anesthesia  by,  i.  392 
Aconite,  i.  91 

poisoniiia  by,  i.  93 
Aconitic  acid,  i.  93 
Aconitine,  i.  94 
Acou-concentrator,  v.  45 
Acoumeter,  v.  40 
Acoustic  nerve,  iii.  719 

central  connection  of  the,  ii.  306 
cochlear  root,  ii.  308 
diseases  of,  iii.  750 
vestibular  root,  ii.  307 
Acousticon,  v.  47 
Acridin,  occupational  diseases  caused 

by,  vi.  833 
Acrochordon,  i.  94 
Acrodermatitis    chronica    atrophicans, 

i.  94 
Acrolein,  viii.  549 

disinfectant  action  of,  iii.  626 

occupational  diseases  due  to,  vi.  S28 
Acromegaly,  i.  95;  v.  474 

diagnosis,  i.  102 

hemolymph  glands  in,  v.  162 

history,  i.  95 

pathogenesis,  i.  101 

pathological  anatomy,  i.  98 

prognosis,  i.  103 

relation  of,  to  gigantism,  iv.  706 

symptomatology,  i.  95 

treatment,  i.  103 
Acromion  process,  fracture  of,  vii.  656 
Acrylic  acid  series,  i.  77 
Actaea,  puisoning  by,  vii.  230 
Actinohematin,  vii.  193 
Actinomyces,  i.  105,  918;  viii.  278 
Actinomycosis,  i.  104 

bacteriological  diagnosis  of,  i.  918 

blood-vascular,  ii.  236;  viii.  671 

granulomatous  lesion  in,  iv.  775 

mammary,  ii.  474 

mandible,  v.  694 

muscles,  vi.  565 

periosteum,  vii.  122 

pharynx,  vii.  159 

pleura,  vii.  258 

pulmonary,  vi.  114 

salivary  glands,  vii.  622 

suprarenal  glands,  viii.  28 

thyroid,  viii.  191 

veins,  ii.  236;  viii.  671 
Actinomyxidia,  i.  107;  viii.  005 
Actions,  automatic,  i.  787 
Active  constituents  of  plants,  i.  107 
Actol,  i.  52() 
Actuarius,  John,  i.  Ill 
Acupressure,  i.  Ill,  657 
Acupuncture,  i.  Ill 
Acystina,  i.  112 
Adalin,  v.  459 

Adamantinoma,  i.  112,  vi.  843 
Adams  County  Mineral  Springs,  i.  112 
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Adams,  William,  i.  112 
Adams,  Sir  William,  i.  112 
Adams-Stokes  disease,  i.  (i.'id 
Adaptation,  i.  113 
Adders,  vii,  525 

-ymptoms  following  bite  of,  vii.  520 
Addiment,  v.  167 
Addison  Mineral  Springs,  i.  119 
Addison,  Thomas,  i.  114 
Addison's     anemia,      see     Perniciou.^ 
anemia,  i.  346 

disease,  i.  114 
diagnosis,  i.  118 
Addison's  disease,  etiology,  i.  114 
historical  note,  i.  114 
pathogenesis,  i.  116 
Addison's  disease,  prognosis,  i.  118 
psychoses  of,  vii.  381 
symptomatology,  i.  115 
trcatnu'iit,  i.  118 

ki-lciid.  vi.  538 
Adductor  brevis  muscle,  viii.  165 
anomalies  of,  viii.  588 

hallucis  muscle,   anomalies  of,   viii. 
591 

indicis  muscle,  viii.  591 

longus  muscle,  viii.  165 
anomalies  of,  viii.  588 

magnus  muscle,  viii.  165 
anomalies  of,  viii.  588 

I)ollicis  muscle,  anomalies  of,  viii.  587 
Adenase,  viii,  549 
Adenitis,  vi.  151 

cervical,  vi.  151 

in  sleeping  sickness,  viii.  647 

mediastinal,  vi.  284 

scarlatinal,  vii.  658 

scrofulous,  vi.  151 

syphilitic,  vi.  155 

tuberculous,  vi.  152,  284 
electrolysis  in,  iii.  897 
Adenocarcinoma,  i.  120 

mammary,  ii.  487 

o\'arian,  vi.  947 
Adenocystoma,  iii.  404 
Adenofibroma,  iv.  401 
Adenoid  face,  viii.  221 

tissue,  vi.  160,  195 
Adenoids,  lingual,  viii.  234 

pharyngeal,  viii.  231 
Adenoleiomyofibroma,  iv.  401 
Adenoma,  i.  119 

gastric,  vii.  986 

hepatic,  vi.  62 

intestinal,  v.  637 

laryngeal,  v.  834 

malignant,  i.  120 

of  the  breast,  ii.  487 

nasal,  vi.  621 

mammar.v,  ii.  487 

of  the  skin,  i.  124 

pharyngeal,  vii.  163 

rectal,  vii.  499 

sebaceum,  i.  124 

sudoriparum.  i.  124 

varieties,  i.  120 
Adenomyoma  of  uterus,  viii.  3M 
Adeps,  i.  125 

lanse  hydrosus,  i.  125 
Adhesive  plaster,  iii.  696 
Adiadochokinesia,  i.  125;  ii.  728 
Adiantum,  iv.  364 
Adipocere,  i.  126 
Adipoma,  vi.  16 
Adipose  tissue,  iii.  257 

amyloid  degeneration  of.  i.  306 
Adiposis,  vi.  815;  see  Obesity. 

dolorosa,  i.  126 
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Adiposis,  diagnosis,  i.  132 
etiology,  i.  128 
pathology,  i.  131 
prognosis,  i.  133 
symptomatology,  i.  129 
treatment,  i.  133 
Adipositas  cordis,  v.  73 
Adiposity,  vi,  815;  see  Obesity. 
Adirondacks,  i.  133 
Adolescence,  i.  134,  148 

insanity  of,  vi.  441 

pathology  of,  i.  137 

psychology  of,  i.  136 

somatology  of,  i.  134 
Adonidin,  i.  137 
Adonis,  i.  137 

Adrenal  bodies  or  glands,  see  .Supra- 
renal atanrls. 
Adrenalin,  i.  138;  vi.  916 

in  heart  failure,  v.  75 
Adrenin,  vi.  916 
Adsorption  of  colloids,  iii.  171 
Adulteration  of  confectionery,  iv.  410 

of  drugs,  iv.  415 

of  food,  iv.  411.  414 
Aedes  calopus,  viii.  ."jLT, 
Aedinae,  i.  138 

Aegidius  Corboliensis,  Petrus,  i.  138 
Aerophagy,  i.  138 
Aerotherapeutics,  i.  139 
.£sculapius,  i.  142 
i£sculus,  i.  143 

jioisoniug  i).v.  vii.  232 
Mthei,  i-ee  Ether,  iv.  134 
Aetius,  i.  143;  vi.  318.  820;  vui.  37 
Mtm  Springs,  i.  143 
A.F.    (albumose-frec    tuberculin),    viii. 

284 
Affusion,  V.  396 
After-images,  iii.  191;  viii.  455 
Agamodistomum,  i.  143 

ophthaliiiolnum.  viii.  266 
Agamofilaria,  i.  143;  vi.  682,  689 

get^rgiana.  vi.  689 
Agamomermis  hominis  oris,  vi.  692 
Agar-agar,  i.  143 

culture  medium,  i.  882 
Agaric,  Coesar's,  iv.  591 

fly,  iv.  590 

honey,  iv.  586 

maned,  iv.  594 

purging,  i.  144 

royal,  iv.  591 

surgeons',  iv.  596 
Agaricacese,  iv.  582 
Agaricinic  acid,  i.  144 
Agaricus  arvensis,  iv.  .593 

campester,  iv.  593 

placom.vces,  iv.  593 
Agathin,  i.  144 
Age,  i.  144 

in  relation  to  fecundity,  iv.  350 
insanit.v,  vi.  395 

old,  see  Old  age,  vi.  845 

jih.vsiological,  ii.  817 
Aged,  care  of  the,  vi.  860 
Ageing,  vi.  846 
Agenesis,  i.  151 
Ageusia,  liystcrical.  v.  486 
Agglutination,  i.  153 

in  relation  to  hemolysis,  v.  170 
Agglutinins,  i.  153 
Aggressins,  i.  153 
Agitophasia,  vii    S2lt 
Agrimonia,  i.  155 
Agnew,  Cornelius  Rea,  i.  154 
Agnew,  David  Hayes,  i.  154 
Agoraphobia,  i.  155 


Agrostemma    githago,    poisonuiis    by, 

vii.  232 
Aguas    Calientes,  vi.  490 
Ague,  i.  155 

brass-founder's,  vi.  827 
Ague-cake  (hyperplasia  of  the  spleen), 

vii.  900 
Aigle-les-Bains,  i.  155 
Aiken,  S.  C,  i.  155 
Ailantbus,  i.  157 

poisoning  by,  vii.  237 
Ainhum,  i.  157;  iv.  618 
Air,  i.  168;  vi.  634 

bacteriological  examination  of,  i.  925 

chemical  con-stitution,  i.  161 

fixed,  ii.  620 

impurities  in,  i.  164 

in  houses,  v.  .337 

liquid,  caustic  action  of.  ii.  698 

on  shipboard,  vi.  637 

physical  properties,  i.  158 

respiratory  changes  in,  vii.  .540 
Air-currents,  i.  160 
Air-embolism,  iii.  921;  viii.  667 
Air-gas,  iv.  620 
Air-passages,  foreign  bodies  in,  I.  168 

gunshot  wounds  of.  iv.  820 
Airol,  i.  168 
Aii-la-Chapelle,  i.  173 
Aix-les-Bains,  i.  173 
Ajaccio,  i.  173 
Ajowan,  i.  175 

Akamushi  (kcdaiii  mite),  i.  510;  v.  680 
Akamushi  disease,  v.  680 
Ala  vespertilionis,  iv.  644 
Alabama,  medical  practice  in,  vi.  293 
Alte  nasi,  vi.  614 

rolhipscd.  vi.  799 
Alamogordo,  N.  M.,  vi.  784 
Alanin,  i.  7S 
Alaska,  i.  175 

medical  practice  in.  vi.  293 
Alassio,  i.  178 
Albargin,  i.  179,  .527 
Albarran,  Joaquin,  i.  179 
Alberta,  mclical  practice  in,  vi.  293 
Alberti,  Solomon,  i.  179 
Albinism,  i.  179 

Albinus,  Bernard  Siegfried,'i.  181,  337 
Albucasis,  i.  181 
Albumin,  viii.  549 

15ence-.Iones'.  viii.  350,  549 

in  blood  plasma,  ii.  121 

in  urine,  see  Albuminuria. 
Albuminoids,  viii.  549 
Albuminuria,  i.  181;  viii.  349 

adolescent,  i.  184 

alimentary,  i.  186 

Bence-Joncs'.  viii.  350.  549 

cardiovascular,  i.  187 

clinical,  i.  182 

compensatory,  i.  182 

cyclic,  i.  185 

febrile,  i.  187 

hematogenous,  i.  188 

in  the  newborn,  i.  184 

intermittent,  i.  184 

lordotic,  i.  185 

normal,  i.  181 

orthostatic,  i.  184 

postepileptic,  i.  188 

tests  for,  viii.  350 

toxic,  i.  187 
Albumose,  \-iii.  349,  549 
Albumosuria,  viii.  349.  S49 
Albuquerque,  vi.  785 
Alburgh  Springs,  i.  188 
Alcaptonuria,  i.  188;  viii.  357 
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Alchemy,  i.  189 
Alcohol,  i.  189 

al.solutum.  i.  190 

aiiiyl,  i.  Iil2 

occupational  diseases  duo  to,   vi. 
828 

denatured,  i.  193 

deodoratum,  i.  190 

dilutum,  i.  190 

disinfectant  action  of,  i.  837;  iii.  (12(i 

ethyl,  i.  189 

food  value  of,  i.  213;  iv.  429 

local  effects,  i.  190 

methyl,  i.  193;  vi.  481 

blindness  caused  by,  iv.  289 

physiological  action,  i.  190 

postmortem     evidences     of     acutr 
poisoning  by,  i.  809 

preparation,  i.  189 

systemic  effects,  i.  191 

therapeutic  uses,  i.  191 

toxic  effects  of,  i.  193 

wood,  i.  193;  vi.  481 

blindness  caused  by,  iv.  289 
Alcoholic   and   drug   intoxication   and 

habituation,  i.  193 
Alcoholism,  i.  193 

chronic,  i.  195 

in  pregnant  women,  influence  of,  on 
the  fetus,  iv.  388 

in  the  etiology  of  mental  disease,  vi. 
393,  399 

relation  of,  to  mental  deficiency,  vi. 
381 

treatment,  i.  19S 
Aldehyde,  i.  200 
Alder,  i.  200 

black,  i.  200 
Alderney,  ii.  790 
Aldoform,  iv.  519 
Aldoses,  i.  205 
Ale,  i.  192 
Alectrobius,  i.  200 
Aleppo  boil,  v.  877 
Aletris,  i.  200 
Aleukemia,  v.  897 
Aleurobius,  i.  200 

farina*,  i.  508 
Alexander  of  Trallos,  i.  201 ;  vi.  :Un 
Alexin,  i.  201;  iii.  219;  v.  11)9 
Algiers,  i.  201 
Alhambra  Springs,  i.  202 
Ali  Abbas,  i.  327 
Alicante,  i.  202 
Aliens,  exclusion  of,  v    504 
Aliment,  i.  203 
Alimentary  tract,  iii.  575 
cysts  of,  iii.  415 
sensation  in  the,  ii.  716 
Alimentation,   see  Aliment   and   FoorU 
for  the  sick. 

forcible,  iv.  354 

duodenal,  i.  214 

rectal,  i.  214 
Aliphatic  acid  series,  i.  78 
Alkalies,  i.  216 

caustic  action  of,  ii.  698 

disinfectant  action  of,  iii.  625 

postmortem  evidences  of  poisoning 
by,  i.  805 
Alkaloids,  i.  110 

disinfectant  action  of,  iii.  628 

putrefactive,  vii.  381 
Alkanet,  i.  217 
Allantiasis,  iv.  422 
Allantoin,  i.  217 

in  urine,  viii.  351 
AUantois,  i.  217 
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Alleghany  Springs,  i.  221 
Allen,  Harrison  A.,  i.  222 
Allergens,  i.  313 
Allergy,  sec  Anaphylaxis,  i.  310 

rcactinii  of,  viii.  402 
Alligator  pear,  i.  222 
Allium,  iv.  618 
Allomorphism,  i.  222 
Alloplasia,  i.  223;  vi.  47U 
AUouez  Mineral  Springs,  i.  223 
Allspice,  vii.  197 
AUyl  tribromide,  i.  223 
Almen's  test  for  hemoglobin,  viii.  3."i4 
Almonds,  i.  301 

food  value  of,  i.  208;  iv.  429 

oil  of,  vi.  864 
Alnus  (alder),  i.  200 
Aloe,  i.  223 
Aloes,  i.  223 

varieties  of.  i.  224 
Aloinum,  i.  225 
Alopecia,  i.  225 

areata,  i.  229 

cicatrisata,  i.  231;  iv.  410 

congenita,  i.  225 

destructiva,  i.  232 

dynamioa,  i.  232 

essentialis,  i.  225 

furfuracea  capillitii,  i.  226 

idiopathica,  i.  225 

neurotica,  i.  232 

pityrodes,  i.  226 
universalis,  i.  228 

premature,  i.  226 

presenilis,  i.  226 

senilis,  i.  226 

simplex,  i.  229 

symptomatica,  i.  232 

syphilitica,  i.  232 

toxica,  i.  232 
Alopecie  cicatricielle  innominee,  i.  231 
Alpha  rays,  ii.  28;  vii,  4,55,  4(J1 
Alphabet,  manual,  iii,  436 

I>liysii.loKi,-al,  V.  842 
Alphanaphthol,  ii.  45 
Alphozone,  i.  232 
Alps,  i.  232 

Alston,  Charles,  i.  233 
Alteratives,  i.  233 
Althaea,  i.  233 
Althaus,  Julius,  i.  233 
Altitude,  effect  of,  on  climate,  iii.  106 
Altmann's  granules,  i.  233 
Alum,  i.  234 

in  drinking  water,  viii.  490 

iron,  iv.  372 
Alum  Rock  Springs,  i.  235 
Alum  root,  i.  235 
Aluminum,  i.  233 

ammoniosalicylate,  vii.  626 

salicylate,  vii.  626 

silicate.  V.  713 
Alumnol,  i.  234 
Alvelos,  i.  235 
Alveolar  abscess,  v.  685,  694;  viii.  119 

joint,  vii.  765 
Alypin,  i.  235 

local  anesthesia  by,  i.  391 
Alzheimer's  disease,  vii.*370 
Amanita,  booted,  iv.  590 

blushing,  iv.  591 

cffisarea,  iv.  591 

cothurnata,  iv.  590 

muscaria,  iv.  590 

phalloides,  iv.  589 

pine-cone,  iv.  591 

rubescens,  iv.  591 

sheathed, iv.  589 


Amanita,  solitaria,  iv.  591 

spreta,  iv.  591 

strobiliformis,  iv.  591 

wasted,  iv.  591 
Amanitopsis  vaginata,  iv.  589 

volvata,  iv.  589 
Amaroids,  i.  109 
Amaryllidacese,  i.  235 
Amastia,  ii.  462 

Amaurosis,  see  Blindness,  ii.  104 
Amazia,  ii.  462 
Amber,  i.  236 
Ambergris,  i.  236 
Ambidexterity,  i.  236 
Amblyomma,  i.  237 

americanum,  i.  51,5 

maculatum,  i.  515 
Amblyopia,  drugs  causing,  vii.  552 

hysterical,  v.  486 

in  multiple  sclerosis,  vii.  675 

malarial,  vi.  220 

quinine,  iv.  289;  vii.  552 

tobacco,  iv.  289;  viii.  208 

toxic,  ii.  Ill;  iv.  288;  vii.  .552 

uremic,  iv.  287 

with  squint,  viii.  2 
Amboceptor,  i.  237;  v.  1C7 
Ambos  (incus),  iii.  737;  v.  30 
Ambra  flava,  see  Aviber,  i.  236 

grisea,  see  Ambergris,  i.  236 
Ambrine,  viii.  596 
Ambrosia,  vii.  475 

Ambulance  companies,  military,  i.  582 
Ambulances,  i.  237 
Ameboid  movements,  ii.  713;  iii.  270 

character  of,  iii.  273 
Amelie-les-Bains,  i.  242 
Amelus,  viii.  135 
Amenorrhea,  i.  243 

electricity  in.  iii.  910 
Amentia,  vi.  379;  vii.  358 

cachectic,  vii.  378 
American  Medical  Association,  i.  244 

Journal  of  the,  v.  709 
Ametropia,  i.  64;  iv.  27.3 
Amicrones,  iv.  359 
Amide,  viii.  549 
Amino  acids,  i.  78;  viii.  549 

a  source  of  the  acetone  compounds, 

Aminoform,  v.  235 

Aminopurines,  vii.  413 

Amitosis,  ii.  714 

Ammonia  and  ammonium  salts,  i.  249 

in  drinking  water,  viii.  488 

in  urine,  viii.  360 

occupational  diseases  due  to,  vi.  828 

poisoning  by,  i.  250 

l)Ostmortem   evidences  of,   i.  805 
Ammoniacum,  i.  248 
Ammonioformaldehyde,  v.  235 
Ammonium,  i.  249 

acetate,  i.  250 

benzoate,  ii.  36 

bromide,  ii.  510 

carbonate,  i.  250 

chloride,  ii.  829 

iodide,  v.  651 

salicylate,  vii.  615 

salts  of,  i.  249 
Amnion,  i.  252 

abnormalities  of,  i.  258,  262 

adhesions  of,  i.  261 

anatomy  of,  i.  256 

bands  of,  i.  261 

calcification  of,  i.  260 

degeneration  of,  i.  260 

development  of,  i.  252 
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Amnion,  dropsy  of,  i.  261 

Amputation,     multiple,     prognosi.s. 

false,  i.  252;  see  Chorion. 

279 

head  fold  of,  i.  253 

musculotegumentary  flaps,  i.  273 

hematoma  of,  i.  260 

osteoplastic,  i.  292 

histology,  i.  256 

oval  method,  i.  272 

hj-perplasia  of,  i.  260 

Pirogoff's,  i.  290 

in  extrauterine  pregnancy,  i.  262 

preparations  for,  i.  268 

inflammation  of,  i.  260 

primary,  i.  267 

new  growths  of,  i.  262 

prognosis,  i.  276,  279 

pathology  of,  i.  259 

rectangular  flap,  i.  273 

phylogeny  of,  i.  255 

secondary,  i.  268 

syphilis  of,  i.  262 

shoulder,  i.  284 

tail  fold  of,  i.  253 

Stephen  Smith's,  i.  294 

true,  i.  252 

subastragaloid,  i.  289 

tuberculosis  of,  i.  262 

Syme's,  i.  289 

Amniotic  fluid,  i.  258 

tarsometatarsal,  i.  287 

deficiency  of,  i.  261 

Teale's,  i.  273 

excess  of  (hydramnion),  i.  261 ;  v.  365 

thigh,  i.  295 

normal  quantity  of,  v.  365 

time  for,  i.  267 

Amniotitis,  i.  260 

toes,  i.  286 

Amoeba,  i.  262 ;  viii.  605 

wrist,  i.  281 

buccalis,  viii.  609 

Wyeth's,  i.  297 

coli,  viii.  606,  607 

Amtschkow's  freezing  method,  v.  L'.") 

dentalis,  viii.  609 

Amussat,  Jean  Zulema,  i   301 

dysenterica,  viii.  607 

Amygdala  (almond i.  i.  301 

gingivalis,  viii.  609 

(tonsil),  viii.  215 

kartulisi,  viii.  609 

Amygdalin,  i.  302 

niiurai,  viii.  610 

Amygdaloliths,  iii.  227;  viii.  228 

p\ilmonali^,  viii.  609.  610 

Amyl  alcohol,  i.  192 

uroeenitalis,  viii.  610 

occupational  diseases  due  to,   \ 

Amoebiasis,  iii.  706 

828 

Amoebina,  viii.  605 

iodide,  i.  302 

Amok,  i.  262 

nitrite,  i.  302;  vi.  794 

Amotio  retinae,  vii.  557 

valerate,  i.  302 

Amphimixis,  v.  201 

Amylase,  viii.  549 

Amphiphilic  tissues,  ii.  190 

Amylene,  i.  302 

Amphistomum,  i.  232 

chloral,  i.  302 

hominis,  viii.  277 

hydrate,  i.  302;  v.  458 

watsoni.  viii.  277 

Amylocaine  (stovainc),  viii.  1 

Ampulla  tubae,  iv.  639 

Amyloform,  iv.  519 

vaginae,  iv.  648 

Amyloid,  i.  302 

Amputation,  i.  262 

diagnosis  of,  i.  306 

after-treatment,  i.  274 

duration,  i.  306 

ankle,  i.  289 

in  the  chorion,  iii.  35 

arm,  i.  283 

of  kidneys,  v.  724 

Bier's  osteoplastic,  i.  293 

macroseopical  appearances,  i.  304 

Garden's,  i.  294 

microscopical  appearances,  i.  304 

Chopart's,  i.  288 

nature,  i.  306 

circular  method,  i.  270 

occurrence,  i.  304 

complications  following,  i.  275 

prognosis,  i.  306 

contraindications  to,  i.  264 

symptoms,  i.  306 

Dubreuil's,  i.  282 

treatment,  i.  307 

elbow,  i.  282 

Amylopsin,  vii.  25 

fingers,  i.  280 

Amylum,  i.  307 

flap  method,  i.  262 

Amyotonia,  i.  309 

foot,  i.  287 

Amyotrophic  lateral  sclerosis,  vi.  57" 

forearm,  i.  282 

Anabolism,  ii.  5t 

Gritti's,  i.  294 

Anacardiaceae.  i.  309 

Guyon's,  i.  291 

Anacardium,  ii.  667 

hand,  i.  281 

Anaerobic  cultures,  i.  904 

hemorrhage  after,  i.  276 

Antesthol,  i.  309,  3S5 

Key's,  i.  287 

Anakhre,  iv.  759 

hip,  i.  296 

Analeptics,  i.  309 

first  successful,  viii.  53 

Analgesia,  i.  357 

historical  sketch,  i.  262 

hystcri.-al.  v.   1.S5 

indications  for,  i.  264 

Anaphases,  ii.  711 

interilio-abdominal,  i.  299 

Anaphoresis,  i.  .'i'.M 

intermediary,  i.  268 

Anaphrodisiacs,  i.  309 

interscapulo-thoracic,  i.  286 

Anaphylaxis,  i.  310 

knee,  i.  293 

a   parasympathetic   excitation,    \i 

Langenbeck's  method,  i.  273 
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leg,  i.  291 

diagnostic  value  of,  i.  315 

Lisfranc's,  i.  288 

experimental,  i.  313 

mediotarsal,  i.  288 

in  cancer,  ii.  605 

metatarsal,  i.  287 

incubation  period,  i.  314 

methods  of,  i.  270 

local,  i.  314 

comparison  of,  i.  273 

passive,  i.  314 

mortality  of,  i.  276 

reaction  of,  viii.  402 

Alchemy 
Anencephklua 


Anaphylaxis,  relation    of,  to  infection 
and  immunity,  i.  317 
scientific  applications  of.  i.  316 
serum,  i.  311 
theon,'  of,  i.  310 
Anaplasia,  i.  318 

Anastomosis,  arterial,  operative,  i.  601 
arteriovenous,  i.  662 
intestinal,  v.  629 
Anatomical  nomenclature,  Ba^le,  i.  318 
Anatomy,  hi.story  of,  i.  323 
Anconeus  muscle,  anomalies  of.   viii. 

585 
Ancylostoma,  i.  463;  vi.  098 
ceylanicum,  vi.  700 
duodenalc,  \'i.  699 
Ancylostomiasis,  viii.  320 
Andersch,  Carl  Samuel,  i    337 
Andral,  Gabriel,  i.  346 
Andre,  Nicholas,  i.  346 
Anel,  Dominic,  i.  346;  viii.  43 
Anemia,  iii.  .SO 
acute,  i.  354 

from  hemorrhage,  treatment  of,  v. 
183 
Addisonian,  i.  346 
cancerous,  i.  356 
cerebral,  ii.  362 
chronic,  i.  354 

circulatory  changes  in,  iii.  SO 
climatic  treatment,  iii.  121 
criptogenic,  i.  346 
detection  of,  by  blood  examination, 

ii.  186,  197 
diagnosis,  i.  353,  356;  ii.  197 
diet  in,  iv.  445 
es.sentiat,  i.  346 
febrile,  i.  346 
general  (oligemiai,  vi.  870 
hemolymph  glantl-^  in.  v.  I'ij 
idiopathic,  i.  346 
local,  iii.  80 

malarial,  i.  355;  vi.  220 
malignant,  i.  .346 
of  infancy,  i.  356 
of  old  age,  i.  3.56 
open-air  treatment  of.  i.  141 
parasitic,  i.  355:  viii.  321 
pernicious,  i.  346 

autointoxication  causing,  i.  781 
blood  picture  in.  i.  350.  351 
bone-marrow  change-  in.  i.  347 
clinical  course,  i.  349 
diagnosis,  i.  353 
duration,  i.  351 
etiology,  i.  347 
history,  i.  346 
patholog,v,  i.  347 
physical  signs,  i.  350 
prognosis,  i.  353 
relapses  in,  i.  351 
spinal-cord  changes  in.  i.  348 
symptoms,  i.  349 
terminologj'.  i.  346 
treatment,  i.  353 
progressive,  i.  346 
secondary,  i.  354 

blood  picture  in,  i.  354 
diagnosis,  i.  350 
etiology,  i.  354 
parasitic  origin  of,  i.  3.55 
treatment,  i.  357 
splenic,  vii.  90S 
subacute,  i.  354 
tro;itnient.  i.  357 
Anemic    infarction,  v.  541 
Anemone  camphor,  vii.  397 
Anencephalus,  viii.  133 
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Anergy 
Apldae 
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Anergy,  i.  314 

Anesthesia,   production  of.   by  chlore- 

Aneurysm, spondylotherapy  in,  vii.  914 

Anesin,  ii.  828 

tone,  i.  392 

spontaneous,  i.  397 

Aneson,  ii.  828 

chloroform,  i.  364,  384 

spontaneous  cure  of,  i.  400 

Anesthesia  and  analgosia,  i.  357 

cocaine,  i.  387 

Syme's  method  of  treatment,  i.  403 

hysterical,  v.  485 

electric  phoresis,  i.  393 

symptoms,  i.  400 

laryngeal,  v.  831 

electricity,  i.  386,  394 

thoracic,  i.  411 

of  the  auricle,  iii.  765 

ether,  i.  364,  376,  377 

diagnosis,  i.  417 

spinal.  Wi.  865 

ethyl  chloride,  i.  365,  376 

physical  signs,  i.  413 

Anesthesia,  general  surgical,  i.  363 

eucaine,  i.  390 

prognosis,  i.  417 

acapnia  in  relation  to,  i.  36S 

light,  i.  393 

symptoms,  i.  411 

alkaluidal,  i.  385 

magnesium  sulphate,  i.  394 

treatment,  i.  418 

anesthol,  i.  309,  385 

nervocidine,  i.  392 

traumatic,  i.  397,  407 

chloroform,  i.  364,  384 

nitrous  oxide,  i.  364,  371 

following  gunshot  wounds,  iv.  829 

circulatory  failure  in,  i.  366 

novocain,  i.  390.  394 

treatment  by  coagulating  injections. 

dangers  of,  i.  365 

orthoform,  i.  391 

407 

death  during,   in  cases  of  status 

pantopon,  i.  392 

compression,  i.  405 

lymphaticus,  vii.  932 

phenol,  i.  392 

distal  ligature,  i.   407 

discovery  of,  i.  363;  viii.  55 

phenol-camphor,  i.  392 

flexion  of  limb.  i.  406 

ether,  i.  364,  376,  377 

quinine  and  urea  hydrochloride,  i. 

galvanopuncture,  i.  407 

ethyl  chloride,  i.  365,  376 

391 

introduction  of  wire  and  other 

heart  failure  in,  i.  366 

quinine  bisulphate,  i.  391 

solid  bodies,  i.  407 

induction  of,  i.  370 

scopolamine-morphine,  i.  385 

ligature,  i.  402,  407 

intratracheal  insufflation,  i.  381 

sodium  bicarbonate,  i.  392 

manipulation,  i.  407 

introduction  of,  i.  363;  viii.  55 

stovaine.  i.  391,  394 

needling,  i.  407 

morphine  before  induction  of,   i. 

tropacoeaine,  i.  390,  394 

proximal  ligature,  i.  403 

371 

urea   and   quinine   hydrochloride. 

history  of,  viii.  51 

nitrous  oxide,  i.  364,  371 

i.  391 

medical,  i.  402,  418 

physiology  of,  i.  364 

vibratory  massage,  i.  394 

of  arteriovenous,  i.  409 

respiratory  failure  in,  i.  365 

volatile  oils,  i.  387 

cirsoid,  i.  410 

scopolamine-morphine,  i.  385 

water,  i.  387 

external,  i.  402 

sequelse  of,  i.  367 

spinal,  i.  394 

thoracic,  i.  418 

signs  of,  i.  369 

subarachnoid,  i.  394 

surgical,  i.  402 

stages  of,  i.  369 

surgical,  i.  363,  386,  394 

Wardrop's  method  of  treatment,  i. 

in  labor,  v.  782 

discovery  of,  i.  363;  viii.  55 

407 

local,  i.  386 

venous  local,  i.  393 

Angelica,  i.  421 

acoin.  i.  392 

Anesthesin,  local  anesthesia  by,  i.  392 

Angiitis,  ii.  226 

alypin,  i.  391 

Anesthetist,  hospital,  v.  305 

consecutive,  ii.  227 

anesthesia,  i.  392 

Anesthol,  i.  309,  385 

exudative,  ii.  227 

benzoyl  peroxide,  i.  392 

Anethol,  i.  396 

productive,  ii.  227 

beta-eucaine,  i.  393 

Anethum,  iii.  600 

suppurative,  ii.  226 

brenzcain,  i.  392 

Aneurysm,  ahdoniiiial,  i.  419 

syphilitic,  ii.  233 

cocaine,  i.  387 

diagnosis,  i.  37 

Angina  abdominis,  i.  421 

chloral-camphor,  i.  392 

Antyllus's  method  of  treatment,   i. 

Ludovici.  i.  424 

choral-menthol,  i.  392 

402;  viii.  35 

pectoris.  425;  v.  75 

chloretone,  i.  392 

aortic,  i.  411,  419 

diagnosis,  i.  427 

electric  phoresis,  i.  393 

pulse  in,  vii.  406 

etiology,  i.  425 

electrification,  i.  394 

arteriovenous,  i.  408 

false,  i.  425 

eucaine,  i.  390 

Anel's  method  of  treatment,  i.  403 

spondylotherapy  in,  vii.  913 

light,  i.  393 

brachial,  i.  563 

symptoms,  i.  426 

nervocidine,  i.  392 

Brasdor's  method  of  treatment,  i.  407 

treatment,  i.  427 

novocain,  i.  390 

by  anastomosis,  i.  409 

true,  i.  425 

orthoform,  i.  391 

cardiac,  v.  56 

vasomotoria,  i.  425 

pantopon,  i.  392 

cerebral,  i.  420;  ii.  434 

vera,  i.  425 

phenol,  i.  392 

cirsoid,  i.  409 

Plaut-Vincent,  i.  428 

phenol-camphor,  i.  392 

of  the  forearm,  i.  563 

ulceromembranous,  i.  42S 

quinine   and  urea   hydrochloride. 

classification,  i.  390 

Vincenti,  i.  428;  vii.  152 

i.  391 

definition,  i.  396 

Angioblasts.  i.  430;  ii.  217 

quinine  bisulphate,  i.  .391 

diagnosis,  i.  37,  401 

01  ythrocytes  derived  from.  ii.  124 

sodium  bicarbonate,  i.  392 

dissecting,  i.  410 

Angiogliomatosis  retinae,  vii.  553 

stovaine  hydrochlorate,  i.  391 

of  the  heart,  v.  57 

Angiokeratoma,  i.  430 

tropacoeaine  hydrochloride,  i.  390 

embolomycotic,  i.  410 

Angiology,  studies  in.  i.  343 

urea  and  quinine   hydrochloride. 

encysted,  i.  397 

Angioma,  i.  433 

i.  391 

etiology,  i.  399,  410 

auricular,  iii.  763 

venous,  i.  393 

electricity  in,  iii.  912 

cerebral,  ii.  434 

volatile  oils,  i.  387 

external,  i.  396 

laryngeal,  v.  834 

water,  i.  387 

fusiform,  i.  397 

mammary,  ii.  483 

lumbar,  i.  394 

Hunter's  method  of  treatment,  i.  403 

nasal,  vi.  621 

medullary,  i.  394 

innominate,  i.  416 

orbital,  iv.  299;  vi.  910 

production  of,  by  acoin,  i.  392 

internal,  i.  410 

periosteal,  vii.  123 

alkaloids,  i.  385 

malaxation  of,  i.  407 

pharyngeal,  vii.  165 

alypin,  i.  391 

Matas'  operation  for.  i.  663 

radiotherapy  of,  vii.  472 

anesthesin,  i.  392 

miliary,  i.  420 

serpiginosum.  i.  435 

anesthol,  i.  309.  385 

pathology,  i.  410 

Angioneurotic  edema,  i.  436;  iii.  849 

benzoyl  peroxide,  i.  392 

prognosis,  i.  402 

etiology,  i.  437 

beta-eucaine,  i.  393 

progress,  i.  400 

pathogenesis,  i.  438 

brenzcain,  i.  392 

racemose,  i.  409 

radiotherapy  of,  vii.  472 

chloral-camphor,  i.  392 

retinal,  vii.  553 

symptomatology,  i.  437 

chloral-menthol,  i.  392 

sacculated,  i.  397 

treatment,  i.  438 
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Angioirhaphy,  i.  658 

fa:^(.■ia  transplantation  in.  viii.  2.50 
Angiosarcoma  of  peritoneum,  vii.  124 
Angiosclerosis,  ii.  229 
Angiostomidae,  i.  439;  vi.  fi78 
Angle,  craniofacial,  vii.  76.T 
facial,  vii.  708 
maxillary,  vii.  768 
^  of  Louis,  viii.  177 
Angstrom  unit,  vii.  450 
Anguillula,  i.  439 
aceti,  vi.  677 
Icptodera,  vi.  678 
Anguillulidae,  i.  439;  vi.  077 
Angustura,  iii.  395 
Anhydremia,  vi.  ,S7() 
Anidrosis,  i.  439 
Aniline,  i.  440 

disinfectant  action  of,  i.  8.S7;  iii.  027 
occupational  diseases  due  to.  vi.  .S2S 
Anilipyrine,  i.  440 
Animal  experimentation,  i.  440 
bencfit-s  from,  i.  441 
ethical  question  in,  i.  448 
precautions  against  the  infliction 
of  unnecessary  pain,  i.  447 
Animals  and  plants,  points  of  agree- 

iiu-nt  between,  ii.  55 
Animism,  v.  195 
Anions    influencing    colloid    solutions, 

iv.  .360 
Anise,  i.  448 
star.  i.  449 
Anisocytes,  ii.  161 
Anisogamy,  v.  515;  vii.  524 
Anisometropia,  i.  65 
Ankistrodon,  i.  449 

piscivorus,  vii.  525 
Ankle  clonus,  vii.  505 
Ankle  joint,  i.  449 
amputation  at,  i.  289 
bursae  of,  ii.  562 
dislocation  of,  iii.  659 
excision  of,  iv.  215 
tuberculosis  of,  i.  688 
weak,  iv.  408 
Ankyloglossia,  viii.  208 
Ankylosis,  i.  451,  698 

of  elbow,  excision  for,  iv.  201 
of  jaw.  V.  700 
Ankylostomiasis,  viii.  320 
Ankylostomum,  i.  453;  vi.  698 
Annatto,  i.  453 
Annonacese,  i.  453 
Annulata,  i.  453 
Annulus    ovalis,  v.  4!) 
tymp:inicus,  iii.  717 
Anociation,  vi.  743;  vii.  73^) 
Anodynes,  i.  453;  see  also  under  Ancs- 

lln.ia.  local. 
Anonychia,  iv.  884 
Anopheles,  i.  454 
anatomy  of,  vi.  214 
dissection  of,  vi.  215 
eggs,  vi.  213 
larva,  vi.  21.3 
maculipennis,  v.  600 
malaria-bearing,  vi.  213 
nymph,  vi.  214 
pupa.  vi.  214 
Anophelina,  i.  454 
Anophthalmus,  viii.  133 
Anoplura,  i.  454 
Anorchidism,  viii.  14s 
Anorexia,  i.  500 
Anosmia,  vi.  757 

liy^ti-rical.  v.  486 
Antacids,  i.  216 


Anercf 
Apldip 


Anthelmintics,  i.  454 
Anthemis,  i.  455 
Anthracemia,  i.  461 
Anthracosis,  i.  456 
Anthrarobin,  i.  470 
Anthrax,  i.  457 
bacillus  of,  i.  S67 
bacteriological  diagnosis  of,  i.  918 
clinical  course,  i.  460 
diagnosis,  i.  464 
external,  i.  460 
gastric,  i.  461 
industrial,  i.  460 
internal,  i.  461 
intestinal,  i.  461 
laryngeal,  i.  461 
milk-borne,  vi.  514 
mortality,  i.  466 
pathology,  i.  462 
prognosis,  i.  465 
prophylaxis,  i.  460 
pulmonary,  i.  461 
symptomatic,  bacillus  of,  i.  sr,;i 
symptoms,  i.  403 
treatment,  i.  407 
Anthropology,  mpdical.  i.  470 

study  of,  i.  341 
Anthropometry,  i.  476 
Antiagglutinins,  i.  153 
Antianaphylaxis,  i.  314 
Antiarthrin,  i.  479 
Antibodies,  i.  479 
oriirin  ..f.  v.  511 
Antidiabetin,  i.  479 

Antidyspeptic  and  Tonic  Springs,  i.  479 
Antienzymes,  \n\.  550 
Antifebrin,  i.  68 

Antiformin  method  of  detecting  tuber- 
cle bacilli.  V.  583 
Antigen,  i.  479   ' 
Antihelix,  iii.  720,  729 
Antihemolysin,  v.  170 
Antihidrotics,  i.  485 
Anti-isolysin,  v.  170 
Antimeristem  in  cancer,  ii.  609 
Antimetropia,  i.  66  (footnote) 
Antimony,  i.  479 

occupational  diseases  caused  bv,  vi. 
827 
Antinarcotic  legislation,  viii.  550 
Antinosin,  v.  652;  vi,  W)5 
Antiperiodics,  i.  482 
Antiperistalsis,  v.  ()14,  010 
Antipyretics,  i.  483 
Antipyrine,  i.  483 
mandelate,  viii.  290 
rash,  iii.  .504 
Antiseptics,  i.  484 
Antiseptol,  i.  484 
Antispasmin,  i.  484 
Antispasmodics,  i.  484 
Antisudorifics,  i.  485 
Antitoxins,  i.  486 

diphtheria,  i,  487,  489;  iii.  Oil 
nature  of,  i.  480;  v.  105 
persistence  of,  in  the  blood,  i.  487 
testing  the  strength  of,  i,  924 
tetanus,  i.  488,  851;  viii.  151 
Antitragus,  iii.  720,  729 
Antitrypsin,  i.  488 

tost  in  cancer,  ii.  604 
Antivenine,  v.  172;  vii.  o33 
Antrum,  Highniore's,  vi.  617;  vii.  740 
disease  of,  v.  685,  688;  vii.  745 
mastoid,  vii.  772 
location  of,  vi.  258 
surgery  of,  see  Mastoid  op.'ratioiis. 
vi.  254 


Antrum,  maxillary,  vi.  617:  vii.  77ii 
di.wase  of,  v.  685,  688;  vii.  745 
Ants,  iv.  520;  v.  604 
AntyUus,  viii.  35 
Anuria,  i.  489;  viii.  348 

in  nephrolithiasis,  v.  742 
Anus,  artificial,  v.  628 
clo.surc  of,  v.  633 
cryptitis  of,  vii.  497 
diseases  of,  vii.  490 
eczema  of,  iii.  844 
fissure,  vii.  494 
fistula,  vii.  495 
imperforation  of.  i,  764 
papillitis,  vii.  497 
pruritus  of,  vii.  490 
Anytin,  i.  489 
Aorta,  i.  489 

abdominal,  i.  491 
anomalies  of,  i.  646 
compression  of,  i.  651 
anatomy,  i.  489 
aneurysm  of,  i.  411,  419 

pulse  in,  vii.  406 
anomalies  of  the,  i.  638;  ii.  223 
arch,  i.  490 

double,  i.  494 
ascending,  i,  490 
atheroma,  i.  494 
coarctation,  i.  493  • 

congenital  defects,  i.  493 
degeneration,  i.  494 
descending,  i.  491 
dilatdtion,  i.  495 
diseases  of  the.  i.  493 
double,  i.  494 
embolism,  i.  495 
embryology,  i.  489 
histologj-,  ii.  221 
hypoplasia,  i.  493 
inflammation,  i-  494 
physiology,  i.  492 
retrogressive  conditions,  i.  494 
rupture,  i.  495 
septal  defects,  i.  493 
stenosis,  i.  493 
structure,  i.  492 
syphilis,  ii.  235 
thoracic,  i.  489 
thrombosis,  i.  495 
transposition,  i.  493 
tuberculosis,  ii.  235 
Aortic  valrular  disease,  pulse  in.  vii. 

405 
Aortitis,  i.  494 

senile,  vi.  852 
Apathy's  postimpregnation  method,  v. 

271 
Ape -hand,  iv.  899 
Apex  beat  of  the  heart,  ii.  145 
Aphakia,  i.  66;  v.  447 
Aphasia,  vii.  813 
auditor)',  \ni,  815 
clinical  forms,  vii.  815 
history,  \-ii.  814 
motor,  vii.  815 
visual,  vii.  816 
Aphonia,  i.  496 

hysterical,  v.  8.30 
Aphrodisiacs,  i.  496 
Aphtha,  epijootic,  see  Fool-and-moulh 

disiiUC,  iv.  504 
Aphthee,  Bcdnars,  vii.  991 
of  mouth,  vii.  991 
of  vulva,  viii.  469 
Aphthous    fever,    sec    Foot-anii-moullx 

diseasf.  iv.  504 
ApidiE,  V.  605 
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Apis  mellifica,  v.  (jO.j 

Aran-Duchenne  disease,  vi.  575 

Army  Medical  School,  i.  .30s 

Apium,  ii.  70S 

Araneida,  i.  516:  v.  .595 

Nurse  Corps,  i.  570 

gravoolens,  viii.  320 

Arantius,  i.  330.  516 

Army  Medical  Department,  i    566 

petroselinum,  viii.  320 

riodulus  of.  V.  52 

Dental  Corps,  i.  569 

Aplasia,  i.  151 

Aranzio,  i.  330.  516 

history  of  the,  i.  573 

pilonini  propria,  i.  7(i(i 

Arbor  vitte,  viii.  178 

Hospital  Corps,  i.  571 

Apneumatosis,  i.  755 

Arbor  vitae  uterinae,  iv.  642 

Medical  Corps,  i.  568 

Apocodeine,  i.  496 

Arbuthnot,  John,  i.  516 

Medical  Reserve  Corps,  i.  569 

Apocynaceae,  i.  496 

Arcachon,  i.  516 

Medical  School,  i.  568 

iliaraotori.stics  of,  vii.  224 

Arch,  weakness  of  the  anterior  meta- 

needs of  the,  i.  578 

Apocynum,  i.  497 

tarsal,  iv.  474 

Nurse  Corps,  i.  570 

rannabinum,  diuretic  action  of,  iii. 

Arch-supports,  iv.  469 

organization  of  the.  i.  508 

(is:-! 

Archigenes,  viii.  35 

purposes  of  the,  in  war.  i.  579 

Apomorphine,  i.  497 

Archigonocyte,  iv.  673 

sanitary  inspection  by  the,  in  war. 

Aponomma,  i.  497 

Arco,  i.  517 

i.  580 

Apophyses,  vertebral,  viii.  074. 

Arctic  Springs,  i.  518 

sanitary  personnel  of  the,  in  war. 

Apoplexy,   cerebral,   ii.   419,   733.    737; 

Arcus  senilis,  i.  518;  iii.  291 

i.  579 

see  also  Cerebral  hemorrhage. 

Area  Celsi,  i.  229 

Surgeon-General,  i.  567 

hemiplegia  following,  v.  154 

embryonalis,  i.  518 

Army  Medical  Field  Service,  i.  578 

operative  treatment  of,  ii.  419,  749 

olfactoria,  ii.  326 

ambulance  companies,  i.  582 

traumatic,  v.  7 

opaca,  i.  519 

base  hospitals,  i.  590 

treatment,  ii.  749 

pellucida,  i.  519 

casual  camps,  i.  591 

placental,  iii.  31 

vaseulosa,  i.  521 

collecting  zone,  i.  580 

retinal,  vii.  551 

Areca,  i.  524 

contagious  disease  hospital,  i.  591 

spinal,  vii.  873 

Areola,  maiumarj-,  ii.  455,  459 

convalescent  camps,  i.  590 

Apothecaries'  weight,  viii.  494 

Areolar  tissue,  iii.  255 

dressing  station,  i.  582 

Appendicectomy,  incisions  for,  i.  21 

Aretaus,  i.  524;  vi.  315 

evacuation  hospitals,  i.  589 

Appendicitis,  ii.  703 

Argus,  i.  524 

evacuation  zone,  i.  588 

ac-uto,  ii.  704 

americanus,  i.  511 

field  hospitals,  i.  583 

and  typhoid  fever,  ii.  707 

moubata.  i.  511 

first  aid  stations,  i.  581 

catarrhal,  ii.  704 

persicus.  i.  511 

hospital  ships,  i.  592 

chronic,  ii.  706 

reflexus.  i.  511 

hospital  trains,  i.  591 

cold  in  the  treatment  of,  iii.  157 

Argasidae,  i.  .'ill 

Red  Cross  Society  in  the.  i.  579 

colon  bacillus  infection  in,  iii.  174 

Argasinse,  i.  524 

regimental  medical  service,  i.  581 

diet  in,  iv.  444 

Argemone,  i.  524 

reserve  medical  supply,  i.  585 

gangrenous,  ii.  704 

Argentamine,  i.  526 

rest  station,  i.  589 

in  pregnancy,  ii.  707 

Argentina,  medical  practice  in,  vi.  293 

sanitary  inspection,  i.  580 

in  the  child,  ii.  707 

Argentum,  i.  524;  see  also  Siloer. 

sanitary  personnel,  i.  579 

pathology,  ii.  704 

Arginine,  i.  78;  vii._382;  viii.  552 

sanitary  tactics,  i.  585 

suppurative,  ii.  704 

Argonin,  i.  527              * 

station  for  slightlj-  wounded,  i.  384 

symptoms,  ii.  704 

Argyll-Robertson  pupil,  vii.  500 

supply  depot,  i.  591 

technique  of  operation,  ii.  705 

in  tabes,  viii.  91 

tactical  unit,  i.  587 

treatment,  ii.  705 

Argyria,  i.  527 

transport  column,  i.  588 

Appendicostomy,  i.  497;  v.  627 

diagnosis,  i.  530 

zone  of  dispersion,  i.  .592 

Appendix,  auricular,  v.  48,  51 

localis,  i.  527 

Army  Medical  Statistics,  i.  592 

vermiformis,  iii.  582 

of  the  conjunctiva,  iii.  255 

age  influencing  sickness  and  mor- 

abscess, diagnosis,  i.  41 

symptoms,  i.  530 

bidity,  i.  598 

carcinoma,  ii.  708 

treatment,  i.  530 

basis  of,  i.  593 

inflammation,  ii.  703 

universalis,  i.  527 

branch    of    service    as    affecting 

irrigation  through   the,   i.  497;  v. 

Argyrol,  i.  526 

health,  i.  596 
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Arhynchobdellidffi,  v.  240 

comparative    loss    from    sickness 

sarcoma,  ii.  708 

Aristol,  viii.  179 

and  wounds,  i.  593 

surgical  anatomy,  i.  18 

Aristolochiaceae,  i.  530 

comparison  of,  i.  611 

tuberculosis,  v.  641 

Aristotle,  medical  teachings  of,  vi.  313 

death  rates  in  civil  and  military 

Appetite,  i.  499 

Arizona,  i.  530 

life,  i.  594 

disturbances  of,  i.  500 

medical  practice  in,  vi.  293 

health  of  troops  in  peace,  i.  599 

perverted,  i.  520 

Arkansas,  medical  practice  in,  vi.  294 

health  of  troops  in  war,  i.  607 

Apples,  food  value  of,  iv.  429 

von  Arlt,  Ferdinand,  i.  532 

length   of   service   affecting   mor- 

Apraxia, i.  501 

orthoscope  of,  vi.  894 

bidity  and  mortality,  i.  597 

Apricots,  food  value  of,  iv.  429 

Arm  and  forearm,  i.  533 

loss  of  time  from  sickness,  i.  595 

Apus,  viii.  135 

amputation  of  the,  i.  283 

purpose  of,  i.  593 

Aqua,  i.  502;  vii.  476 

bandage  of,  ii.  17 

rank  affecting  health,  i.  599 

chloroformi.  ii.  832 

diseases  and  injuries  of  the,  i.  542 

sickness   and   death   rates   as   af- 

fortis, vi.  793 

fascia  of  the,  iv.  333 

fected  by  season,  i.  596 

hydrogenii  dioxidi,  v.  391 

gunshot  wounds  of,  iv.  836 

Arnica,  i.  614 

regia,  vi.  796 

lymphatics  of,  vi.  168 

Arnold,  Friedrich,  i.  615 

rosa>.  vii.  602 

skin  diseases  affecting  the,  i.  542 

Arnold's  steam  sterilizer,  i.  895 

AqusE,  i.  502 

Armadillo,    a    trypanosome    reservoir, 

test  for  diacetic  acid  in  the  urine. 

Aqueous  humor,  iv.  262;  v.  660 

viii.  051 

viii.  354 

refractive  inde.x  of,  iv.  270 

Armillaria  mellea,  iv.  586 

test  for  lactic  acid,  vii.  957 

Aquifoliaceae,  i.  502 

Armoracia  (cochlearia),  iii.  134 

Aroideae,  i.  502 

Aracese,  i.  502 

Army  Dental  Corps,  i.  569 

Aromatic  acid  series,  i.  7S 

characteristics  of.  vii.  224 

Hospital  Corps,  i.  571 

Arosa,  i.  615 

Arachidic  acid,  i.  77 

hospital  ships,  i.  592;  v.  310 

Arrhythmia,  cardiac,  i.  616 

Arachnida,  i.  502;  v.  595 

hygiene  in  the,  see  Hygiene,  military, 

classification  of,  i.  618 

Arachnoid,  cerebral,  ii.  340 

V.  402 

diastolic,  i.  618 

spinal,  vii.  832 

Medical  Corps,  i.  568 

respiratory,  i.  618;  v.  573:  vii.  546 

Araliaceffi,  i.  516 

Medical  Reserve  Corps,  i.  509 

sinus,  i.  618 
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Arrhythmia,  vagus,  i.  G19 

youthful  type  of.  i.  Ols 
Arrowhead  Hot  Springs,  i.  634 
Arrow  poisons,  i.  634 
Arrowroot,  i.  .Ids.  636 

f„r,(l  ^■:lluc■  of.  iv.  429 
Arsacetin,  i.  636 
Arsanilates,  i.  636 
Arsenic,  i.  636 

caustif  action  of.  ii.  697 
keratosis  caused  by,  v.  720 
poisoning  by,  vii.  276 

in  pregnant  women,  influence  of. 

on  the  fetus,  iv.  387 
postmortem  evidences  of,  i.  807 
rash,  iii.  504,  512 
tolerance  of,  v.  503 
triiodide,  i.  637 
trioxide.  i.  637 
waters,  ii.  11 
white,  i.  037 
Arsenous  acid,  i.  637 
Arsenobenzol,  viii.  83 
Arsenoferratose,  iv.  372 
Arsenohemol,  iv.  373 
Arsentriferrol,  iv.  372 
Artemisia  absinthium,  i.  54 
Arteria  liron.hialis.  vi.  94 

pulnioiialis,  vi.  93 
Artery    or    arteries,   ii.    134,-    see   also 
Blood,     circulation    of;    Blood-res- 
sels;     Circulation,     pathology     of; 
Pulse. 
amyloid  degeneration  of,  iii.  225 
anastomotica.  i.  535 
anastomosis,  operative,  i.  661 
anomalies  of.  i.  638;  ii.  223 
aorta,  i.  493,  638 
auricular,  i.  640 
axillary,  i.  643 
brachial,  i.  643 
brachiocephalic,  i.  640 
carotid,  i.  640,  641 
cerebral,  i.  641 
circumflex,  i.  649 
coronary,  ii.  224 
deep  cervical,  i.  643 
epigastric,  i.  648 
facial,  i.  640 
femoral,  i.  648 
iliac,  i.  647,  648 
innominate,  i.  640 
interco.stal.  i.  642 
internal  mammary,  i.  642 
internal  maxillary,  i.  640 
lingual,  i.  640 
mammary,  i.  642 
obturator,  i.  647 
occijjital.  i.  640 
ophthalmic,  i.  641 
peroneal,  i.  649 
pharyngeal,  i.  640 
popliteal,  i.  649 
profunda  femoris.  i.  649 
pulmonary-,  ii.  223 
radial,  i.  645 
renal,  i.  646 
sciatic,  i.  648 
subclavian,  i.  641 
superior  intercostal,  i.  642 
suprascapular,  i.  642 
thyroid,  i.  640,  642 
tibial,  i.  649,  650 
transverse  cer\-ical,  i.  642 
ulnar,  i.  644.  645 
vertebral,  i.  641 
anterior  tibial,  v.  871 
atrophy  of.  ii.  224 


Artery  or  arteries,  auricular,  anom- 
alies of,  i.  640 
axillary,  \-ii.  73S 

anomalies  of,  i.  643 

compression  of,  i.  652 

surface  marking  of,  vii.  735 
brachial,  i.  534,  540 

anomalies  of,  i.  643 
brachiocephalic,  anomalies  of,  i.  640 
bronchial,  vi.  86 
calcareous  infiltration  of,  ii.  225 
callosal,  ii.  349 
cancer  of,  ii.  238 
carotid,  vi.  664 

anomalies  of,  i.  640,  641 

cerebral,  ii.  349 
celiac,  vi.  46 
cerebral,  ii.  345 

anomalies  of,  i.  641 

carotid,  ii.  349 
cerebri  anterior,  ii.  348 
cerebri  media,  ii.  349 
cerebri  posterior,  ii.  350 
chorioidea,  ii.  350 
circulation  in,  ii.  134 
circumflex,  vii.  738 

anomalies  of,  i.  649 
communicans  anterior,  ii.  348 

posterior,  ii.  350 
compression  of,  i.  651 
coronary,  v.  54 

anomalies  of,  ii.  224 

aneurysm  of,  v.  56 
deep  cervical,  anomalies  of,  i.  643 
degeneration  of,  ii.  224 
diaphragmatic,  iii.  543 
diseases  of,  ii.  222 
dural,  ii.  345 

endothelial  desquamation  of,  ii.  225 
epigastric,  anomalies  of,  i.  648 
external  mammarj',  ra.  738 
facial,  anomalies  of,  i.  640 
fatty  degeneration  of,  ii.  224 
fein<iral,  viii.  166 

anomalies  of,  i.  648 

compression  of,  i.  652 
gastric,  \i\.  951 
healing  of,  i.  654,  660 
hepatic,  vi.  46 
hip-joint,  v.  243 
histolog>-  of,  ii.  220 
hyaline  degeneration  of,  ii.  225 
hyaloid,  persistent,  \-iii.  462 
hyperplasia  of,  ii.  225 
hypertrophy  of,  ii.  225 
hypoplasia  of,  ii.  224 
iliac,  anomalies  of,  i.  647,  648 
inferior  profunda,  i.  535 
inflammation  of.  ii.  226 
iiiiiiiminate.  anomalie.^  of,  i.  640 
iiitercost.al,  anomalies  of,  i.  642 
internal  circumflex,  viii.  166 
internal  mammary,  anomalies  of,  i. 

642 
internal  maxillar^•,anomalies  of,  i.640 
interossei,  of  forearm,  i.  541 
intestinal,  iii.  5S4,  595,  596.  597 
intracranial,  ii.  345 
lenticular,  ii.  349 
lenticulostriate,  ii.  349 
lenticulothalamic,  ii.  349 
ligation  of.  i.  658;  vi.  1 
lingual,  vi.  665 

anomalies  of,  i.  640 

mammar>-,  ii.  456,  461 

anomalies  of,  i.  642 

median,  i.  644 

mcdicerebellar.  ii.  347 


Artery  or  arteries,  medicerebral,  ii. 
349 
medichoroid,  ii.  350 
niedioptic,  ii.  350 
meningeal,  ii.  34.5 
mesenteric,  inferior,  iii.  587 

superior,  iii.  5H4 
neck,  \-i.  663 

nutrient,  direction  of,  in  the  extremi- 
ties, ii.  252 
obturator,  viii.  166 

anomalies  of,  i.  647 
occipital,  ii.  351 

anomalies  of,  i.  640 
ophthalmic,  anomalies  of,  i.  &41 
ovarian,  iv.  637 

pathological  anatomy  of,  ii.  223 
penile,  iv.  667 

peroneal,  anomalies  of.  i.  649 
pharyngeal,  anomalies  of,  i.  640 
popliteal,  anomalies  of,  i.  649 
postcerebral,  ii.  350 

terminal  divisions  of,  ii.  351 
postchoroid,  ii.  350 
postcoramunicant,  ii.  350 
posttemporal,  ii.  351 
postthalamic,  ii.  350 
precerebral,  ii.  348 
precommunicant,  ii.  348 
preoptic,  ii.  351 
prctcmporal,  ii.  351 
prethalamic,  ii.  350 
profunda  femoris.  anomalies  of,  i.  649 
pulmonar)-,  vi.  86,  93 
anomalies  of,  ii.  223 
ligation  of,  viii.  174 
quadrigcmina  anterior,  ii.  351 

media,  ii.  3,50 
radial,  i.  540 

anomalies  of  the,  i.  645 
recurrent,  i.  540 
renal,  v.  729 

anomalies  of,  i.  646 
rupture  of,  i.  652 
sciatic,  anomalies  of,  i.  648 
sclerosis  of,  ii.  229 
senile  changes  in.  vi.  847,  851 
spinal  cord,  vii.  832 
subclavian,  vi.  665 
anomalies  of,  i.  641 
compression  of,  i.  652 
subscapular,  vii.  738 
supercerebellar,  ii.  347 
superior  profunda,  i.  535 

thyroid,  vi.  665 
suprascapular,  anomalies  of,  i.  642 
surgery  of  the,  i.  65S 
suture  of.  i.  658 
Sylvian,  ii.  349 
syphilis  of,  ii.  233 
termatic.  ii.  348 
thigh,  viii.  163.  166,  168 
thyroid,  anomalies  of,  i.  640,  642 
tibial,  anomalies  of,  i.  649,  650 
torsion  of,  i.  657 
transverse  cervical,  anomalies  of,  i. 

642 
tubal,  iv.  640 
tuberculosis  of,  ii.  235 
tumors  of.  ii.  23S 
ulnar,  i.  540 

anomalies  of,  i.  644.  645 
recurrent,  i.  541 
uterine,  iv.  r>47 
vaginal,  iv.  653 
vertebral,  vi.  666 
anomalies  of.  i.  641 
'  branches  of.  ii.  347 
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Artery  or  arteries,  vulvar,  iv.  658 

Articulation  (speech),  v.  ."S40 

Asparagus,  i.  724 

won  mis  of,  j.  052 

Articulation     (joint),    i.    699;  see  also 

diuretic  action  of,  iii.  683 

resulting  in  aneurysm,  i.  407 

Articulatio  and  Joints. 

food  value  of,  iv.  429 

Arteriocapillary    fibrosis,    see    Arterio- 

costocostal,  viii.  646 

Aspartic  acid,  i.  78 

scUrosis,  ii.  229 

costovertebral,  viii.  646 

Aspasia,  obstetrical  observation  of,  vi. 

Arteriorrhaphy,  i.  658 

interchondral,  viii.  646 

820 

lasiia  transplantation  in,  viii.  256 

sternocostal,  viii.  646 

Aspergillosis,  corneal,  iii.  289 

Arteriosclerosis,  ii.  229 

pelvic,  vii.  81 

meatal,  iii.  774 

consequences  of,  ii.  233 

Artificial  drum-membrane,  v.  43 

pulmonary,  vi.  116 

definition,  ii.  229 

eyes,  i.  707 

Asphalt,  occupational  diseases  caused 

diffuse,  ii.  231 

limbs,  i.  709 

by,  XI.  832 

distribution  of,  ii.  232 

teeth,  i.  711 

Asphyxia,  i.  725 

elastic  fibers  in,  ii.  228 

Artyfechinostomura    sufrartyfex,    viii. 

causes  of,  i.  725 

etiology,  ii.  230 

208 

local,  vii.  487 

forms  of,  ii.  231 

Arum,  viii.  289 

medicolegal  relations  of,  i.  726 

histogenesis,  ii.  230 

Arylarsonates,  i.  712 

phenomena  of,  i.  725 

nodular,  ii.  232 

Arytenoid  cartilages,  v.  822 

postmortem  appearances,  i.  725 

psychoses  of,  vii.  370 

muscle,  v.  S24 

postmortem  evidences  of,  i.  816 

secondary  (diffuse),  ii.  231 

Asafoetida,  i.  712 

treatment  of,  see  Resuscitation,  vii; 

senile,  ii.  230,  231;  vi.  851 

Asaprol,  i.  713 

546 

theories  as  to  genesis,  ii.  229 

Ascaridae,  i.  714 

Aspidium,  i.  728 

Arteriotomy  no  longer  practical,  ii.  199 

Ascaris,  i.  714 

Aspidocotylea,  i.  729 

Arteritis,  ii.  226 

apri,  vi.  097 

Aspidosperma,  i.  729 

consecutive,  ii.  227 

lumbricoides,  vi.  701 

Aspiration,  i.  729 

gummous,  ii.  234 

in   the  gall-bladder  or   ducts,   iv. 

Aspirin,  i.  731 

nodular,  ii.  236 

611 

rash.  iii.  504 

-yphilitic,  ii,  233 

maritima,  vi.  702 

Assimilation,  ii.  54 

Arthralgia,  hysterical,  v.  486 

mystax,  vi.  702 

Association,  i.  732 

Arthrectomy,  see  Excision,  iv.  188 

texana,  vi.  702 

aooci-,  vii.  733 

Arthritis,  acute,  i.  666 

trichiura,  vi.  693 

cerebral,  ii.  408 

infectious,  i.  667 

vermicularis,  vi.  702 

Association,  American  Medical,  i.  244 

of  temporomaxillary  joint,  v.  700 

Ascites,  i.  714;  vi.  874 

British  Medical,  ii.  506 

cervical  spinal,  vii.  875 

chylous,  iii.  62;  vi.  874 

Canadian  Medical,  ii.  592 

chronic,  i.  668 

radiotherapy  of,  vii.  474 

Assouan,  iii.  860 

classification,  i.  669 

Ascitic  fluid  in  the  treatment  of  can- 

Astasia-abasia, i.  734 

non-tuberculous,  i.  690,  694 

cer,  ii.  000 

hysterical,  v.  485 

rheumatic,    of    temporomaxillary 

Asclepiades,  i.  320.  716;  viii.  :i2 

Astereognosis,  i.  734 

joint,  V.  700 

Asclepiadaceae,  i.  716 

Asterion,  vii.  765 

cricoarytenoid,  v.  826 

Asclepias,  vii.  259 

Asterol,  i.  735 

deformans,  vii.  565 

Aselli,  Gasper,  i.  332.  717 

Asthenia,  i.  735 

radiotherapy  of,  vii.  464 

Asepsis,  surgical,  i.  717 

cerebellar,  ii.  729 

senile,  vi.  857 

introduction  of,  viii.  50 

Asthenopia,  i.  736;  vi.  750 

gonococcal,  iv.  753 

Aseptic  surgery,  i.  717 

muscular,  i.  738 

of  the  upper  extremity,  i.  555 

Aseptol,  i.  722 

treatment,  i.  738 

scarlatinal,  vii.  659 

Asexualization  of  criminals  and  defec- 

Asthma, i.  739 

traumatic,  i.  667 

tives,  iii.  355 

anaphylactic  origin  of,  i.  315 

tuberculous,  i.  670 

Ash,  prickly,  viii.  520 

bronchitic,  i.  740 

diagnosis,  i.  675 

Ashes,    occupational    diseases    caused 

cardiac,  v.  75 

pathologj',  i.  670 

by,  vi.  833 

climatic  treatment,  iii.  121 

prognosis,  i.  677 

AsheviUe,  N.  C,  i.  723 

diagnosis,  i.  740 

symptoms,  i.  673 

Ashhurst,  John,  i.  724 

diet  in,  iv.  445 

treatment,  i.  677 

Ashhurst's  operation  for  excision  of  the 

dyspepticum,  i.  781 

Arthrodesis  for  club-foot,  iv.  5114 

tongue,  viii.  214 

etiology,  i.  740 

Arthrology,  i.  699 

Asiatic  cholera,  viii.  552 

gouty,  i.  741 

studies  in,  i.  343 

carriers,  i.  876;  viii.  558 

mecham'sm,  i.  742 

Arthropathy,  i.  704 

compUcations,  viii.  561 

pathology,  i.  741 

in  syringomyelia,  viii.  87 

course,  viii.  558 

peptic,  i.  740,  745 

in  tabes  dorsalis,  viii.  92 

description,  viii.  558 

spondylotherapy  of,  vii.  914 

neuropathic,  i.  697 

epidemics  of,  viii.  553 

sputum  in,  vii.  921 

neurotic,  i.  705 

immunity  against,  i.  871,  872 

symptoms,  i.  739 

progressive,  i.  706 

immunization  against,  viii.  502 

thymic,  vii.  931 

spinal,  i.  705 

incubation,  viii.  558 

toxemic,  i.  741 

trophic,  i.  693 

inoculatfon  against,  viii.  562 

treatment,  i.  743 

Arthropoda,  i.  706 

in  the  Far  East,  viii.  555 

climatic,  iii.  121 

Arthrosclerosis,  senile,  vi.  853 

pathology,  viii.  561 

dietetic,  iv.  445 

Arthus  phenomenon,  see  Anaphylaxis, 

prophylaxis,  viii.  565 

spondylotherapy,  vii.  914 

i.  310 

secondary  affections,  viii.  561 

uremic,  i.  741 

Articulatio  atlantoepistrophica,  viii.  673 

somatic  conditions  of  spread  of,  viii. 

Astigmata,  i.  746 

carpea,  viii,  518 

557 

Astigmatism,  i.  65,  746;  iv.  272;  viii. 

coxae,  V.  239 

spirillum  of,  i.  869;  viii.  561 

451 

cubiti,  iii.  863 

symptoms,  viii.  559 

compound,  i.  747 

genu,  V.  765 

transportation  of,  viii.  556 

correction  of,  i.  749 

humeri  (shoulder),  vii.  734 

treatment,  viii.  562 

forms  of,  i.  747 

lumbosacralis,  vii.  81 

antiseptic,  viii.  564 

hypermetropic,  i.  747 

manus  (wrist),  viii.  518 

inoculation,  viu.  562 

irregular,  i.  750;  iv.  273 

sacrococcygea,  vii.  82 

symptomatic,  viii.  564 

mixed,  i.  747 

sacroiliaca,  vii.  82 

water-borne,  viii.  478,  556 

myopic,  i.  747 

talocruralis  (ankle),  i.  449 

Asiatic  pills,  vii.  351 

regular,  i.  747;  iv.  273 
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Astigmatism,  simple,  i.  747 

tests  for,  i.  747 
Astragalectomy,  iv.  210 

for  c-hib-foot,  iv.  493 
Astragalus,  excision  of,  iv.  210,  4'J.'J 
Astringents,  i.  751 
Astrocytes,  vi.  730 
Astrocytoma,  i.  751 
Asynergia,  i.  752 

oerebellar,  ii.  729 
Atavism,  vii.  559 
Ataxia,  i.  752 

autonomic,  viii.  71 

rardiac,  i.  631 

.■erebellar,  i.  753;  ii.  726,  734;  vii.  857 

cerebral,  i.  753 

educational  exercises  for,  viii.  93 

Friedreich's,  i.  753 

hereditary,  i.  753 

labyrinthine,  i.  753 

locomotor,  viii.  89 

midbrain,  i.  753 

peripheral,  i.  753 

peripherospinal,  i.  752 

l)ontine,  i.  753 

spinal,  lesions  of,  vii.  855,  866 

!-pinomedullary,  i.  753 

subacute  spinal,  vii.  855 

vasomotor,  viii.  71 
Atelectasis,  i.  755 
Ateleiosis,  i.  758 

asexual,  vi.  603 

sexual,  vi.  603 
Athelia,  ii.  450,  463 
Atheroma,  aortic,  i.  494 

arterial,  ii.  224 
of  the  arm.  i.  562 
Athetosis,  i.  760;  iv.  900;  v.  154 
Athrepsia,  vi.  239 
Alhyroidism,  vi.  913;  see  also  Crelinisni 

and  M [f-c  ilcma. 
Atlantic  City,  i.  760 
Atlas,  viii.  (;73 
Atlee,  Washington  L.,  i.  762 
Atmocausis,  ii.  698;  v.  122 
Atmospheric  pressure,  vi.  635 
Atophan,  i.  762 
Atopomenorrhea,  vi.  375 
Atoxyl,  i.  763 
Atresia,  i.  763 

anal,  i.  764 

auditory  canal,  i.  763;  iii.  773 

'•ilc-duct,  i.  764 
"inchial,  i.  764 
'I'hageal,  i.  764 
-'ric,  i.  764 

Mitestinal,  i.  764 

iiiyngeal,  i.  764 

n^.sal,  i.  763 

■iial.  i.  763;  vi.  545 

iiaipebral,  i.  763 

liupillary,  i.  763 

irctal,  i.  764 

'racheal,  i.  764 

■ubal,  i.  765 
i.thral,  i.  765 
'trine,  i.  765 

v:iKinal,  i.  765;  vii'.  408 
Atrichia,  i.  225 
Atrioventricular  orifice,  left,  v.  ,")1 

right,  V.  50 
Atrium,  cardiac,  left,  v.  50 

right,  v.  48 
Atrophia  cutis  idiopathica,  i.  765 

iiiusculorum  lipomatosa,  i.  770 

I'ilorum  propria,  i.  765 
Atrophy,  i.  767 

lite  yellow,  of  the  liver,  vi.  40 


Atrophy,  brown,  i.  770 

cerebellar,  ii.  732 

cerebral,  ii.  342 

course,  i.  771 

degenerative,  i.  767 

excentric,  of  bone,  i.  770 

from  decreased  tension,  i.  770 
disease,  i.  768 
excessive  waste,  i.  770 
impaired  nutrition,  i.  769 

histogenetic,  i.  767 

infantile,  vi.  239 

macroscopical  appearance,  i.  770 

microiscopical  changes,  i.  771 

neuropathic,  i.  769 

of  hair,  i.  765 

of  skin,  idiopathic,  i.  765 

physiological,  i.  767 

pressure  i.  769 

prognosis,  i.  772 

progressive  muscular,  i.  558 
of  the  hand,  iv.  899 

senile,  i.  768 

simple,  i.  767 

toxic,  i.  769 

treatment,  i.  772 
Atropine,  ii.  31 

action  of,  on  salivary  secretion,  vii. 
690 

conjunctivitis  caused  by,  iii.  249 

lioisoning  by,  viii.  506 
Attar  of  roses,  vii.  601 
Attention,  i.  772 
Attraction-sphere,  ii.  712 
Auchmeromyia,  i.  773 
Audiat,  V.  45 

Audition,  see  Hearing,  v.  24 
Auditory  canal,  anatomy  of,  iii.  717 
atresia  of,  i.  763;  iii.  773 
diseases  of,  iii.  771 

nerve,  iii.  719 

embryology,  iii.  721 
syphilis  of,  iii.  803 

ossicles,  iii.  736 
Auenbrugger,  Joseph  Leopold,  i.  773 
Augusta,  Georgia,  i.  773 
Aura,  epileptic,  iv.  57 
Aurantium,  i.  775 
Aurelianus,  Cselius,  i.  776 
Auricle,  an.atomy  of,  iii.  725 

cardiac,  left,  v.  50 
right,  v.  48 

diseases  of,  iii.  769 

eczema  of,  iii.  842 

malformations  of,  iii.  766) 

malposition  of,  iii.  729,  767 

ossification   of   the   cartilage   of,    iii. 
763 
Auricular  fibrillation,  i.  623 
venous  pulse  in,  vii.  410 

flutter,  i.  626 

point,  vii.  765 
Auriculoventricular  bundle,  i.  616;  ii. 
144 

node.  i.  616 

orifice,  left,  v.  51 
right,  v.  50 
Auris,  V.  47 
Aurophone,  v.  4,s 
Aurora  Springs,  i.  776 
Aurum,  i.  776 
Auscultation,  iii.  534 

single-phase,  vi.  130 
Auspitz,  Heinrich,  i.  776 
Australia,  i.  776 

Austria,  medical  practice  in,  vi.  294 
Autoagglutination,  v.  171 
Autoclave,  i.  896 


Autocytolysis,  i.  784 
Autocytotoxins,  v.  171 
Autodigestion,  i.  784 
"Auto-eye,"  i.  791 
Autointoxication,  i.  778 
gastrointestinal,  i.  778 

in  infantH,  i.  780 
mental  disea.sc  from,  vi.  399 
"Auto-leg,"  i.  792 
Autolysin,  v.  168 
Autolysis,  i.  784;  vi.  071 
bacterial,  i.  787 
pathological,  i.  785 
physiological,  i.  785 
postmortem,  i.  787 
Automatism,  i.  787 
alcoholic,  i.  197 
artificial  cerebral,  i.  789 
cerebral,  i.  788 
epileptic  cerebral,  i.  789 
medicolegal   relation  of  cerebral,   i. 

790 
motor,  i.  788 
syphilitic  cerebral,  i.  790 
traumatic  cerebral,  i.  789 
Automatic  action,  i.  787 
Automeris  io,  v.  003 
Automobile,  hygienic  relations  of  the.  i. 

790 
Autonephrectomy,  v.  753 
Autonomic  nervous  system,  i.  788;  viii. 
61.  64 
disorders  of,  viii.  70 
effect    of    emotiona   on    the,    viii. 

67 
functions  of,  viii.  66 
regeneration    of    fibers    of, Rafter 

section,  viii.  67 
relations    of,     with     the    central 
nervous  system,  viii.  64 
Autonomin,  viii.  68 
Autophonia,  iii.  741 
Autopsy,  i.  793 

in  cases  of  poisoning,  i.  803 
medicolegal  relation  of  the,  i.  SOS 
report  of  the.  i.  801 
Autotoxemia,  i.  778;  see  Auloinloxica- 

linll 

Autogamy,  i.  777 
Ava,  vi.  482 
A-V  interval,  i.  628 
Avens,  i.  819 
Avenzoar,  vi.  320 
Averroes.  i.  819 
Aviation,  i.  820 
Aviation-sickness,  i.  N20 
Avicenna,  i    327,  821;  vi.  31'.t 
Avocado  pear,  i   222 
Avoirdupois  weight,  vi'i.  494 
Avon  Sulphur  Springs,  i.  821 
Axilla,  anatomy  of,  vii.  730 

blood-vessels  of.  vii.  73S 

boundaries  of,  v'i.  737 

cancer  of  the  border  of,  ii.  489 

fascia  of.  iv.  333 

lymphatics  of.  vi.  168;  vii.  739 

nerves  of.  vii.  73S 
Axillary  band,  viii.  5S0 

vein,  anomalies  of,  viii.  (ioS 
Axis   U'P'stropheusl.  viii.  673 
Axis  cylinder,  vi.  729 
Axis-traction  forceps,  iv.  510 
Axone,  ii.  274;  vi.  729 

growth  of.  ii.  392 
Azedarach,  i.  822 
Azores,  i.  822 
Azule  Springs,  i.  823 
Azygos  veins,  anomalies  of.  viii.  65S 
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Babes-Ernst   Kranules,   staining   of,   i. 

Bacillus,    Weeks,  of  conjunctivitis,    i. 

Baden-Baden    and   the   Black  Forest, 

it  10 

845 

Germany,  ii.  1 

Babesia,  i    823 

Welch's,  i.  867 

Badenweiler,  ii.  2 

Babinski  reflex,  vii.  506 

Back,  diseases  and  injuries  of  the,  i.  823 

Bad  Nauheim,  vi.  626 

Bacillus,  i.  823,  829 

fascia  of  the,  iv.  331 

Bade,  Sebastian,  ii.  2 

iicrogenos  capsulatus,  i.  867 

round,  ii.  807 

Bael  fruit,  ii.  2 

anthracis,  i.  867 

Backache,  lumbar,  vii.  876 

von  Baer,   Carl   Ernst,   i.   339;  ii.  2 

attenuation,  i.  869 

Bacon,  food  value  of,  iv.  429 

von  Baerensprung,  Friedrich  Wilhelm 

pathogenesis,  i.  867 

Bacon,  Francis  (1561-1626),  i.  825 

Ernst,  ii.  3 

Bernheim's,  i.  428 

Bacon,  Francis  (1831-1912),  i.  824 

Bagneres-de-Bigorre,  ii.  3 

Boas-Oppler,  vii.  963 

Bacteria,  i.  825 

Bahamas,  vi.  025 

liotulinus,  i.  856 

acidifying,  i.  834 

iModical  practice  in,  vi.  294 

poisoning  by,  iv.  422 

aerobic,  i.  835 

Bahia  boil,  viii.  618 

capsulatus,  i.  857 

anaerobic,  i.  835 

Bailey  Springs,  ii.  3 

oholerse  asiaticse,  i.  869;  viii.  561 

attenuation  of,  i.  836 

Baillie,  Walter,  ii.  4 

foli  communis,  i.  854 

autolysis  of,  i.  787 

de  Baillou,  Guillaume,  ii.  4 

color  reaction  in  growth  on  escu- 

chemical  agents  affecting,  i.  836 

Bakers,  diseases  of,  vi.  838 

lin  bile-salt  agar,  i.  887 

chemical  composition,  i.  830 

Baker's  incisions  for  hiparolmiiy,  i.  22 

cultures,  i.  855 

chemical  effects  of,  i.  832 

Balance,  .-^cc  Kquiiihriiim.  iv.  7s 

in  drinking  water,  viii.  491 

classification  of,  i.  829 

Balanitis  and  balanoposthitis,  ii.  4 

infections,  iii.  173 

cultivation  of,  i.  880,  898 

Balanitis  roxburghii,  ii.  4 

infection,  treatment,  iii.  177 

definition  of,  i.  825 

Balantidium,  ii.  5 

pathogenesis,  i.  855 

determination  of  the  thermal  death 

I'oli,  viii.  029 

comma,  i.  869;  viii.  561 

point  of,  i.  921 

(iinanteus,  viii.  029 

diphtheria!,  i.  845;  iii.  601 

effects  of  outside  influences  upon,  i. 

iiiiuutum,  viii.  030 

biological  characters,  i.  846 

834 

Balard,  Antoine  Jerome,  ii.  S 

cultures,  i.  846 

emulsion  or  suspension  of,  viii,  391 

Baldness,  soo  Alopicia,  i.  225 

non-virulent,  i.  848 

examination  of,  i.  911 

Balfour,  Francis  Maitland,  ii.  5 

pathogenesis,  i.  847 

by  the  ultramicroscope,  viii.  654 

Ballardvale  Spring,  ii.  5 

Ducrey's,  i.  865;  ii.  783 

facultative  aSrobic  and  anaerobic. 

Ballistics,  iv.  795 

d,\-senterise,  i.  856 

i.  835 

Ballottement,  ii.  6;  iv.  087 

Eberth's,  i.  852;  viii.  291 

gas-forming,  i.  834,  867 

Ballston  Spa,  ii.  6 

emulsion,  i.  842;  viii.  283 

growth  of,  i.  831,  834 

Balm,  ii.  6 

enteritidis,  i.  856 

involution  forms,  i.  830 

lemon,  vi.  349 

poisoning  by,  iv.  423 

light  production  by,  i.  832 

of  Gilead,  ii.  7 

fusiformis,  i.  428 

mcsophylic,  i.  835 

liud.-i.  vii.  021 

hastiUs.  i.  428 

motility  of,  i.  831 

Balneology,  ii.  7 

hofmani,  i.  848 

nitrifying,  i.  834 

Balsam,  Canada,  ii.  592 

influenzfe,  i.  844;  v.  556 

parasitic,  i.  828 

of  copailxi.  iii.  281 

Klebs-LoefHer.  i.  845;  iii.  601 

pathogenic,  i.  825 

of  fir,  ii.  592 

Koch-Weeks,  i.  845 

pigment  production,  i.  833 

of  Peru.  ii.  12 

lactimorbi.  vi.  523 

psychrophilic,  i.  835 

of  tolu,  ii.  13 

leprje,  i.  843 ;  v.  879 

pyogenic,  i.  48,  857 

Balsams,  i.  111'.) 

placenta-glycerin-agar  culture  me- 

reduction processes,  i.  833 

Balsamum  peruvianum,  ii.  12 

dium  for,  i.  887 

saprophytic,  i.  828 

tolutanum,  ii.  13 

Lustgarten's,  i.  843 

spore  formation,  i.  830 

Baltimore,  ii.  13 

mallei,  i.  873;  iv.  712 

staining  of,  i.  912 

von  Bamberger,  Heinrich,  ii.  13 

neapolitanus,  i.  854 

in  tissues,  i.  917 

Bamboo  brier,  ii.  14 

oedematis  maligni,  i.  867 

structure  of,  i.  829 

Bananas,  food  value  of,  iv.  429 

pertussis,  viii.  503 

thermic  effects,  i.  832 

Bandage,  Barton's,  ii.  10 

pestis,  i.  875;  vii.  215 

thermophilic,  i.  835 

Borsch's,  ii.  16 

Pfeiffer's,  i.  844;  v.  556 

vegetative  reproduction  of,  i.  830 

circular,  ii.  14 

Plaut-Vincent,  i.  428 

vital  phenomena  of,  i.  831 

compound,  ii.  14 

pneumonise,  i.  857 

Bacteria  carriers,  i.  876;  see  Carriers. 

Desault's,  ii.  17 

proteus  vulgaris,  i.  866 

Bacteriaceie,  i.  880 

figure-of-eight,  ii.  15 

pseudodiphtheria,  i.  848 

Bacterial  therapy,  viii.  394 

four-tailed,  ii.  16 

pyocyaneus,  i.  865 

Bacteriemia,  vii.  423 

(lalen's,  ii.  16 

radicicola,  i.  834 

Bacteriological  technique,  i.  880 

Gibson's,  ii.  16 

rhinoscleromatis,  vii.  572 

agar,  i.  882 

of  arm,  ii.  17 

Shiga,  i.  856 

air  examination,  i.  925 

breast,  ii.  10 

smegraatis,  i.  843 

animal  inoculation,  i.  909 

chest,  ii.  16 

symptomatic  anthrax,  i.  869 

bouillon,  i.  880 

extremities,  ii.  17 

tetani,  i.  850;  viii.  149 

cultivation  methods,  i.  900 

eye,  ii.  16 

tuberculosis,  i.  838;  viii.  285 

diagnostic  methods,  i.  918 

fingers,  ii.  17 

biological  characters,  i.  839 

gelatin,  i.  881 

groin,  ii.  17 

cultures,  i.  839 

soil  examination,  i.  926 

hand,  ii.  17 

detection   of,    by    antiformin  me- 

staining, i.  912 

head,  ii.  15 

thod,  V.  583 

standardization  of  media,  i.  893 

leg,  ii.  17 

by  inoscopy,  v.  582 

sterilization,  i.  894 

shoulder,  ii.  17 

pathogenesis,  i.  840 

thermal  death  point  of  bacteria,  i. 

trunk,  ii.  16 

preparing  suspensions  of,  viii.  396 

921 

oblique,  ii.  14 

staining  of,  i.  914 

Bacteriology,  history  of,  i.  825 

recurrent,  ii.  15 

staining  reaction,  i.  838 

of  the  blood,  ii.  196 

reversed,  ii.  14 

typhi,  abdominalis,  i.  852;  viii.  291 

Bacteriolysis,  i.  927;  v.  173 

roller,  ii.  14 

typhi-e.\anthematici,  viii.  304 

Bacteriotropins,  i.  928;  v.  512 

simple,  ii.  14 

typhosus,  i.  852;  viii.  291 

Bacterium,  i.  928 

spica,  ii.  15 

pathogenesis,  i.  853 

termo,  i.  806 

spiral,  ii.  14 

staining  reaction,  i.  852 

Bacteriuria,  i.  928 

Scultetus',  ii.  17 
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Bandage,  T-,  ii.  17 

testuflo.  ii.  lo 

VelpcauV.  ii.  17 
Bandaging,  ii.  14 
Bandl,  Ludwig  B.,  ii.  17 
Banff  Hot  Springs,  ii.  17 
Bang's     method     of     limiting     bovine 

tulHiviilusis.  ii.  18 
Bantingism,  ii.  18;  vi.  817 
Banti's  disease,  ii.  18;  vii.  908 
Bar  Harbor,  vi.  .544 
Barany's  test,  iii.  752,  755 
Barbados,  ii.  19 

aloes,  i.  224 

medical  practice  in   vi.  294 
Barber  surgeons  of  the  middle  ages 

viii.  3(j 
Barberry,  ii.  37 
Bard,  Samuel,  ii.  19 
Bardenheuer's  incision  for  laparotomy, 

i.  22 
Baresthesiometers,  iv.  132 
Barium,  ii.  20 
Barium  Springs,  ii.  20 
Bark,  cinchona,  iii.  69 

cuprea,  iii.  73 

Maracaibo.  iii.  73 

pale,  iii.  73 
Barley,  food  value  of,  iv.  429 
Barnes,  Robert,  ii.  20 
Barometric    pressure,    in    relation    to 

acclimatization,  i.  60 
de  Barthez,  Antoine  Charles  Ernest,  ii. 

21 
Barthez,  Paul  Joseph,  ii.  21 
Bartholin's  glands,  iv.  655;  viii.  467 
cyst  of.  viii.  470 
infection  of,  viii.  469 
Bartholinus,  Caspar  or  Gaspard,  ii.  21 
Bartholinus,  Thomas,  ii.  21 
Bartlett  Springs,  ii.  21 
Barton's  bandage,  ii.  16 
Bartonella  bacilUformis,  vi.  923 
V.  Basedow,  Karl  A.,  ii.  22 
Basedow's  disease,  iv.  741;  see  Goiter. 

exophlhalmir. 
Baseilhac,  Jean,  ii.  22 
Basham's  mixture,  iv.  369 
Basialveolar  length,  vii.  766 
Basibregmatic  axis,  vii.  765 
Basicranial  axis,  vii.  765 
Basifacial  axis,  vii.  765 
Basinasal  length,  vii.  765 
Basil,  ii    23 

Basilic  vein,  anomalies  of,  viii.  65S 
Basion,  vii.  765 
Basiotribe,  iv.  1 

Basle  anatomical  nomenclature,  i    318 
Basophiles,  ii.  117 

in  inflammatory  exudates,  v.  551 
Basophilia,  ii.  23;  v.  885 
Basophilic  tissues,  ii.  190 
Bass,  food  value  of,  iv.  429 
Bassini's  treatment  of  hernia,    v.    216. 

Bath,  Ent'land,  ii.  23 
Bath  Alum  Springs,  ii.  24 
Bath,  continuous,  contrivance  for  ad- 
ministering, vii.  98 

diagnostic,  in  typhoid  fever,  v.  399 

electrothermal,  iii.  889 

for  troops,  v.  418 

in  typhoid  fever,  viii.  301 

in  typhus  fever,  viii.  30S 

Nauheim.  vi.  628 

plunge,  iii.  156 

prolonged,  iii.  156 

spinal,  iii.  156 

Vol.  viii.— 44 


Bath,  therapeutics  of,  v.  398 
Bathing,  sea,  viii.  157 

surf.  viii.  157 
Bathycardia,  v.  70 
Batteries,  electric,  iii.  873,  901 

faradic,  iii.  876,  901 

Kalvanic,  iii.  873,  901 

storaKe.  iii.  875 
Battey,  Robert,  ii.  24 
Baudelocque,  Jean  Louis,  ii.  24;  vi.  823 
Bauhin,  Caspar,  i.  :S30;  ii.  25 
Baum's  fundoscope,  vi.  896 
Baunscheidtismus,  i.  Ill 
Bay  leave-,  ii.  25 

oil,  ii.  25 
Bayacuru,  ii.  25 
Bayberry,  ii.  25 
Bayle,  Gaspar  Laurent,  ii.  25 
Bazin,  Antoine  Pierre  Ernest,  ii.  26 
B.  B.  Mineral  Springs,  ii.  26 
Bdellium,  ii.  26 
B.E.   (bazillen  emulsion),  i.  842;  viii. 

283 
Beale,  Lionel  Smith,  ii.  26 
Beale's  carmine-glycerin  mass,  v.  278 

Prussian  blue,  v.  278 
Bean  family,  v.  874 
Beans,  food  value  of,  i.  208;  iv.  429 
Bearberry,  viii.  383 
Beard,  George  Miller,  ii.  26 
Beard,  eczema  of.  iii.  ^42 
Bearsfoot,  ii.  27 
Beaumont,  William,  ii.  27 
Beaumont,  William  Rawlins,  ii.  27 
Beck's  paste,  ii.  262 
Beclard,  Jules,  ii.  27 
Becquerel    rays,  ii.  27 
Bedbugs,  ii.  28;  v.  .")'.t2 
Beddoes,  Thomas,  ii.  28 
Bedford,  Gunning  S.,  ii    28 
Bedford  Springs,  ii.  28 
Bednar's  aphthae,  vii.  991 
Bedsores,  viii.  568 
Beef,  food  value  of,  i.  208;  iv.  429 
Beefsteak,  vegetable,  iv.  579 
Beeftea,  iv.  437 

food  value  of,  iv.  428.  429 
Beer,  i.  192 

Beer-wort  agar  medium,  i.  888 
Bees,  V.  005 
Beeswax,  ii.  724 
Beet,  sugar,  vii.  60S 
Beetles,  poisonous,  v.  602 
Beggiatoa,  ii.  29 
Beggiatoaceae,  ii.  29 
Belascaris,  ii.  29 

mystax,  vi.  702 
Belching,  see  Eruclation,  iv.  85 
Belgium,  medical  practice  in.  vi.  294 
Belknap  Hot  Medical  Springs,  ii.  29 
Bell,  Sir  Charles,  i.  337;  ii.  30 
Bell,  John,  ii.  30 
Bell's  palsy,  iv.  323 
Belladonna,  ii.  30 

idiosyncrasy  regarding,  v.  503 

Japanese,  vii.  677 

poisoning  by,  viii.  666 

rash.  iii.  .504 
Bellini,  Lorenzo,  ii.  32 
Bellocq,  Jean  Jacques,  ii.  32 
Bellocq's  cannula,  iv.  69 
Belostomidse,  v.  597 
Belostoma  americana,  v.  597,  59s 
Benacus  griseus,  v.  597 
Bence-Jones'  protein,  viii.  350,  549 
Bends,  ii.  32 

Benedetti,  Alessandro,  i.  328 
Benedict's  syndiome,  ii.  33 


Benlgnancy,  vi.  704 
Benivieni,  vi.  326 
Benne  oil,  ii.  33 
Bennet,  James  Henry,  ii.  33 
Bentley  Springs,  d.  34 
Benzacetine,  ii    34 
Benzanilide,  ii.  34 
Benzene,  ii.  36 

occupational  di.foaaes  caused  by,  vi. 
829 
Benzin,  ii.  34 

B^nzoate  of  s^jdium  as  a  fooil  preser- 
vative, iv.  417 
Benzoates,  ii.  35 
Benzoic  acid  and  benzoates.  ii.  34 

disinfectant  action  of,  iii.  627 
Benzoin,  ii.  36 

(lowers  of.  ii.  34 
Benzol,  ii.  36 

occupational  diseases  caused  by,  vi. 
829 
Benzophenoneid,  ii.  36 
Benzosol,  iv.  7n.s 
Benzosulphinidum,  ii.  37 
Benzoyl  eiigenol,  ii.  37 

peroxide,  local  anesthesia  by,  i.  392 

tropcine.  ii.  37 
Beraneck's  tuberculin,  \-iii.  284 
Berberine,  ii.  37 
Berberis,  ii.  37 
Berck-sur-Mer,  ii.  38 
Berengario,  Jacopo,  i   32S;  ii.  38 
Bergamot,  oil  of,  ii    38 
Berger,  Johann  Gottfried,  i.  338 
V.  Bergmann,  Ernst,  ii.  39 
Beriberi,  ii.  39 

diagnosis,  ii.  41 

distribution,  ii.  39 

etiology,  ii.  39 

history,  ii.  39 

pathology,  ii.  40 

prognosis,  ii.  41 

prophylaxis,  ii.  41 

symptoms  and  course,  ii.  40 

treatment,  ii.  41 

vitamines  in  relation  to.  viii.  46(1 
Berkefeld  filter,  i.  898 
Berkeley  Springs,  ii.  41 
Berkshire  HiUs,  ii.  42 
Bermuda,  ii.  42 

meilical  practice  in.  vi.  294 
Bernard,  Claude,  ii.  44;  vi.  34". 
Bernays,  Augustus  Charles,  ii.  44 
Bert.  Paul.  ii.  45 
BertiUon  system,  i.  476 
Bertin's  columns,  v.  725 

ligament,  v.  240 
Beta  iminazolylethylaminc,  vii.  3S2 

naphthol.  ii.  45 
bcnzoate,  ii.  45 
salicylate    ii.  46 

o.xybutyric  acid,  viii.  566 

rays,  ii.  28 
Betaine,  vii    382 

hydrochloride,  ii.  45 
Bethe's  injection  method,  v.  277 
Bethlehem,  N.  H..  ii.  46 
Beth-root,  viii.  279 
Betol,  ii.  46 
Betony,  ii.  46 
Betula.  see  Hir,l,.  ii.  58 
Bex.  ii.  47 
Beyea's  operation  of  gastropexy,  vii. 

979 
Bezoars,  iii.  226 
B.  F.  (Dcnys'  tuberculin),  i.  842;  viii. 

283 
Biarritz,  ii.  47 
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Bibiru  bark,  ii.  47 

Bishop's  sphygmoscope,  ii.  203 

Bladder,  tumors  of  the,  ii.  73 

Biceps  biarhli  musclp,  i.  ."):i:5 

Biskra,  ii.  61 

diagnosis,  i.  38 

anomalies  of,  viii.  583 

button,  v.  877 

ulcer  of,  radiotherapy  of,  vii.  474 

fcnioris  muscle,  viii.  167 

Bismal,  iv.  519 

wounds  of  the  i.  11;  ii.  73 

anomalies  of,  viii.  58S 

Bismark  brown  staining,  v.  268 

Bladder-worm,  ii.  764 

flexor     cruris     muscle,     see     Biceps 

Bismuth,  ii.  61 

Bladder-wrack,  ii.  81 

femoris. 

absorption  of,  ii.  63 

Bladon  Springs,  ii.  81 

Bichat,  Marie  Franfois  Xavier,  i.  3.3.5 ; 

and  ammonium  citrate,  ii.  62 

Blastocoele,  ii.  82 

ii.  48 

citrate,  ii.  62 

Blastocyst,  ii.  84 

Bickfalvi's  solution,  v.  2,54 

elimination  of,  ii.  63 

Blastoderm,  ii.  82 

Bielschowsky's  staining  method,  v.  27(1 

subcarbonate,  ii.  62 

Blastomycetes,  ii.  88 

Bienaise,  Jean,  ii.  48 

subgallate.  ii.  62 

cultures    of,    in    the    treatment    of 

Biermer,  Anton,  ii,  48 

subnitrate,  ii.  62 

cancer,  ii.  609 

Bier's  liyptTiTiiic  therapy,  v.  428 

subsalicylate,  ii.  62 

Blastomycosis,  ii.  88 

osteoplastic  amputation,  i.  2(i:5 

lii.xicology  of,  ii.  62 

coecidial,  iii.  501 

Bigelow,  Henry  Jacob,  ii.  48;  viii.  4S 

Bistort,  ii.  63 

course,  ii.  90 

Bigelow,  Jacob,  ii.  49 

Bitis  arictans,  vii.  525 

diagnosis,  ii.  91 

Bigelow's  Y-ligament,  v.  240 

Bittersweet,  iii.  702;  vii.  229 

etiology,  ii.  91 

Bile,  ii.  49;  vi.  07 

f.ilse  or  climbing,  ii.  63 

pathology,  ii.  91 

acids,  i.  7S 

Biuret  reaction,  vi.  68;  viii.  350 

prognosis,  ii.  91 

in  urine,  viii.  355 

Bivo,  iv.  372 

symptoms,  ii.  89 

action  of,  ii.  51 

Bizzozero,  Giulio,  ii.  63 

treatment,  ii.  91 

chemistry  of,  ii.  49 

Bizzozero's  chromocytometer,  ii.  175 

Blastopore,  ii.  91 

pigments,  ii.  50:  vi,  67,  68;  vii.  193 

Bjelloussow's    gum    arable    mass,    v. 

relation  of,  to  the  body  of  the  em- 

in urine,  viii.  355 

278 

bryo,  ii.  93 

quantity  secreted,  ii.  49 

Black  eye,  iv.  313 

Blastula,  ii.  82 

salts,  ii.  50;  vi.  67 

flies,  ii.  64;  v.  601 

Blattidse,  ii.  94 

secretion  of,  vii.  694 

vomit,  viii.  524 

Blaud,  P.,  ii.  94 

tests  for,  ii.  50;  vi.  67;  viii.  355 

wash,  V.  373 

Blaud's  pills,  iv.  367 

Bile-ducts,  vi.  46,  53 

Blackberry,  vii.  604 

Bleeders,  v.  176 

atresia  of,  i.  764;  iv.  606 

Black  Forest,  ii.  1 

Bleeding,  see  Blood-letting  and  Heiiior- 

cancer  of,  iv.  610 

Blackheads,  iii.  217 

rhauc. 

catarrh  of,  iv.  601 

Blacksmiths,  diseases  of.  vi.  S38 

Blennostasine,  ii.  94 

echinococcus  of,  iv.  611 

Blackwater  fever,  ii.  64 

Blepharitis  marginalis,  iv.  310 

foreign  bodies  in,  iv.  607 

diagnosis,  ii.  65 

Blepharophimosis,  iv.  311 

hydatid  disease  of,  iv.  611 

distribution,  ii.  64 

Blepharoplasty,  vii.  247 

inflammation  of,  iv.  601 ;  vi.  35 

pathology,  ii.  64 

Blepharospasm,  ii.  94;  iv.  312 

occlusion  of,  i.  764;  iv.  606 

prognosis,  ii.  65 

Blind,  agriculture  for  the.  ii.  100 

parasites  in,  iv.  61 1 

prophylaxis,  ii.  65 

alphabets  for  the,  ii.  97 

repair  of,  by  fascia  transplantation. 

symptoms,  ii.  65 

athletics  for  the,  ii.  98 

viii.  255 

treatment,  ii.  66 

books  for  the,  ii.  96 

stenosis  of,  iv.  606 

Blackwell,  Elizabeth,  ii.  66 

Braille  alphabet,  ii.  97 

tumors  of,  iv.  609 

Blackwell,  Emily,  ii.  67 

education  of,   and  occupations  open 

Bilharz,  Theodor,  ii.  51 

Bladder,  adenoma  of  the,  i.  121 

to  the,  ii.  96 

Bilharzia,  ii.  51;  vii.  660 

anatomy  of  the,  ii.  67 

farm-work  for  the,  ii.  100 

hEBmatobia,  viii.  274 

atony  of  the,  ii.  75 

geographical  distribution  of  the,  ii. 

Bilharziosis,  viii.  275 

cancer  of  the,  ii.  74 

103,  104 

Bilifuscin,  vii.  193 

cystectomy  for,  ii.  70 

hat-frame  making  by  the,  ii.  99 

Biliousness,  ii.  51 

radiotherapy  of,  vii.  474 

industrial  establishments  for  the,  ii. 

Biliprasin,  vii.  193 

diverticula  of,  ii.  72 

100 

Bilirubin,  ii.  50;  yi.  67;  vii.  193 

examination  of,   see   Cystoscopy,   iii. 

institutions  for  the,'ii.  100,  112 

infarct,  v.  541 
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massage  by  the,  ii.  99 

in  urine,  viii.  360,  361 

exploration    of,  through    the    peri- 

Matilda  Ziegler   Magazine  for   the. 

Biliverdin,  ii.  50;  vi.  67;  vii.  193 

neum,  vii.  120 

ii.  100 

Billings,  John  Shaw,  ii.  52 

exstrophy  of  the,  ii.  71 

music  as  a  profession  for  the,  ii.  98 

Billroth,  Christian  Albert  Theodor,  ii. 

cystectomy  for,  ii.  70 

New  York  point  alphabet,  ii.  97 

52 

extirpation  of  the,  ii.  69 

number  of,  in  various  countries,  ii. 

Binet,  Alfred,  ii.  53 

female,  anatomy  of  the,  ii.  69 

103,  104 

Binet-Simon  tests,  v.  607 

gall-,  vi.  46,  48,  55;  see  Gall-bladder. 

occupations  open  to  the,  ii.  98 

Bing's  test,  iii.  743 

gunshot  wounds  of,  iv.  828 

piano-tuning  by  the,  ii.  98 

Binocular  vision,  test  of,  vi.  907 

hernia  of  the,  ii.  72;  viii.  410 

schools  for  the,  ii.  100 

Binucleata,  ii.  53;  viii.  604 

inflammation  of  the,  ii.  75 

stenograph.v  by  the,  ii.  100 

Biochemistry,  ii.  794 

injuries,  i.  11;  ii.  73 

typewriting  by  the,  ii.  100 

Biogenesis,  ii.  53;  vii.  524 

injuries  and  diseases  of  the,  ii.  71 

weaving  by  the,  ii.  99 

Biology,  ii.  53 

malformations  of  the,  ii.  71 

Blind  spot,  viii.  450 

definition,  ii.  53 

neurosis  of  the,  ii.  74 

Blindness,  ii.  104 

divisions  of,  ii.  56 

papilloma  of,   radiotherapv  of,    vii. 

causes  of,  ii.  106 

history  of,  ii.  53 

474 

congenital,  ii.  107 

Biophores,  v.  195,  201 

paracentesis  of,  vii.  31 

consanguinity  in  relation  to,  ii.  106 

Biopsy,  ii.  58 

paralysis  of  the,  ii.  74 

day  (hemeralopia),  v.  150 

Biot's  breathing,  iii.  715 

postmortem  examination   of   the,   i. 

eclipse,  vii.  556 

Birch,  ii.  58 
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economic  aspects  of,  ii.  104 

Birch-Hirschfeld,  Felix  Victor,  ii.  58 

rupture  of  the,  ii.  73 

half  (hemianopsia),  v.  151 

Birth-marks,  vi.  779 

sensations  in  the,  ii.  716 

hysterical,  v.  486 

Birth-root,  viii.  279 

stone   in   the,   ii.    79;   see    Calculus, 

legislation  to  prevent,  ii.  112 

Births,  multiple,  iv.  353 

cystic. 

night  (nyctalopia),  vi.  813 

order  of,  with  reference  to  the  inci- 

tuberculosis of  the,  cystectomy  for. 

race  distribution  of,  ii.  105 

dence  of  disease,  ii.  58 

ii.  70 

sex  distribution  of,  ii.  105 
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BIblru  bark 
Blue  Lick  SprlHK* 


Blindness,  snow.  vii.  oo7 
temporary,  ii.  111 
toxic,  ii.  Ill;  iv.  288;  vfi.  552 
word.  vii.  816 
Blistering,  iii.  314 
Blistering  beetle,  ii.  1)14:  iii.  314 
Blockhouse  Mineral  Springs,  viii.  566 
Block  Island,  ii.  112 
Blood,  ii.  112 

alkalinity  of  the,  ii.  195 
bacteriology  of  the,  ii.  190 
carbon  dio.\ide  in  the,  ii.  1.30 
cells,  normal  and  pathological,  ii.  193 

types  of,  and  their  origin,  v.  889 
changes  in,  during  gestation,  iv.  684, 

690 
chemistry  of  the,  ii.  117 
circulation  of  the,  ii.  131 

comparative  review,  ii.  131 

discovery  of,   i.  331;  iv,  910;  vi. 
327;  viii.  42 

disorders  of,  ii.  201 

hydrodynamics  of.  ii.  133 

in  the  brain,  ii.  345 

in  childhood,  ii.  SIS 

in  the  lower  animals,  ii.  131 

mechanics  of,  ii.  133 

nervous  control  of,  ii.  154 

pulmonary,  ii.  142 

time  of  a  complete,  ii.  140 

velocity,  ii.  139 

venous,  ii.  139 
clinical  examination  of  the,  ii.  158 

alkalinity,  ii.  195 

apparatus,  ii.  159 

bacteriology,  ii.  196 

coagulation  time,  ii.  193 

corpuscle  counting,  ii.  163 

cryoscopy,  ii.  195 

detection  of,  in  small  quantities. 
ii.  195,  211 

diseases  diagnosed  by,  ii.  186,  197 

erythrocytes,  ii.  161 

fresh  specimens,  ii.  159 

hemoglobin  estimation,  ii.  175 

parasites,  ii.  196 

staining  dried  specimens,  ii.  186 

table  of  cells  found  in,  ii.  193 

taking  the  drop,  ii.  167 

technique,  ii.  159 
coagulation  of,  iii.  81;  124 

time  of  the,  ii.  193 
color  of,  ii.  113 
composition  of,  ii.  113 
condition  of,  in  mental  disease,  vi. 

424 
corpuscle-counting,  ii.  163 
cryoscopy  of,  ii.  195 
count,  see  Blood-count. 
detection  of  small  quantities,  ii.  195, 

211 
discovery  of  the  circulation  of  the, 

i.  331;  iv.  910;  vi.  327;  viii.  42 
diseases  of  the,  due  to  autointoxica- 
tion, i.  781 
distribution  of,  in  the  body,  ii.  114 
dried  specimens  of,  ii.  186 
dust.  ii.  117 
dyes,  ii.  189 

examination  of  the,  ii.  158 
examination  of  dried  specimens,  ii. 

186 
fat  in  the.  vi.  12 
fixing  dried  specimens  of,  ii.  18S 
flow  of,  in  the  vessels,  ii.  134 
freezing-point,  ii.  114,  195 
functions  of  the,  ii.  127 
pases  of,  vii.  541 


Blood,  heat-regulating  function  of,   ii. 
129 
in  cancer,  ii.  601 

childhood,  ii.  818 

gout,  iv.  781 

pernicious  anemia,  i.  350.  351 

Kpcondarj-  anemia,  i.  354  et  seq. 

urine,  v.  148 
influence  of,  on  respiratory  center. 

vii.  544 
laking  of,  v.  163 
letting,  see  Blood-letting. 
menstrual,  ii.  131 
morphology  of  the,  ii.  114 
occult,  tests  for,  vii.  960 
odor  of,  ii.  114 
oxidation    of,    in    the   tissues,    vii. 

543 
oxygen  in  the,  ii.  130 
physiology  of  the,  ii.  127 
plasma,  ii.  113,  121 

function  of,  ii.  129 
platelets,  ii.  117,  162 

chemistry  of,  ii.  121 

enumeration  of,  ii.  174 

function  of,  ii.  129 

origin  of,  ii.  127 
precipitin  test  for,  ii.  215 
pressure,  see  Blood-pressure. 
properties  of,  ii.  113 
protective  power  of  the,  ii.  130 
quantity  of,  ii.  113 
reaction  of,  ii.  113 
red  corpuscles,  see  Erythrocytes,  ii. 

114 
reduced  quantity  of J(oligemia),  vi. 

870 
senile  changes  in,  vi.  848 
serum,  ii.  121 

culture  media,  i.  889 

function  of,  ii.  129 
shadow  corpuscles,  ii.  162 
specific  gravity  of,  ii.  113 
spectroscopic  tests  for,  ii.  213 
spitting  of,  v.  179;  see  also  Hemop- 
tysis, 
staining  dried  specimens  of,  ii.  189 

unfixed  specimens  of,  ii.  191 
stains,  see  Bloodstains. 
sugar  in,  iii.  518 
sweating  of.  v.  144 
taste  of,  ii.  114 

thermoregulating  function  of.  ii.  129 
temperature,  ii.  114 
tests  for,  ii.  211 
transfusion  of,  viii.  247 
variations  in  the,  ii.  131 
velocity  of  the  flow  of,  ii.  138 
vessels,  see  Blood-vessels. 
viscosity  of,  ii.  113 
vital  staining,  ii.  191 
vomiting  of,  v.  142 
white  cells,  see  Leucocytes,  ii.  116 
Blood-agar  medium,  i.  885 
Blood-clots,  iii.  81,  124 

bone-filling,  ii.  262 
Blood-count,  ii.  163 
apparatus  for,  ii.  165 
centrifuge  for,  ii.  170 
erythrocytes,  ii.  168 
information  furnished  by,  ii.  175 
leucocytes,  ii.  168 
optical  method,  ii.  173 
plates,  ii.  174 
laking  blood  for.  ii.  167 
technique,  ii.  165 
Blood-cyst,  V.  144 
Blood-forming  organs,  vi.  918 


Bloodgood's  medical  treatment  of  her- 
nia, V.  21s 
Blood-islands,  ii.  123 
Blood-letting,  ii.  199 

leechinK,  ii.  201 

scarification,  ii.  201 

venesection,  ii.  199 

wet  cupping,  ii.  201 
Blood-pressure,  ii.  1.35,  301;  vii.  402 

abnormal,  ii.  2f)5,  206,  210;  vii.  403 

apparatus  for  measuriog,  ii.  133 

capillar>-,  ii.  137 

diagnosis,  ii.  204 

diastolic,  \-ii.  402 

disturbances  of,  iii.  78 

enteroclysis  affecting,  iv.  40 

examination  of,  ii.  202 

high,  ii.  206,  207;  vii.  403 
in  nephritis,  vi.  718 
light  baths  in,  vii.  187 
spondylotherapy  in,  vii.  913 
treatment,  ii.  208;  vii.  187,  913 

in  children,  vii.  403 

in  mental  disease,  vi.  424 

intracardiac,  ii.  146 

low,  ii.  205,  210;  vii.  404 
treatment,  ii.  206,  210 

normal,  ii.  136,  vii.  403 

respiratory  changes  in,  ii.  142 

symptomatolog>',  ii.  204 

systolic,  \ii.  402 

vasomotor  control  of,  ii.  157 

venous,  ii.  137 

relation  of,  to  shock,  i.  368 
Bloodroot,  vii.  631 
Blood-stains,  ii.  195,  211 

ciinjiili'nicnt  fixation  test  for.  ii.  217 
formuUe  for,  ii.  191 

histological,  ii.  195 

identification  of,  ii.  212 

microscopic  examination  of,  ii.  214 

precipitin  tests,  ii.  215 

spectroscopic  test  for,  ii.  213 
Blood-vascular  system,  ii.  134 

origin  nf.  ii.  217 
Blood-vessels,  ii.  134;  see  also  .4r(erie», 
Capillaries,  Veins. 

amyloid  degeneration  of,  ii.  225 

atrophy  of,  ii.  224 

calcareous  infiltration  of,  ii.  225 

calcification  of,  ii.  225 

embryologv-,  ii.  217 

endothelial  desquamation  of,  ii-  225 

escape  of  cells  from,  v.  551 

fatty  degeneration  of,  ii.  224 

gunshot  wounds  of,  iv.  829 

histology  of,  ii.  220 

hyaline  degeneration  of,  ii.  225 

hyperplasia  of,  ii.  225 

hypertrophy  of,  ii.  225 

inflammation  of,  ii.  226 

ossification  of,  ii.  225 

pathological  anatomy  of,  ii.  2SS 

senile  changes  in,  vi.  847,  851 

suture  of,  fascia  transplantation  in, 
viii.  25t> 
Blount  Springs,  ii.  239 
Blow-fly,  ii.  239 
Blue  baby.  iii.  400 

disease,  see  Rocky  Mountain  spoiled 
(lick)  fcrer,  vix.  686 

mass,  v.  367 

ointment,  v.  368 

pUl.  v.  367 
Bluefish.  food  value  of.  iv    4Js 
Blue  Hill  Mineral  Springs,  li.  239 
Blue  Lick  Springs,  Ky.,  ii.  240 
Blue  Lick  Springs,  Mo.,  ii.  240 
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Blue  Ridge  Springs,  ii.  241 
Blumenbach,  Johann  Friedrich,  i.  .i'SCr, 

ii.  241 
BNA,  i.  318 

Boards  of  Health,  Slnto,  v.  19 
Boas-Oppler  bacilli,  \  ii.  9l>:! 
Boas'   test    for  hydrochloric   acid,   \  ii. 

for  lactic  acid,  vii.  957 

test  breakfast,  vii.  953 
Bobbs,  John  Stough,  ii.  241;  viii.  5:) 
Bocconia,  ii.  241 
Bodo,  ii.  242 

a^i:l^ica.  viii.  013 

uriiiariiis,  viii.  (ill 
Body,  segmentation  of,  vii.  704 
Boerhaave,  Hermann,  i.  335;  ii.  242; 

vi.  332 
Boerne,  ii.  242 

Boiling  water,  disinfection  l]y.  iii.  633 
Boil,  ii.  243 

tifaiiiirnt  of,  i.  53 
Boldo,  ii.  244 
Boletaceffi,  iv.  580 
Boletus  odiilis,  iv.  580 

felleus,  iv.  580 

granulatus,  iv.  581 

hiridus,  iv.  581 

miniato-olivaeeus,  iv.  581 

pine-cone,  iv.  582 

piperatus,  iv.  581 

scahcr.  iv.  581 

.-eparans.  iv.  580 
Bolus,  ii.  244 
Bombus,  v.  605 
Bonduc,  ii.  245 
Bone,  autogenous  grafts,  ii.  260 

carpal,  viii.  518 

chemistry  of,  ii.  663 

conduction,  hearing  by,  v.  32 

cysts  of,  iii.  414 

development  of,  ii.  247 

epactal,  viii.  517 

epipteric,  viii.  517 

growth  of,  ii.  250 

grafting  after  excision,  iv.  190 

gunshot  wounds  of,  iv.  797,  836 

Haversian  systems,  ii.  245 

histology  and  development  of,  ii.  245 

Howship's  lacunse,  ii.  250 

hyoid,  vi.  667 

Inca,  viii.  517 

inflammation  of,  ii.  250 

interparietal,  viii.  517 

marrow,  ii.  247;  see  Bone-marroir. 

plastic  surgery  of,  ii.  259 

preinterparietal,  viii.  517 

Roentgen  diagnosis  of  lesions  of,  \  ii. 
594 

Sharpey's  fibers,  ii.  246 

senile  changes  in,  vi.  849 

sutural,  viii.  517 

transplantation  of,  viii.  259 
in  nasal  deformities,  vi.  801 

turbinate,  vi.  616 

Wormian,  viii.  517 
Bone-black,  ii.  618 
Bone-fillings,  plastic,  ii.  261 
Bone -grafts,  autogenous,  ii.  260 

heterogenous,  ii.  261 
Bone-marrow,  ii.  247 

anthracosis  of  the,  i.  457 

changes  in  pernicious  anemia,  i.  3 47 

chemistry  of,  ii.  664 

food  values  of,  iv.  429 

hematopoietic  function  of  the,  ii.  124 

therapeutic  uses  of,  vi.  919 

tumor  of  the,  vi.  583 
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Bone-setting,  ii.  263 

Bonet,  Theophile,  ii.  263 

Bone -workers,  diseases  among,  vi.  S34 

Bonney's  triple  stain,  v.  269 

Bonnyclabber,  iv.  437 

Boophilus,  ii.  264 

annulatus.  i.  513 
Borage,  ii.  264 
Boraginaceae,  ii.  264 
Borax,  ii.  264 

Bordet-Gengou  iihenomenon.  i.  922 
Bordet's  theory  of  immunity,  v.  511 
Bordighem,  ii.  264 
Boric  acid,  ii.  265 
Borland  Mineral  Well,  ii.  266 
Borneol,  ii.  266 
Boroglycerin,  ii.  266 
Borrel's  mixture,  v.  2.'iS 
Borsch's  bandage,  ii.  l(i 
Borthwick  Mineral  Springs,  ii.  266 
Boston,  ii.  267 
Botalli,  Leonardo,  ii.  267 
Botalli's  duct,  iii.  700 
Botany  Bay  gum  or  resin,  viii.  520 
Bot-fly,  v.  5S9 
Bothriocephalidae,  ii.  267 
Bothriocephaloidea,  ii.  776 
Bothriocephalus,  ii.  267 

cuidatus,  ii.  778 

latus,  ii.  776 

liguloides,  ii.  778 

mansoni,  ii.  778 
Bothrops,  ii.  267 

laiu-Ofjlatus,  x'n.  .32.') 
Botkin,  Sergei  Petrovich,  ii.  267 
Botkin's  apparatus  for  anaerobic  cul- 

tiu-es,  i.  9U6 
Botryomycosis,  ii.  268 
Bbttcher's  crystals,  vii.  327 
Botulism,  iv.  422 
Bouchardat,  ApoUinaire,  ii.  268 
Bouchut,  Eugene,  ii.  268 
Bougies,  urethral,  viii.  330 
Bouillon  culture  medium,  i.  880 

filtrate,  i.  842 
Boulder,  ii.  268:  iii.  210 
Boulder  Hot  Springs,  ii.  269 
Bourdet,  ii.  269 
Bourgelat,  Claude,  ii.  269 
Bournemouth,  ii.  269 
Bovell,  James,  ii.  270 
Bowden  Lithia  Springs,  ii.  271 
Bowditch,  Henry  I,  ii.  271 
Bow-leg,  ii.  271 
Bowman,  William,  ii.  273 
Bowman's  capsule,  v.  726 
Bowman-Heidenhain   theory  of  renal 

sccrotion,  v.  734 
Box,  ii.  273 

Bozeman  Hot  Springs,  iv.  365 
Braatz's  slide  for  anaerobic  examina- 
tions, i.  907 
Brachial  plexus,  vii.  738 

injuries  of,  vi.  741 
Brachialis   anticus   muscle,   anomalies 


384 


Brachioradialis  muscle,  viii.  584 
Bradford  frame  for  spinal  disease,  vii. 

ss.", 
Bradford  Mineral  Springs,  ii.  273 
Bradycardia,  i.  032;  vii.  401 
Braid,  James,  ii.  273 
Braille  alphabet,  ii.  97 
Brain,   abscess  of,   diagnosis  of  otitic, 
iii.  749 

operative  treatment,  ii.  418 

operation  for,  vi.  268 

otitic,  iii.  749,  792 


Brain,  agenesis  of,  ii.  342 
anatomy,  ii.  274 

arachnoid,  ii.  340 

brain-stem,  ii.  289 

central   connections   of    the   cere- 
bral nerves,  ii.  303 

cerebellum,  ii.  312 

corpus  striatum,  ii.  331 

cortex,  ii.  331 

cross-sections  of   the   brain-stem, 
ii.  294 

development,  ii.  286 

developmental  factors,  ii.  282 

dura  mater,  ii.  339 

diencephalon,  ii.  314 

embryology,  ii.  280 

fissures,  ii.  332 

functional  analysis,  ii.  284 

general  morphology,  ii.  280 

histogenesis,  ii.  281 

lymphatics,  ii.  361;  vi.  165 

meninges,  ii.  339 

models  of  the  brain-stem,  ii.  302 

neopallium,  ii.  331 

ophthalmencephalon,  ii.  318 

pia  mater,  ii.  341 

plexuses,  ii.  321,  341 

rhinencephalon,  ii.  322 

significance  of  the  cerebral  cortex, 
ii.  337 

special  anatomy,  ii.  289 

structural  elements,  ii.  274 

subdivision  of  the  brain,  ii.  283 

technique  of  study  of,  ii.  279 

telencephalon,  ii.  320 

thalamus,  ii.  314 
anemia  of,  ii.  362 
aneurysm  of  arteries  of,  ii.  434 
angioma  of,  ii.  434 
arteries  of,  ii.  345 

anastomoses  of,  ii.  351 

aneurysm  of,  ii.  434 

pressure  in  the,  ii.  352 

width  of,  ii.  352 
association  areas,  ii.  408 

fibers,  diagnosis  of  lesions  of.  ii.  377 
atrophy  of  the,  ii.  342 
basal  ganglia,  diagnosis  of  lesion  of, 
ii.  378 

growth  of  the,  ii.  389 
base  of,  diagnosis  of  lesion  of,  ii.  380 
blood-vessel  bone-maintaining  func- 
tion of  the,  ii.  207 
BNA,  terms,  ii.  285 
carcinoma  of,  ii.  434 
cerebellum,   diagno.sis  of  lesions  of, 

ii.  379 
chemistry  of,  ii.  401 
cholesteatoma  of,  ii.  434 
circulation  in  the,  ii.  345 
circulatory     disturbances     in     the, 
ii.  362 

anemia,  ii.  362 

embolism,  ii.  365 

hyperemia,  ii.  365 

sinus-thrombosis,  ii.  368 

softening,  ii.  369 

thrombosis,  ii.  365 
compression  of,  ii.  370 

diagnosis,  ii.  371 

prognosis,  ii.  372 

symptoms,  ii.  372 

treatment,  ii.  372 
concussion  of,  ii.  372 

prognosis,  ii.  373 

sequelce,  ii.  373 

symptoms,  ii.  373 

treatment,  ii.  374 
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3rain,  congenital  atrophy,  ii.  :H.i 
'ingestion  of,  ii.  365 
'.111  in  the  treatment  of,  iii.  I.j7 
■  >rpora  quadrigemina,   diagnosis  of 

lesions  of,  ii.  379 
'.rtex,  ii.  331 

auditor^'  areas  in,  ii.  407 

diagnosis  of  lesion  in,  ii.  37.5 

growth  changes  in,  ii.  394 

gustatory  area  in,  ii.  407 

histological  differentiation  of  areas 
of  the,  ii.  399 

motor  areas  in,  ii.  402 

motor  function  of,  ii.  40.5 

olfactory  areas  in,  ii.  330,  407 

sensory  centers  in,  ii.  405 

significance  of,  ii.  337 

tactile  areas,  ii.  407 

visual  areas  in,  ii.  405 
cysts  of,  ii.  434 
decompression  of,  ii.  416 

for  cerebellar  tumors,  ii.  737 

indication  for,  ii.  372 
development  of,  ii.  282,  286 
diagnosis  of  local  lesions  of,  ii.  374 

association  fibers,  ii.  377 

basal  ganglia,  ii.  378 

base.  ii.  380 

cerebellum,  ii.  379 

cerebral  tracts,  ii.  377 

corpora  quadrigemina,  ii.  37!) 

cortex,  ii.  375 

general  considerations,  ii.  374 

history,  ii.  374 

internal  capsule,  ii.  378 

medulla,  ii.  380 

motor  centers,  ii.  384 

pons,  ii.  380 

projection  tracts,  ii.  377 

sensory  centers,  ii.  386 

tegmentum,  ii.  379 

vasomotor  center,  ii.  3S7 
electricity  in  diseases  of,  iii.  907 
embolism  of  arteries,  ii.  365 
embryology,  ii.  280 
endothelioma  of,  ii.  433 
eye  symptoms  in  diseases  of,  iv.  287 
fatty  embolism  of,  vi.  14 
fibroma  of,  ii.  433 
functions  of,  ii.  397 
functional  analysis  of,  ii.  284 
t'lioma  of,  ii.  433 
growth  of  the,  ii.  387 

axones,  ii.  392 

cell  bodies,  ii.  392 

lurtical  changes,  ii.  394 

neurones  in  old  age,  ii.  394 

number  of  neurones,  ii.  390 

percentage  of  water,  ii.  390 

size  of  neurones,  ii.  391 

summary,  ii.  394 

weight,  ii.  387 
gumma  of,  ii.  425,  434 
hemorrhage  into  the,  ii.  733.  737 
histogenesis,  ii.  281 
histology,  ii.  274 
hyperemia  of.  ii.  365 
infectious  granuloma  of,  ii.  434 
inflammation  of  the,   see   Knctpha- 

lilis.  iv.  14 
injuries  of,  v.  4 
internal  capsule,  diagnosis  of  lesions 

of,  ii.  378 
lesions    of,    in    relation    to    mental 

deficiency,  vi.  381 
lipoma  of,  ii.  4.34 
localization  of  lesions  in.  ii.  374,  397, 
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Brain,  lymphatics  of,  ii.  301;  vi.  165 
membranes  of  the,  ii.  .339 
mental  disease  from  lesions  of,   vi. 

400 
■  Mental  function  of,  ii.  408 
midbrain  diseases,  ii.  395 
morphologj-,  ii.  280 
motor  control  by,  ii.  402 
motor  tract,  ii.  377,  378 
neurofibroma  of,  ii.  434 
number  of  neurones  in,  ii.  391 
osteoma  of,  ii.  4.34 
percentage  of  water  in  the,  ii.  390, 

402 
physiology  of  the,  ii.  397 

.association,  ii.  408 

caudate  nucleus,  ii.  411 

cerebellum,  ii.  409 

chemistrj',  ii.  401 

corpora  quadrigemina,  ii.  412 

ganglionic  gray  matter,  ii.  411 

general,  ii.  398 

geniculate  bodies,  ii.  412 

hearing,  ii.  407 

historical,  ii.  397 

irritability   of    the    cerebral    cells 
and  fibers,  ii.  399 

lenticular  nucleus,  ii.  411 

methods  of  investigation,  ii.  398 

motor  sensations,  ii.  407 

movement,  ii.  402 

paralyses,  ii.  403 

sensation,  ii.  405 

skin  sensations,  ii.  407 

smell,  ii.  407 

taste,  ii.  407 

temperature,  ii.  401 

thalamus,  ii.  411 

vision,  ii.  405 
pineiil  body,  i.  333;  ii.  397;  vii.  197, 

703;  viii.  68,  76 
Iilexuses,  ii.  321,  341 
pons,  diagnosis  of  lesion  of,  ii.  380 
postmortem  appearance  of  injuries 
of  the,  i.  812 

examination  of  the,  i.  799 
Ijrojection    tracts,    diagnosis    of    le- 
sions of,  ii.  376,  377 
psammoma  of,  ii.  433 
sand,  ii.  578;  iii.  223 
sarcoma  of,  ii.  433 
senile  changes  in,  vi.  84S 

softening,  vi.  857 
sensory   disturbances   in    lesions   of 

the,  i.  360  et  seq. 
serous  cavities  in  the,  ii.  301 
sinuses  of,  ii.  357 
softening  of,  ii.  366,  369;   vi.  s57 
stem,  ii.  2S9,  294,  302 
study  of  the  anatomy  of,  i.  343 
structural  elements,  ii.  274 
subdivisions  of  the.  ii.  285 
surfaces  of  the  hemispheres,  iii.  341 
surgery  of  the.  ii.  412 

abscess,  ii.  418 

apoplex.v,  ii.  419 

decompression,  ii.  416 

(;a.sserian  ganglion,  ii.  419 

historj',  ii.  412 

li\pophysi3,  ii.  420 

trephining,  ii.  413 

tumors,  ii.  418,  433 
syphilis  of  the,  ii.  426 

arterial  t.vpes,  ii.  428 

hereditary,  ii.  431 

feeble-mindedness,  ii.  432 

hydrocephalus,  ii.  432 

meninges  of  the  ba-se,  ii.  425 


Brain,  syphilis  of  the  meninges,  of  the 
convexity,  ii.  427 
treatment,  ii.  429 
tegmentum,   di-iKnosis  of  lesion  of, 

ii.  379 
temperature  of,  ii.  401 
teratoma  of,  ii.  434 
therapeutic  uses  of  extract  of.  vi.  92li 
thrombosis  of  arteries,  ii.  365 

veins  and  tissue.'",  ii.  308 
tumors  of  the.  ii.  418,  433 
course,  ii.  4.39 
diagnosis,  ii.  439 
etioloRv,  ii.  434 
operative  treatment,  ii.  418 
pathologj',  ii.  4.34 
symptomatologj*.  ii.  43.'> 
treatment,  ii.  418,  440 
varieties,  ii.  433 
\"eiiis  of,  ii.  3.52 

communications  between,  ii.  .350 
cortical,  ii.  3.57 
weight  of,  at  diflferent  ages.  ii.  3S7 
in  relation  to  in.sanity,  \-i.  409 
Brain-explorer,  Jackson's,  vi.  209 
Brain-sand,  ii.  578;  iii.  223 
Brain-stem,  ii.  289 

<ros.s-section  of,  ii.  294 
models  of  the,  ii.  302 
motor  nuclei  of,  ii.  294 
Brainard,  Daniel,  ii.  441 
Bran,  fu.i.l  value  of.  iv.  429 
Branchial  clefts,  vi.  670 
cysts,  ii.  441;  vi.  670 
fistula;,  ii.  441;  vi.  070 
carcinoma,  ii.  443 
diagnosis,  ii.  443 
origin,  ii.  442 
prognosis,  ii.  443 
structure,  ii.  442 
s>iiiiitoms,  ii.  443 
treatment,  ii.  443 
Branchiogenic  carcinoma,  ii.  443 

cysts  and  listula.s.  ii.  441 
Brand,  Ernst,  ii.  444 
Brand  bath,  v.  3ns;  viii    301 
Brandt,  Thure,  ii.  444 
Brandt's  glycerin  jelly,  v.  273 
Brandy,  i.  192 

f.KHl  vmIiii-  of.  iv.  429 
Braschysera,  ii.  444 
Brasdor,  Pierre,  ii.  444;  viii.  43 
Brashear,  Walter,  ii.  445;  viii.  53 
Brass,  occupational  disea:^es  causes  by, 

v.  Braun,  Carl,  ii.  445 

V.  Braun,  Gustav,  ii.  445 

Braunia  jassyensis,  ii.  445,  780 

Braxton-Hicks  version,  viii.  439 

Brayera,  viii.  567 

Brazil,  medical  practice  in,  vi.  294 

nuts,  food  value  of,  iv.  429 
Bread  culture  medium,  i.  .S92 

food  value  of.  i.  208;  iv.  429.  440 
Break-bone  fever,  iii.  483 
Breast,  absence  of.  ii.  462 
accessory,  ii.  450,  462 
acini  of,"ii.  453 
actinomycosis  of,  ii.  474 
adenocarcinoma  of.  ii.  487 
adenoma  of  the.  i.  122 
amputation  of,  for  carcinoma,  ii.  494 
anatomy  of  the,  ii.  446,  459 
acini,  ii.  453 
areola,  ii.  455.  459 
arteries,  ii.  450,  461 
changes  at  puberty,  ii.  448.  458 
condition  at  birth,  ii.  447,  4.58 
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Breast,   anatomy   of   the,   cousistenoe. 
ii.  449 
development,  ii.  446,  458 
embryology,  ii.  446,  458 
lobes  and  lobules,  ii.  452 
lymphatics,  ii.  4.56,  459;  vi.  179 
nerves,  ii.  456,  461 
nipple,  ii.  455 
number,  ii.  449 
papilla,  ii.  455 
parenchyma,  ii.  451 
relations,  ii.  448,  459 
shape,  ii.  449 
situation,  ii.  448 
size,  ii.  450 
skin,  ii.  455 
stroma,  ii.  454 
structure,  ii.  451,  459 
veins,  ii.  456,  461 
volume,  ii.  450 
weight,  ii.  449 
angioma  of,  ii.  4S1 
anomalies  of,  ii.  461 
areola,  ii.  455,  459 
arteries  of,  ii.  456,  461 
bandage  for,  ii.  16 
"caked,"  ii.  471 
cancer  of,  ii.  484 
carcinoma  of,  ii.  484 
acute,  ii.  490 
adeno-,  ii.  487 
after-treatment,  ii.  497 
age  in  relation  to,  ii.  485 
chronic,  ii.  490 
classification,  ii.  486 
colloid,  ii.  487 
course,  ii.  490 
cystic,  ii.  489 
diagnosis,  ii.  492 
en  cuirasse,  ii.  491 
etiology,  ii.  484 
heredity  in  relation  to,  ii.  485 
in  the  male,  ii.  487 
medullary,  ii.  486 
mortality,  ii.  492 
multiple,  ii.  489 

operative  treatment,  ii.  494,  496 
palliative  treatment,  ii.  495 
pathology,  ii.  486 
primary,  ii.  486 
prognosis,  ii.  492 
racial  predisposition,  ii.  485 
radiotherapy  of.  vii.  47.'5 
recurrence,  ii.  49:1 
scirrhus,  ii.  486 
secondary,  ii.  490 
sex  in  relation  to,  ii.  485 
simplex,  ii.  486 
symptoms,  ii.  490 
traumatism  in  relation  to.  ii.  485 
treatment,  ii.  493;  vii.  473 
varieties,  ii.  486 
changes  in,  at  puberty,  ii.  448,  458 

during  gestation,  iv.  683,  686 
condition  of,  at  birth,  ii.  447,  458 
consistence  of,  ii.  449 
cystadenoma  of,  ii.  481;  iii.  407 
cysts  of,  ii.  474;  iii.  417 
development  of,  ii.  446,  458 
diseases  of  the,  ii.  458 
actinomycosis,  ii.  474 
adenocarcinoma,  ii.  487 
atrophy,  ii.  468 
benign  tumors,  ii.  478 
cancer,  ii.  484 
cancer  cysts,  ii.  489 
carcinoma,  ii.  484 
congenital  anomalies,  ii.  461 
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Breast,  diseases  of  the,  cysts,  ii.  474 
489 

functional  disturbances,  ii.  409 

hypertrophy,  ii.  464 

inflammation,  ii.  470 

injuries,  ii.  474 

malignant  tumors,  ii.  484 

mastitis,  ii.  470 

of  the  nipple,  ii.  468 

Paget's  disease,  ii.  488 

sarcoma,  ii.  499 

syphilis,  ii.  472 

tuberculosis,  ii.  473 

tumors,  ii.  478 
ducts  of,  ii.  452 
ecchymosis  of,  ii.  470 
elephantiasis  of,  ii.  467 
embryology  of,  ii.  446,  458 
enchondroma  of,  ii.  483 
extract,  therapeutic  uses  of,  vi.  921 
fibroma  of,  ii.  479 
fistula  of,  ii.  472,  474 
functional  disturbances  of.  ii.  4(;'.l 
gumma  of,  ii.  472 
hematoma  of,  ii.  477 
hydatid  cyst  of,  ii.  478 
hypertrophy  of,  ii.  464 

congenital,  ii.  464 

diffuse  idiopathic,  ii.  464 

etiology,  ii.  465 

gestational,  ii.  465 

infantile,  ii.  464 

in  the  male,  ii.  468 

pathology,  ii.  465,  466 

physiological,  ii.  464 

prognosis,  ii.  466 

senile,  ii.  466 

symptoms,  ii.  465,  467 

treatment,  ii.  466,  467 

virginal,  ii.  464 
inflammation  of,  see  Mastitis,  ii.  47(1 
injuries  of,  ii.  474 

in  relation  to  cancer,  ii.  485 
irritable,  ii.  469 
large,  ii.  464 
lipoma  of,  ii.  482 
lobes  and  lobules  of,  ii.  452 
lymphatics  of,  ii.  456,  459;  vi.  179 
male,  carcinoma  of  the,  ii.  487 

hypertrophy  of,  ii.  468 

inflammation  of.  ii.  470 
myxoma  of,  ii.  480 
nerves  of,  ii."456,  461 
neuralgia,  ii.  469 
neuroma  of,  ii.  483 
neuroses  of,  ii.  469 
number  of,  ii.  449 
osteoma  of,  ii.  483 
Paget's  disease,  ii.  488 
parenchyma  of,  ii.  451 
plastic  resection  of,  ii.  476 
relations  of,  ii.  448,  459 
resection  of,  for  cystic  disease,  ii.  476 
sarcoma  of,  ii.  480,  499 
scirrhus  of,  ii.  486 
secretion,  cause. of,  vii.  698 
small,  ii.  462 
shape  of,  ii.  449,  459 
situation  of,  ii.  448,  459 
size  of,  ii.  450,  459 
skin  of,  ii.  455 
stroma  of,  ii.  454 
structure  of,  ii.  451,  459 
supernumerary,  ii.,450,  462;  viii.  136 
surgical  relations  of,  ii.  459 
syphilis  of.  ii.  472 

therapeutic  uses  of  extracts   of,   vi. 
921 


Breast,  tuberculosis  of,  ii.  473 
tumors  of,  ii.  478 
benign,  ii.  479 
malignant,  ii.  484 
veins  of,  ii.  456,  461 
volume  of,  ii.  450,  459 
weight  of,  ii.  449 
wounds  of,  ii.  474 
Breath,  ii.  601 

Breathing,  see  Re.spiratinn.  vii'.  538 
Breech  presentations,  v.  789 
Breeze-flies,  v.  601 
Bregma,  vii.  764,  774 
Brehmer,  Hermann,  ii.  503 
Brenzcain,  local  anesthesia  by,  i.  392 
Breschet,  Gilbert,  i.  337 
Bretonneau,  Pierre,  ii.  504 
Breus  forceps,  iv.  512 
Brewers'  yeast,  viii.  523 
Brick-makers,  diseases  of,  vi.  .836 
Brides-les-Bains,  ii.  504 
Bridge,  .spectacle,  viii.  041 
Briggs,  William,  ii.  505 
Briggs,  William  Thompson,  ii.  505 
Bright,  Richard,  ii.  505 
Bright's  disease,  .see  Nephritis,  vi.  715 
Brill's  disease,  ii.  505;  viii.  303 
Brinton,  Daniel  Garrison,  ii.  506 
British  Guiana,  medical  practice  in.  vi. 

294 
British    Honduras,    medical     practice 

in,   vi.  297 
British  IVIedical  Association,  ii.  506 

Medical  .Journal,  v.  709 
Broadbent's  sign,  vii.  112 
Broca,  Paul,  ii.  507 
Brodhurst,  Bernard  Edward,  ii.  507 
Brodie,  Benjamin,  ii.  508 
Brodie's  abscess,  ii.  2.')(> 
Brodie-Russel    coagulation    chamber, 

ii.  194 
Bromal  hydrate,  ii.  508 
Bromalin,  ii.  508 
Bromamide,  ii.  508 
Bromeliaceae,  ii.  508 
Bromide  delirium,  i.  199 
Bromides,  ii.  508 
Bromidrosis,  ii.  511 
Bromine,  ii.  511 
Bromine  chloride,  ii.  512 

disinfectant    action    of,    i.    838;   iii. 

625 
occupational  diseases  caused  by,  vi. 

829 
rash,  iii.  505 

use  of,  as  a  poisonous  gas  in  warfare, 
viii.  597 
Bromine-Arsenic  Springs,  ii.  512 
Bromipin,  ii.  512 
Bromoform,  ii.  512 
Bromohemol,  iv.  373 
Bromol,  ii.  513 
Bromum,  ii.  511 
Bromural,  v.  459 

Bronchi,  anatomy  of  the,  ii.  513;  vi.  84 
bleeding  from,  v.  179 
blood-vessels  of,  vi.  94 
dilatation  of,  ii.  517 
foreign  bodies  in  the,  i.  171 ;  ii.  531 
inflammation   of,    ii.    523;    see   also 

Bronchitis 
inspection  of,  ii.  531 
localization  of  foreign  bodies  in,  ii. 

531 
lymphatics  of,  ii.  514;  vi.  182 
mucous  membrane  of,  ii.  514 
structure  of,  ii.  513 
syphilis  of,  v.  848 
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Brea»l 
Buroltls 

Bronchial  glands,  anatomy  of,  ii. 

514 

Bronchoscopy  and  direct  laryngoscopy, 

Buckbean,  ii.  560 

diseases  of,  ii.  614 

definition,  ii.  531 

Buckeye,  i.  143 

diagnosis,  ii.  516 

history,  ii.  531 

Bucknill,  John  Charles,  ii.  550 

etiology,  ii.  515 

illumination  for,  ii.  532 

Buckthorn,  iv.  666 

pathology,  ii.  514 

instruments,  ii.  .532 

Budde  process,  li.  560 

physical  signs,  ii.  516 

mortality,  ii.  532 

Budding,  ii.  560 

prognosis,  ii.  517 

preparation  for,  ii.  533 

Buena  Vista  Springs,  ii.  662 

symptoms,  ii.  51.5 

radiographic  aid  in.  ii.  533 

Buerstensaum  of  the  kidney,  v.  727 

treatment,  ii.  517 

technique,  ii.  535 

Buffalo  gnats,  v.  tidl 

inflammation  of,  ii.  514 

usefulness,  ii.  531 

Buffalo  Lithia  Springs,  ii.  562 

tuberculosis  of,  ii.  515 

Bronze,   occupational   diseases  caused 

Buffon,  G.  L.  L.,  i,  334 

Bronchiectasis,  ii.  S17 

by,  vi.  827 

BUM'S  disease,  iv.  391 

atelertatic.  ii.  520 

Bronzed  diabetes,  iii.  520,  523 

Bulb  (medulla  oblongata),  ii.  289 

atrophic,  ii.  518 

skin  disease,  i.  114;     see     Addison's 

ocular,  ii.  241 

complications,  ii.  521 

ilixiane. 

taste,  iv.  25 

congenital,  ii.  519 

Broom-tops,  vii.  677 

urethral,  iv.  006 

course,  ii.  522 

Broth,  food  value  of,  iv.  428,  429 

v.-stitmlar,  iv.  (1.^7 

diagnosis,  ii.  522 

Brouardel,    Paul    Camille    Hippolyte 

Bulbar  paralysis,  vii.  305 

duration,  ii.  522 

ii.  538 

Bulbocavernous  muscle,  anomalies  of. 

ephysematous,  ii.  520 

Broussais,  Francois  Joseph  Victor,  ii. 

viii.  .-,93 

etiology,  ii.  519 
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Bulgaria,  medical  practice  in,  vi.  294 

hypertrophic,  ii.  518 

Brow   presentations   in   childbirth,    v. 

Bulimia,  i.  .500 

inflammatory,  ii.  520 

78!) 

Bull's  medical  treatment  of  hernia,  v. 

location,  ii.  519 

Brown,  John,  ii.  638 

morbid  anatomy,  ii.  517 

Brown  mixture,  vi.  902 

Bullets,  pistol,  iv.  803 

physical  signs,  ii.  521 

Brown-Buerger     combination     cysto- 

stopiiing  jHiwcr  of,  iv.  802 

prognosis,  ii.  52.3 

scope,  viii.  .■i45 

Bulpiss,  ii.  563 

saccular,  ii.  518 

Brown-Sequard,    Charles   Edward,   ii. 

Bumstead,  Freeman  J.,  ii.  563 

sputum  in,  vii.  921 

539 

Bungarus  fasciatus,  vii.  523 

symptoms,  ii.  520 

Browning's  antiseptic,  viii.  676 

symptoms   following  bite  of,   vii. 

treatment,  ii.  522;  viii.  175 

Browne,  Sir  Thomas,  ii.  639 

529 

ulcerative,  ii.  519 

Brownian  movement,  ii.  539 

Bunion,  ii.  564 

varieties,  ii.  517 

Brown-tail  moth,  ii.  540 

Bunsen  cell.  iii.  875 

vicarious,  ii.  520 

Brownsville,  ii.  539 

tiuTiiiorcgulator.  i.  899 

Bronchitis,  ii.  623 

Brown's  Wells,  ii.  639 

Buphthalmus,  iii.  292 

acute,  ii.  523 

Brudzinski's  sign,  vi.  357,  arid 

Burdach.  Karl  Friedrich,  li.  653 

bacteriology,  ii.  523,  525 

Bruecke,  Ernst  Wilhelm,  ii.  640 

Burdach's  nucleus,  ii.  2'.>'_> 

capillary,  ii.  626;  see  Broncho 

pneu- 

Bruecke's  fluid,  v.  254 

Burdette  Mineral  Wells,  ii    553 

monia. 

Bruening's  bronchoscope,  ii.  532 

Burdock,  v.  804 

chronic,  ii.  524 

Bruits,  ii.  640 

Burial,  iii.   tiT, 

climatic  treatment,  iii.  120 

cardiac,  ii.  644 

premature,  iii.   127 

diagnosis,  ii.  524 

Brumfels,  Otho,  ii.  641 

Burlington,  ii.  664 

etiology,  ii.  523,  524,  525 

Brunner,  Johann  Conrad,  ii.  541 

Burnet,  ii.  664 

fibrinous,  ii.  525;  iii.  383 

Brunner's  glands,  iii.  .")93 

Burns,  ii.  664 

open-air  treatment,  i.  141 

Bruno  of  Longoburgo,  viii.  38 

amputation  for,  i.  265 

pathology,  ii.  524,  525,  526 

Brunonianism,  ii.  642 

degrees  of,  ii.  554 

physical  signs,  ii.  524,  526 

Brunonian  movement,  ii.  539 

diagnosis,  ii.  557 

prognosis,  ii.  524,  526 

Brunschwig  of  Strassburg,  viii.  39 

evidences  of  death  from,  i.  818 

senile,  vi.  857 

Brush    border    (bucrstensauml    of   the 

incidence,  ii.  556 

sputum  in,  vii.  922 

kidney,  v.  720 

medicolegal  relations,  ii.  557 

symptoms,  ii.  524,  525,  526 

Bryonia,  ii.  642 

of  the  car,  iii.  766 

treatment,  i.  141;  ii.  524,  525 

526; 

Bubo,  ii.  642 

paraffin  dressings  for,  viii.  596 

iii.  120 

chancroidal,  ii.  544,  545 

pathologj-,  ii.  554 

Bronchopneumonia,  ii.  526 

climatic,  ii.  648 

prognosis,  ii.  556 

bacteriology,  ii.  527 

etiology,  ii.  543 

symptoms  of,  ii.  555 

complications,  ii.  529 

excision,  ii.  547 

treatment,  ii.  556 

diagnosis,  ii.  529 

gonorrheal,  ii.  543 

Burns  and  scalds,  ii.  664 

etiology,  ii.  526 

idiopathic  (bubon  d'embl^e),  ii.  544 

Bursa,  ii.  857 

pathological  anatomy,  ii.  527 

non-venereal,  ii.  543 

adventitious,  ii.  .563 

physical  signs,  ii.  529 

parotid,  vii.  620 

inflammation  of.  ii.  563 

prodromes,  ii.  528 

pathology,  ii.  542 

infrarardiac,  iii.  14S 

prognosis,  ii.  530 

plague,  vii.  213 

mucous,  ii.  564 

prophylaxis,  ii.  529 

simple,  ii.  545 

of  ankle,  ii.  562 

symptoms,  ii.  528 

submaxillary,  i.  424 

elbow,  ii.  559 

sputum  in,  vii.  923 

symptomatology,  ii.  545 

foot.  ii.  562 

tuberculous,  vii.  288 

syphilitic,  ii.  544,  546 

hand,  ii.  559 

Bronchoscopes,  ii.  532 

treatment,  ii.  546 

head,  ii.  557 

Bronchoscopy,  ii.  531 

varieties,  ii.  543 

hip.  ii.  560 

dangers  of,  ii.  532 

venereal,  ii.  543 

knee,  ii.  561 

lower,  ii.  531 

virulent,  ii.  545 

neck,  ii.  557 

oral,  ii.  531 

Bubon  d'emblee,  ii.  544 

shoulder,  ii.  .558 

technique,  ii.  535 

Buchner's   method   for  anaerobic  cul- 

trunk, ii.  558 

tracheotomic,  ii.  531 

tures,  i.  907 

«-rist,  ii.  559 

upper,  ii.  531 

Buchu,  ii.  648 

synovial,  ii.  503 

utility  of,  ii.  531 

iliurotii'  action  of,  iii.  684 

Burseracese,  ii.  563 

Bronchoscopy  and  direct  laryngoscopy. 

Buck,  Gurdon,  ii.  649;  viii.  54 

Bursitis,  ii.  563 

ii.  631 

Buck's  extension,  iv.  551 

ellxjw,  i.  504 

dangers,  ii.  532 

scarificator  for  edema  glottidis.  v.  Sll 

iliopsoas,  ii.  565 
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Bursitis,  prepatellar,  ii.  504 

retrocalcaneal,  ii.  564 

subacromial  or  subdeltoid,  ii.  565 

subpatellar,  ii.  564 
Butchers,  diseases  of,  vi.  8.38 
Buthus,  ii.  565 

c.'uolinus,  V.  596 
Butter,  food  value 'of,  i.  208;  iv.  428, 
429 

of  antimony,  i.  481 
Butterflies,  v.  603 

Butterfly    lesion    of    lupus    erythema- 
tosus, vi.  140 
Futtermilk,  food  value  of,  iv.  428,  4.36 

for  infant  feeding,  v.  538 
Butternut,  v.  712 
Buttocks,  vii.  78 

Button-makers,  diseases  of,  vi.  S.37 
Butyl  chloral  hydrate,  ii.  565 
Butyric  acid,  i.  77;  ii.  565 
Buxton,  ii.  56S 
Buxus,  ii.  273 
Byford,  William  H.,  ii.  566 

Cabell,  James  Lawrence,  ii.  566 
Cabinet,  differential  pressure,  viii.   172 

pneumatic,  vii.  262 
Cabot,  Arthur  Tracy,  ii.  567 
Cabot's   operation   for   urethral   stric- 
ture, viii.  340 
Cacao,  butter  of,  ii.  567  I 

food  value  of,  i.  213;liv.  430 
Cachexia,  ii.  568 

cancerous,  ii.  602 

lead,  vii.  261 

malarial,  vi.  220 
Cacodylic  acid,  ii.  569''' 
Cacotrophia  foUiculorum,  v.  722 
Cactaceae,  ii.  569 

eliararteristios  of,  vii.  224 
Cactus  grandiflorus,  ii.  569 
Cadaverine,  ii.  569;  vii.  382 
Cade,  oil  of.  ii.  569 
Cadmium,  ii.  570 
Caesalpinus,  i.  330 
Caffeine,  ii.  570 

diuretic  action  of,  iii.  684 

percentage  of,  in  coffee,  iii.  149 
in  tea,  viii.  104 
Cairo,  iii.  858 
Caisson  disease,  ii.  572 ;  vi.  835 

etiology,  ii.  572 

history,  ii.  572 

pathology,  ii.  575 

prophylaxis,  ii.  576 

symptoms,  ii.  573 

treatment,  ii.  575 
Cajal's  staining  method,  v.  270 
Cajuput,  oil  of,  ii.  577 
Calabar  bean,  vii.  189 

swellings,  ii.  577 
Calamine  (zinc  carbonate),  viii.  545 
Calamus,  ii.  577 
Calcaneobursitis,  iv.  480 
Calcaneus,  excision  of,  iv.  211 
Calcareous  waters,  ii.  9 
Calcification,  ii.  578;  iii.  471;  vii.  141 

and  ossification,  distinction  between, 
ii.  578 

chemistry,  ii.  580 

etiology,  ii.  578 

gross  appearance,  ii.  580 

lessened,  ii.  581 

microscopical  appearance,  ii.  580 

occurrence,  ii.  579 

reaction  to,  ii.  581 

significance  of,  ii.  581 
Calciphilia,  ii.  578 
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Calcium,  ii.  581 

bromide,  ii.  511 

carbonate,  ii.  582 

chloride,  ii.  830 

disinfectant  action  of,  iii.  626 

food  value  of,  i.  211 

hydroxide,  ii.  581 

disinfectant  action  of,  i.  837 

hypophosphite,  v.  469 

infarcts,  v.  541 

in  urine,  viii.  359 

oxide,  ii.  581 

phosphate,  ii.  583 

sulphate,  ii.  583 

sulpliide,  viii.  IS 
Calculi,  iii.  223 

amyloid,  iii.  223,  298 

biliary,   ii.   51;   iii.   223;  vi.   68;   sec 
Gallstones. 

calcium  carbonate,  iii.  230 
oxalate,  iii.  229 

cardiac,  iii.  225 

cholecystic,  ii.  51;  iii.  223;  vi.  68 

cholesterin,  iii.  221 

conjunctival,  iii.  249,  254 

cutaneous,  iii.  225 

cystic,  ii.  79;  iii.  227 
diagnosis,  ii.  80 
prophylaxis,  ii.  80 
treatment,  ii.  81;  vi.  26,  30 
varieties,  ii.  80;  iii.  227 

cystine,  iii.  230,  471 

indigo,  iii.  230 

intestinal,  iii.  226;  iv.  49 

nasal,  iii.  227 

oxalate,  iii.  229 

pancreatic,  iii.  226;  vii.  21. 

preputial,  iii.  226 

phosphatic,  iii.  230 

prostatic,  iii.  227;  vii.  337 

pulmonary,  iii.  227 

renal,  v.  739 

operation  for,  vi.  727 

salivary,  vii.  619;  viii.  121 

serumal,  \Tii.  121 

tonsillar,  iii.  227;  viii.  228 

uratic,  iii.  229 

ureteral,  viii.  324 

uric-acid,  iii.  228 

urinary,  ii.  79;  iii.  226;  v.  739 

urostealith,  iii.  230 

venous,  viii.  667 

vesical,  ii.  79;  iii.  227 
diagnosis,  ii.  80 
prophylaxis,  ii.  80 
treatment,  ii.  81;  vi.  26,  30 
varieties,  ii.  SO;  iii.  227 
Caledonia  Springs,  ii.  583 
Calendula,  ii.  584 
Calico  printing,  occupational  diseases 

incidental  to,  vi.  837 
California  Geysers,  ii.  584 
California,  medical  practice  in,  vi.  294 

."Southern,  ii.  585 
Calisaya  (cinchona),  iii.  69 
Callaud  cell,  iii.  875 
Calliphora,  ii.  587 
Callosity,  ii.  587 
Callus,  ii.  587 

artificial  increase  of,  ii.  259 

in  fractures,  iv.  532 
Calmette's  ophthalmoreaction,  vi.  888 

serum,  vii.  533 
Calomel,  v.  368 

poisoning  by.  v.  374 
Calomelol,  v.  372 

Calories  in  different  food  substances, 
i.  208;  iv.  428 


Calories,    individual    requirements,    i. 

20S;  iv.  434 
Calorimetry,  v.  112 

direct,  v.  1 15 

indirect,  v.  113 
Calot  jacket  in  Pott's  disease,  i.  685; 

vii.  890 
Calumba,  ii.  588 
Calvities,  i.  225;  see  Alopecia. 
Calx,  ii.  581,  588 

ehlorinata,  ii.  588,  831 

sulphurata,  ii.  588;  viii.  IS 
Calycanthus,  ii.  588 

Camas,  poisoning  by,  vii.  235  J 

Cambogia,  ii.  588  1 

Camden,  S.  C,  ii.  589  1 

Camera  lucida,  vi.  49s  I 

Cammidge  reaction,  ii.  589  I 

Camp  diseases,  v.  422  ■ 

sites,  V.  413 
Campanulacese,  ii.  590 

characteristics  of,  vii.  224 
Campechy  wood,  v.  148 
Camper,  Pieter,  i.  336 
Camphoid,  ii.  590 
Camphol,  vii.  624 
Camphor,  ii.  590 

anemone,  vii.  397 

Borneo,  ii.  266 

buchu,  ii.  549 

chloral,  ii.  827 

monobromated,  ii.  591 

poisoning  by,  viii.  566 

salicylate,  ii.  591 
Camphoric  acid,  ii.  .591 
Camptodactyly,  ii.  591 
Canada  balsam,  ii.  592 
Canada,  medical  practice  in,  vi.  294 
Canadian  Medical  Association,  ii.  592 
Canal,  crural,  i.  8 

femoral,  i.  8 

Haversian,  ii.  245 

hyaloid,  viii.  461 

opacity  of  walls  of,  viii.  402 

inguinal,  i.  5 

jugular,  ii.  359 

neurenteric,  i.  521 

notochordal,  i.  521 

of  Schlemm,  iv.  249 

optic,  iv.  248 
Canalicotomy,  laryngeal,  v.  795 
Canaliculi,  lacrymal,  diseases  of,  v.  793 
Canary  Islands,  ii.  592 
Cancer,  ii.  594,  627;  vi.  705;  vii.  639; 
see  also  Carcinoma  and  Sarcoma. 

age  in  relation  to,  ii.  596 

anaphylaxis  in,  ii.  605 

antimeristem  in.  ii.  609 

antitrj-ptic  test,  ii.  604 

ascitic  fluid  in  the  treatment  of,  ii 
606 

blastomycete  cultures  in  the  treat- 
ment of,  ii.  609 

blood  changes  in,  ii.  601 

blood-vascular,  ii.  238 

chemical  irritants  in  relation  to,  ii. 
598 

chemotherapy  of,  ii.  607 

chimney-sweep's,  vii.  679 

clinical  phenomena,  ii.  600 

Coley's  fluid  in.  ii.  608 

colloidal   solution  of   metals  in  the 
treatment  of,  iv.  302 

consistency  of,  ii.  600 

contagiousness  of,  ii.  602 

cutireaction  in,  ii.  604 

diagnosis  of,  ii.  603 

diathermy  in,  iii.  563 
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Cancer,  dissemination  of,  ii.  601 
Doyen's  vaccine  in.  ii.  608 
drag  treatment  of,  ii.  605 
electrocoagulation  of,  iii.  880 
electrolysis  of,  iii.  897 
enzyme  treatment  of.  ii.  600 
erj'sipelas  in  relation  to,  ii.  600,  608 
etiologj",  ii.  594 
fi.stulas  in  relation  to.  ii.  599 
Freiind-Kaminer  reaction  in,  ii.  605 
fulguration  in,  ii.  607;  iv.  56ft 
general     etioloK>-.     diagnosis,     and 

treatment,  ii.  594 
hemolytic  tests  for,  ii.  604 
heterolysins  in.  ii.  601 
increase  of,  ii.  595 
ionic  therapy  of,  v.  657 
irritation  in  relation  to.  ii.  598 
leucodiagnosis  of,  ii.  603 
leucoplakia  in  relation  to.  ii.  599 
meiostagmin  reaction  in,  ii.  603 
metastasis,  ii.  601;  vi.  479 
nsevi  in  relation  to,  ii.  599 
of  the  appendix,  ii.  708 

axillary  border,  ii.  489 

breast,  ii.  484 

cecum,  ii.  703 

cervix  uteri,  viii.  381 

colon,  iii.  185 
diagnosis,  i.  40 

gall-bladder,  iv.  609 
diagnosis,  i.  31 

kidney,  v.  75S 
diagnosis,  i.  36 

mediastinum,  vi.  287 

nose,  vi.  623 

omentum,  vi.  876 

ovarj-,  vi.  946 
diagnosis,  i.  40 

oviducts,  vi.  956 

pancreas,  vii.  24 
diagnosis,  i.  32 

penis,  vii.  101 

periosteum,  vii.  123 

peritoneum,  vii.  124.  125,  133 

pharynx,  vii.  163,  166 

rectum,  vii.  500 

salivary  glands,  vii.  623 

scrotum,  vii.  679 

skin,  ii.  638 

stomach,  vii.  987 
diagnosis,  i.  31 
diet  in,  iv.  442 

uterus,  viii.  381 
diagnosis,  i.  39 

vagina,  viii.  410 
opotherapy  of,  ii.  607 
parasitic  theory,  vi.  709 
physical  agents  in  relation  to,  ii.  598 
precipitins  in,  ii.  603 
radiotherapy  of.  ii.  606,643;  vii.  471 
recover\'  from,  spontaneous,  ii.  605, 

637 
recurrence  of,  ii.  601 
scars  in  relation  to,  ii.  599 
serotherapy  of,  ii.  608 
sex  in  relation  to,  ii.  597 
size  of,  ii.  600 

spontaneous  healing  of,  ii.  605,  637 
syphilis  in  relation  to,  ii.  599 
trauma  in  relation  to,  ii.  485,  597, 

630 
treatment  of,  ii.  605;  iii.  563,  886, 

897;  iv.  362,  569;  v.  657;  vii.  471 
trypsin  in,  ii.  607 
tuberculosis  in  relation  to,  ii.  599 
ulcers  in  relation  to,  ii.  599 
urine  in,  ii.  602 


Cancer,  water,  vii.  991 

j--rays  in  the  causation  of,  ii.  598 
in  thetrcatmentof,  ii.  606;  vii. 471 
Cancroidin,  ii.  609 
Cancrum  oris,  iv.  616;  vii.  991 
Canella  bark,  ii.  609 
Cane  sugar,  vii.  008 
Canities,  ii.  609 

of  the  eyelashes,  iv.  311 
Cannabinol,  ii.  61 1 
Cannabis  indica,  ii.  610 
Cannani,  Johannes  Baptistus,  ii.  611 
Cannes,  ii.  612 

Canning,    occupational    diseases    inci- 
dental to.  vi.  838 
Caiion  City,  Colo.,  iii.  210 
Canquoin,  Alexandre,  ii.  613 
Canstatt,  Karl  Friedrich,  ii.  613 
Cantani,  Arnaldo,  ii.  614 
Cantharellus  cibarius,  iv.  582 
Cantharis,  ii.  614 

vesicatoria.  v.  602 
Canutillo,  see  Ephedra    aniisyphilitlra, 

iv.  53 
Caoutchouc,  iii.  861. 
Cap  of  the  stomach,  Roentgen  diagno- 
sis of  disease  of,  vii.  597 
Cape  aloes,  i.  224 
Cape  Cod,  vi.  610 
Cape  Colony,  medical  practice  in,  vi. 

295 
Cape  May,  ii.  615 
Capillaries,  ii.  135 

blood  flow  in  the.  ii.  135,  137 

histology  of  the,  ii.  221 

pathological  anatomy  of  the,  ii.  222 

senile  changes  in.  vi.  847 
Capon  Springs,  ii.  616 
Capric  acid,  i.  77:  ii    616 
Caproic  acid,  i.  77;  ii.  616 
Caprylic  acid,  i.  77;  ii,  616 
Capsaicin,  ii.  017 
Capsicin,  ii.  617 
Capsicum,  ii.  616 

red  stain,  v.  271 
Capsule,  bacterial,  staining  of,  i.  915 

internal,  diagnosis  of  lesions  of,  ii.  378 
Captol,  ii.  617 

Caput  gallinaginis  (coUiculus  urethra- 
lis),  iii.  168 

McdusiE.  viii.  670 

in  hepatic  cirrhosis,  vi.  .56 
Caraate,  vii.  198 
Carabaiia  Mineral  Spring,  ii.  617 
Caramel,  ii.  617;  vii.  008 
Caramelan,  vii.  (i()8 
Caraway,  ii.  664 
Carbamic  acid,  ii.  617 
Carbazotic  acid,  vii.  190 
Carbo,  ii.  617 

animalis.  ii.  018 

ligui.  ii.  618 
Carbohydrates,  i.  205;  ii.  618 

calorics  in,  i.  208 

diucstion  of,  iii.  574 
Carbolic  acid,  vii.  166 

caustic  action  of.  ii.  09S 

disinfectant  action  of,  i.  837;  iii.  626. 
634 

gangrene  from.  iv.  618 

local  anesthesia  by,  i.  392 

occupational  diseases  caused  by.  vi. 
831 

poisoning  by,  vii.  167 

postmortem  evidence  of,  i.  805 
Carbon,  ii  617 

bisulphide,     occupational     diseases 
caused  by,  vi.  829 


Carbon  dioxide,  ii.  OM 

action  of,  in  producing  shock,  i.  36S 
on  respiration,  i.  3C8 
on  the  circulation,  i.  36S 

in  the  air,  i.  161 

occupational  diseases  caused  by, 
vi.  829 

snow,  ii.  618 

tests  fur,  ii.  622 
disulphidc.  ii.  619 
monoxide,  ii.  623 

occupational  diseases  caused   by, 
vi.  829 

postmortem  evidences  of  r>oison- 
ing  by.  i.  806 
oxides  of.  ii.  620 
tetrachloride,  ii.  624 
Carbonates  in  urine,  viii.  3.59.  300,  361 
Carbonei  disulphidum,  ii.  619 
Carbonic  acid.  ii.  623 

gas,  ii.  620 

wat<?r,  ii.  626 
oxide,  ii.  623 
Carbonous  oxide,  ii.  023 
Carbo-sapol,  ii.  625 
Carbuncle,  ii.  626 

phototherapy  of,  vii.  186 
treatment  of,  i.  53 
vaccine  therapy  of.  viii.  403 
Carbureted     hydrogen,     occupational 

diseases  caused  by,  vi.  829 
Carcinoma,  ii.  627 
branchiogenic,  ii.  443 
cerebral,  ii.  434 
<'lassification,  i'.  628 
colloid,  of  the  breast,  ii.  4S7 
cutaneous,  ii.  638 

diagnosis,  ii.  642 

etiology,  ii.  641 

morbid  anatomy,  ii.  640 

nodular,  ii.  639 

pathology,  ii.  640 

prognosis,  ii.  642 

treatment,  ii.  642 
definition,  ii.  627 
en  cuirasse.  ii.  491 
etiolog>-,  ii.  629 

heredity  in  the  causation  of.  ii.  630 
implantation  of,  ii.  636 
medullary,  ii.  486 
metastasis,  ii.  635 
morphology  of,  ii.  631 
multiple  primary,  ii.  636 
of  the  breast,  ii.  484 

colon,  iii.  185 

Fallopian  tube,  vi.  957 

intestine,  v.  638 

iris,  v.  668 

joints,  viii.  330 

kidney,  v.  759 

larynx,  v.  S;M,  847 

lip.  ii.  639 

liver,  vi.  ti3 

lungs,  vi.  110 

lymph  nodes,  vi.  157 

mandible,  v.  696 

maxilla,  v.  688 

nose,  vi.  623 

ovar>-,  vi.  947 

oviducts,  vi.  957 

peritoneum,  vii.  124.  12.'i.  133 

pharynx,  vii.  163 

skin,  ii.  638 

stomach,  vii.  987 

sweat-glands,  ii.  639.  641 

testicle,  viii.  147 

thoracic  duct,  viii.  172 

thyroid,  viii.  192 
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Carcinoma  of  the  tongue,  viii.  212 
tonsils,  viii.  330 
uterus,  viii.  381 
vulva,  viii.  471 

papillarj',  ii.  639 

parasitic  theory  of,  ii.  630 

"permeation"  of,  ii.  484 

psychoses  of,  vii.  378 

spontaneous  cure  of.  ii.  637 

structure  of,  ii.  631 

systemic  effects  of,  ii.  637 

trauma  in  the  causation  of,  ii.  485, 
597.  630 
Cardamom,  ii.  643 

oil  of.  ii.  G44 
Carden,  Henry  Douglas,  ii.  644 
Garden's  amputation,  i.  294 
Cardiac  murmurs,  ii.  644 
Cardialgia,  hysterical,  v.  486 
Cardinal  veins,  viii.  655 
Cardiocentesis,  vii.  30 
Cardiography,  ii.  647 
Cardioid  condenser,  viii.  G54 
Cardio-inhibitory  mechanism,  v.  572 
Cardiolysin,  v.  175 
Cardiolysis,  ii.  657 
Cardioptosis  (ror  mobile),  v.  70 
Cardiospasm,  iv.  119:  vii.  971 
Cardiovascular  system,  hypoplasia  of 

the.  ii.  224 
Carduus  benedictus,  ii.  657 
Cargentor,  i.  527 
Cargile  membrane,  ii.  6S8 
Carica,  vii.  26 
Caries,  ii.  258 

dental,  viii.  116 
etiology,  viii.  117 

orbital,  vi.  909 

spinal,  i.  683,-  see  Pott's  disease. 
V.  Carion's  ophthalmoscope,  vi,  893 
Caris,  ii.  658 
Carlsbad,  ii.  658 
Carmalum,  \-.  207 
Carminatives,  ii.  659 
Carmine  stains,  v.  207 
Carminic  acid,  vii.  194 
Carniferrin,  iv.  372 
Carniferrol,  iv.  372 
Carnine,  ii.  659 
Carnitine,  ii.  659 
Caroba,  ii.  659 
Carota,  ii.  659 

Carotid  artery,  common,  ligature  of,  vi. 
664 

gland,  ii.  659 

pathology,  ii.  660 
Carpenter,      William      Benjamin,      ii. 

661 
Carpet-cleaners,  diseases  occurring  in, 

vi.  833 
Carpus,  viii.  518 

dislocation  of,  iii.  652 

excision  of,  iv.  193 

fracture  of,  iv.  549 
Carrageen,  iii.  14 
Carrazzi's  hematoxylin,  v.  266 
Carrel     method    of    wound  irrigation, 

viii.  675 
Carriers,  bacteria,  i.  876 

cerebrospinal  meningitis,  i.  877 

cholera,  i.  876 

diphtheria,  i.  876;  iii.  604 

dysentery,  i.  879;  viii.  608 

gonorrhea,  i.  879 

influenza,  i.  877 

malaria,  vi.  212 

Malta  fever,  i.  879 

plague,  i.  879 


Carriers,  typhoid,  i.  853,  877 

undulnnt  fever,  i.  879 
Carrion's  disease,  vi.  923 
Carroll,  James,  ii.  661 
Carron  oil.  ii.  582 
Carrot,  ii.  659 

fr.od  v.ilue  of,  iv.  429 
Carson,  Joseph,  vii.  46 
Carthamus,  ii.  661 
Cartilage,  ii.  661 

arytenoid,  v.  822 

chemistry  of.  ii.  663 

costal,  viii.  645 

cricoid,  v.  822 

cuneiform  (Wrisberg's),  v.  823 

displaced,  v.  704 

fibro-.  ii.  663 

fibroelastic,  ii.  663 

hyaline,  ii.  661 

laryngeal,  v.  822 

nasal,  vi.  614 

ossification  of,  ii.  247 

Santorini's,  v.  823 

semilunar,  v.  766 

displacement  of,  v.  704 

senile  changes  in,  vi.  849 

.slipped,  V.  704 

subluxated,  v.  704 

thyroid,  v.  822 

transplantation  of,  viii.  259 

xiphoid,  viii.  646 
Cartilage,  bones,  and  teeth,  chemistry 

of.  ii.  663 
Carum,  ii.  664 
Caruncle,  urethral,  viii.  471 
Carus,  Karl  Gustav,  ii.  664 
Carvacrol,  ii.  665 
Carvol,  ii.  r>(i4 
Caryolysis,  ii.  665 
Caryophyllus,  ii.  665 
Caryorrhexis,  ii.  665 
Casanthrol,  ii.  666 
Cascara  uniarKa,  ii.  666 

sagrada,  ii.  666 
Casein,  vi.  506 

ointment,  ii.  667 

test.s  for,  in  the  stomach,  vii.  958 
Caseoiodine,  ii.  667 
Cashew  nuts,  ii.  667 
Casper's  ureter  cystoscope,  viii.  345 
Cassebohm,  Johann  Friedrich,  ii.  667 
Casserio,  Giulio,  ii.  667 
Cassia  cinnamon,  iii.  75 

fistula,  ii.  668 
Cassine,  ii.  668 
Castalian  Spring,  ii.  668 
Castanea,  ii.  669 
Castle  Hot  Springs,  ii.  669 
Castor,  ii.  669 
Castor  oil,  ii.  670 

seeds,  poisoning  by,  vii.  232 
Castration,  ii.  671 

for  malignant  disease,  ii.  672 

for  osteomalacia,  vi.  928 

in  prostatic  hypertrophy,  vii.  336 

technique  of,  ii.  671 
Casts,  urinary,  vi.  717;  viii.  362 
le  Cat,  Claude-Nicolas,  viii.  43 
Catabolism,  ii.  54 
Catalase,  ii.  673 

Catalepsy,  ii.  673;  iii.  206:  vi.  446 
Catalyzers,  iv.  361 
Catamenia,  vi.  377 
Cataphoresis,  i.  393;  ii.  674 
Cataplasma  kaolin,  ii.  674 
Cataract,  ii.  674 

accidents  during  operation,  ii.  682 

anterior-cortical,  ii.  676 


Cataract,  anterior-polar,  ii.  076 

black,  ii.  677 

clinical  forms  of,  ii.  676 

complicated,  ii.  678 

couching,  ii.  683 

definition,  ii.  674 

dilaceration  of  membranous,  ii.  684 

discission,  ii.  684 

etiologj',  ii.  677 

experimental,  ii.  678 

extraction  of,  ii.  681 
in  capsule,  ii.  685 

general  diseases  in  relation  to,  ii.  678 

hypermature,  ii.  677 

incipient,  ii.  677 

Indian  operation,  ii.  685 

intumescent,  ii.  677 

lamellar,  ii.  676 

mature,  ii.  677 

medical  treatment,  ii.  679 

needling,  ii.  684 

operative  treatment,  ii.  679 

patholog>',  ii.  675 

perinuclear,  ii.  676 

posterior-cortical,  ii.  676 

posterior-polar,  ii.  676 

progressive,  ii.  676 

reclination,  ii.  683 

situation,  ii.  675 

symptoms,  ii.  675 

technique  of  extraction,  ii.  6S1 

traumatic,  ii.  678 

treatment,  ii.  679  M 

varieties  of,  ii.  676  * 

z<fnular,  ii.  670 
Cataria,  ii.  694 
Catarrh,  vi.  548 

acute,  vi.  548;  vii.  567 

atrophic  nasal,  vii.  569 

autumnal,  iv.  914;  see  Hay  fever. 

bronchial,  ii.  523,  524 

chronic,  vi.  549;  vii.  568 

epidemic  (influenza),  v.  555 

gastric,  vii.  967 

hypertrophic  nasal,  vii.  569 

intestinal,  iv.  34 
acute,  iii.  8;  iv.  34 
chronic,  iv.  38 

laryngeal,  v.  808 

acute,  V.  808  J 

chronic,  v.  811  I 

nasal,  vii.  567  1 

acute,  vii.  567 
chronic,  vii.  568 

pharyngeal,  vii.  151,  155 

spring  (conjunctivitis),  iii.  250 

suffocative  (asthma),  i.  739 

urethral,  viii.  335 

vernal  (conjunctivitis),  iii.  250 
Catarrhal  inflammation,  vi.  548 
Catatonia,  ii.  686;  vi.  445 
Catechu,  ii.  687 
Caterpillars,  poisonous,  ii.  687 

saddle-back,  v.  603 
Cathartics,  ii.  687 

adjuvants  to,  ii.  690 

hypodermic  purgation,  ii.  691 

x-ray  investigation  of  the  pharma- 
cology of,  ii.  690 
Cathelin's  vesical  divisor,  viii.  342 
Catheterism,  ureteral,  viii.  344 

urethral,  ii.  691 

in  prostatic  hypertrophy,  vii.  333 
Catheters,  ii.  692 

elbowed,  vii.  333 

ureteral,  viii.  344 
Cations  influencing    colloid    solutions, 

iv.  360 
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Catnip,  li.  691 
Catoosa  Springs,  ii.  694 
Cauda  equina,  ii.  694;  vii.  831 
Caul,  ii.  695 

Cauliflower,  food  value  of,  iv.  429 
crowth.  iii.  232 

of  cervix  uteri,  viii.  381 
Caulophyllum,  ii.  696 
Causalgia,  ii.  696 
Caustics,  ii.  696 
lunar,  i.  525 
Vienna,  vii.  317 
Cauterization,  ii.  698 
Cautery,  actual,  ii.  69S 
h.v.sterectomy  by,  v.  479 
potential,  ii.  696 
Cavernoma,  portal,  viii.  672 
Cavernositis,  vii.  99 
Cavum   subarachnoidale,   ii.   361: 

832 
Cayenne  pepper,  ii.  616 
Ceanothus,  ii.  699 
Cecum  and  appendi.x,  diseases  of  t 
ii.  699 
anatomy,  iii.  581 
atony  of  the,  ii.  700 
carcinoma  of  the,  ii.  703 
mobile,  ii.  700 
movements  of,  v.  615 
mucomembranous  catarrh  of  the 

702 
spasm  of  the,  ii.  701 
surgical  anatomy  of  the.  i.  IS 
tuberculosis  of  the,  ii.  703 
Cedar  Keys,  ii.  708 
Cedron  seeds,  ii.  708 
Celery,  708 

food  value  of.  iv.  429 
fruit,  viii.  320 
Celiac  disease,  ii.  708 
Celiohysterectomy,  ii.  759;  v.  476,  ■ 
Celiohysterotomy,  ii.  757 
Celiolymph,  ii.  749 
Celiotomy,  incisions  for,  i.  21 
Cell,  ii.  710 

amacrine,  of  the  retina,  iv.  260 
bacterial,  structure  of,  i.  829 
carcinoma,  iii.  419 
cerebrospinal  fluid,  ii.  753 
chromaffin,  of  the  adrenals,  viii.  : 
ciliated,  iv.  75 
columnar,  iv.  75 
electric,  iii.  873 
Bunsen,  iii.  875 
C'allaud,  iii.  875 
Daniell,  iii.  875 
De  la  Rue,  iii.  874 
Edison-Lalande,  iii.  875 
gravity,  iii.  875 
Grenet.  iii.  875 
Grove,  iii.  875 
talande-Chaperoue.  iii.  874 
Latimer-Clark,  iii.  874 
Leclanchf .  iii.  874 
Maische,  iii.  874 
Marie-Davy.  iii.  874 
Maynooth.  iii.  874 
Niaudet,  iii.  874 
Partz,  iii.  875 
Poggendorf,  iii.  874 
Schanschieff.  iii.  874 
ScrivanofT.  iii.  874 
Smee.  iii.  874 
voltaic,  iii.  873 
AValker.  ui.  874 
endothelial,    diagnostic    signiticai 

of,  iii.  41S 
epithelial,  iv.  74;  see  Epithelium. 
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Cell,  germ,  iv.  673 
giant,  ii.  161;  iv.  698 
glandular,  iv.  76,  719 
glia,  ii.  278 
goblet,  iv.  76 
Kupffer's,  vi.  52 
lamellar,  iii.  255 

large    mononuclear,    diagnostic   sig- 
nificance of,  iii.  419 
mast,  ii.  117 

diagnostic  significance  of,  iii.  419 
nerve,  ii.  274;  vi.  728 

growth  of,  ii.  392 

irritability  of,  ii.  399 

number  of,  ii.  391 

size  of,  ii.  391 
neuroepithelial,  iv.  77 
pigmented  epithelial,  iv.  76 
plasma,  iii.  256 

led  blood,  ii.  114;  see  Erylhrocytes. 
renal,  v.  727 

diagram  of  physiologj-  of,  vi.  465 
reproduction  of,  ii.  713 
squamous,  iv.  74 
structure  of  the.  ii.  711 
sympathetic  nerve,  ii.  275 
transitional,  iv.  76 
vasoformative,  erythrocytes  derived 

from.  ii.  124 
vital  property  of.  ii.  713 
white  blood,  ii.  116;  see  Leucocytes. 
Cell-body,  ii.  711 
Cell-division,  direct,  ii.  714 

indirect,  ii.  713 
Cell-membrane,  ii.  712 
Cell-theory,     formulation    of    the.     i. 
339 

Cellia,  ii.  715 

Cellular  diagnosis  (cytodiagnosis).  iii. 

417 
Cellulase,  ii.  715 
Cellulitis,  gangrenous,  iv.  616 

laryngeal,  v.  810 

orbital,  vi.  907 

pelvic,  vii.  75 
Cellulose,  ii.  715 

Celsius  thermometer  scale,  viii.  161 
Celsus,   Aulus   Cornelius,   ii.    715;    vi. 
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Cement,   occupational   disease   caused 

by.  vi.  832 
Cementum,  dental,  \-iii.  107 

pathology  of.  viii.  118 
Cenesthesia,  ii.  715 
Centaurium,  ii.  716 
Center,    auditory,    ii.    294.    306,    307. 
407 

medullary,  ii.  383 

pontine,  ii.  383 

respiratory,  vii.  544 

speech,  iii.  343 

suprasegmental.  ii.  284 

vasomotor,  ii.  157 

diagnosis  of  lesions  of.  ii.  387 

visual,  ii.  319;  iii.  324 
Centigrade    thermometer    scale,    viii. 

nil 
Centipedes,  ii.  716;  v.  596 
Centrifuge,  blood  count  by  means  of 

the.  ii.  170 
Centriole,  ii.  712 
Centrosome,  ii.  712 
Cephaeline,  v.  658 
Cephalalgia,  v.  10;  see  Headache. 
Cephalhematoma,  ii.  717 
Cephalic  index  in  children,  ii.  817 

vein,  anomalies  of.  viii.  65S 
Cephalin,  ii.  716 


Cephalocele,  ii.  718;  viii.  133 
actjuired,  ii.  722 
clinical  features,  ii.  720 
congenital,  ii.  718 
diagnosis,  ii.  720 
pathologj-,  ii.  719 
prognosis,  ii.  720 
treatment,  ii.  721 
Cephalocentesis,  vii.  29 
Cephalothoracopagus,  viii.  131 
Cera,  ii.  724 
alba,  ii.  724 
flava.  ii.  724 
Cerata,  ii.  724 
Ceratixodes,  ii.  725 
Ceratophyllus.  ii.  725 
Cercaria,  ii.  725 
Cercomonadidx,  viii.  611 
Cercomonas,  ii.  725 
cnli  hominis,  viii.  612 
hominis,  viii.  611 
intestinalis,  viii.  613 
parva.  viii.  611 
Cerebellar  asynergia.  ii.  729 
ataxia,  ii.  726,  734 
hypotonus,  ii.  729 
Cerebellum,  agencses  of  the,  ii.  732 
'      anatomy  of,  ii.  312 
aplasia  of  the.  ii.  732 
atrophy  of  the.  ii.  732 
cortex,  ii.  313 
cysts  of  the.  ii.  733 
decompression  of.  ii.  417 
degeneration  of  the.  ii.  733 
diagnosis  of  lesions  of.  ii.  379 
disorders  of  the.  ii.  726 
abscess,  ii.  735 

associated  posterior  fossa  compli- 
cations, ii.  735 
chronic,  ii.  731 
cysts,  ii.  733 
degeneration,  ii.  733 
hemorrhage,  ii.  733 
I)eduncles,  ii.  730 
symptomatologj',  ii.  726 
tumors,  ii.  733 
hemorrhage  in  the.  ii.  733 
jjhysiologj'  of  the.  ii.  409 
tracts  connecting  the,  with  the  cer- 
ebrum, ii.  381 
tumors  of  the,  ii.  733 
symptoms,  ii.  438 
treatment,  ii.  736 
Cerebral  hemorrhage,  ii.  733.  737 
diagnosis,  ii.  746 
etiology,  ii.  738 
pathological  anatomy,  ii.  739 
prognosis,  ii.  747 
reaction,  ii.  745 
residual  symptoms,  ii.  745 

treatment  of,  ii.  749 
symptomatologj*.  ii.  743 
the  attack,  ii.  743 
treatment,  ii.  748 
Cerebrosides,  ii.  764 
Cerebrospinal  fluid    ii.  749 
anatomy,  ii.  749 
cells  in,  ii.  753 
chemistry,  ii.  750 
clinical  considerations,  ii.  751 
cytodiagnosis,  iii.  420 
diagnosis,  ii.  752 

pathological  considerations,  ii.  751 
physiologj'.  ii.  750 
meningitis,  vi.  369;  see  Mcninaiti», 
epidemic  eerebrospinal. 
Cerebrum,  see  Brain. 
CerevisiK  fermentum,  viii.  523 

699 
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Ceriomyces  crassus,  iv,  581) 

fcrruginatus,  iv.  5S1 

miniato-olivaceus.  iv.  .581 

scaber.  iv.  581 
Cerium,  ii.  754 
Cerotic  acid,  i.  77 
Cerumen,  ii.  754 

pluKs  of,  iii.  771. 
Cervical  ribs,  ii.  754 

anatomical  relations,  ii.  755 

diagnosis,  ii.  756 

symptoms,  ii.  755 

treatment,  ii.  757 
Cervix  uteri,  iv.  642 

abrasions  of.  viii.  .370 

abscess  of,  viii.  376 

atresia  of,  viii.  369 

atrophy  of,  viii.  368 

cancer  of,  viii.  3S1 

chancre  of,  ™i.  369 

chancroid  of,  viii.  369 

diseases  of,  viii.  368 

erosion  of,  viii.  370 

gonorrhea  of,  viii.  371 

hypertrophy  of,  viii.  368 

laceration  of,  v.  783;  viii.  370 

senile  involution  of,  viii.  368 

stricture  of,  viii.  369 

tuberculosis  of,  viii.  369 

ulceration  of,  viii.  369 
Cesalpino,  Andrea,  vi.  325 
Cesarean  section,  ii.  757 

choice  of  method,  ii.  761 

indications  for,  ii.  760 

Porro  operation,  ii.  759 

Sanger  operation,  ii.  757 
Cestoda,  ii.  761 

eggs  of,  ii.  763 

history  of,  ii.  765 

onchosphere,  ii.  763 

proglottis,  ii.  761 

rostellum,  ii.  761 

scolex,  ii.  761 
Cetaceum,  ii.  780 
Cetraria,  ii.  781 
Cevadilla  seeds,  viii.  435 
Ceylon,  medical  practice  in,  vi.  295 
Chagas'  disease,  viii.  650 

microorganism  of,  viii.  617 
Chaille,  Stanford  Emerson,  ii.  781 
Chalazion,  iv.  289,  310 
Chalk,  ii.  582 

infarcts,  v.  541 
Chalybeate  Springs,  ii.  781 
Chalybeate  waters,  ii.  10 
Chamselirin,  viii.  572 
Chamberlen  Family,  ii.  782 

forceps  of  the,  iv.  508;  vi.  822 
Chamomile,  English,  i.  455 

Harden,  i.  455 

(Icrman,  vi.  274 

Roman,  i.  455 
Chance  in  relation    to  variation,   viii. 

418 
Chancre,  viii.  79 

bubo  following,  ii.  544,  546 

espundial,  v.  877 

intraurethral,  viii.  335 

of  the  auricle,  iii.  794 
cervix  uteri,  viii.  369 
eyelid,  iv.  307 
tonsils,  viii.  228 
soft,  ii.  782 
Chancroid,  ii.  782 

bacillus  of.  i.  865;  ii.  783 

bubo  complicating,  ii.  544,  545 
clinical  history,  ii.  784 
complications,  ii.  785 

700 


Chancroid,  diagnosis,  ii.  7.S5 
etiology,  ii.  783 
intraurethral,  viii.  335 
in  women,  v.  886 
of  cervix  uteri,  viii.  369 
treatment,  ii.  786 
Change  of  life,  ii.  786;  iii.  103;  vi.  :!79 
influences  modifying,  ii.  7n6 
phenomena,  ii.  787 
time  of  occurrence,  ii.  780 
treatment,  ii.  789 
Channel  Islands,  ii.  790 
Chanterel  aurantiacus,  iv.  582 
chantarellus,  iv.  582 
orange  or  false,  iv.  582 
Charcoal,  ii.  617 
animal,  ii.  618 
wood,  ii.  618 
Charcot,  Jean  Martin,  ii.  790 
Charcot's  joint,  i.  697 
Charcot-Marie-Tooth  disease,  vi.  57s 
Charleston  Artesian  Wells,  ii.  791 
Charleston,  S.  C,  ii.  791 
Chartae,  ii.  791 

sinapis,  vii.  743 
Chassaignac,  Charles  Marie  Edouard, 

ii.  792 
Chassevant's   iodized  chloroform,  viii. 

676 
Chattanooga,  Tenn.,  ii.  792 
Chauffeur's  fracture,  i.  792 
Chaulmoogra,  ii.  793 
Chautard's  test  for  acetone,  i.  71 
Cheese,  fuod  value  of,  i,  208;  iv.  429 

l)oisi>ning  by,  iv.  426 
Cheese-mites,  i.  508;  ii.  793 
Cheiloplasty,  vii.  247 
Cheiropompholyx,  vii.  302 
Chelidonium,  ii.  793 
Cheloid,  iv.  399;  v.  714;  see  Keloid. 
Chelytus,  ii.  793 

cruditus.  i.  509 
Chemical  manufactures,  occupational 

diseases  incidental  to.  vi.  837 
Chemistry,  physiological,  ii.  794 
of  bone,  ii.  663 
cartilage,  ii.  663 
cerebrospinal  fluid,  ii.  750 
liver,  vi.  65 
milk,  vi.  506 
nerve  tissue,  vi.  738 
protoplasm,  ii.  55 
teeth,  ii.  664 
urine,  viii.  347 
Chemofastness,  ii.  801 
Chemoreceptors,  ii.  800 
Chemosis,  iii.  255 
Chemotaxis,  ii.  713,  799 
Chemotherapy,  ii.  800 
Chenopodium,  ii.  801 
Chequen,  ii.  802 
Cherry,  wild,  vii.  342 
Cheselden,  William,  ii.  802;  viii.  43 
Chest,  alar,  ii.  811 
band.age  of,  ii.  16 
barrel-shaped,  iii.  529 
cobbler's,  ii.  810 
deformities  of,  ii.  802 
acquired,  ii.  806 
congenital,  ii.  803 
due  to  change  of  contents,  ii.  810 
due  to  lacing,  ii.  810 
paralytic,  ii.  807 
rachitic,  ii.  810;  iii.  529;  vii.  581 
diagram    of,    for  marking  patholog- 
ical findings,  vi.  127 
emphysematous,  ii.  810 
fascia  of,  iv.  333 


ii 


Chest,  funnel,  ii.  805 
keeled,  ii.  810 
paracentesis  of,  vii.  31 
phthinoid  or  phthisical,   ii.  811;  iii. 

529 
physical  examination  of.  vi.  128 
pigeon,  ii.  810 
postmortem  examination  of.  i.  794, 

803 
rachitic,  ii.  810;  iii.  529;  vii.  581 
surgery  of,  viii.  175 
tiipd^raphical  anatomy  of,  viii.  176 
Chestnut,  ii.  669 
Chewing,  vi.  253 
Chewstick,  ii.  812 
Cheyletidae,  ii.  812 
Cheyne,  John,  ii.  812 
Cheyne-Stokes    respiration,     ii.    812; 

iii.  715;  vii.  540 
Chicago,  ii.  813 

Chicken,  fond  value  of.  i,  2U.s:  iv.  429 
Chicken-breast,  ii.  810 
Chicken  jelly,  iv.  438 
Chickenpox,  ii.  813 
Chicory,  ii.  814 

Chiene's  guiding  lines,  iii.  ;i4.") 
Chigger,    ii.    815;    v.    590.    702;    vii. 

502 
Chigoe,  ii.  815;  v.  590,  702;  vii.  502 
Chilblains,  iii.  500 
Childbirth,  v.  777;  see  Labor. 
Childhood,  i.  147;  ii.  815 

predisposing  factors  to  tuberculo.sis 
in,  vi.  122 
Children,  blood  pressure  in.  vii.  403 
rripplod,  care  of,  iii.  363 
dosage  for,  iii.  686 
head  measurements  of,  at  different 

ages,  ii.  817 
height  of,  at  different  ages,  ii.  816 
intelligence  tests  in,  v.  608 
school,  hygiene  of,  vii.  667 

physical  defects  in,  vii.  661 
syphilitic  otitis  in,  iii.  803 
weight  of,  at  different  ages.  ii.  815 
yellow  fever  in,  viii.  529 
Chile,  medical  practice  in,  vi.  295 
Chills,  brass,  vi.  827 

nialarial,  vi.  218 
Chilodon,  ii.  823  ' 

cyjjrini,  viii.  628  1 

dentatus,  viii.  628  " 

uneinatus,  viii.  628 
Chilopoda,  v.  596 
Chiloschisis  (harelip),  iv.  902 
Chimaphila,  ii.  823 
China,  medical  practice  in,  vi.  295 
Chinaphthol,  ii.  823 
Chinaseptol,  ii.  824 
Chimney-sweep's  cancer,  vii.  679 
Chinin,   occupational    diseases   caused 

by,  vi.  831 
Chinoidine,  iii.  73 
Chinon,   occupational  diseases  caused 

by,  vi.  831  : 

Chinosol,  ii.  824  f 

Chirata,  ii.  824  * 

Chitin,  ii.  824 
Chitosamine,  i.  205 
Chlamydobacteriaceae,  ii.  824 
Chlamydophrys,  ii.  824 

eiirhelys,  viii.  610 
Chloasma,  ii.  824 
Chloral,  ii.  826 

alcoholate,  ii.  827  ,', 

ammonium,  ii.  827  "  , 

camphor,  ii.  827 

local  anesthesia  by,  i.  392 
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Chloral,  hydrate,  v.  458 

disinfectant  action  of,  iii.  OiTi 
menthol,  local  anesthesia  by,  i.  392 
poisoning  by,  ii,  826 

postmortpm  evidences  of,  i.  808 
rash.  iii.  o(t4 
Chloralamide,  ii.  827;  v.  45S 
Chloralformamidum,  ii.  827 
Chloralose,  ii.  827 
Chloral  oximes,  ii.  827 
Chloretone,  ii.  828 

local  anesthesia  by,  i.  ,392 
Chlorides,  ii.  829 

in  urine.  A'iii.  3.57 
Chlorination  of  water,  viii.  484 
Chlorine,  ii.  830 

difiiifectant  action  of,  i.  838;  iii.  02.5 
occupational  diseases  caused  by,  vi. 

829 
use  of.  as  a  poisonous  gas  in  warfare, 
viii.  597 
Chlorion  cceruliura,  \ .  604 
Chlorobrom,  ii.  831 
Chlorocrucin,  vii.  I'.IL' 
Chlorodyne,  ii.  831 
Chloroform,  ii.  831 

administration  of,  i.  384 
anesthetic  action  of,  i.  3fi4 
disinfectant  action  of,  i.  837;  iii.  62f) 
in  labor,  effect  of,  on  the  fetus,  iv. 

390 
poisoning  by,  ii.  832 

postmortem  evidences  of.  i.  SOS 
Chloroma,  iii.  1;  v.  897;  vii.  649 
heniolymph  glands  in,  v.  162 
of  i)eriosteum,  -^-ii.  123 
Chlorophyll,  vii.  194 
Chlorophyllum  molybdites,  iv.  5S7 
Chloropsin,  iii.  .50 
Chlorosis,  iii.  1 
Chlorsalol,  iii.  3 
Choanoflagellata,  iii.  3 
Chocolate,  food  value  of,  i.  213;  iv.  429 

tree.  ii.  .567 
Choke  damp,  ii.  620 
Choked  disc,  iii.  3 
Cholagogues,  ii.  687,  689;  vii.  695 
Cholalic  acid,  i.  78 
Cholangitis,  iv.  601 

Mippurativo,  iv.  604;  vi.  35 
Cholecystitis,  iv.  601 

ciiliin  bacillus  infection  causing,  iii. 

175 
suppurative,  iv.  604 
Cholecystotomy,  the  first,  viii.  53 
Cholemia,  iii.  4 
Choleprasin,  vii.  193 
Cholera,  algid,  viii.  559 

.\siatic,  viii.  552;  see  Asiatic  clmltra. 

asphyctic,  viii.  559 

bacteriological  diagnosis  of.  i.  91.s 

(■.arriers,  i.  S76;  viii.  558 

dry,  viii.  56(1 

epidemic,     viii.     552;     sec     Asiatic 

cholera. 
gravis,  viii.  559 
infantum,  iii.  5,  557 

cold  in  the  treatment  of.  iii.  157 
milk-borne,  vi.  517 
nostras,  iii.  8 
psychoses  of,  vii.  376 
sicca,  viii.  560 
water-borne,  viii.  478,  556 
Cholera-red,  i.  870 
Cholerine,  viii.  5.53,  55S 
Cholesteatoma,  iii.  10;  viii.  137 
aur:d.  vi.  936 
cerebral,  ii.  434 


Orloniyres 
Chylurla 


Cholesterin,  ii.  51;  iii.  11,  469.  471;  vi. 
67 

in  the  liver,  vi.  65 
Cholesterol,  ii.  51;    iii.    11,    469,    471- 

vi.  67 
Choletelin,  vii.  193 
Cholic  acid,  iii.  12 
Choline,  iii.  12;  vii.  382 
Chondroblastoma,  iii.  12 
Chondrocoracoid  muscle,  viii.  5s2 
Chondrodystrophy,  vi.  6l)(i 
Chondroglossus  muscle,  viii.  579 
Chondrolipoma,  vi.  is 
Chondroma,  iii.  12 

of  mandible,  v.  696 

of  maxilla,  v.  687 

of  nose,  vi.  622 

of  periosteum,  vii.  123 
Chondromitome,  ii.  711 
Chondromucoid,  iii.  14 
Chondrosarcoma,  vii.  641 
Chondrus,  iii.  14 
Chopart,  Francois,  iii.  15 
Chopart's  amputation,  i.  288 
Chorda  tympani  nerve,  iii.  333 
Chordae  tendineee,  v.  .50 
Chordee,  iii.  15 
Chordoma,  iii.  15 
Chorea,  iii.  16 

electric,  iii.  IS 

Huntington's,  iii.  21 

hysterical,  iii.  Ih;  v.  4S4 

laryngis,  v.  831 

massage  in,  vi.  249 

psychoses  of.  vii.  377 

senile,  iii.  IS 

to.'cic,  iii.  19 
Chorioepithelioma,  iii.  40 

malignum,  viii.  383 

of  oviducts,  vi.  957 

radiotherapy  of,  vii.  475 
Chorioid  coat  of  the  eye,  iii.  42;  iv.  252; 
see  Choroid, 

plexuses,  ii.  341 

disorders     dependent     upon     de- 
ranged secretions  of  the,  viii.  76 
Chorioma,  iii.  41 
Chorion,  iii.  23 

atelectasis  of,  iii.  39 

atrophy  of,  iii.  34 

calcification  of,  iii.  35 

circulatory  changes  in,  iii.  30 

cysts  of,  iii,  41 

edema  of,  iii.  31 

endarteritis  in,  iii.  38 

fatty  degeneration  of,  iii.  35 

librinoid  degeneration,  iii.  36 

hemorrhage  in.  iii.  31 

hj-dropic  degeneration,  iii.  35 

infarction  of,  iii.  31 

inflammation  of,  iii.  36 

necrosis  of,  iii.  35 

parasites  of,  iii.  42 

pathology  of,  iii.  30 

periarteritis  in,  iii.  38 

pigmentation  of,  iii.  36 

progressive  changes  in.  iii.  36 

syphilis  of,  iii.  38 

thrombosis  of,  iii.  31 

tuberculosis  of,  ii.  39 

tumors  of,  iii.  39 
Chorionitis,  iii.  36 
Chorioretinitis,  iii.  45 

pigmentosa,  iii.  49 
Choristoblastoma,  iii.  42 
Choristoma,  iii.  42 
Choroid,  anatomy  of,  iii.  42;  iv.  252 

atrophy  of,  in  myopia,  Iii.  48 


Choroid,  coat  of  the  eye,  iii.  42;  iv.  252 

congenital  anomalies,  iii.  43 

detachment  of,  iii.  48 

diseases  of,  iii.  43 

hyperemia  of.  iii.  44 

injuries  of,  iii.  49 

leprosy  of.  iii.  48 

non-inflammatory  aBTections  of,   iii. 
48 

plexus,  ii.  341 

disorders     dependent     upon     de- 
ranged secretion  of,  viii.  76 

traumatism  of,  iii.  49 

tuberculosis  of,  iii.  48 

tumors  of  the,  iv.  295 

wounds  of,  iii.  .50 
Choroiditis,  iii.  44 

areolaris,  iii.  46 

blindness  due  to,  ii.  Iiin 

colon  bacillus  infection  causing,   iii. 
176 

diffuse,  iii.  45 

disseminate,  iii.  45 

embolic,  iii.  47 

guttate,  iii.  46 

hemorrhagic,  iii.  48 

plastic,  iii.  47 

senile,  iii.  49 

scroplastic,  iii.  44 

suppurative,  iii.  47 
Chorology,  ii.  56;  iii.  SO 
Christianity,  influence  oi.  ..n  -ui^...>. 

viii.  32 
Chromatic  aberration,  iv.  272 
Chromatin,  ii.  712 
Chromatokinesis,  ii.  6G5 
Chromatopsia,  iii.  SO 
Chromatolysis,  vi.  729 
Chromic    acid     (chromium     trioxide), 

iii.  51 

caustic  action  of,  ii.  697 

occupational  diseases  casued  bv,  vi. 
827 
Chromidrosis,  iii.  SI 
Chromium,  iii.  51 

toxicolugy.  iii.  51 
Chromocytometer,  ii.  175 
Chromometer,  ii.  176 
Chromomonadidea,  iii.  52 
Chromophanes,  viii.  453 
Chromophytosis,  viii.  2<ll 
Chromosomes,  iii.  52 

in  heredity,  v.  205 
Chrosperma  muscsetoxicum,  p  lisoning 

by,  vii.  235 
Chrysarobin,  iii.  57 
Chrysippus.  viii.  32 
Chrysoidin,  iii.  58 
Chrysomyia,  iii.  58 

macellaria.  vii.  677 
Chrysophanic  acid,  iii.  58 
Chrysops,  iii.  58 
Chvostek,  Franz,  iii.  68 
Chvostek's  sign,  vii.  .505 
Chylangioma,  iii.  58 
Chyle,  iii.  SB 

lymphatic,  iii.  .59 

patliolog>-.  iii.  60 

postabsorplive,  iii.  59 

idtimate  disposition  of.  iii.  60 
Chylocystocele,  iii.  62 
Chyloductus,  vi.  1S4 
Chylopericardium,  iii    oJ 
Chyloperitoneum.  vi   s7l 
Chylothorax,  iii.  6J 
Chylous  accumulations,  iii.  61 

asritos.  vi.  S74 
Chyluria,  iii.  I'..'.  64 
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Chyme,  iii.  59,  65 
Cibotium,  iii.  66 
Cicatrix,  iii.  66 

caiirer  (ollowinK,  ii.  599 
keloid  ot,  V.  714 
treatment  of,  iii.  68;  viii.  168 
Cicatrization,  iv.  771 
Cichorium,  ii.  814 
Cicuta  root,  poisoning  by,  vii.  2.32 

.-eed,  poisoning  by,  vii.  233 
Ciliary  body,  anatomy  of,  iv.  252 
tumors  of,  iv.  295 
movements,  character  of,  iii.  274 
Ciliata,  iii.  68;  v.  562;  viii.  605 
Ciliophora,  viii.  627 
Cimex,  iii.  69 

lectiilarius,  ii.  28;  v.  592 
Cimicidse,  iii.  69 
Cimicifuga,  iii.  69 
Cimcenomonas  hominis,  viii.  612 
Cinchona,  iii.  69 
alkaloids  of,  iii.  70 
fiava,  iii.  69 
red,  iii.  70 
rubra,  iii.  70 
unofficial  barks,  iii.  73 
yellow,  iii    69 
Cinchonidine,  iii.  73 
Cinchonine,  iii.  72 
Cincinnati,  iii.  74 
Cineol,  iv.  150 
Cinnabar,  v.  373 
Cinnaldehydum,  iii.  74 
Cinnamic  acid  and  the  cinnamates,  iii. 

74 
Cinnamon,  iii.  75 
eassia,  iii.  75 
oil  of.  iii.  76 
Saigon,  iii.  75 
wild,  ii.  609 
C.-I.  ophthalmometer,  vi.  886 
Circle  of  Willis,  ii.  348 
Circulation,  lymphatic,  vi.  159 
disturbances  of,  iii.  82 
of  the  blood,  ii.  132 
arterial,  ii.  134 
capillary,  ii.  135,  137 
carbon  dioxide  in  relation  to,  i.  368 
disturbances  of,  ii.  201 ;  iii.  76 
diet,  in,  iv.  445 

due  to  autointoxication,  i.  781 
effect  of  exercise  upon,  iv.  237 
general  disturbances  of,  iii.  77 
in  childhood,  ii.  818 
in  the  brain,  ii.  345 

disturbances  of,  ii.  362 
local  disturbances  of,  iii.  79 
nervous  control  of,  ii.  154 
pathology  of  the,  ii.  201;  iii.  76 
pulmonary,  ii.  142 
venous,  ii.  139 
Circumcision,  iii.  83 
Cirrhosis,  iii.  85 
biliary,  vi.  58 
of  the  liver,  vi.  56 
portal,  vi.  56 
pulmonary,  vii.  263 
Cisterna  chyli,  vi.  184 

magna,  ii.  361 
Citral,  iii.  86 
Citric  acid,  iii.  86 
Citrine  ointment,  v.  372 
Citronella,  iii.  86 
Citrophen,  iii.  86 
Citrus,  iii.  86 
Civet,  iii.  87 
Civiale,  Jean,  iii.  87 
Civilization  and  insanity,  vi.  394 
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Cladorchis,  iii.  87 

watsoni.  viii.  277 
Cladothrix,  iii.  87 

Claiborne's  ophthalmoscope,  vi.  896 
Clams,  food  value  of,  iv.  430.  439 
Clarendon  Springs,  iii.  87 
Claret,  food  value  of.  iv.  430 
Clark,  Alonzo,  iii.  88 
Clark,  Sir  Andrew,  iii.  88 
Clarke,  Jacob  Augustus  Lockhart,  iii. 

88 
Clarke's    Riverside    Mineral    Springs, 

iii.  88 
Clasmatocytes,    clasmocytes,  iii.    255; 

Clastothrix,  i.  766;  iii.  89 
Claudication,  intermittent,  iii.  89 

types  of,  iii.  90 
Clavaria  flava,  iv.  578 
ClavariacesB,  iv.  578 
Claviceps  purpurea,  iv.  82;  .see  Ergota. 
Clavicle,  dislocation  of,  iii.  643 

excision  of,  iv.  208 

fracture  of,  iv.  536 

.surgery  of,  iii.  91 
Clavus,  iii.  92 

hysterical,  v.  12 
Claw-hand,  iv.  899 
Cleft  palate,  iii.  92 

operation  for,  iii.  96 

training    the   voice   after   operation 
for,  iii.  101 
Cleidocervicalis  muscle,  viii.  581 
Cleidooccipital  muscle,  viii.  576 
Cleveland,  iii.  102 
Clifton  Springs,  iii.  102 
Climacteric,  ii.  786;  iii.  103;  vi.  379 

grand,  iii.  103 

insanity  at  the,  vi.  396 
Climate,  iii.  104 

animals  in  reiatian  to,  iii.  116 

artificial,  iii.  114 

coast,  iii.  119 

elements  of,  iii.  108 

in  relation  to  insanity,  vi.  395 

island,  viii.  155 

man  in  relation  to,  iii.  114 

marine,  iii.  119 

ocean,  iii.  119 

sea  and  coast,  viii.  155 

vegetation  in  relation  to,  iii.  116 
Climatology,  applied,  iii.  114 

comparative,  iii.  Ill 
Climatotherapy,  iii.  117 
Climax  Springs,  iii.  121 
Clitocybe  multiceps,  iv.  585 
Clitopilus  abortivus,  iv.  591 
Clitoris,  iv.  656 

crises,  vi.  773 

tumors  of,  viii.  471 
Clitorism,  vi.  773 
Clonorchis,  iii.  122 

siiii-iisis,  viii.  273 
Clonus,  iii.  122 
Cloquet's  canal,  viii.  461 
Clothing  for  sailors,  vi.  649 
Clotho  arictans,  vii.  525 
Cloudy  swelling,  iii.  468 
Clover,  Joseph,  iii.  122 
Clover,  red,  iii.  123 

sweet,  vi.  349 
Cloves,  ii.  665 
Club-foot,  see  Talipes. 
Club-hand,  iv.  872 
Clytocybe  illudens,  iv.  585 
Cnethocampa  processionea,  v.  603 
Cnldosporidia,  viii.  605,  626 
Coagulation,  iii.  123 


Coagulation  of  blood,  iii.  81,  124 
graphically  represented,  ii.  122 
time  of,  ii.  193 

of  milk,  iii.  125 

of  muscle,  iii.  126 
Coagulation-time  of  the  blood,  ii.  193 
Coagulin,  iii.  126 
Coagulometer,  ii.  194 
Coal-gas,  iv.  619 
Coal-miner's  lung,  i.  457 
Cobalt,    occupational    diseases   caused 

liy,  vi.  827 
Cobbler's  chest,  ii.  810 
Cobbold,  Thomas  Spencer,  iii.  127 
Cobra,  iii.  127 

di  capello.  vii.  525  I 

Coca,  iii.  127  2 

Cocaine,  iii.  130  ^ 

habituation,  i.  199;  iii,  132 

local  anesthesia  by,  i.  387 

poisoning  by,  iii.  132 
Cocainism,  i,  199;  iii.  132 
Coccidiidia,  iii.  133 
Coccidioidea,  viii.  604,  619 
Coccidioides,  iii.  133 
Coccidiosis,  ii.  88;  see  Blastomycosis. 
Coccidium,  iii.  133 

bigeminum,  viii.  622 

cunicul),  viii.  621 

hominis,  viii.  621 

oviforme,  viii.  621  ' 

perforans,  viii.  621 
Coccius'  orthoscope,  vi.  894 
Cocculus  indicus,  iii.  133 
Coccus  (aphid),  iii.  133 

(bacterium),  i.  829;  iii.  133 

(cochineal),  iii.  133 
Coccygodynia,  iii.  134 
Coccyx,  vii.  80 
Cochineal,  iii.  133 

stains,  v.  267 
Cochlea,  v.  35 

auditory  function  of  the,  v.  37 
Cochlearia,  iii.  134 
Cochran,  Jerome,  iii.  135 
Cocillana,  iii.  135 
Cock's  operation  for  urethral  stricture, 

viii.  340 
Cockle,  poisoning  by,  vii.  232 
Cockroach,  iii.  136 
Cocoa,  food  value  of,  i.  213;  iv.  430 
Cocoa-butter,  ii.  667 
Coconut,  oil  of,  iii.  136 
Codeine,  iii.  136 

percentage  of,  in  opium,  vi.  900 
Codfish,  food  value  of,  i.  208;  iv.  430 
Cod-liver  oil,  iii.  136 
Codrenin,  iii.  138 
CoeflJcients  of  disinfectant  power,  iii. 

621 
Coelentera,  respiration  in,  vii.  538 
Coelom,  iii.  138 

development  of,  iii.  139 

division  of,  iii.  141 

mammalian,  iii.  143 
Coenasthesia,  ii.  716  _ 

Coenzymes,  iii.  149  m^ 

Coflfee,  iii.  149 

food  value  of,  i.  213 
Coffey's  operation  of  gastropexy,vii.  979 
Cohnheim,  Julius,  iii.  149 
Cohosh,  black  (cimicifuga),  iii.  69 

lilue,  ii.  696 
Coil  glands,  iv.  77 
Coitus,  iii.  150 

difficult,  iii.  709 

interruptus,  vi.  776 

mechanism  of,  vi.  767 
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Cola,  iii.  152 

Colchicine,  iii.  154 

Colchicum,  iii.  153 

Cold,  evidences  of  death  from,  i.  S19 

physiological  action  of,  iii.  154 

ther.ipeutics  of.  iii.  155 
Colectomy,  iii.  187 
Coleoptera,  iii.  158 

poisonous.  V.  01)2 
Cole's  freezing  method,  v.  25.5 
Coley's  fluid  in  cancer,  ii.  608 
Colic,  iii.  158 

anginal,  i.  421 

appendical,  iii.  160 

biliary,  iii.  160 

hepatic,  iii.  160 

infantile,  iii.  159 

intestinal,  iii.  1.59 

kidney,  iii.  160 

lead,  iii.  159;  vii.  261 

ovarian,  iii.  160 

pancreatic,  iii.  160 

renal,  iii.  160 

salivary,  in  sialolithiasis,  vii.  619 

treatment,  iii.  160 

uterine,  iii.  160 
Colic-root,  i.  200 
Colitis,  iii.  161 

acute,  iii.  161 

chronic,  iii.  162 

mucous,  iii.  164 
Collagen,  iii.  165 
Collargol,  i.  525 

College  de  Saint-Come,  viii.  39 
Collenema,  vi.  20 
Colles,  Abraham,  viii.  45 
Colles'  fracture,  iv.  546 
Colliculitis,  iii.  169 
Colliculus  inferior,  iii.  166 

superior,  iii.  166 

urethrali.s  (verumontanuni),  iii.  168; 
iv.  665 
Collodion,  iii.  169;  iv.  759 
Collodion-sac  cultures,  i.  907 
Colloid,  iii.  169 

degeneration  of  the  skin,  iii.  170 
Colloids,  iii.  170;  iv.  35.S 

emulsion,  iii.  171;  iv.  359 

hydrophile.  iii.  171 

irreversible,  iii.  171 

protective,  iii.  171 

reversible,  iii.  171 

suspension,  iii.  171;  iv.  359 
Collot  Family,  iii.  213 
ColloxyUn,  vii.  433 
Collyria,  iii.  172 

Coloboma,    congenital,   of  the  iris,   v. 
661 

of  the  choroid,  iii.  43 
Colocynth,  iii.  172 
Colocynthin,  iii.  172 
Colombo,  Matthseus  R.,  iii.  173 
Colon,  adhesions  of,  iii.  181 

anatomy,  iii.  583 

cancer  of,  iii.  185;  v.  638 
diagnosis,  i.  40 

carcinoma  of,  iii.  185;  v.  638 

congential  dilatation  of.  iii.  178 

fecal  impaction  in,  iii.  185 

intussusception  of,  iii.  184 

invagination  of,  iii.  184 

lateral  implantation  of,  iii.  189 

movements  in,  v.  615 

ptosis  of,  iii.  181 

Roentgen   diagnosis   of   diseases   of, 
vii.  598 

sarcoma  of,  iii.  185 
stenosis  of,  iii.  183 


Colon,  surgery  of,  iii.  180 

surgical  anatomy  of  the,  i.  18 

tumor  of,  iii.  185;  v.  638 
diagnosis,  i.  40 

ulceration  of,  iii.  182 

volvulus  of,  iii.  185 

wounds  of.  iii.  180 
Colon  bacillus,  i.  854 

cultures,  i.  855 

in  drinking  water,  viii.  491 

infections,  iii.  173 
treatment,  iii.  177 

pathogenesis,  i.  855 
Colonies,  bacterial,  transplantation  of. 

i.  904 
Colony  treatment  of  cpiloptics'and  the 

insane,  iii.  189 
Colopexy,  iii.  ISG 
Colophony,  viii.  1 13 
Colopoda  cucuUus,  viii.  630 
Colorado,  iii.  209 

medical  practice  in,  vi.  295 
Colorado  Springs,  iii.  210 
Color-blindness,  iii.  192;  viii.  455 
Color-perception,  iii.  190;  viii.  454 

tests,  iii.  200 

adequacy  of,  iii.  208 
in    railway    and    marine    service, 
iii.  194 

theories  of,  iii.  192;  viii.  454 
Colors,  complementary,  iii.  191 
Colostomy,  iii.  187;  v.  627 
Colostrum,  ii.  4.")3;  iii.  213 
Colot  Family,  iii.  213 
Colotomy,  iii.  186 
Colpitis,  viii.  407 
Colpohysterectomy,  v.  476,  478 
Colporrhaphy,  anterior,  viii.  411 
Coltsfoot,  viii.  290 
Columbia,     medical     practice    in,    vi. 

295 
Columbia  Springs,  iii.  214 
Columbo,  ii.  588 
Columnae  carneae,  v.  50,  51 
Coma,  iii.  214 

diabetic,  i.  76 
Coma-vigil,  iii.  217 
Comedo,  iii.  217 
Come,  Frere,  ii.  22 
Comegys,  Cornelius  George,  iii.  219 
Comfrey,  iii.  219 
Comma  bacillus,  i.  869;  viii.  561 
Commensalism,  iii.  219 
Comocladia,  poi-soning  by,  vii.  228,  229 
Complement,  v.  167,  169 

deviation,  iii.  220;  v.  170 
test,  i.  922;  iii.  220 

detection  of  blood  by,  ii.  217 
in  glanders,  iv.  717 
in  gonorrhea,  iii.  220 
in  pertussis,  viii.  504 
in  syphilis,  iii.  220;  viii.  78,  475 
fixation,  iii.  220;  v.  170 
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Complementoid,  iii.  221;  v.  170 
Complementophile  group  of  the  ambo- 
ceptor, V.  169 
Complexus  muscle,  anomalies  of,  viii. 

Compositae,  iii.  221 
Compress,  wet.  v.  396 
Compressed-air  illness,  ii.  572;  vi.  835 
Compression,  ecrehrul.  ii.  370 
Compsomyia,  iii.  221 
Miaeellaris,  v.  590 
Conarium,  sec  Pineal  body. 
Conception,  iii.  221;  v.  515 
Conceptions,  imperative,  vi.  418 


Concretions  and  calculi,  iii.  223;  nee 

Calculi. 
Concussion,  cerebral,  ii.  370 
Condensation  in   the  dream   mechan- 

istii.  iii.  691 
Condenser,  cardioid,  viii.  654 

paraboloid,  viii.  563 
Condiments,  i.  212 

Conductivity  and  irritability,    relation 
of,  V.  671 
merhaiiism  <A,  v.  671 
Condurango,  iii.  232 
Condyloma,  iii.  232 

acuminatum,  iii.  232;  vii.  100 

of  the  rectum,  vii.  500 
latum,  iii.  233 

of  the  auditorj'  canal,  iii.  795 
of  the  vulva,  viii.  469 
Cone-nose,  blood-sucking,  iii.  258;  v. 
598 
kala-azar  transmitted  t>y,  viii.  618 
South     American     trypanosomiasia 
conveyed  by,  viii.  617 
Confectionery,  .adulteration  of.  iv.  416 
Confectiones,  iii.  233 
Confinement,  see  Labor. 
Confluens  sinuum,  ii.  35N 
anomalies  ai.  viii.  657 
Confusion  in  mental  disease,  vi.  413, 
447 
senile,  vii.  373 
Congestion,  iii.  78 
cerebral,  ii.  365 
edema  due  to,  iii.  846 
therapeutic,  v.  428        • 
Conglutination,  iii.  233' 
Congo-red  staining,  v.  269 
Congress  of  .Xmorican   Physicians  and 
Surgeons,  iii.  242 
Pan-American  Medical,  iii.  243 
Congresses,  international,  iii.  234 

.Occidents  of  Working  Men.  iii.  242 
against  Alcoholism,  iii.  241 
.Alimentary  Hygiene  and  Rational 

Alimentation  for  Man,  iii.  241 
Amelioration  of  the  Condition  of 

Deaf-mutes,  iii.  242 
.Amelioration  of  the  Condition  of 

the  Blind,  iii.  242 
Cancer,  iii.  240 

Criminal  Anthropolog>-,  iii.  242 
Dentistry,  iii.  241 
Dermatologj'.  iii.  238 
Epilepsy,  iii.  242 
Eugenics,  iii.  242 
Gvnccologj'    and    Obstetrics,    iii. 

237 
Homeopathy,  iii.  242 
Hydrology,      Climatologj-,      and 

Geology,  iii.  242 
Hygiene  and  Demography,  iii.  236 
Hygiene  of  Dwellings,  iii.  237 
Laryngology,  iii.  239 
Leprosy,  iii.  238 
Life    Insurance    Medical  Officers, 

iii.  241 
Medical     Elcctrologj-    and    Radi- 
ology, iii.  240 
Medical  Press,  iii.  241 
Medicine,  iii.  234 
Neurology,    Psychology,    Medical 
Electricity,  and  Hypnology,  iii. 
239 
Occupational  Diseases,  iii.  242 
Ophthalniolog)-,  iii.  238 
Otologj-,  iii.  239 

Otologj-  and  Laryngolog>-,  iii.  239 
Pharmacy,  iii.  241 
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Congresses,     international,     Physical 
Education,  iii.  242 

Pliysiotherapy,  iii.  242 

Protection  of  Children,  iii.  242 

Psychology,  iii.  239 

Radiology     and     Ionization,     iii. 
240 

School  Hygiene,  iii.  240 

Stomatology,  iii.  241 

Surgery,  iii.  237 

Thalassotherapy,  iii.  242 

Tropical  Medicine,  iii.  241 

Tuberculosis,  iii.  240 

Vegetarianism,  iii.  241 

Veterinary  Medicine,  iii.  242 
Coniferse,  iii.  243 

characteristics  of,  vii.  225 
Coniine,  iii.  244 
Conium,  iii.  244 
Conjugate  of  pelvis,  vii.  84.  87 
Conjugation,  iii.  245;  v.  521 
Conjunctiva,  amyloid  degeneration  of, 

iii.  2.54 
argyria  of,  iii.  255 
burns  of,  iii.  254 
cancer  of,  iy.  293 
concretions  in,  iii.  249,  254 
congestion  of,  iii.  245 
diseases  of,  iii.  245 
ecchymosis  of,  iii.  255 
emphysema  of,  iii.  255 
foreign  bodies  in,  iii.  254 
hyperemia  of,  iii.  245 
inflammation  of,  iii.  245 
injuries  of,*  iii.  254;  iv.  278 
leprosy  of,  iii.  254 
lymphangiectasis  of,  iii.  255 
pemphigus  of,  iii.  254 
siderosis  of,  iii.  255 
syphilis  of,  iii.  253 
tuberculosis  of,  iii.  253 
tumor  of,  iii.  254;  iv.  291 
xerosis  of,  iii.  254 
Conjunctivitis,  iii.  245 
acute  catarrhal,  iii.  246 
contagious,  iii.  246 
diphtheritic,  iii.  607 
diplobacillus,  iii.  246 
exanthematous.  iii.  246 
follicular,  iii.  250 
gonorrheal,  iii.  247 
granular,  iii.  250 
herpetic,  iii.  249 
influenzal,  iii.  247 
Koch-Weeks,  iii.  246 

bacillus  of,  i.  845 
nodosa,  iii.  249 
Parinaud's,  iii.  254 
petrificans,  iii.  254 
phlyctenular,  iii.  249 
pneumococcus,  iii.  247 
pseudomembranous,  iii.  248 
purulent,  iii.  247 

blindness  due  to,  ii.  107,  110 
streptococcus,  iii.  247 
toxic,  iii.  249 
vernal,  iii.  250 
Connecticut,    medical   practice   in,    vi. 

295 
Connective  tissues,  iii.  255 
bone,  ii.  245 
embryonic,  iii.  256 
hyaline  degeneration  of,  v.  359 
subcutaneous,  vii.  752 
Conorhinus,  iii.  258 
gerstaerkeri,  v.  598 
kala-azar  transmitted  by,  viii.  618 
protractus,  v.  599 

704 


Conorhinus,  sanguisugus,  v.  598 

South  American  trypanosomiasis 
conveyed  by,  viii.  617 

variegatus,  v.  59S 
Consanguinity,  iii.  258 

relation  of,  to  blindness,  ii.  106 
to  mental  deficiency,  vi.  381 
Consciousness,  disorders  of,  iii.  263 
in  mental  disease,  vi.  420 

physical  liasis  of.  vi.  421 
Consonants,  articulation  of,  v.  841 
Constipation,  iii.  268 

diet  in,  iv.  443 

senile,  vi.  854 

spondylotherapy  in,  vii.  914 
Constrictor   muscles   of   the    pharynx, 

anomalies  of,  viii.  579 
Consumptive's  weed  (Eriodictyonl.iv. 

85 
Contagion,  iii.  269 
Continuity,  doctrine  of.  in  heredity,  v. 

197 
Contractility,  iii.  270 
Contrexeville,  iii.  274 
Conus  arteriosus,  v.  .50 

meduUuris.  vii.  829,  830 
Convalescence,    management    of,    iii. 
275 
after  acute  infections,  iii.  277 
after  surgical  operations,  iii.  276 
Convallaria,  iii.  278 

diuretic  action  of,  iii.  684 
Convolvulacese,  iii.  278 
Convolvulin,  v.  676 
Convulsions,  iii.  278 

cerebellar,  ii.  730 

epileptic,  iv.  57 

febrile,  iii.  816 

hysterical,  v.  482 

infantile,  iii.  816 

puerperal,  iii.  811 

rachitic,  iii.  818,  819 

symptomatic,  iii.  816 

toxic,  iii.  818 
Coolidge  tube,  vii.  449,  592 
Cooper,    Sir    Astley    Fasten,    iii.    281; 

viii.  45 
Cooper's  ligaments,  ii.  454.  459 

ciintment.  ii.  697 
Copaiba,  iii.  281 

rash,  iii.  504 
Copal,  iii.  282 
Copiopia  hysterica,  i.  737 
Copper,  iii.  392 

arsenite.    postmortem    evidences    of 
poisoning  by,  i.  807 

disinfectant  action  of,  iii.  624 

in  drinking  water,  viii.  490 

occupational  diseases  caused  by,  vi. 
827 

poisoning  by,  viii.  567 

sulphate,    disinfectant    action   of,    i. 
837 
Copperas,  iv.  368 
Copperhead,  iii.  282 
Copper-hemol,  iv.  373 
Copra  itch,  iii.  282 
Coprinus,  iv.  .593 

atramentarius,  iv.  594 

comatus,  iv.  594 

micaceus,  iv.  594 
Coprophagia,  i.  500 
Copulation,  iii.  150 
Coquille  spectacles,  viii.  037 
Cor  mobile,  v.  70 
Coracobrachialis    muscle,    anomalies 

Coracoid  process,  fracture  of.  vii.  656 


Coral  bean,  poisoning  by,  vii.  232 

Coral  snake,  iii.  282 

Cords,  vocal,  v.  821 

Cordylobia,  iii.  282 

Corectopia,  v.  002 

Coriander,  coriandrum,  iii.  282 

Coriaria,  iii.  283 

Coriscus  subcoleoptratus,  v.  oW 

Corium,  vii.  750 

Corkscrew  tibia,  v.  770 

Corn  (clavus),  iii.  92 

Corn.  Indian,  food  value  of,  i.  208:  iv. 

Cornarius,  Johann,  iii.  283 
Cornaro,  Ludovico,  iii.  283 
Cornea,  abscess  of,  iii.  289 

anatomy  of,  iv.  249 

aspergillus  ulcer  of,  iii.  289 

band-shaped  degeneration  of.  iii.  L".U 

burns  of,  iii.  294 

conical,  iii.  292 

dendritic  ulcer  of,  iii.  289 

deposits  in,  iii.  291 

diplobacillary  ulcer  of,  iii.  288 

diseases  of,  iii.  283 

examination  of,  iii.  284 

herpes  of,  iii.  290 

inflammation  of,  iii.  485;  see  A't  vi- 
titis. 

injuries  of,  iii.  294;  iv.  279 

malarial  ulcer  of,  iii.  289 

measurement  of  the  curvature  of,  vi. 
880 

Mooren's  ulcer  of,  iii.  289 

opacity  of,  iii.  289,  291 
radiotherapy  of,  vii.  472 

paracentesis  of,  vii.  30 

phlyctenular  inflammation   of,    iii. 
285 

pneumococcus  ulcer  of,  iii.  287 

protrusion  of,  iii.  291 

reflections  of,  vi.  882 

refractive  index  of,  iv.  270 

relapsing  herpes  of,  iii.  291 

rodent  ulcer  of,  iii.  289 

salmon  patch  of,  iii.  293 

suppurating  ulcer  of,  iii.  286 

tuberculosis  of,  iii.  293 

tumors  of,  iii.  294;  iv.  294 

ulcer  of,  iii.  286 

wounds  of,  iii.  294 
Cornicula  laryngis  (cartilages  of  San- 

torini),  v.  823 
Cornification,  iii.  294,  4r>9 
Cornil,  Andre  Victor,  iii.  295 
Corn-silk,  viii.  544 
Corn-smut,  viii.  367 
Corn-starch,  i.  308 

food  value  of,  iv.  430 
Cornu  cutaneum,  iii.  295 

of  the  auricle,  iii.  763 
Cornus,  iii.  296 
Corona  ciliaris,  iv.  253 
Coroner,  iii.  296 
Coronilla,  iii.  298 
Corpora  amylacea.  iii.  223,  298 

oryzoidea,  vii.  577 

quadrigemina,  iii.  299 

diagnosis  of  lesions  of,  ii.  379 
physiology  of  the,  ii.  412 
syndrome,  ii.  397 
tumors  of  the,  ii.  735 

striata,  iii.  299 
Corpulence,  vi.  815;  see  Obesity. 
Corpus  albicans,  iv.  636 

cavernosum  clitoridis,  iv.  656 
penis,  iv.  666 

fibrosum,  iv.  636 
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Corpus  lutciini.  iv.  636 

nigrum  of  the  horse,  v.  661 
restiforme,  lesions  of  the,  ii.  730 
spongiosum,  iv.  666 
striatum,  ii.  331 

growth  of  the.  ii.  389 
uteri,  iv.  641 
vaajinK.  iv.  648 
Corpuscles,  colostrum,  ii.  453 
lymph,  see  Lymphocytes. 
red  blood,  see  Erythrocyten. 
tactile,  iv.  21 
thymic,  viii.  181 
white  MfKtd.  nee  L'  iirurijfi  y. 
Corradi,  Alfonso,  iii.  299 
Corrigan,  Sir  Dominic  John,  ill.  299 
Corrigan's  pulse,  vii.  405 
Corrosive  sublimate,  v.  370 
poisoning  by,  v.  374 

postmortem  e^-idences  of.  i.  808 
Cortex,  cerebral,  ii.  331 

auditory  areas  in,  ii.  407 
diagnosis  of  lesions  of,  ii.  375 
growth  changes  in.  ii.  394 
gustatorj'  areas  in,  ii.  407 
histological  differentiation  of  areas 

of,  ii.  399 
motor  areas  in,  ii.  402 
motor  function  of,  ii.  405 
olfactory  areas  in,  ii.  330,  407 
sensory  centers  in,  ii.  405 
significance  of  the,  ii.  337 
tactile  areas  in,  ii.  407 
visual  areas  in,  ii.  405 
olfactory,  ii.  330 
renal,  v.  725 
suprarenal,  viii.  25 
Corti,  Alfonso,  iii.  299 
Corti,  organ  of,  iii.  724;  v.  36 
Corvisart,  Jean  Nicolas,  iii.  300 
Coryza,  vii.  567 

periodic  vasomotor,  iv.  914;  vi.  761; 

see  Hay  fcicr. 
Iihototherapy  of,  vii.  IS" 
Cosmetics,  iii.  300 
Costa  fluctuans,  ii.  804;  vii.  899 
Costa  Rica,  medical  practice  in.  vi.  2U5 
Costal  cartilages,  viii.  645 
Costebelle,  v.  401 

Costiveness,  iii.  268;  see  Constipation. 
Costofascialis  muscle,  viii.  577 
Cotarnine     hvdrochloride    (stvpticin), 
viii.  11 
phthalate  (styptol),  viii.  11 
Coto,  iii.  306 
Cotton,  iv.  758 

surgical,  iii.  Gil6 
Cotton-root  bark,  iv.  758 
Cotton-workers,  diseases  occurring  in. 

vi.  833 
Cotugno,  Domenico,  i.  338;  iii.  306 
Cotyloid  cavity,  vii.  81 
Couch  grass,  viii.  281 
Cough,  iii.  307 

in  acute  laryngitis,  v.  808 
in  chronic  laryngitis,  v.  812 
in  edema  glottidis,  v.  810 
nasal,  vi.  760 
nervous  laryngeal,  v.  831 
of  pertussis,  viii.  503 
treatment,  iii.  311;  vi.  132 
Counterirritation,  iii.  313 
Coup  de  fouet,  v.  873 
Cowper,  William,  iii.  315 
Cowper's  glands,  iii.  314;  iv.  670 
Cowperitis,  iii.  314 
Cowpox,  see  Vaccinia. 
Cows,  feed  and  care  of,  vi.  521 
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Coxa,  V.  239 

valga,  iii.  315 

vara,  iii.  315 
Coxitis,  i.  686 
Crab's  eyes,  iv.  314 
Crab-louse,  v.  594 
Crab-Orchard  Springs,  iii.  319 
Crackers,  food  value  of,  i.  208-  iv.  42^ 

130 
Craigia  hominis,  viii.  609 

migrans,  viii.  609 
Cramps,  iii.  320 

auricular,  iii.  766 

choleraic,  viii.  560 

heat,  iv.  148 

muscular,  in  leg,  v.  873 

writers',  iv.  .897 
Cramp-bark,  viii.  444 
Cranesbill,  iv.  672 
Cranial  nerves,  iii.  321 

central  connections  of,  ii.  ,303 

development,  iii.  326 

divisions  of,  iii.  323 

primary  centers  for,  ii.  294 
Craniocerebral  topography,  iii.  311 
Craniocleidodysostosis,  iii.  339 
Cranioencephalic  topography,  iii.  341 
Craniofacial  angle,  vii.  76."< 

axis,  vii.  765 
Craniology,  vii.  762 
Craniomalacia,  circumscribed,  iii.  346 
Craniometrical  points,  vii.  764 
Craniopagus,  viii.  131 
Craniorhachischisis,  viii.  132 
Craniosacral  nervous  system,  viii.  61, 

64 
Cranioscbisis,  viii.  1.33 
Craniotabes,  iii.  346 
Cranium,  vii.  762;  see  Skull. 
Cravings,  i.  ."jOO 
Craw-craw,  iii.  349 
Creatine,  iii.  349 

in  urine,  viii.  352 
Creatinine,  iii.  349;  v.  737 

in  urine,  viii.  352 
Crede,  Karl  Siegmund  Franz,  iii.  350 
Cremation,  iii.  427 
Crenothrix,  iii.  350 
Creoform,  iv.  .320 
Creolin,  iii.  350 

disinfectant  action  of,  i.  837;  iii.  027 
Creosote,  iii.  350 

disinfectant  action  of,  iii.  627 

toxicologj',  iii.  351 
Cresalol,  iii.  351 
Cresamine,  iii.  351 
Cresol,  iii.  351 

disinfectant  action  of,  i.  837;  iii.  627 
Cresotic  acid,  cresotinic  acid,  iii.  351 
Cresotol,  iv.  788 
Crests,  cranial,  vii.  765 
Creta  prseparata,  ii.  5.S2 
Cretinism,  iii.  352 
Cricoarytenoid  disease,  v.  826 

muscle,  V.  824 
Cricohyoid  muscle,  anomalies  of,  viii. 

Cricoid  cartilage,  v.  822 
Criminality,  theories  of,  iii.  362 
Criminals  and  defectives,  asexualiza- 
tion of,  iii.  355 

electrocution  of.  iii.  878 
Criminology,  iii.  360 
Cripples,  care  of,  iii.  366 

list  of  institutions  for  the  care  of.  iii. 
369 
Crisis,  iii.  376 

clitoris,  vi.  773 


Crisis,  Dietl's,  in  nephroptosis,  v.  719 

gastric,  viii.  90 

in  pneumonia,  vii.  265 

larj-ngeal,  viii.  90 

tabetic,  viii.  90 
Crista  terminalis,  v.  49 
Critchett,  George,  iii.  375 
Crithidia,  iii.  375;  viii.  (Ill 
Crithidium  cunninghami,  viii.  61^ 
Crockett  Arsenic  Lithia  Spring,  iii.  376 
Crocodile,    a    trj-panosonie    reservoir. 

viii.  6.50 
Crocus,  iii.  376 
Crookes  tube,  vii.  448 
Cross-eyes,  viii.  7;  see  Strahitmua. 
Crotalin,  iii.  376 
Crotalus,  iii.  377 

duris.sus,  vii.  525 

horridus,  vii.  525 

terrificus,  vii.  525 

symptoms  following   bite  of,   vii. 
529 
Crotchet,  iv.  ,507 
Croton  bug.  iii.  377 

oil.  iii.  377 
Crotonus,  v.  674 
Croup,  iii.  378 

bronchial,  iii.  3.s;j 

catarrhal,  iii.  379 

cerebral,  iii.  382 

cold  in  the  treatnnnt  ..f    lil    i.",7 

false,  iii.  379 

spasmodic,  iii.  37'> 

true,  iii.  3S0 
Crown  of  a  tooth,  viii.  in.', 
Cruciferse,  iii.  383 
Crum  Mineral  Springs,  ill.  383 
Cruorin,  purple  (hemoglobin),  v.  166 
Crura  cerebri,  syndrome  of  the,  ii.  395 

of  the  diaphragm,  iii.  539 

of  the  penis,  iv.  666 
Crurin,  iii.  384 
Crusta  lactea.  iii.  828 

petrosa  of  a  t.M.th.  viii.   107 
Cruveilhier,  Jean,  iii.  384 
Crycothyroid  muscle,  v.  S24 
Cry,  epileptic,  iv.  57 
Crying,  iii.  384 
Cryoscopy,  iii.  385 

of  blood,  ii.  195 

of  urine,  iii.  385;  viii.  349 
Cryptitis,  anal,  vu.  497 
Cryptocystes,  iii.  386 
Crystalline  lens,  iv.  261 

abscess  of,  v.  447 

changes  in  shape  of,  during  aceom- 
modation,  iv.  274 

refractive  indices  of.  iv.  270 
Crystalloids,  iii.  386 
Ctenocephalus,  iii    386 
Ctenopsylla,  iii.  386 
Cuba,  iii.  387 

medical  practice  in,  vi.  295 
Cubeb,  iii.  389 
Cucurbitaceee,  iii.  389 

characteristics  of,  vii.  225 
Cudbear,  vii.  140 
Cud-chewing  in  man,  vi.  466 
Cucumbers,  food  value  of,  iv.  430 
Culex,  iii.  390 

pipicns,  V.  600 
CuUcida,  v.  599 
Cullen,  William,  iii.  390 
Culture  media,  i.  8M) 

standardization  of.  i.  S93 
Cultures,  anaerobic,  i.  904 

collodium-sae,  i.  907 

hanging-block,  i.  903 
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Cultures,  hanging-drop,  i.  9U3 
liquid,  i.  904 
plate,  i.  901 
roll-tube,  i.  903 
shake,  i.  903 
smear,  i.  904 
stab,  i.  904 
streak,  i.  903,  904 
Culver's  root,  v.  882 
Cumarin,  iii.  390 
Cumin,  iii.  390 
Cumulus  oophorus,  iv.  635 
Cuniculus  in  scabies,  vii.  6.53 
Cupping,  iii.  390 

of  the  optic  disc,  iii.  391 

in  glaucoma,  iv.  723 
wet,  ii.  201 
Cupriaseptol,  iii.  392 
Cuprum,  iii.  392-  see  Copper. 
Curare,  iii.  392 

poisoning  by,  i.  635;  iii.  392 
Curcuma,  iii.  393 

Curdling  (coagulation  of  milk),  iii.  125 
Curettage  of  the  uterus,  iii.  393;  iv.  851 
Curie  (nidium)  therapy,  vii.  460,  468 
Currants,  food  value  of,  iv.  430 
Currier's  conico-cylindrical  tube,  v.  44 
Curschmann,  Heinrich,  iii.  394 
Curtis,  Edward,  iii.  394 
Cusco,  Edouard  Gabriel,  iii.  395 
Cushing's  hypophysis  operation,  ii.  421 

suture,  V.  624 
Cusparia,  iii.  395 
Cusso,  viii.  567 

Custard,  food  value'of,  iv.  428 
Cutch,  ii.  687 

Cutireactions,  i.  315,  842;  iii.  395 
in  cancer,  ii.  604 
glanders,  iU.  396 
ringworm,  iii,  396  ' 
syphilis,  iii.  396 
tuberctilosis,  iii.  395 
typhoid  fever,  iii.  396 
Moro's,  i.  842;  iii.  395 
V.  Pirquet's,  i.  315,  842;  iii.  395 
Cutis  elastica,  iii.  397 
pendula,  iii.  397 
pensilis,  iii,  397 
propria,  vii.  750 
Cuttlefish  bone,  iii.  398 
Cuvier,  Georges,  i.  338 
Cuvier's  ducts,  viii.  055 
Cyanides,  iii.  398 

occupational  diseases  caused  by,  vi. 

830 
postmortem  evidences  of    poisoning 
by,  i.  806 
Cyanopsia,  iii.  50 
Cyanosis,  iii.  399 
enterogenous,  i,  782 
local,  vii.  487 
Cyclamen,  iii.  402 
Cyclaster  scarlatinalis,  viii.  626 
Cyclasterion,  iii.  402 

scarlatinale,  viii.  626 
Cyclitis,  iii.  402 

blindness  due  to,  ii.  108 
Cyclophyllidffi,  iii.  402 
Cyclops,  iii.  402 
Cyclorrhapha,  iii.  402 
Cydonium,  iii.  402 
Cylindroma,  iii.  403 
Cyllin,  iii.  404 
Cymophenol,  ii.  665 
Cynanche  parotidea,  vi.  550 
Cynorrhsestes,  v.  674 
Cypress,  iii.  404 
Cypripedium,  iii.  404 


Cyst,  see  CysU. 
Cystadenoma,  iii.  404 
mammary,  ii.  4S1 
papilliforme  maliguum,  viii.  192 
Cystamine,  v.  235 
Cystectomy,  ii.  69 
Cystein,  i.  78 

Cysticercus,  ii.  764;  iii.  408 
aeanthotrias,  ii.  768 
botryoides,  ii.  768 
bovis,  ii.  766 
cellulosse,  ii.  767 
cutis,  iii.  408 
in  muscle,  vi.  565 
of  the  breast,  v.  58 
fasciolaris.  ii.  771 
multilocularis,  ii.  768 
pisiformis,  ii.  771 
racemosus,  ii.  768 
subretinal,  ^ai.  558 
tenuicoUis,  ii.  771 
Cystine,  i.  78;  iii.  408 
Cystinuria,  iii.  408;  viii.  359 

autointoxication  as  a  cause  of,  i.  782 
Cystitis,  ii.  75 

clinical  history,  ii.  76 
diagnosis,  ii.  77 
etiology,  ii.  75 
pathology,  ii.  76 
prognosis,  ii.  77 
prophylaxis,  ii.  77 
schistosoma,  viii.  275 
senile,  vi.  858 
symptoms,  ii.  76 
treatment,  ii.  78 
Cystocele  colli  congenitum,  ii,  442 

vesicovaginal,  viii.  410 
Cystogen,  v.  235 
Cystoma,  iii.  404 
auricular,  iii.  764 
ovarian,  vi,  948 
of  pharynx,  vii.  163 
Cystomonas,  ii.  242;  iii.  409 

urinaria,  viii.  611 
Cystoscopy,  iii,  409 
Cysts,  iii.  411 

branchiogenic,  ii.  441 
bronchiectatic,  ii.  517 
cancer,  of  the  breast,  ii.  489 
cerebral,  ii.  434 
chorionic,  iii.  41 
chylous,  iii.  61 
classification  of,  iii.  413 
compound  follicular,  ofjjaw,  v.  697 
conjunctival,  iv.  292 
dental,  vi.  843 
dentigerous,  v.  697 
dermoid,  viii.  138 
of  the  breast,  ii.  478 
of  the  rectum,  vii.  500 
of  Wolffian  body,  viii.  511 
ectodermal,  viii.  137 
entodermal,  viii.  138 
epidermoid,  viii.  137 
eyelids,  iv.  290 
Fallopian  tubes,  vi.  956 
hydatid,  ii.  772 
iris,  iv.  294;  v.  668 
lacteal,  ii.  477 
laryngeal,  v.  833 
mammary,  ii.  474,  478,  489 
maxillary  sinus,  v.  686 
mesenteric,  iii.  61 ;  vii.  124 
mesodermal,  viii.  138 
mucoid,  of  the  breast,  ii.  477 
nasal,  vi.  621 
orbital,  iv.  299;  vi.  910 
ovarian,  vi.  948 


Cysts,  oviducts,  vi.  956 

pancreatic,  vii.  22 

parovarian,  vii.  60 

placental,  vii.  208 

renal,  v.  757 

salivary,  vii.  622 

sebaceous,  of  the  auricle,  iii.  764 

stomach,  vii.  988 

teratoid,  viii.  137 
complex,  viii.  138 
simple,  viii.  137 

testicular,  viii.  147 

vulvar,  viii.  470 
Cytase,  iii.  417 
Cytodiagnosis,  iii.  417 

cerelirospinal,  ii.  753 
Cytolymph,  ii.  711 
Cytolysis,  v.  173;  vii.  239 

substances  producing,  v.  511 
Cytometer,  ii.  175 
Cytophile  group  of  the  amboceptor,  v. 

109 
Cytoplasm,  ii.  711 
Cytoreticulum,  ii.  711 
Cytoryctes,  iii.  420;  vii.  798 

cocci  in  foot-and-mouth  disease,  iv. 
504 

jenneri   in   foot-and-mouth   disease, 
iv.  504 
Cytosine,  iii.  420 
Cytospermium,  v.  673;  viii.  621 

villosum      intestinalium      canis     et 
felis,  viii.  622 
Cytotherapy,  vi.  912 
Cytotoxin,  iii.  420 
Czaplewsky's  method   of  staining  the 

tubercle  bacillus,    i.  914 
Czermak,  Johann  Nepomuk,  iii.  421 
Czermak's  orthoscope,  vi.  S94 
Czerny-Lembert  sut\ire,  v.  024 

Dabney,  William  Cecil,  iii.  421 
Daboia  russelii,  vii.  525 
DaCosta,  Jacob  M.,  iii.  421 
Dacryoadenitis,  v.  791 
Dacryocystitis,  v.  794 
Dacryocysto-blennorrhea,  \ .  795 
Dacryon,  vii.  705 
Dactylitis,  iv.  877 

syphilitic,  iv.  880 

tuberculous,  i.  689;  iv.  879 
Dakin's  fluid,  viii.  675 
Daland  hematocrit,  ii.  170 
Dalton,  John  Call,  iii.  421 
DandeUon,  viii.  99 
Daniell  cell,  iii.  875 
Daphne  mezereum,  poisoning  bj',  vii. 

231 
Dare's  hemoglobinometer,  ii.  183 
Darier's  disease,  v.  718 
Dark-field  illumination,  i.  917;  viii.  653 
Darnel,  poisoning  by,  vii.  232 
Darwinian  theory  of  evolution,  iv.  168 

tubercle,  iii.  726,  729 
Dates,  food  value  of,  iv.  430 
Datura  stramonium,  viii.  5 
Daubenton's  occipital  angle,  i.  336 
Davainea,  iii.  422 

asiatica,  ii.  776 

characteristics  of  the  genus,  ii.  775 

demerariensis,  ii.  775 

madagascarensis,  ii.  775 
Davaineinse,  iii.  422 
Daviel,  Jacques,  iii.  422 
Davis,  Nathan  Smith,  iii.  423 
Davos,  iii.  423 

Dawson,  William  W.,  iii.  426 
Day  blindness  (hemeralopia),  v.  150 
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Dead,  liisposal  of  the,  iii.  426 

Dead -finger,  iv.  899 

Deaf,  lip-reading  by  the,  vi.  21 

schools  for  the.  iii.  438 
Deaf-and-dumb,    iii.    428;    sep    h.nf- 

muhs. 
Deaf-mutes,  iii.  428 

alphabet  for.  iii.  AM 

legal  rights  and  responsibilitie.s  of. 
iii.  438 

mental  condition  of,  iii.  434 

organizations   to   promote   the   wel- 
fare of.  iii.  442 
Deaf -mutism,  causes  of,  iii.  430 

endemic,  iii.  354 

extent  of.  iii.  429 

irevention  of,  iii.  434 
Deafness,  v.  39 

appliances  for.  v.  43 

from  chronic  adhesive  otitis  media, 
vi.  938 

hvsterical,  v.  486 

w,>rd.  vii.  815 
Dearborn  Spring,  iii.  442 
Death,  certification  of.  iii.  442 

from  drowning,  iii.  697 

from  electricity,  iii.  879 

postmortem  appearances,  iii.  884 

modes  of,  iii.  445 

physiological  theories  of,  iii.  447 

signs  of,  iii.  453 

sudden,   in   status  lymphaticus,    vi. 
932 
Decalcification,  ii.  581 
Decapitation,  iv.  1 
Decapsulation,  renal,  vi.  725 
Dechloridation,  iii.  454 
Decidua,  iii.  455 

basalis,  iii.  459 

capsularis,  iii.  458 

circulatory  disturbances  in,  iii.  461 

inflammation  of,  iii.  462 

new  growths  of,  iii.  465 

parietalis,  iii.  457 

pathology  of,  iii.  460 

physiological  changes  in.  iii.  460 

progressive  changes  in.  iii.  462 

refiexa  or  capsularis.  iii.  458 

retention  of,  iii.  463 

retrograde  changes  in,  iii.  461 

serotina  or  basalis,  iii.  459 

subinvolution  of,  iii.  463 

syphilis  of,  iii.  464 

tuberculosis  of,  iii.  464 

vera  or  parietalis,  iii.  457 
Deciduoma,  iii.  465 
Deciduosarcoma,  iii.  466 
Decocta,  iii.  466 

Decompression,  cerebral,  in  cerebellar 
tumors,  ii.  737 

t->perations,  ii.  416 
indications,  ii.  372 

rapid,  a  cause  of  caisson  disease,  ii. 
572 
Decortication  of  lungs,  viii.  174 
Decubitus,  viii.  568 
Decussation  of  the  pyramids,  ii.  2'.l"i 
Deep  Rock  Spring,  iii.  466 
Defecation,  iii.  467 
Defectives,  asexualization  of,  iii.  355 
Defects,  physical,  in  urban  and  rur.nl 

lomnuinities,  \i\.  661 
Deformities,  amputation  for,  i.  267 

congenital,  vm.  129;  see  Teratolwpj. 

of  the  ear,  iii.  761 
feet.  iv.  461,  480 
fingers,  iv.  867 
hands,  iv.  867 


Deformities  of  the  hip,  iii.  315,  661 
in  mental  disease,  vi.  409,  422 
knees,  ii.  271;  iii.  668;  vi.  768 
mouth,  iii.  92;  iv.  902 
nose,  vi.  799 
pelvis,  vii.  86 
penis,  vii.  103 
shoulder,  iii.  607 
spine,  vii.  87,5 
Degeneration  and  deposits,  iii.  468 
albuminous,  iii.  468 
amyloid,  i.  302;  iii.  470 
colloid,  iii.  469 
cretinoid,  iii.  353 
fatty,  iii.  468;  iv.  342 
hyaline,  iii.  469;  v.  368 
hydropic,  iii.  468 
mucoid,  iii.  469 
vitreous  body.  viii.  464 
Wallcriau,  viii.  472 
Deglutition,  iii.  472 

diffi.-uhy  in,  iii.  712 
Deiters,  Otto  Friedrich  Karl,  iii.  473 
Deiters'  cell,  vi.  72:i 
Dekhuyzen's  fluid,  v.  257 
Delafield's  hematoxylin,  v.  266 
De  la  Rue  battery,  iii.  874 
Delaware,  medical  practice  in,  vi.  295 
Delhi  boil,  v.  877 
Delinquency,  theories  of,  iii.  362 
Delirium,  iii.  473 

acute,  iii.  475;  vii.  359 
bromide,  i.  199 
collapse,  -vu.  359 
.senile,  vii.  373 
tremens,  i.  194;  iii.  474 
Delphinium  consolida,  vii.  925 
staphisagria.  vii.    924 
poisoning  by,  vii.  238 
Deltoid  muscle,  anomalies  of,  viii.  5S'J 
Delusions  in  mental  disease,  vi.  415 
of  persecution,  senile,  vii.  374 
paranoiac,  vii.  41 
Dementia  in  mental  disease,  vi.  414 
p.-iretie.  vii.  51 
precox,  vi.  441 

age  of  onset,  vi.  442 
diagnosis,  v.  4.89;  vi.  447 
etiology,  vi.  442 
forms  of,  vi.  444 
nature  of,  \i.  448 
pathologj',  vi.  449 
premonitorj'  symptoms,  vi.  444 
prognosis,  vi.  449 
symptomatology',  vi.  443 
treatment,  vi.  450 
presenile,  -vM.  370 
senile,  \ni.  372 
simple,  vi.  445 
Deming,  N.  M.,  vi.  785 
Democritus,  vi.  311 
Demodex,  iii.  476 

foUienl.iruiii,  i.  .">04 
Demodicidae.  i.  ."jdt;  iii.  476 
Demography,  iii.  476 
Demours,  Pierre,  i.  33^;  iii.  482 
Demulcents,  iii.  483 
Dendrites,  ii.  274;  vi.  729 
Deneke's  cheese  spirillum,  i.  ^72 
Dengue,  iii.  483 
Denison,  Charles,  iii.  486 
Denitrification,  i.  834 
Denman,  Thomas,  iii.  486 
Denmark,  medical  practice  in.  vi.  295 
Dennett's  electric  ophthalmoscope,  vi 

S95 
Dental  corps,  naval,  vi.  656 
r.  S.  Army.  i.  569 


Dental  length,  vii.  766 


cysts 


,  697 


Dentifrices,  iii.  486 
Dentine,  viii.  106 

secondary,  viii.  116 
Dentinoids,  vi.  S43 
Dentiphone,  v.  46 
Dentition,  iii.  491 

abnormalities  of,  iii.  492;  viii.  110 

disorders  tif.  iii.  492 
Denver,  iii.  494 
Denys"  tuberculin,  viii.  28.3 
Deodorants,  iii.  497 
De  Page's  operation  of  gastrostomy,  vii 

'.l^l 
Depilatio  congenita,  i.  225 
Depilatories,  iii.  497.  s!tS:  v.  452 
Deposits,  iii.  470 
Depression  in  mental  disease,  vi.  413 

nature  of,  v.  670 
Depressor    anguli   on.'*,   anomalies   of. 
viii.  575 

nerves,  ii.  1.58 

thyroidea;  muscle,  viii.  577 
Depulization  in  anti-plague  work,  vii. 

219,  221 
Deratization,  vii.  218.  219 
Derma,  vii.  7.50 
Dermacentor,  iii.  498 

andcrsoni.  i.  514:  vii.  ,588 

oecidentalis.  i.  515 

variabilis,  i.  515 

venustus,  vii.  588 
Dermanyssus,  iii.  499 

CalliiKC.  i.  .509 

liiniridiTiis,  i.  5n'.i 
Dermatalgia,  iii.  499 
Dermatitis,  iii.  499 

atnbustionis.  iii.  500 

lilastomycetic,  ii.  88 

bullosa   following   vaccination,    viii. 
393 
plantaris,  iii.  600 

calorica,  iii.  600 

coccidioides.  iii.  601 

eongelationis.  iii.  500 

diagnosis,  iii.  8.34 

epidemica,  iii.  501 

exfoliativa  epidemica.  iii.  601 
neonatorum,  iii.  602 
(pityriasis  rubra),  vii.  202 

herpetiformis,  iii.  602 
diagnosis,  iii.  833 

malignant  papillar>-,  ii.  488 

medicamentosa,  iii.  603 

nodo.sa  rubra,  iii.  506 

papillaris  capillitii,  i.  231;  iii.  606 

papulosa,  iii.  607 

protozoic,  iii.  501 

pustular,  iii.  500 

repcns,  iii.  607 

rimosa  of  the  toes.  iii.  507 

sel>orrhoica,  iii.  608 

skiagraphica.  iii.  508 

venenata,  iii.  610 
of  the  arms,  i.  ,546 

ve.sicular,  iii.  500 

r-ray,  iii.  608 

phototherapy  of,  vii.  187 
Dermatobia,  iii.  612 

c>'aniventris.  v.  591 

noxiitlis,  V.  589 
Dermatol,  iii.  612 
Dermatolysis,  iii.  397 
Dermatomyositis,  vi.  5t>;< 
Dermatophilus,  iii.  612 
Dermatoses,  diet  in.  iv.  452 

electricity  in,  iii.  91 1 
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Dermatoses  following  vaccination,  viii. 

Diaphragm,  anomalies  of,  viii.  592 

Diet  in  epilepsy,  iv.  66 

393 

atrophy,  iii.  547 

in  gastric  ulcer,  viii.  316 

hysterical,  v.  486 

derivation,  iii.  148 

in  marasmus,  vi.  241 

in  pellagra,  vii.  73 

diseases  and  injuries,  iii.  543 

in  old  age,  vi.  861 

of  the  hand,  iv.  884 

displacements,  iii.  543 

Dietary,  Portci's.  vi.  460 

of  the  penis,  vii.  9'J 

hernia,  iii.  544 

Diethyl-ketone,  iii.  568 

senile,  vi.  859 

injuries,  iii.  544 

Dietl's  crises  in  nephroptosis,  v.  749 

Dermographism,  viii.  3G4 

lymphatics,  vi.  180 

Dieudonne's    blood-agar    medium,    i. 

Dermoids,  viii.  138 

malformations,  viii.  133 

880 

brant-hiogeuic,  ii.  442 

neoplasms,  iii.  546 

Dieulafoy,   Georges,  iii.  568 

conjunctival,  iv.  292 

nervous  affections,  iii.  546 

Differentiation,  iii.  568 

mammary-,  ii.  478 

neuralgia,  iii.  546 

Digalen,  iii.  572 

ovarian,  vi.  9.50;  viii,  139 

paralysis,  iii.  546 

Digallic  acid,  viii.  97 

Wolffian  body,  viii.  511 

perforation,  iii.  545 

Digastric    muscle,    anomalies    of,   viii. 

Dermol.  iii.  512 

rheumatism,  iii.  545 

578 

Dermophytosis  inguinalis,  viii.  204 

spasm,  iii.  546 

Digenea,  iii.  572 

Desault,  Pierre  Joseph,  iii.  512 

urogenital,  vii.  118 

Digestants,  iii.  572 

Desault's  bandage,  ii.  17 

Diaphragmitis,  iii.  545 

Digestion,  iii.  572 

Descartes'   theory    of    the    seat  of  the 

Diaphoretics,  iii.  537 

Digestive  tract,  iii.  575 

.soul,  i.  :W3 

Diapophyses,  vertebral,  viii.  674 

development,  iii.  576 

Descemet,  Jean,  i.  338;  iii.  513 

Diarrhea,  iii.  548 

in  the  infant,  v.  528 

Desiccation,  high-frequency,  iii.  513 

arutc,  iii.  8 

Digipuratum,  iii.  597 

Desmoid  tumors,  iii.  514 

causes  of,  iii.  549 

Digitalin,  iii.  598 

Des  Moines,  Iowa,  iii.  514 

choleraic,  iii.  5;  viii.  553,  558 

Digitalis,  iii.  597 

Destroying  angel,  iv.  ."iSii 

diet  in,  iv.  443 

diuretic  action  of,  iii.  684 

Detmold,  WiUiam,  iii.  514 

infantile,  iii.  553 

in  lieart  failure,  v.  76 

Detroit,  iii.  515 

acute,  iii.  556 

Digitonin,  iii.  598 

Dettweiler,  Peter,  iii.  515 

chronic,  iii.  559 

Digitoxin,  iii.  ,598 

Development,  failure  of,  i.  151 

prevalent     in     upper     stories     of 

Digitus  mortuus,  vii.  486 

Dewees,  William  Potts,  iii.  515 

houses,  V.  352 

superextensus.  iv.  874 

Dextrins,  iii.  515 

lientery,  v.  915 

Diiodo-betanaphthol,  iii.  600 

Dextrose,  i.  205;  iii.  515 

seasonal  prevalence,  iii.  551 

Diiodocarbazol,  iii.  600 

in  blood  plasma,  ii.  122 

tn-:itment,  iii.  552 

Diiodoform,  iii.  600 

in  urine,  viii.  353 

tropical  (sprue),  vii.  917 

Dill,  iii.  600 

Dezeimeris,  J.  E.,  iii.  516 

Diarsenol,  viii.  83 

Dimethylacetal,  iii.  600 

De   Zeng's   ophthalmoscope,    vi.    896, 

Diaschisis,  ii.  741 

Dimethylamine,  vii.  382 

897 

Diastases,  iii.  561 

Dimethyl   sulphate,   occupational   dis- 

Diabete bronze,  iii.  520.  523 

Diastasum,  iii.  561 

eases  caused  by,  vi.  829 

Diabetes,  bronzed,  iii.  520,    523 

Diasters,  ii.  714 

Dimorphus  muris,  viii.  613 

insipidus,  iii.  516;  v.  475 

Diathermy,  iii.  561 

Dimorphys,  iii.  601 

mellitus,  iii.  121,  518 

Diathesis,  iii.  563 

Dimple,  postanal,  vii.  500 

coma  in,  i.  76 

aneurysmal,  i.  399 

Dimsdale,  Sir  Thomas,  iii.  601 

diet  in,  iv.  450 

lymphatic,  vii.  928 

Dinitrobenzol,    occupational    diseases 

eye  symptoms  in,  iv.  287 

scrofulous,  vii.  678 

caused  by.  vi.  830 

psychoses  of,  vii.  379 

strumous,  vii.  678 

Dinitrocellulose,  vii.  433 

retinitis  in,  vii.  555 

Diastole,  shape  of  the  heart  in,  ii.  144 

Dionin,  iii.  601 

renal,  iii.  518 

Diazomethane,    occupational    diseases 

Dioptrics,  i.  6J:  iv.  263 

Diacetic  acid,  iii.  527 

due  to,  vi.  829 

Dioscorides,  Pedanius,  iii.  601;  vi.  315 

in  the  urine,  viii.  354 

Diazo  reaction,  iii.  565 

Diphtheria,  iii.  601 

Diagnosis,  abdomin.al,  i.  23 

in  tuberciUosis,  iii.  566 

antitoxin  of,  i.  487,  849;  iii.  611 

bacteriological,  i.  918 

in  typhoid  fever,  iii.  566;  viii.  298 

preparation  of,  i.  849 

Ijronchoscopic,  ii.  531 

in  typhus  fever,  viii.  307 

auricular,  iii.  761 

cerebral,  ii.  374 

Dibothriocephalidse,  iii.  567 

bacillus  of,  i.  845;  iii.  601 

cutireaction,     i.    315.    842;    ii.    604; 

Dibothriocephalus,  iii.  567 

bacteriological  diagnosis  of,  i.  919 

iii.  395 

clKiractcristii's  of  the  germs,  ii.  776 

carriers,  i.  876;  iii.  604 

cyto-.  iii.  417 

cordatus,  ii.  778 

cold  in  the  treatment  of,  iii.  157 

diazo,  iii.  565 

latus,  ii.  776 

complications,  iii.  608 

electro-,  iii.  890 

parvus,  ii.  778 

conjunctival,  iii.  248,  607 

gastric,  vii.  952 

Dibothrium,  iii.  567 

diagnosis,  iii.  608 

hematological,  ii.  158,  197 

latum,  ii.  776 

immunization  against,  by  antitoxin. 

laryngoscopic,  ii.  531;  v.  815,  818 

Dicephalus,  viii.  131 

i.  848 

ophthalmoreactions,  vi.  888 

Dickinson,  William  Howship,  iii.  567 

in  pregnant  women,  influence  of,  on 

ophthalmoscopic,  vi.  888 

Dickson,  Samuel  Hussey,  iii.  568 

the  fetus,  iv.  385 

Iihysical,  iii.  528 

Dicrocoelid£E,  viii.  271 

laryngeal,  iii.  380,  607 

rhinoscopic,  vii.  573 

Dicrocoelium,  iii.  568 

milk-borne,  vi.  517 

Roentgen,  vii.  591 

dciidriticum,  viii.  271 

nasal,  iii.  607 

serum,  vii.  710 

Dictophyme,  iii.  568 

paralysis  following,  iii.  60S:  vii.  36 

spinal,  vii.  858 

renalo,  vi.  693 

pathology,  iii.  604 

tuberculin,  i.  315,  842;  iii.  395 

Dictyophora  duplicata.  iv.  590 

pharyngeal,  iii.  606 

Wassermann,  iii.  220;  viii,  78,  475 

raveiielii,  iv.  596 

prognosis,  iii.  609 

Dialti's  hypophysis  operation,  ii.  422 

Diday,  Charles  Joseph  Paul,  iii.  568 

psychoses  of,  vii.  376 

Diamine  acids,  iii.  536 

Dieffenbach,     Johann     Friedrich,     iii. 

susceptibility  to.  i.  848 

Diaminuria,  ii.  536 

568;  \-iii.  44 

symptoms,  iii.  606 

Diamond-cutting,   disease   caused   by. 

Diencephalon,  anatomy,  ii.  314 

toxin,  iii.  602 

vi.  S32 

development  of,  ii.  288 

treatment,  iii.  610 

Diapedesis,  iii.  536 

Diet  for  convalescents,  iii.  275 

antitoxin,  i.  849;  iii.  611 

Diaphragm,  adhesions  of,  iii.  545 

for  the  sick,  iv.  428 

vulvar,  viii.  469 

anatomy,  iii.  538 

in  diabetes,  iii.  524 

Diplacanthus,  ii.  774;  iii.  613 

708 


GENERAL  INDEX 


Diplococcus  intraRellularis,  i.  ,S02;  vi. 

Dislocation,    congenital,    mandil 

.■io9 

692 

pneumoniae,  i.  801;  vii.  204 

patella,  vii.  07 

Diploe,  veins  of,  ii.  353 

shoulder,  iii.  007 

Diplogonoporus,  iii.  613 

treatment,  iii.  063,  007,  668 

l.rauni,  ii.  780 

coxofemoral,  iii.  653 

cliaracteristics  of  the  genus,  ii.  770 

cuboid,  iii.  660 

urandis,  ii.  779 

diagnosis,  iii.  638 

Diplopia,  iii.  613;  viii.  452 

elbow,  iii.  651 

licteronymous,  iii.  613 

etiology,  iii.  630 

homonymous,  iii.  014 

fennir,  iii.  653 

monophthalmica,  iii.  010 

fibula,  iii.  059 

strabismic,  viii.  1 

fingers,  iii.  6.53 

Diplopoda,  iii.  616 

frequency,  iii.  636 

Diploscope,  iii.  616 

hip,  iii.  653 

Diplosome,  ii.  712 

congenital,  iii.  601 

Dippel's  animal  oil,  iii.  617 

humerus,  iii.  647 

Diprosopus,  viii.  131 

congenital,  iii.  607 

Diptera,  iii.  617 

jaw,  iii.  641;  v.  691 

parasitic,  v.  588 

congenital,  v.  092 

poisonous,  V.  599 

knee,  iii.  658 

Dipteryx,  iii.  617 

congenital,  iii.  668 

Dipygus  parasiticus,  viii.  132 

mandible,  iii.  641;  v.  691 

Dipylidiinae,  iii.  617 

congenital,  v.  692 

Dipylidium,  iii.  617 

mechanism,  iii.  636 

Direction,  judgment  of,  iii.  617 

metatarsals,  iii.  600 

Dirofilaria  immitis,  vi.  089 

N6laton's,  iii.  659 

magalliaesi,  vi.  089 

OS  calcis,  iii.  660 

Disaccharides,  i.  200 

patella,  iii.  657 

Disc,  choked,  iii.  3 

congenital,  vi.  67 

optic,  iv.  256 

pathology,  iii.  638 

proligerous  (cumulus  oophorus),  iv. 

pelvic  bones,  iii.  653 

635 

prognosis,  iii.  639 

Discord,  v.  28 

radius,  iii.  652 

Disease,  geographical  distribution  of. 

ribs,  iii.  643 

iv.  671 

scaphoid,  iii.  660 

house,  v.  351 

.scapula,  iii.  647 

Stokes-Adams,  i.  030 

shoulder,  iii.  647 

Disinfectants,  i.  836;  iii.  619 

congenital,  iii.  667 

acid,  iii.  625 

sternum,  iii.  643 

aliphatic  carbon  compounds,  iii.  626 

subclavicular,  iii.  6.50 

alkaline,  iii.  625 

subcoracoid,  iii.  650 

alkaloidal,  iii.  628 

subglenoid,  iii.  647 

animal  extracts,  iii.  628 

subspinous,  iii.  650 

carbocyclic  compounds,  iii.  026 

symptoms,  iii.  638 

chemical,  iii.  623 

tarsus,  iii.  660 

cresols,  iii.  027 

thumb,  iii.  653 

estimation  of  the  power  of,  iii.  021 

thyroid,  of  the  hij),  iii.  656 

ethereal  oils,  iii.  628 

tibia,  iii.  658 

gaseous,  i.  837;  iii.  628 

treatment,  iii.  640 

halogens,  iii.  625 

ulna,  iii.  652 

mechanical,  iii.  622 

wrist,  iii.  652 

metallic,  iii.  024 

Dispensaries,  iii.  669 

mineral,  i.  837 

Disperse  solutions,  iv.  359 

neutral  salts,  iii.  025 

Displacement   in   the   dreum    nie 

organic,  i.  837 

ism,  iii.  091 

oxidizing,  iii.  025 

Disporocystidse,  iii.  669 

physical,  iii.  622 

Dissection  wounds,  iii.  669 

pigments,  iii.  628 

Dissimilation,  ii.  54 

Disinfection,  iii.  629;  v.  416 

Distance,  estimation  of,  viii.  456 

by  lioUing  water,  iii.  633 

Distillation  of  water,  viii.  484 

formaldehyde,  iii.  633 

on  shipboard,  vi.  047 

lime,  iii.  634 

Distiller  for  ships,  vi.  647 

mercury,  iii.  034 

Distira,  iii.  682 

phenol,  iii.  634 

Distoma,  iii.  682 

steam,  iii.  632 

conus,  viii.  272 

sulphur  dioxide,  iii.  633 

ha?matobium,  viii.  274 

of  ships,  vi.  650 

hepaticum,  viii.  265 

Dislocatio  erecta,  iii.  649 

heterophyes,  viii.  271 

Dislocations,  iii.  635 

in    the    gall-bladder    or   duct 

ankle,  iii.  059 

Oil 

carpus,  iii.  652 

lanceolatum,  viii.  272 

clavicle,  iii.  043 

oculi  humani,  viii.  266 

compound,  amputation  in,  i.  260 

pulmonale,  viii.  268 

congenital,  iii.  661 

ringeri,  viii.  209 

of  the  hip,  iii.  601 

sinense.  viii.  273 

humerus,  iii.  067 

westermanii,  viii.  208 

knee,  iii.  008 

Distomum,  iii.  682 

Oeriii^ktuM's 
DromoKrspb 


Distortion    in  the    dream   mofhaiii.im. 

iii.  691 
Disthchiasis,  iv.  310 
District    of    Columbia,    molical    prac- 
tice in.  vi.  29.') 
Dita,  iii.  682 

Dithiocalcium  carbonate,  iii.  683 
Dittany,  iii.  683 
V.  Dittel,  Leopold,  iii.  682 
Diuresis,  iii.  510 
Diuretics,  iii.  683 

action  of.  vii.  697 
Diuretin,  iii.  68S 
Divers,  diseases  of.  vi.  835 

hygiene  of,  vi.  642 

palsy  of.  ii.  572 
Diverticulum  ili-i  (.Meckel's),  iii.  .584 
Dizziness,  viii.  440;  see  Verligo. 
Dochmius,  iii.  685;  vi.  600.  698 

duodcnalis.  vi.  699 
Dock,  vii.  604 
Dodart,  Denis,  i.  337 
Doederlein's  work  in  obstetrics,  vi.  824 
Dogbane,  i   497 

fa.mly,  i.  496 
Dogwood,  iii.  29(') 

.Janiai.a,  vii.  200 
Dolomol,  iii.  685 
Dominant   characters   in    heredity,   v. 

191 
Donders,  Frans  Cornelis,  iii.  686 
Donovan's  solution,  i.  637 
Dormiol,  i.  302;  v.  458;  see  Amylene 

chloral. 
Dorset's  egg  medium,  i.  .891 
Dorsey,  John  Syng,  iii.  685 
Dorsoepitrochlearis  muscle,   viii.   580. 

5X4 
Dosage,  iii.  685 

comp\itation  <if.    in    a    prescription, 
viii.  598 
Douche,  V.  400 

pail,  iii.  1.5t> 

spray,  iii.  150 
Douglas,  James,  iii.  087 
Douglas's  fold  anil  pouch,  iv.  645 
Dourine,  iii.  687 
Dover,  Thomas,  iii.  687 
Dover's  powder,  vi.  902 
Downes'  urinary  segregator,  viii.  342 

intestinal  clamps,  v.  629 
Doyen's  cnterotribe,  v.  633 

vaccine  in  cancer,  ii.  60S 
Dracunculiinfle,  vi.  6.S2 
Dracunculus,  iii.  688;  vi.  73 

medinensis,  vi.  690 

o<-uli,  vi.  6S0 
Dragon's  blood,  iii.  688 
Drainage,  i.  T.'l 
Drains,  iii.  i'>'i."i 
Drake,  Daniel,  iii.  688 
le  Dran,  Henri-Franfois,  viii.  43 
Draper,  John  William,  iii.  688 
Drastics,  ii.  liS7.  09(1 
Draught,  black,  ii.  668 
Dream  states,  alcoholic,  i.  197 

hysterical,  v.  4S3 
Dreams,  iii.  688 
Drepanidoteenia,  iii.  695 
Dressings,  aseptic  i.  7-'il 

paralhn,  viii.  696 

surgical,  iii.  696 
Dribbling,  urinary,  vi.  .101 
Drigalski-Conradi  agar,  i.  886 
Drill,  setting-up.  v.  404 
Drip  sheet,  v.  39ii 
Drivers,  diseivses  of,  vi.  S3S 
Dromograph,  blood,  ii.  139 
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Drop -finger,  iv.  S8S 

Drop  method  of  rectal   irrigation,  iv. 

•l.s 
Dropsy,  iii.  846;  see  also  Edema. 
cerebral,  v.  381 
epidemic,  iii.  696 
false,  iii.  SiO 

intermittent  articular,  v.  'WS 
omental,  vi.  874 
I.eritoneal.  i.  714 
Droserace£e.  iii.  697 
Drosophila,  iii.  697 
Drowning,  iii.  697 
Drug  control  laws,  iv.  411 
Drug  eruptions,  iii.  503 
Drug-fastness,  ii.  SOO 
Drugs,  adulteration  of,  iv.  41') 
idiosyurrasy  regarding,  v.  502 
misbranding  of,  iv.  416 
Drum-membrane,  iii.  733;  v.  29 
artificial,  v.  43 
changes    in,    resvilting    from    former 

disease,  iii.  775 
examination  of,  iii.  74.5 
in6ammation  of,  vi.  930 
perforation  of,  vi.  936 

traumatic,  iii.  778 
properties  of.  v.  32 
Drunkenness,  i.  I'M 
Dublin,  N.  H.,  iii    698 
Du  Bois,  Abram,  iii    699 
Dubois's  abscess  nt  Ihe  thymus,  viii. 

1,S4 
Duboisia,  iii.  699 
Du  Bois-Reymond,  Emil,  iii.  699 
Dubreuil's  amputation,  i.  2.S2 
Duchenne,  G.  B.,  iii.  700 
Ducrey's    bacillus,   i.    865;    ii.    7S3 
Ductless  glands,  iv.  720 

syndrriines  relating  to,  viii.  74 
therapeutic  uses  of,  vi.  913 
Ducts,  glandular,  iv.  77 
lactiferous,  ii.  452 
mammary,  ii.  452 
pancreatic,  vii.  10 
thoracic,  vi.  184 
Ductus  arteriosus,  iii.  700 
Botalli,  iii.  700 
biliferi,  vi.  46,  53 
choledochus,  vi.  46,  48 
chyliferus,  vi.  184 
cy.sticus  hepatis,  vi.  46 
hei)atis,  vi.  46 
l\"m[)haticus  dexter,  vi.  185 
Duddell,  Benedict,  i.  338 
Dudgeon's  sphygmograph,  ii.  648 
Dudley,  Benjamin  Winslow,  iii.  701 
Dugas'  sign,  iii.  017 
Duhring,  Louis  Adolphus,  iii.  702 
Dujardin-Beaumetz,  G.S.O.,  iii.  702 
Dukes'  disease,  vii.  600 
Dulcamara,  iii.  702 
Dulcin,  iii.  702 

Dumas,  Charles  Louis,  iii.  702 
Dumb,  the,  iii.  428;  see  Dcaf-midcs. 
Dumbness,  auditory,  vii.  820 
Dunglison,  Robley,  iii.  703 
Dunham's  peptone  solution,  i.  881 

thcrmoregulator,  i.  899 
Duodenostomy,  v.  625 
Duodenum,  iii.  575 
peristalsis  in,  v.  614 
surgical  anatomy  of  the,  i.  17 
Duotal,  iv.  7SS 
Dupre's  syndrome,  vi.  353 
Dupuytren,  Guillaume,  iii.  703  ;  viii.  44 
Dupuytren's  contraction,  iv.  889 
paste,  ii.  697 


Dura  mater,  ii.  339;  vii.  831 
cerebral,  ii.  339 

blood-ves.sels  of,  ii.  353;  iii.  343 
defects  of,  closed  by  fascia,  viii. 

254 
veins  of  the,  ii.  353 
spinal,  vii.  831 
Durand-Fardel,  Charles  L.  M.,  iii.  704 
Durango,  vi.  49(1 
Duret,  Louis,  iii.  704 
Duret's  fluid,  viii.  676 

operation   of   gastropexy,    vii.  879 
Dust,     occupational     diseases    cau.sed 

by,  vi.  832 
Duverney,  Jean  Guichard,  i.  332;  iii. 

704 
Dwarfism,  vi.  603;  see  Nanism. 
Dwarfs,  long  life  of,  vi.  603 
Dwellings,  sanitation  of,  v.  332 
Dyers,  diseases  of,  vi.  836 
Dyes,  for  bacterial  staining,  i.  912 

for  blood  staining,  ii.  189 
Dynamometer,  iii.  704 
Dypilidium  canium,  ii.  776 

chararU'ristics  of  the  genus,  ii.  776 
Dyscrasia,  iii   705 
Dysentery,  iii.  705 
amebic,  iii.  7115 

microorganisms  of,  viii.  607.  t'll'.i 
arthropodic,  iii.  708 
bacillus  of,  i.  856 
bacterial,  iii.  708 

bacterialogical  diagnosis  of,  i.  9111 
balantidial,  viii.  629,  630 
carriers,  i.  879;  viii.  608 
eiliar,  iii.  708 
flagellate,  iii.  708 
hepatic  abscess  in,  vi.  36 
infantile,  iii.  557 
Laveranic,  iii,  708 
Leishmanic,  iii.  708 
nemathelminthic,  iii.  708 
platyhelminthic,  iii.  708 
protozoal,  iii.  706 
psychoses  of.  vii.  376 
treatment,  iii.  707,  709 
Dysidrosis,  \  ii.  302 
Dysmenorrhea,  iii.  709 
eliTtriiity  in.  iii.  910 
Dysmetria,  eerebeller,  ii,  729 
Dysmorphism,     i.     222;     see  Allanmr- 

,,ln.,„. 
Dyspareunia,  iii.  709 

ill  the  male.  vi.  776 
Dyspepsia,  iii.  711 
dirt  in.  iv.  441 
intestinal,  diet  in.  iv.  442 
Dysphagia,  iii.  712 
Dysphonia  spastica,  v.  830 
Dysplasia,  i.  223  ;  vi.  476;  see  Alloplasia. 
Dyspnea,  iii.  713 
asthmatic,  i.  739 

Dystocia,  iii.  715;  v.  783 

Dystonia  musculorum  deformans,   iii. 

616 
Dystrophy,    progressive   muscular,    \\ 
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Ear,  anatomical  studies  of,  i.  344 
anatomy  of,  v.  29 

auditory  canal,  iii.  717 

auditory    (acoustic)    nerve  anrl  its 

end  organs,  iii.  719 
auricle,  iii.  725 
mastoid,  iii.  729 

tympanic  membrane  and  ossicles. 
'  iii.  733 


Ear,  cancer  of,  radiotherapy  of,  vii.  472 
care  of,  iii.  784 
deformities  of,  iii.  761 

in  mental  disease,  vi.  409,  422 
diagnosis  of  disease  of ,  iii.  740 
diseases   of    the  acoustic  nerve  ami 
labyrinth,  iii.  750 
auricle,  iii.  759 
Eustachian  tube,  iii.  769 
external  auditory  canal,  iii.  771 
local  remedies,  iii.  786 
prophylaxis,  iii.  784 
tympanum,    vi.    930;    see    OtilU 
media. 
drum-membrane   changes   resulting 

from  former  disease,  iii.  775 
external,  v.  29 

deformities  of,  iii.  761;  vi.  409,    422 
diseases  of,  iii.  759 
general  therapeutics  of  diseases  of, 

iii.  784 
imperforation  of,  i.  763 
internal,  v.  33 

diseases  of,  iii.  750 
intracranial   complications  of   otitis 

media,  iii.  790 
keratosis  of,  radiotherapy  of,  vii.  472 
lymphatics  of,  vi.  162.  163 
middle,  v.  29 

disease    of,     vi.     930;     see     liliU-i 

media. 
tuberculosis  of,  vi.  939 
noises  in  the,  viii.  206 
physiology  of,  v.  29 
senile  changes  in,  vi.  849 
syphilis  of  the,  iii.  794 
syringing  the,  iii.  787 
tuberculosis  of  the,  iii.  806;  vi.  939 
radiotherapy  of,  vii.  472 
Earache,  diagnostic  significance  of,  iii. 
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Ear-tick,  sjnnose,  vii.  896 
East  Indian  aloes,  i.  224 
Eastport,  Maine,  iii.  810 
Eaton  Rapids  Well,  iii.  810 
Eberth's  bacillus,  i.  ,s.-j2 
Ebstein,  Wilhelm,  iii.  810 
Ebstein  dietary  for  obesity,  vi.  >1T 
Eburnation,  vi.  929 
Ecchondrosis   physalifera  sphenoocci- 

pitalis,  iii.  15 
Ecchymoses,  vii.  414 
mammary,  ii.  470 
subconjunctival,  iii.  255 
Echinococcus,  ii.  771;  iii.  811 
cyst  of  the  breast,  ii.  478 
hook,  ii.  773 
in  muscle,  vi.  565 
in  the  nose,  vi.  624 
muUilocularis,  ii.  772 
of  the  bile-ducts,  iv.  611 
of  the  liver,  vi.  64 
polymorphus,  ii.  771 
racemosus,  ii.  772 
Echinorhynchidse,  iii.  811 
Echinorhynchus  hominis,  vi.  704 
Echinostoma  ilocaiuim  viii.  26S 

iiialayaiuini.  viii.  268 
Echinostomidae,  viii.  268 
Echomotism,  v.  854 
Eck  fistula,  vi.  69 
Ecker's  corpuscles,  viii.  181 
Eclampsia,  febrile,  iii.  816 
gravidarum,  iii.  811 
infantum,  iii.  816 

in  relation  to  epilep.sy,  iv.  61 
in  status  lymphaticus,  vii.  931 
nutans,  iii.  824 
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Eclampsia,  jjsychoses  of,  vii.  379 
rachitic,  iii.  818,  819 
reflex,  iii.  817 
r-ymptoiiiatic.  iii.  816 
t.ixic.  iii.  818 
Ecology,  ii.  ."ili 
Ecphyma  globulus,  iii.  824 
Ecstasy,  iii.  825 
Ectamnion,  i.  2')^ 
Ecthyma,  iii.  825 

ciTirioiilai'.  iii.  759 
Ectoderm,  iii.  826  , 

ortiaii^  derivcil  from,  iv.  679 
Ectopia  testis,  viii.  149 
Ectopic  gestation,  iv.  691 
Ectoplasm,  ii.  711 
Ectrodactylism,  iv.  868 
Ectropion,  iv.  311 

iive;^.  congenital,  v.  661 
Ecuador,  medical  practice  in,  vi.  296 
Eczema,  iii.  826 
acutum,  iii.  829 
chronicum,  iii.  829 
diagnosis,  iii.  832 

from  smallpox,  vii.  SOO 
epidemic,  iii.  501 
erj'thematosum,  iii.  827 
etiology-,  iii.  830 
fissure,  i.  544,  iii.  829 
impetiginosum,  iii.  828 
infantile,  iii.  839 
licratosis  complicating,  v.  720 
madidans,  iii.  828 
marginatum,  viii.  204 
diagnosis,  iii.  833 
of  scrotum,  iii.  843;  vii.  679 
of  the  anus,  iii.  844 
auditory  canal,  iii.  772 
auricles,  iii.  759,  842 
beard,  iii.  842 
eyelids,  iii.  843 
face.  iii.  841 
feet.  iii.  845 
genitals,  iii.  843 
hands,  iii.  845 
leg.  iii.  844 
lips,  iii.  842 
nails,  iii.  845;  vi.  601 
nails,  treatment,  iii.  845;  vi.  603 
penis,  iii.  843 
scalp,  iii.  841 
scrotum,  iii.  843;  vii.  679 
vulva,  iii.  843 
papulosum,  i.  544;  iii.  827 
parasitic,  iii.  840 
pathology,  iii.  829 
prognosis,  iii.  835 
pustulosum,  iii.  828 
rubrum.  iii.  828 
sderosum,  iii.  828 
seborrheic,  vaccine  therapy  of,  viii. 

403 
wlare  (miliaria),  vi.  505 
squamosum,  iii.  828 
treatment,  iii.  835 
types  of,  iii.  827 
vaccine  therapy  of,  viii.  403 
\'aricosum,  viii.  670 
verru'viKum.  iii.  829 
veMcul..sum.  iii.  828 
Edebohl's  operation,  vi.  725 
Edema,  iii.  S2,  846 

acute  cireumscrilied,  i.  436 
angioneurotic,  i.  436;  iii.  849 

radiotherapy  of,  vii.  472 
arthritic,  i.  436 
cachectic,  iii.  849 
earh\inculosum,  i.  4(j3;  iii.  850 


Edema,  ex  vacuo,  iii.  847 

fugax,  iii.  849 

glottidis,  iii.  383;  v.  810 

inflammatory,  iii.  848 
Edema,  intermittent,  i.  436;  iii.  849 

malignant,  i.  463;  iii.  850 
bacillus  of,  i.  807 

neonatorum,  iii.  849 

neuropathic,  iii.  849 

pulmonary,  vi.  lOS 

purpuric,  vii.  414 

rheumatic,  i.  43fi 

toxic,  iii.  84S 
Edestin,  iii.  850 
Edison-Lalande  cell,  iii.  875 
Edridge-Green's  color-perception  test, 
iii.  204 

spectrometer,  iii.  192 

theory  of  color  blindness,  iii.  194 
Education  in  the  prevention  of  mental 
disease,  vi.  393 

medical,  for  women,  ii.  66 
in  the  United  States,  iii.  860 

of  the  blind,  ii.  97 
Eel  serum,  hemolytic  action  of,  v.  172 
Effectors   of   Sherrington,   iv.   20;   see 
End-organs,  Nervous. 

somatic,  iv.  26 

visceral,  iv.  26 
EfBeurage,  vi.  245 
Egg,  centrolecithal,  vii.  705 

cleavage  of,  vii.  704 

culture  media,  i.  891 

food  value  of,  i.  208;  iv.  428,  430, 
438 

holoblastic,  vii.  705 

mesoblastic,  vii.  705 

telolecithal,  vii.  705 

yolk  of,  viii.  460 
Egypt,  iii.  858 

medical  practice  in,  vi.  290 
Ehrenritter,  Johann,  i.  337 
Ehrlich-Biondi-Heidenhain   stains,   v. 

269 
Ehrlich's  chemotherapy,  ii.  800 

granules,  ii.  116 

hematoxylin,  v.  267 

theory  of  hemoly.sis,  v.  105 

theory  of  immunity,  v.  511,  513 

triple  stain,  ii.  191 
Eidoptometry,  vi.  903 
Eimeria,  iii.  861 

cuniculi,  viii.  621 

hominis,  viii.  621 

stiedsB,  viii.  621 
Eimeriidea,  viii.  619 
Einthoven's    string    galvanometer,    ii. 

654 
Eiselsberg-Witzel  jejunostomy,  v.  G25 
Elaps,  iii.  861 
Elastica,  iii.  861 
Elastin,  iii.  862 
Elaterium,  iii.  862 
Elaterinum,  iii.  862 
Elbow,  iii.  863 

amputation  at  the.  i.  282 

bursse  of,  ii.  559 

dislocation  of,  iii.  651 

excision  of.  iv.  197 

gunshot  wounds  of,  iv.  832 

hysterical  affections  of  the,  i.  566 

tuberculosis  of  the,  i.  689 
Elbow-joint,  iii.  869 
Elder,  vii.  626 

pnisonim:  by.  vii.  234 
Elecampane,  v.  649 
Electric  batteries,  iii.  873,  '.Mil 

phoresis,  i.  393:  iii.  894 


Electric  batteries,  shock,  clinical  mani- 
festations in,  iii.  883 
death  from,  iii.  876 
evidences  of  death  from,  i.  818 
rccoverj'  from,  iii.  885 
Electricity,  action  of,  on  the  iona  of 
body  fluids,  v.  655 
death  by.  iii.  876 
destructive    and    lethal    effects    of 

high-pressure  currents,  iii.  876 
effects  of  alternating  and  continuous 

current-s,  iii.  880 
high  frequency,  iii.  900 
in  asphyxia,  vii.  551 
in  diagnosis,  iii.  890 
in  therapeutics,  iii.  886,  894,  89S; 

vii.  927 
sinusoidal,  iii.  900 
static,  vii.  927 
Electrification,  atmospheric,  iii.  Ill 
"  Electrobiology,"  ii.  53 
Electrocardiogram,  i.  618 

interpretation  and  significance  of,  ii. 
(i.j6 
Electrocardiography,  ii.  O.'j) 
Electrocoagulation,  iii.  886 
Electrocution  of  criminals,  iii.  878 
Electrodiagnosis,  iii   890 
Electrolysis,  iii.  894 

in  hy|iertrichi;isis,  v.  453 
Electrophoresis,  i.  393;  iii.  894 
Electroplaters,  diseases  of,  vi.  837 
Electrotherapeutics,  iii.  898 
of  mental  disea.se,  vi.  439 
Eleidin,  iii.  912 
Elemi,  iii.  912 
Elephantiasis,  iii.  912 
auricular,  iii.  "iiV'i 
grajcorum.  v.  878 
mammary,  ii.  407 
of  the  penis,  vii.  99 
of  the  scrotum,  vii.  679 
of  the  vulva,  viii.  470 
phlebectatica,  viii.  670 
Elision  in  speech,  vii.  820 
Elixiria,  iii.  918 
Elliot  forceps,  iv.  510 
Elm.  slippery,  viii.  319 
Eisner's  medium,  i.  882 
Emailloids,  vi.  S13 

Emanation,  radium,  vii.  454,  461,  463 
Emanatorium,  vii.  463 
Embelia,  iii.  918 
Embolism,  iii.  SI,  918 
air,  iii.  921;  viii.  667 
aortic,  iii.  923 
cellular,  iii.  920,  921 
cerebral,  ii.  365;  iii.  923 
coronary,  iii.  923 
direct,  iii.  919 
fat,  iii.  920;  vi.  12 
mesenteric,  iii.  923 
paradoxical,  iii.  919 
pulmonary,  iii.  922 

Trendelenburg's     operation     for. 
viii.  176 
renal,  iii.  923 
retinal,  iii.  923 
retrograde,  iii.  919 
splenic,  iii.  923 
varieties  of,  iii.  919 
Embryos,  classification  of  pathological, 
iii.  925 
development  of,  iv.  373 

arrest  of,  iii.  928 
■Gle."  i.  220 
patholog.v  of,  iii.  924 
relation  of  length  t.>  ace  nf.  iv.  371 
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Embryos,  von  IUtIT,  i.  1220 

Encystment,  iv.  17 

Enteritis,  iv.  34 

Embryocardia,  ii.  (it-t 

Endameba,  iv.  34;  viii.  605 

acute,  iii.  8 

Embryology,  iii.  92!) 

buccalis,  viii.  609 

catarrhal,  iv.  34 

abnormal  (teratology),  viii.  129 

coli,  viii.  606 

clironic  catarrhal,  iv.  38 

brain,  ii.  280 

gingivalis,  viii.  609 

croupous,  iv.  39 

development  of,  vi.  340 

histolytica,  iii.  700:  viii.  607 

diphtheritic,  iv.  39 

nervous  system,  ii.  280 

mortinatalium,  viii.  609 

lucMiliraiiacca,  iii.  164 

studios  in,  i.  .342 

nipponica,  viii.  606 

inilk-boue,  vi.  513 

Embryoma  of  kidney,  v.  759 

tetragena,  viii.  607 

phlegmonous,  iv.  40 

Embryonal  knob,  ii.  85 

tropicalis,  viii.  606 

Enteroanastomosis,  v.  629 

Embryotomy,  iv.  1 

undulans,  viii.  610 

Enterocentesis,  vii.  30 

Emery,  occupational    diseases    caused 

williamsi.  viii.  606 

Enteroclysis,  iv.  40                                 ■' 

by,  vi.  832 

Endamebiasis,  iii.  706;  viii.  606 

clinical  applications,  iv.  42 

Emetics,  iv.  2 

Endangiitis,  ii.  226 

double  current,  iv.  44                          ' 

Emetine,  v.  558 

mycotic,  ii.  226 

experiments  with,  iv.  40                  •! 

Eminentia  genitalis,  iv.  632 

proliferative,  elastic  fibers  in,  ii.  228 

recurrent,  combined  with  electricit;j 

Emissaria,  ii.  359 

toxic,  ii.  226 

iv.  47 

Emissarium  foraminis  rotundi,  ii.  ■'JliO 

Endarteritis      chronic      deformans     .s. 

single  tube,  iv.  43 

occipitale,  ii.  360 

nodosa,  see  Arteriosclerosis,  ii.  229 

solutions  for  use  in,  iv.  47 

mastoideum,  ii.  360 

mycotic,  ii.  226 

Enterocolitis,  iii.  557 

parietale,  ii.  360 

obliterating,  ii.  229 

Enterocystoma,  vii.  124 

postcondyloideum,  ii.  360 

productive,  ii.  228 

Enterokinase,  iv.  49 

precondyloideum,  ii.  360 

toxic,  ii.  226 

Enterolithiasis,  iii.  226;  iv.  49 

sphenotcniporale,  ii.  3()1 

Endo's  fuchsin  agar,  i.  884 

Enteroptosis,  vii.  897 

temporale,  ii.  361 

Endoaneurysmorrhaphy,  i.  663 

Enterorrhagia,  vi.  347 

Emmanuel  movement,  iv.  3 

Endocarditis,  iv.  17 

in  typhoid  fever,  viii.  296 

Emmenagogues,  iv.  5 

fetal,  iv,  391 

Enterospasm,  iv.  50 

Emmetropia,  i.  04 

gonococcal,  iv.  753 

Enterostomy,  v.  625,  626 

Emollients,  iv.  S 

infective,   vaccine   therapy   of.    viii. 

Enterotomy,  v.  626 

Emotion,  iv.  5 
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Enterotribe,  v.  633 

effect  of,  on  the  autonomic  nervous 

scarlatinal,  vii.  658 

Entoderm,  iv.  51 

-system,  viii.  67 

Endocrinous  glands,  iv.  720;  vii.  698 

Entomostraca,  iv.  52 

state  of,  in  mental  disease,  vi.  418 

therapeutic  uses  of,  vi.  913 

Entropion,  iv.  310 

Empedocles,  vi.  310 

syndromes,  viii.  74 

Entypy  of  the  germinal  area,  ii.  85 

Emphysema,  mediastinal,  vi.  286 

pluriglandular,  viii.  76 

Enuresis,  iv.  52 

of  the  conjunctiva,  iii.  255 

uniglandular,  viii.  75 

electricity  in,  iii.  911 

orbital,  vi.  909 

Endoderm,   organs   derived   from,    iv. 

Enzymes,  i.  Ill;  iv.  52 

pulmonary,  iv.  8 

079 

and    colloidal    metals,    analogy^be- 

acute  vesicular,  iv.  11 

Endometritis,  vi.  483 

tween,  iv,  361 

atrophic,  iv.  10 

(Kviilualis,  iii.  462 

in  the  liver,  vi.  65 

chest  in,  ii.  810 

Endometrium,  iv.  646 

in  the  treatment  of  cancer,  ii.  607 

compensatory,  iv.  10 

menorrhagia   in    disease   of   the,    vi. 

Eosinophiles,  ii.  117 

Freund's  operation  for,  viii.  175 

376 

in  iutlaniniatory  exudates,  v.  551 

hypertrophic,  iv.  8 

Endoneurium,  vi.  731 

Eosinophilia,  v.  885 

interstitial,  iv.  11 

Endophlebitis     obliterans    (prolifera). 

in  sleeping  sickness,  viii.  647 

scrotal,  vii.  679 

viii.  665 

Epencephalon,  ii.  312 

subcutaneous,  iv.  11 

hepatic,  ii.  228 

Ephedra  antisyphilitica,  iv.  53 

Empiric  tripod,  vi.  315 

End -organs,  nervous,  iv.  20 

Ephedrine,  iv.  54 

Emplastra,  iv.  12 

in  nuiscle,  v.  760 

Ephelis,  V.  877 

Emplastrum  hydrargyri,  v.  368 

Endospores,  i.  S30 

ab  igne.  v.  870 

Empretia  stimulea,  v.  603 

Endosteitis  ossificans,  vi.  929 

Ephrata  Springs,  iv.  54 

Empyema,  vii.  258 

Endotheliolytic  serum,  v.  174 

Epicanthus,  iv.  314;  viii.  133 

encysted,  vii.  258 

Endothelioma,  cerebral,  ii.  433 

Epicarin,  iv.  54 

of  maxillary  sinus,  v.  685 

ovarian,  vi.  947 

Epicritic  sensibility,  i.  359;  iv.  21 

operation  for,  viii.  173 

peritoneal,  vii.  124 

Epidemiology,  iv.  54 

sacculated,  vii.  258 

psammosum,  vii.  344 

Epidermin,  iv,  56 

vaccine  therapy,  viii.  404 

I'ulmonary,  vi.  Ill 

Epidermis,  vii.  749 

Ems,  iv.  13 

Endotin,  viii.  284 

Epidermoids,  viii.  137 

Emulsa,  iv.  13 

Endotoxins,  i.  833;  v.  546 

l)raiichiogenic,  ii.  442 

Emulsin,  iv.  14 

Enema,  iv.  42 

Epidermophyton  inguinale,  viii.  204 

Emulsoids,  iii.  171;  iv.  359 

imtritive,  i.  215 

Epididymectomy,  ii.  673 

Emulsum  chloroformi,  ii.  N32 

Energy,  iv.  27 

Epididymis,  iv.  668 

Enamel  of  a  tooth,  viii.  lUS 

foo.l  stuffs  producing,  i.  208 

tuberculosis  of,  viii.  145 

Enarthrosis,  i.  702 

Engadine,  Upper,  iv.  33 

Epididymitis,  viii.  145 

Encephalitis,  iv.  14 

England,  medical  practice  in,  vi.  289, 

acute,  viii.  145 

acute  hemorrhagic,  iv.  14 

3(12 

chronic,  viii.  147 

Hayem  type,  iv.  15 

Enhydrina,  iv.  34 

non-gonorrheal,  viii.  146 

hyperplastic,  iv.  15 

Ensiform  process,  viii.  646 

Epigenesis,  v.  202 

Strumpell  type,  iv.  14 

Entameba,  iv.  34;  viii.  605 

theory  of,  iv.  165 

Wernicke  type,  iv.  15 

africana,  viii.  607 

Epiglottis,  V.  823 

Encephalocele,  ii.  718 

coli,  viii.  606 

Epignathus,  viii.  132 

orbital,  vi.  910 

dysenteriae.  viii.  607 

Epilation,  a'.  452 

Encephalomalacia,  ii.  369 

histolytica,  iii.  706;  viii.  607 

Epilepsy,  iv.  56 

Encephalon,  see  Brain. 

Entamebiasis,  iii.  706;  viii.  600 

absinthe,  i.  .54 

Enchondroma,  mammary,  ii.  483 

Enteralgia,  iii.  159 

acute  infantile,  iii.  816 

of  lungs,  vi.  110 

liysteriral,  v.  4N6 

alcoholic,  i.  195 

Encranius,  viii.  132 

Enteric    nervous    system    of   Langley, 

aura  of,  iv.  57 

Encystina,  iv.  17 

viii.  02 

oorebral  automatism  in,  i.  7S9 
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Epilepsy,  cortical,  ii.  403 

diagnosis,  iv.  64;  v.  4h'.> 

etiologj',  iv.  62 

grand  mal.  iv,  57 

in  status  lymphaticus.  vii.  0:52 

masked,  iv.  62 

pathology,  iv.  6.3 

petit  mal,  iv.  66 

prognosis,  iv.  G4 

psychic  equivalent,  iv.  .56 

psychoses  associated  wi'li.  \i   3'ii 

results  of.  iv.  59.  60 

status,  iv.  61 

symptoms,  iv.  .56 

treatment,  iv.  65 

varieties,  iv.  56 
Epileptics,     colony   'treatment    f)f.    iii. 

IS'.I 
Epinephrine,  iv.  67 
Epiphyseolysis,  iv.  527 
Epiphyses,  iv.  67 

separation  of  the.  iv.  68 
Epiphysitis,  ii.  2.55;  iv.  6S 
Epiploitis,  vi.  874 
Episclera,  iv.  243 
Episcleritis,  vii.  669 
Epispadias,  vii.  104 
Epistacy,  v.  192 
Epistaxis,  iv.  68 

Epithalamus.  development  of.  ii.  2SS 
Epitheliolysin,  v.  175 
Epithelioma,  iv.  70 

adamantine,  of  jaw.  v.  697 

contagiosum.  vi.  530 

disseminated,  of  the  skin.  ii.  638 

of  the  conjunctiva,  iv.  293 
eyelid,  iv.  291,  308 
lacrymal  gland,  iv.  301 
larynx,  v.  834 
penis,  vii.  101 

skin,  multiple  benign  cystic,  iv.  73 
\-tilva,  viii.  471 

radiotherapy  of,  vii.  471 
Epithelium,  iv.  74 

esophageal,  iv.  112 

renal,  v.  726 

respiratory,  vii.  539 

supprfirial.  ii.  63N 
Epitrochleoanconius  muscle,  viii    .■>^4 
Epkens'  ophthalmoscope,  vi.  >»'.>3 
Eponyms,    in    the    Basle    Anatomical 

Xcnieiiclature.  i.  321 
Epoophoron,  iv.  638 
Epsom  salt,  vi.  205 
Epulis,  V.  6n7;  vii.  643 
Equatorial  plate,  ii.  714 
Equilibrium,  iv.  78 
Equinia,  iv.  711;  see  Glanders. 
Equinox  Spring,  iv.  82 
Erasion  of  the  knee-joint,  iv.  222 
Erasistratus,  i.  .320;  iv.  82;  viii.  32 
Erb's  juvenile  type  uf  mus<nilar  atro- 
phy, vi.  574 
Erepsin,  iv.  82 
Ergot,  iv.  82 

corn.  viii.  367 

gangrene  from.  i\-.  017 

poi.sdning  by.  viii.  568 
Ergota,  iv.  82 
Ergotism,  viii.  568 
Erichson,  Sir  John  Eric,  iv.  81 
Erigeron,  iv.  85 
Eristalis,  iv.  85 
Erianger  blood-pressure  apparatus,  ii. 

131') 
Erlicki's  solution,  v.  257 
Erosion,  dental,  viii.  118 
Eructation,  iv.  85 


Eruptive    fevers,    iv.    187;   .see    Exun- 

thfrnata. 
Erxleben,  Dorothea  Christian,  iv.  87 
Eryodictyon,  iv.  85 
Erysipelas,  iv.  87 

auricular,  iii.  760 

cancer  in  relation  to,  ii.  000.  608 

chronic,  iii.  827.  832 

diagnosis,  iii.  832 

laryngeal,  v.  827 

of  the  fascia;  of  the  arm  and  fore- 
arm, i.  547 

pharyngeal,  i.  424 

psychoses  of,  vii.  370 

.senile,  vi.  860 

streptococcus  of,  i.  859 

vulvar,  viii.  468 
Erysipeloid,  iv.  870 
Erythema,  iii.  499;  iv.  89 

cholc-ricum.  iv.  90 

diagno-sis,  iii.  832;  iv.  91,  92 

diphthericum,  iv.  89 

elevatum  diutinum,  iv.  92 

exsudativum  multiforme,  iv.  90 

hvijera^micum,  iv.  89 

induratum.  iv.  92 

infectiosum,  iv.  92 

iris,  iv.  91 

marginate.  iv.  91 

multiforme,  i.  .544;  iv.  90 

nodosum,  iv.  91 

papular,  iv.  91 

pernio,  iii.  500 

scarlatiniforme  or  scarlatinoides,  iii. 
832;  iv.  90 


■ipl.i 


iv.  89 


Erythrasma,  iv.  93 ;  viii.  204 
Erythremia,  iv.  94 

ryaliMsis  ,,f.  iii.  401 
Erythroblastoma,  vi.  584 
Erythroblasts,  ii.  125.  162 
Erythrocytes,  ii.  114;  v.  890 

chemistry  of,  ii.  117 

color  of,  ii.  162 

destruction  of,  v.  163;  vii.  239 

enumeration  of,  ii.  168 

examination  of,  ii.  161 

fate  of,  ii.  125 

function  of.  ii.  127 

nucleated,  ii.  162 

number  of,  ii.  115 

origin  of,  ii.  123 

physical  properties  of.  ii.  162 

reduced  number  of,  vi.  871 

size  of,  ii.  115,  161 

volvime  index,  ii.  186 
Erythrocytolysis,  v.  163 ;  vii.  239 
Erythrocytosis  megalosplenica,  iv.  94; 

sec  En,ithr,,n;,l. 
Erythrol  tetranitrate,  iv.  97 
Erythromelalgia,  iv.  97 
Erythrophleine,  vii.  652 
Erythrophleum,  iv.  98 
Erythropsia,  iii.  .50 
Erythropsin,  vii.  194 
Erythroxylon  (inca).  iii.  127 
Eschetocephalus,  iv.  98 
Eschscholtzia,  iv.  98 
Esculin  bile-salt  agar,  i.  >>^7 
Eserine,  vii.  is'.i 

v.  Esmarch,  Johann  Friedrich,  iv.  99 
Esmarch's  paste,  ii.  697 

r..ll-tulH'  cultures,  i.  903 
Esophagectomy,  iv.  120 
Esophagismus,  iv.  118 
Esophagitis,  iv.  117 

,'ii'io-eiipie  appearances  in,  iv.  Hl.5 
Esophagoplasty,  iv.  126 


Esophagoscopy  aii<l  gastroMopy,  iv.  99 

retrograde,  iv.  110 
Esophagostomy,  iv.  126 
Esophagotomy,  iv.  125 
Esophagus,  vi.  Ii67 

anatomy,    hi-stolony,    and    develop- 
ment of  the.  iv.  108 
anomalies  of  the,  iv.  Ill 
atresia  of,  i.  764 
cancer  of  the,  iv.  123 

endoscopic  appearances  of,  iv.  106 
radiotherapy  of,  vii.  473 
development  of  the,  iv.  Ill 
diverticula  of  the,  iv.  124 

endoscopic  diagnosis  of.  iv.  105 
examination  of  the,  iv.  lOH.  115 
foreign  bodies  in  the,  iv.  116 

removal  of,  iv.  104 
histology  of  the,  iv.  112 
inflammation  of  the,  iv.  117 
injuries  of  the.  iv.  116 
instrumental  examination  of  the,  iv. 

99 
lymphatics  of.  vi.  181 
malformations  of  the.  iv.   116;  viii. 

1.34 
motor  disturbances  of  the.  iv.  118 
mucous  membrane  of.  iv.  113 
neoplasms  of  the.  iv.  122 
paralysis  of  the,  iv.  118 
Roentgen  diagnosis  of  diseases  of, 

v\'\.  596 
spasm  of  the.  iv.  118 
stricture  of  the.  i.  704;  iv.  122 
diet  in.  iv.  441 
dilatation  of,  iv.  106 
surgery  of  the.  iv.  114 
topographical   anatomy   of   the.   iv. 

110.  114 
wounds  of  the.  iv.  116 
Esophoria,  viii.  5 

Esperanza  Mineral  Springs,  iv.  129 
Espundia,  v,  s77 

microorganisms  of.  viii,  61 S 
Essence,  iv.  130 
Esthesiometers,  iv.  130 
Estienne,  Charles,  iv    133 
Estill  Springs,  iv,  133 
Estivoautumnal  fever,  vi.  219 
I.ara-ite  of,  v;.  2111;  viii.  024 
Estlander,  Jakob  August,  iv.  134 
Etappen-verband,  v.  772 
Ether,  iv.  134 
acetic,  i.  69 

administration  of,  i.  377 
closed  system,  i.  379 
insufflation  method,  i.  380 
intravenous,  i.  3s4 
open  system,  i.  377 
preceded  by  nitrous  oxide,  i.  376 
rectal,  i.  3S;i 
anesthetic  action  of.  i.  364 
chloric,  ii.  831 
hydrocyanic,  v.  391 
methylie.  vi.  481 
nitrous,  vi.  794 

diuretic  action  of.  iii.  tVM 
occupational  diseases  cnuse<|  by.  vi. 

s;io 

ozonic,  V.  391 

petroleum,  ii.  34 

postmortem  evidences  ■■!   |.ii-Miiing 

by,  i.  SOS 
spirit  of  nitrous,  diuretic  action  of, 
iii.  684 
Ethics,  medical,  iv.  135 
Ethidene  bichloride,  iv.  138 
Ethiops  mineral,  v    373 
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Ethmoidal  cells,  vii.  771 

Evolution,  factors  of  organic,  iv.  169 

Exophthalmic,  spondylotherapy  in,  \-ii. 

treutinent  of  disease  of,  vii.  74.5 

history  of  the  theories  of,  iv.  167 

914 

Ethnology,  iiiedicnl,  iv.  138 

inheritance   of    acquired    character- 

symptoms, iv.  746 

Ethoiy-caffeine,  iv.  148 

istics,  iv,  182 

treatment,  iv.  750 

Ethyl  ulcoliol,  i.  189 

in  ontogeny,  iv.  165 

Exophthalmos,  iv.  747 

liromide,  iv.  148 

of  man,  iv.  185 

pulsating,  vi.  909 

carbonate,  iv.  148 

organic,  iv.  166 

Exostosis,  ivory,  vi.  926 

chloride,  iv.  148 

Ewald's  experiment,  iii.  751 

Exotoxins,  i.  833;  v.  546 

administration  of,  i.  376 

test-meal,  vii.  953 

Expectorants,  iv.  238 

anesthetic  action  of,  i.  365 

Ewald-Siever    test  of  motor  function 

Experimentation,  animal,  i.  440 

hydrate,  i.  189;  see  Alcohol. 

of  the  stomach,  vii.  965 

Explosives  in  war,  iv.  793 

hydrocupreine,  iv.  149 

Exalgine,  iv.  186 

Expression,    physical,    in   mental   dis- 

in pneumonia,  vii.  267 

Examination,  life  insurance,  v.  919 

ease,  vi.  427 

iodide,  iv.  149 

of  recruits,  V.  403;  vi.  652,  658 

Extensor     brevis     digitorum    muscle. 

nitrite,  vi.  794 

Exanthemata,  iv.  187 

anomalies  of,  viii.  589 

occupational   diseases  caused   by, 

diet  in,  iv.  452 

in  hand,  viii.  587 

vi.  830 

Excavatio  rectouterina,  iv.  645 

carpi  radialis  Muscle,  anomalies  of. 

Ethylene  bichloride,  iv.  149 

Excipients,  iv.  188 

viii.  .586 

bromide,  iv.  149 

Excisions,  iv.  188 

ulnaris     muscle,      anomalies     of. 

diamine,  iv.  149 

.ankle,  iv.  215 

viii.  586 

Ethylidene  chloride,  iv.  149 

astragalus,  iv.  210 

coccygis  muscle,  viii.  592 

diamine,  vii.  382 

calcaneus,  iv.  211 

communis  digitorum  muscle,  anom- 

Etiology, ii.  56 

clavicle,  iv.  208 

alies  of,  viii.  586 

Eucaine,  iv.  150 

contraindications  to,  iv.  189 

indicis    muscle,    anomalies    of,    viii. 

local  anesthesia  by,  i.  390 

carpus,  iv.  193 

586 

Eucalyptol,  iv.  150 

elbow-joint,  iv.  197 

longus     digitorum     pedis     muscle. 

Eucalyptus,  iv.  150 

femur,  iv.  223 

anomalies  of,  viii.  589 

gum,  iv.  151 

fibula,  iv.  217 

minimi  digiti  muscle,  anomalies  of. 

kino,  iv.  151 

finger  joints,  iv.  192 

viii.  586 

Eudermol,  iv.  151 

functional  results  of,  iv.  191 

ossis     raetacarpi     pollicis     muscle. 

Eudoxin,  vi.  .Sl)5 

hip-joint,  iv.  223 

anomalies  of,  viii.  586 

Eufiagellata,  iv.  151 ;  viii.  604 

humerus,  iv.  203 

metatarsi  hallucis  muscle,  viii.  589 

Eugallol,  iv.  151 

innominate  bone,  iv.  229 

primi  internodii  hallucis  muscle,  viii. 

Eugenics,  iv.  151 

indications  for,  iv.  188 

589 

Record  Offiic,  iv.  1,55 

jaw,  iv.  229 

pollicis  muscle,  anomalies  of,  viii. 

Eugenol,  ii.  665 

knee-joint,  iv.  218 

586 

acctamido,  iv.  155 

mandible,  iv.  233 ;  v.  698 

pollicis  et  indicis  muscle,  viii.  580 

iodide,  iv.  155 

maxilla,  iv.  231;  v.  689 

proprius  digiti  medii  muscle,  viii.  586 

Euglenoidea,  iv.  155 

metacarpal  bones,  iv.  193 

hallucis  muscle,  anomalies  of,  viii. 

Eugregarina,  iv.  155 

metacarpophalangeal  joints,  iv.  192 

589 

Eunatrol,  iv.  155 

metatarsophalangeal     articulations, 

secundi    internodii    pollicis    muscle, 

Eunematoda,  vi.  676 

iv.  209 

anomalies  of,  viii.  586 

Euonymus,  iv.  155 

OS  calcis,  iv.  211 

Exteroceptive  pathways  in  the  spinal 

Euparol,  v.  27:i 

patella,  iv.  223 

ci)rd,  vii.  852 

Eupatorium,  iv.  156 

phalanges,  iv.  192,  210 

Exteroceptors,  ii.  283;  iv.  21 

Euphthalmin,  iv.  157 

radioulnar  articulation,  iv.  203 

Extracta,  iv.  238 

Euphorbia,  poisoninK  by,  vii.  236 

radius,  iv.  197 

Extractives,      nitrogenous,      in      blon.l 

Euphorbiacese,  iv.  156 

result  of,  iv.  191 

pLasma,  ii.  122 

rharactcristics  of.  vii.  225 

ribs,  iv.  209 

Extracts,  fluid,  iv.  409 

Euphorbium,  iv.  157 

scapula,  iv.  207 

Extrasystole,  i.  619 

Eupopoidea,  iv.  157 

shoulder-joint.  iv.'203 

auricular,  i.  622 

Euproctis,  iv.  157 

sternum,  iv.  209 

auriculoventricular,  i,  622 

cliry.-«.rrhLi-a.  v.  004 

technique,  iv.  189 

compensatory    pause    following,    i. 

Eupyrin,  iv.  157 

temporomaxillary  joint,  iv.  229 

620,  621 

Euquinine,  i\ .  157 

tibia,  iv.  217 

etiology,  i.  623 

Eureka  Springs,  iv.  157 

tibioastragaloid  articulation,  iv.  212 

interpolated,  i.  621 

Euresol,  iv.  158 

ulna,  iv.  197 

prognosis,  i.  623 

Eurhipicephalus,  iv.  158 

wrist,  iv.  193 

sinus,  i.  623 

Eurobin,  iv.  158 

Excitation,  nature  of,  v.  670 

symptoms,  i.  623 

Europhen,  iv.  158 

Excitement,  catatonic,  vi.  446 

treatment,  i.  623 

Eustachian  l.(iiii,'ic,  iii.  788 

in  mental  disease,  vi.  413 

ventricular,  i.  620 

tube,  V.  32 

Excretion,  iv.  720;  vi.  547 

Extubation,  v.  647 

catarrh  of,  vi.  930 

cutaneous,  vii.  759 

Exudates,  characteristics  of,  iv.  239 

catheterization  of.  iii.  746 

Exencephalus,  viii.  133 

inflammatory,  v.  550,  553 

diseases  of,  iii.  769 

Exercise,  iv.  235 

Exudation,  iv.  239 

sj-philis  of,  iii.  799 

exces.sive,  iv.  237 

pathological,  iv.  239 

valve,  V.  49 

in  convalescence,  iii.  276 

Eye,  anatomical  studies  of,  i.  344 

Eustachius,  Bartolommeus,  iv.  158 

respiratory,  vi.  124 

anatomy  of,  iv.  241 

Eustrongylus,  iv.  158 

Exhaustion  distinguished  from  fatigue, 

anterior  chamber,  iv.  262 

gitias,  vi.  693 

iv.  337 

artificial,  i.  707 

Euthanasia,  iv.  158 

Exocoelom,  iii.  141 

as  an  optical  instrument,  viii.  450 

Euthenics,  iv.  159 

Exophoria,  viii.  5 

as  the  sense  organ  of  vision,  viii.  452 

Evasistratus,  vi.  314 

Exophthalmic  goiter,  iv.  741 

bandage  of,  ii.  16 

Eve,  Paul  Fitzsimmons,   iv.   164;   viii. 

goat.s'  milk  and  serum  in,  viii.  191 

bright  or  dull,  physical  explanation 

50 

history  of,  iv.  741 

of,  V.  662 

Evisceration,  iv.  1 

irregular  types  of.  iv.  745 

complicated  injuries  of,  iv.  283 

Evolution,  iv.  165 

pathology,  iv.  748 

development  of,  iv.  244 

evidence  of.  iv.  166 

psychoses  in,  vii.  380 

diagrammatic,  iv.  271 
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Eye,  dioptrics  of,  iv.  263 

diseases  of.  due  to  motoring,  i.  701 
fibrous  coat  of,  iv.  247 
injuries  of,  iv.  277 
lymphatics  of,  vi.  16.3 
neoplasms  of,  iv.  289 
nervous  coat  of,  iv.  2.56 
posterior  chamber,  iv.  254  (fiK.) 
refractive  apparatus  of,  viii.  450 
relations,  of,  iv.  242 
senile  changes  in,  vi.  849 
skew  deviation  of,  in  cerebellar  dis- 
ease, ii.  729,  735 
sympathetic    inflammation    of,    vi. 

877 
sympathetic  irritation  of,  vi.  880 
sjmptoms  in  general  diseases,  iv.  286 

>>yrifagomyelia,  viii.  87 

tabes  dorsalis,  viii.  90 
tumors  of  the,  iv.  289 
vascular  coat  of,  iv.  251 
Eyeball,  curvature  of  surfaces  of  the, 

iv.  271 
dislocation  of,  vi.  912 
enucleation  and  evisceration  of.'iv. 

301 
exenteration  of,  iv.  303 
Eye-glasses,  viii.  634 
Eyelids,  iv.  243 

affections  of,  iv.  306 
anatomy  of,  iv.  306 
burns  of.  iv.  313 
cancer  of,  iv.  291,  308 

r.idiotherapy  of,  vii.  472 
ecchymosis  of,  iv.  313 
eczema  of,  iii.  843 
imperforation  of.  i.  703 
injuries  of,  iv.  277 
plastic  operations  on,  iv.  313 
spasm  of.  ii.  94 
tumors  of,  iv.  289 
Eye-stones,  iv.  314 
Eyestrain,  iv.  314 
headache  from,  v.  13 
I-  Eye-work,   conditions   of    normal,    iv. 
315 

Fabiana,  iv.  320 

diuretic  action  of,  iii.  684 
Fabricius  ab  Aquapendente,  i.  330;  iv. 

320 
Fabricius  Hildanus,  iv.  320;  viii.  42 
Face,  eczema  of,  iii.  S41 

lymphatics  of,  vi.  162 

presentation  in  childbirth,  v.  7.S8 
Facial  expression  in  the  insane.  \-i.  427 

hemiatrophy,  iv.  321 

hemihypertrophy,  iv.  322 

nerve,  iii.  332 

central  connection  of,  ii.  30() 
injuries  of,  vi.  741 

neuralgia  in  old  age,  vi.  S5(l 

paralysis,  iv.  323 
hysterical,  v.  484 

vein,  anomalies  of,  viii.  fi.")6 
Fahrenheit    thermometer    scale,    viii. 

101 
Fainting  (syncope),  viii.  73 
Falkenstein,  iv.  325 
Falkland  Islands,  medical  practice  in, 

vi.  290 
Fallopian  tubes,  iv.  638;  vi.  956;  sec 

Otidmts. 
Fallopius,  Gabriel,  i.  330;  iv.  326 
Fall  cerebolli,  ii.  340 

cerebri,  ii.  340 
Fanapepea  intestinalis,  viii.  012 
Fang  of  a  tooth,  viii.  lll."> 


Fannia,  iv.  326 

Faradic  battery,  iii.  876,  901 

electricity,  iii.  900 
Farcy,  i.  547;  iv.  711;  see  Glandern. 
Farcy-buds,  iv.  712 
Farfara,  viii.  290 
Farina,  food  value  of.  iv,  430. 
Farmville  Lithia  Springs,  iv.  326 
Farrant's  medium,  v.  273 
Far-sight,  v.  440 

senile,  vii.  319 
Fascia,  iv.  327 

abdominal,  i.  1 

axillary,  vii.  737 

brachial,  i.  533,  537 

bulbar,  iv.  243 

cervical,  vi.  663 

intercolumnar,  i.  2 

lata,  viii.  163 

perineal,  vii.  118,  121 

prevertebral,  vi.  663 

superficial,  of  thigh,  viii.  163 

transplantation  of,  viii.  252 

transversalis,  i.  3 
Fasciculus  proprius  of  the  spinal  cord, 

vii.  837,  S.53 
Fasciola,  iv.  336 

gigantica,  viii.  266 

hepatica,  A-iii.  265 

lanceolata,  viii.  271 

magna.  \aii.  267 
Fascioletta,  iv.  336 
Fasciolidae,  iv.  336;  viii.  265 
Fasciolopsis,  iv.  336;  viii.  287 

buski,  \-iii.  267 

fUlleborni,  \'iii.  268 

goddardi,  viii.  268 

rathousii,  viii.  267 
Fatigue,  iv.  336 
Fat,  i.  108,  200;  iv.  343 

body,  sources  of,  vi.  815 

calories  in,  i.  208 

deposit  of,  iii.  470;  iv.  341 

digestion  of,  iii.  572 

embolism,  iii.  920;  vi.  12 

in  the  blood,  ii.  123;  vi.  12 

labile,  iv.  341 

metabolism,  disturbances  of,  iv.  340 

stable,  iv.  341 
Fat-tail,  \-i.  20 
Fatty-acid  series,  i.  77 
Fatty  degeneration,  iii.  46s 

deposits,  iii.  470;  iv.  341 

heart,  v.  71,  82,  87 

tissue,  iii.  257 

tumor,  vi.  16 
Fauces,  isthnnis  of  the,  viii.  3.s4 
Faught's  sphygmomanometer,  ii.  203 
Favus,  viii.  201 

fungus,  V.  456 

of  the  nails,  vi.  601 
Fayrer,  Sir  Joseph,  iv.  343 
Fear,  vii.  179 

as  a  cause  of  mental  disease,  vi.  397 
Feather-workers,  diseases  occurring  in, 

vi.  S33 
Febrifuge,  iii.  73 
Febris  (fevori.  iv.  392 

recidiva.  vii    508 

recurrcns,  vii.  508 

undulans,  vi.  233 
Fecal  fistula,  iii.  183 

tuiMiirs.  diagnosis,  i.  40 
Feces,  iv.  343 

bacteriology,  iv.  345 

chemical  composition,  iv.  346 

microscopic  characters,  iv.  344 

physical  characters,  iv.  343 


Fecundation,  iii.  221;  v.  515 
Fecundity,  iv.  348 

conditions  influencing,  iv.  349 
instances  of  unusual,  iv.  353 
social  factors  influencing,  iv.  351 
Feeble-mindedness,  vi.  379 

due  to  hereditary  syphili.>4,  ii.  432 
Feeding,  duodenal,  i.  214 
forcible,  iv.  354 
rectal,  i.  314 
Fees,  medical,  iv.  354 
large,  vi.  320 

in  the  thirteenth  century,  vi.  323 
Feet,  see  Fool. 

Fehling's  test  for  sugar,  viii.  353 
Fehr's  test  for  acetone,  i.  71 
Fel  bovis,  iv.  356 
Fell-0'Dwyer     method     of     artificial 

respiration  vii.  549 
Felon,  iv.  877 

Treatment  of,  i.  54 
Femoral  vein,  anomalies  of,  viii.  660 
Femur,  dislocation  of,  iii.  653 
excision  of,  iv.  223 
fracture  of,  iv.  549 
Fennel,  iv.  409 
Fer  de  lance,  vii.  52.3 
Ferguson,  Alexander  Hugh,  iv    357 
Fergusson,  Sir  William,  iv.  357 
Fermentation,  i.  .'<32;  iv.  358 

prnducts  of  intestinal,  i.  77'.t 
Ferments,  metallic,  iv.  358 
organized,  i.  832 
unorganized,  i.  832 
Ferment-test,  Abderhalden's,  iv.  363 
Fern,  maiden-hair.  iv.  364 
ni.tle,  i.  728 
sweet,  iv.  364 
Fernel,  Jean,  iv.  364 
Ferralbumose,  iv.  372 
Ferran's  anticholera  vaccination,  viii 

502 
Ferrarin,  iy.  372 
Ferratin,  iv.  372 
Ferratogen,  iv.  372 
Ferratose,  iv.  372 
Ferrein,  Antoine,  i.  337;  iv.  365 
Ferri  acetas,  iv.  369 
carbonas,  iv.  367 
chloridum,  iv.  371 
citras,  iv.  370 
ct  ammonii  citras,  iv.  370 
et  potassii  tartras.  iv.  370 
hydroxidum,  iv.  369 
hypophosphi.s.  iv.  371 
iodidum,  iv.  368 
phosphas  solubilis,  iv.  370 
pyrophosphas  solubilis,  iv.  370 
sulphur,  iv.  308 
Ferrinol,  iv.  372,  373 
Ferris  Hot  Spring,  iv.  365 
Ferroplasma,  iv.  372 
Ferropyrine,  iv.  372 
Ferrosol,  iv.  373 
Ferrostyptin,  iv.  373 
Ferrum,  iv.  366;  see  also  Iron. 
dialysatuni,  iv.  372 
reductum,  iv.  367 
Fersan,  iv.  373 
Fertilization,  iii.  221;  v.  51"' 

in  plants,  v.  520 
Fertilizer-makers,  diseases  of.  vi.  vlii 
Fertilizin,  v.  519 
Ferns,  iv.  366 
Festination  in  paralysis  ngitaus.  vii.  34 

in  speech,  vii.  820 
Fetal   heart  sounds,  auscultation  of.  v. 
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Fetal  membranes,  allantois.  i.  217 

Fibroma  of  the  periosteum,  vii.  123 

Fingers,  spring,  iv.  895 

amnion,  i.  252 

liharynx,  vii.  164 

trigger,  iv.  895 

chorion,  iii.  23 

rectum,  vii.  500 

tuberculosis  of,  i.  689 

Fetation,  abnormal,  iv.  6S2 

stomach,  vii.  986 

ulnar  deflection  of,  iv.  886 

multiple,  iv.  682 

uterus,  viii.  378 

Finger-joints,  excision  of,  iv'.  192 

Feticide,  i.  4.^;  see  Abortion,  criminal. 

uterus,  diagnosis,  i.  39 

Finger-print  identification,  i.  477 

Fetid  aloes,  i.  224 

uterus,  radiotherapy  of,  vii.  -17.') 

Finkelstein's  albumin  milk,  v.  'lAs 

Fettmilch,  v.  538 

pendulum,  iii.  397 

Finkler  and  Prior,  spirillum  <if,  i.  s72 

Fetus,  cysts  of,  iii.  414 

Fibromyxoma  of  the  larynx,  v.  S34 

Finsen,  Nils  Ryberg,  iv.  402 

development  of  the,  iv.  373,  681 

Fibrosarcoma,  vii.  042 

Fir,  balsam  of.  ii.  592 

developmental  diseases  of,  iv.  390 

Fibrosis,    artcriocapillary,  ii.  229 

Firearms,  iv.  792 

diseases  of,  iv.  384 

pulmonary,  vii.  263 

Firemen,  diseases  of,  vi.  838 

developmental,  iv.  390 

Fibula,  dislocation  of,  iii.  659 

First-aid  instruction  on  railways,  vii. 

influence  of  maternal  diseases,  iv. 

excision  of,  iv.  217 

477 

384 

fracture  of,  iv.  560 

Fischer's  solution,  vi.  724 

non-infectious  poisonings,  iv.  3911 

Ficus,  iv.  401 

Fish,  food  value  of,  iv.  439 

embryonal  stage,  iv.  377 

Fifth  disease  (erythema  infectiosumi, 

poisoning  by,  iv.  425;  vi.  649 

estimation  of  the  age  of,  i.  145 

iv.  92 

Fission,  iv.  402 

fetal  stage,  iv.  381 

Fig,  iv.  401 

Fission  fungi,  i.  825;  see  Bacteria. 

influence  of  the  mother's  mind  on,  vi. 

food  value  of,  iv.  430 

Fissure,  anal,  vii.  494 

273 

Figwort,  vii.  678 

cerebral,  development  of,  ii.  332 

ovum  stage,  iv.  374 

Fiji,  medical  practice  in,  vi.  296 

Sylvian,  ii.  334 

papyraceus,  viii.  131 

Filaria,  iv.  402;  \'i.  683 

Fistula,  anal,  vii.  495 

smallpox  in  the,  vii.  796 

bancrofti,  iii.  917;  vi.  684 

bimucosa,  vii.  133 

Fever,  iv.  392 ;  v.  547 

causing  elephantiasis,  iii.  916 

branchial,  vi.  670 

bilious  remittent  (yellow),  viii.  624 

conjunctivae,  vi.  689 

branchiogenie,  ii.  441,  443 

brass-molder's,  vi.  827 

deniarquayi,  vi.  687 

cancer  following,  ii.  599 

causes  of,  iv.  392 

kilimarffi,  vi.  690 

fecal,  iii.  183 

diet  in,  iv.  446 

labialis,  vi.  690 

intestinal,  v.  625 

eruptive,  iv.  187;  see  Exanthemata. 

lentis,  vi.  689 

closure  of,  vi.  633 

famine,  vii.  508 

loa,  vi.  73,  686 

mammary,  ii.  472,  474 

hysterical,  v.  486 

lymphatica,  vi.  690 

salivary,  vii.  618 

malarial,  \'i.  205;  see  Malaria. 

magalhae.si,  vi.  689 

ureteral,  viii.  327 

mechanism  of,  iv.  395 

medinensis,  vi.  690 

vaccine  therapy  of,  viii.  403 

mental  disease  caused  by,  vi.  400 

oculi  hominis,  vi.  689 

vesicovaginal,  viii.  411 

metaboHsm  of,  iv.  395 

ozzardi,  vi.  688 

Fistula-symptom,  iii.  7.'J7 

pulse  in,  vii.  406 

perstans,  vi.  688 

Fistulina  hepatica,  i\-.  .'>79 

rat-bite,  vii.  483 

restiformis,  vi.  690 

Fitz,  Reginald  Heber,  iv.  403 

relapsing,  vii.  508 

romanorum-orientalis,  vi.  690 

Fixation,  binocular,  viii.  451 

Rocky  Mountain  spotted,  vii.  586 

sanguinis  hominis,  vi.  684 

monocular,  viii.  451 

scarlet,  vii.  656 

volvulus,  vi.  688 

Flag,  blue,  V.  659 

seats  of,  iv.  394 

Filariidae,  iv.  402;  vi.  681 

poisoning  by,  vii.  234 

tick,  vii.  586 

Filberts,  food  value  of,  iv.  430 

sweet,  ii.  577 

treatment  of,  iv.  397 

Filix  mas,  i.  728 

Flagella,  staining  of,  i.  915 

types  of,  iv.  393 

Fillet,  iv.  506 

Flagellata,  iv.  404 ;  viii.  604 

typhoid,  viii.  290 

Filter,  Berkefeld,  i.  898 

Flat  foot,  iv.  461 

typhus,  viii.  302 

coarse,  for  sewage,  vii.  718 

congenital,  iv.  490 

yellow,  viii.  524 

contact,  for  sewage,  vii.  719 

Flatulence,  iv.  404 

Fibers,  Sharpey's,  ii.  246 

for  army  use,  v.  410 

Flaxseed,  vi.  11 

Fibrillation,  auricular,  i.  623 

for  bacteriological  work,  i.  890 

Flax-workers,    diseases    occurring    in, 

action  of  digitalis  in,  v.  573 

Martin's,  i.  897 

vi.  83:j 

ventricular,  iv.  398 

Pasteur-Chamberland,  viii.  484 

Fleabane,  iv.  85 

caused  by  electric  shocks,  iii.  881 

sand,  for  sewage,  vii.  715 

Fleas,  iv.  405 ;  vii.  397 

Fibrin,  ii.  122;  iv.  398 

sprinkling,  for  sewage,  vii.  720 

dog,  V.  592 

in  urine,  viii.  350 

trickling,  for  sewage,  vii.  720 

hen,  V.  591 

Fibrinogen,  ii.  121;  iv.  39S 

Filtration,  hovisehold,  viii.  483 

house,  V.  591 

formation  of,  vi.  69 

mechanical,  viii.  483 

rat,  V.  592:  vii.  485 

Fibroadenoma,  iv.  401 

of  water-supplies,  viii.  482 

sand.  ii.  815 

Fibrocartilage,  ii.  603 

sand,  viii.  482 

Flemming's  solution,  v.  25S 

Fibrolipoma,  vi.  IS 

Filum  terminale,  \-ii.  828 

Fletcher,  Robert,  iv.  405 

Fibroma,  iv.  398 

Fingers,  amputation  of,  i.  280 

Flexibilitas  cerea,  ii.  073 

auricular,  iii.  765 

anatomy  of,  iv.  863 

V.  Fleischl's  hemoglobinometer,  ii.  179 

cerebral,  ii.  433 

bandage  of,  ii.  17 

V.  Fleischl-ftjiescher  hemoglobinome- 

durum, iv.  399 

bent,  ii.  591 

ter,  ii.  181 

mixed,  iv.  400 

cicatricial  contractions  of,  iv.  881 

Flexor    accessorius    longus    digitorum 

moUe,  iv.  399 

clubbed,  i.  704;  iv.  875 

pedis  muscle,  anomalies  of,  viii. 

moUuscum,  vi.  531 

contraction  of  fascia  of,  iv.  893 

590 

mucinosum,  iv.  400 

dead,  iv.  899;  vii.  486 

pedis,  anomalies  of,  viii.  590 

of  the  breast,  ii.  479 

deflections  of,  iv.  873 

brevis  digitorum  muscle,  anomalies 

eyelid,  iv.  290 

deformities  of,  iv.  867 

of,  viii.  591 

Fallopian  tube,  vi.  950 

dislocation  of,  iii.  653 

hallucis  muscle,  anomalies  of,  viii. 

larynx,  v.  833.  834 

drop,  iv.  888 

591 

lungs,  vi.  110 

fracture  of,  iv.  549 

minimi  digiti  muscle  (foot),  .anom- 

mandible, v.  696 

hammer,  iv.  893 

alies  of,  viii.  591 

maxilla,  v.  686 

Hippocratic,  iv.  875 

minimi     digiti     muscle      (hand). 

nose,  vi.  622 

jerk,  iv.  895 

anom.alies  of,  viii.  587 

oviduct,  vi.  956 

mallet,  iv.  888 

pollicis  muscle,  anomalies  of,  viii. 

ovary,  vi.  946 

snap,  iv.  895;  viii.  123 

587 
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Flexor,    carpi  radialis    brevis    musflc, 
viii.  586 
radialis  muscle,  anomalies  of,  viii. 

585 
ulnaris  muscle,  anomalies  of,  viii. 
585 
hallucis  longus  muscle,  anomalies  of, 

viii.  590 
indicis  muscle,  viii.  585 
longus  digitorum  muscle,  anomalies 
of,  -VTii.  590 
pollicis  muscle,  anomalies  of.  viii. 
585 
profundus  digitorum  muscle,  anom- 
alies of,  viii.  585 
suhlimis    digitorum    muscle,    anom- 
alies of,  viii.  585 
Flies,  vi.  554 

black,  ii.  64;  v.  601 
hot,  v.  589 
breeze,  v.  602 
carriers  of  disease,  v.  584 
gad,  iv.  597;  v.  601 
horse,  v.  601 

house,  V.  332,  590;  vi.  554 
Spanish,  ii.  614 ;  v.  002 
stable,  V.  587 
telini,  v.  60.3 
tsetse,  iv.  736;  v.  5.S7 
Flint,  Austin,  iv.  406 
Florida,  iv.  406 

medical  practice  in,  vi.  296 
Flour,  food  value  of,  iv.  430 

occupational  diseases  caused  by,  vi. 

833 
poisonous   admixture    of   cockle   in. 
vii.  232 
Fluidextracts,  Iv.  409 
Flukes,  iv.  409;  viii.  260 
l.la.ldcr.  viii.  27.-) 
gall-duct,  viii.  273 
lancet,  viii.  271 
liver,  viii.  265 
lun^'.  viii.  2GS 
Fluorescein,  iv.  409 
Flushing,  hot,  ii.  7S8 
Flutter,  auricular,  i.  626 
Fly  agaric,  iv.  590 
Focal  length,  iv.  265 
Foeniculum,  iv.  409 
Fcenum  graecum,  iv.  357 
Foerster  operation,  vii.  895 
Fol's    injection  masses,  v.  278.  279 

solution,  V.  258 
Folds,  ijrimitive,  i.  519 
FoUiculite  epilante,  i.  231 
Folliculitis,  aaminate,  viii.  203 
drcalviuis,  i.  231;  iv.  410 
nucha'  sclerotisans,  iii.  506 
rubra,  v.  722 
scrofulosorum,  v.  913 
varioliformis,  i.  87 
Fontana,  Felice,  i.  338;  iv.  411 
Food,  i.  207 

adulteration  of,  iv.  411,  414 
and  drug  control  laws,  iv.  411 

inspection,  sanitary  aspects  of,  iv. 
419 
caloric  v.ilues  of,  i.  208;  iv.  428 
carbohydrate,  i.  205 
fat,  i.  206 

for  the  sick,  iv.  428 
bread,  iv.  440 
clams,  iv.  439 
drinks,  iv.  440 
eggs,  iv.  438 
fish,  iv.  439 
fruits,  iv.  440 


Food  for  fungi,  iv.  440 

jellies,  iv.  440 

meat,  iv.  437 

milk,  iv.  435 

nuts,  iv.  440 

oysters,  iv.  439 

vegetables,  iv.  439 
fuel  value  of,  i.  208;  iv.  428 
idiosyncrasy  regarding,  v.  502 
infants',  v.  530,  531 
inorganic,  i.  211 
misbranding  of,  iv.  417 
nitrogenous,  see  Protein. 
poisons,  iv.  420 
preservatives  in,  iv.  417 
protein,  i.  203;  vii.  341 
ration  of  the  U.  S.  Army,  v.  406 

of  the  U.  S.  Navy,  vi!  648 
tables  of  composition  of,  i.  208;  iv. 

428;  vi.  459 
Food-stuffs,  comparative  value  of,   i. 

208;  iv.  428;  vi.  459 
Foot,  amputation  of,  i.  287 
anatomy  of,  iv.  453 
arches  of,  iv.  454 
bursa^  of,  ii.  562 
care  of,  in  the  army,  v.  421 
club,  see  Talipes. 

congenital  hjTiertrophy  of,  vii.  140 
contracted,  iv.  473 
disabilities  of,  iv.  461 
distortions  of,  iv.  478 
eczema  of,  iii.  845 
fascia  of,  iv.  336 
flat,  iv.  461 

congenital,  iv.  490 
fimgous  disease  of,  vi.  579 
gunshot  wounds  of,  iv.  838 
hollow,  iv.  473 
lymphatics  of,  vi.  170 
Madura,  vi.  579 
perforating  ulcer  of,  vii.  107 
rigid  weak,  iv.  471 
splay,  iv.  461.  496 
sweating,  treatment  of,  v.  421 
weak,  iv.  461 

in  childhood,  iv.  467 
Foot-and-mouth  disease,  iv.  504 

niilk-bornc,  vi.  514 
Foramen  jugulum  spinosum.  viii.  O.js 
magnum,  vii.  767 
obturator,  vii.  81 
ovale,  V.  49 

transversarium,  viii.  673 
Forceps,  axis-traction,  iv.  510 
Breus,  iv.  511,  512 
Chamberlcn,  iv.  508 
Elliot,  iv.  510 

Gallant's  safety  lock,  iv.  513 
Hodge,  iv.  510 
Levret,  iv.  509 
McLane,  iv.  510 
Naegele,  iv.  510 
obstetrical,  iv.  506 

application  of,  iv.  516 

dangers  of,  iv.  515 

indications  for,  iv.  514 

structure  of,  iv.  513 
Palfyn,  iv.  508 
Smellie,  iv.  509 
Tarnier,  iv.  511 
Taylor,  iv.  510 
Vaictte,  iv.  513 
Forearm,  amputation  of,  i.  282 
anatomy  of,  i.  536 
fascia  of,  iv.  334 
fractures  of,  iv.  544 
gtuishot  wounds  of,  iv.  836 


Foreign  bodies  in  the  conjunctiva,  iii. 
254 
car,  iii.  771 
intestine,  v.  020,  622 
iria.  V.  66:j 
omentum,  vi.  870 
stomach,  Wi.  98'J 
tonsils,  viii.  228 
urethra,  Wii.  332 
vein.f,  viii.  672 

location  of,  by  i-rays,  vii.  593 
Formaldehyde,  iv.  518 

bisulphite,  iv.  .520 

disinfectant  action  of,  i.  837;  iii.  626, 
628,  633 

occupational    diseases    euu«ed     hv. 
vi.  830 

tannalbuminatc,  iv.  320 

urea,  iv.  520 
Formalin,  iv.  518 

disinfectant  action  of.  i.  837;  iii.  626 
Formanilide,  iv.  .520 
Formamine,  v.  235 
Formatio  reticularis,  ii.  312 
Formic  acid,  iv.  .520 

al.ich.vde.  iv.  518 
Formicidee,  iv.  520;  v.  004 
Formin,  v.  23.5 
Fornix  conjunctiva,  iv.  243 

vagina-,  iv.  (i4^ 
Formo-chloral,  iv.  520 
Formol,  iv.  518 
Formopyrin,  iv.  520 
Formula,  ilcntal,  permanent,  viii.  104 

tcniporar.v,  viii.  Idti 
Fort  Bayard,  N.  M.,  vi.  7s.5 
Fort  Crawford  Mineral  Well,  iv.  521 
Fort  Stanton,  N.  M.,  vi.  780 
Fortoin,  iv.  521 
Fossa,  hyaloid,  iv.  261 

ischiorectal,  vii.  118 

navicularis,  iv.  655 

ovalis,  V.  49 
Fossores,  v.  Ii04 
Foster,  Frank  Pierce,  iv.  521 
Fothergill,  John,  iv.  521 
Fountain  Park   Magnetic  Springs,  iv. 

522 
Four  Masters  of  Salerno,  viii.  3^ 
Fourchette,  iv.  055 
Fourth  disease,  vii.  600 
Fowler,  George  Ryerson,  iv.  522 
Fowler's  infusion  apparatus,  v.  t>43 

radical  treatment  of  hernia,  v.  219 

solution,  i.  638 
Fox,  Tilbury,  iv.  522 
Foxglove,  iii    597 

Fracastori,  Girolamo,  iv.  523;  vi.  326 
Fractures,  iv.  523 

articular,  iv.  527 

avulsion,  iv.  529 

chauffeur's,  i.  792 

classification,  iv.  523 

closed,  iv.  530 

Colics',  iv.  546 

comminuted,  iv.  .520 

complicated,  iv.  531 

compound,  iv.  530 
amputation  iu,  i.  26.5 

compression,  iv.  320 

crushing,  iv.  526 

diagnosis,  iv.  333 

displacements  in,  iv.  531 

green-stick,  iv.  523.  529 

gutter,  of  the  skull,  iv.  813 

impacted,  iv.  526 

intra-arlicular.  iv.  527 

juxta-articular,  iv.  527 
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Fractures,  L-,  of  femur,  iv.  556 
leverage,  iv.  529 
longitudinal,  iv.  525 
massage  in,  vi.  250 
multiple,  iv.  531 
oblique,  iv.  525 
of  the  carpus,  iv.  549 
clavicle,  iv.  536 
facial  bones,  534 
femur,  iv.  549 
fibula,  iv.  560 
fingers,  iv.  549 
forearm,  iv.  544 
glenoid  fossa,  vii.  655 
humerus,  iv.  539 
jaw,  iv.  535;  v.  684,  692 
leg,  iv.  559 

mandible,  iv.  535;  v.  692 
maxilla,  v.  684 
metacarpus,  iv.  549 
metatarsus,  iv.  565 
nose,  iv.  534;  vi.  798 
patella,  iv.  558 
pelvis,  iv.  536 
penis,  vii.  102 
radius,  iv.  544 
ribs,  iv.  535 

scapula,  iv.  539;  vii.  655 
skull,  V.  3 
sternum,  iv.  535 
tarsus,  iv.  564 
tibia,  iv.  559 
ulna,  iv.  544 
open,  iv.  530 
Pott's,  iv.  564 
repair  of,  iv.  532 
Roentgen  diagnosis  of,  vii.  594 
simple,  iv.  530 
single,  iv.  531 
spiral,  iv.  526 
subperiosteal,  iv.  524 
T-,  of  humerus,  iv.  543 
torsion,  iv.  529 
treatment,  iv.  533 

tannin  injections,  ii.  260 
V-,  of  humerus,  iv.  540 
Y-,  of  femur,  iv.  556 
humerus,  iv.  540,  543 
Fraenkel-Gabbet   method  of  staining 

the  tubercle  bacillus,  i.  914 
Fraenkel's  pneumococcus,  i.  861 

tube  for  anaerobic  cultures,  i.  905 
Fra  fra  (arrow-poison),  i.  635 
Fragilitas  crinium,  i.  765 

ossium,  vi.  928 
Frambcesia  tropica,  viii.  522 ;  see  Yaws. 
France,  nu>dic:il  practice  in,  vi.  296 
Franck's  operation  of  gastrostomy,  vii. 

9  SO 
Francke's    capsule    for    phonocardio- 
graphy, ii.  651 
Franco,  Pierre,  iv.  566;  viii.  42 
Frangula,  iv.  566 
Frankincense,  vi.  870 
Franklin  theory  of  color  perception,  iii. 

193;  viii.  4.'-.5 
Franklinization,  iii.  898,  900;  vii.  927; 

see  Static  eUctricity. 
Franzensbad,  iv.  566 
Frazinus,  iv.  567 
ornus,  vi.  238 
Freckle,  v.  877 

Freeborn's  staining  method,  v.  271 
Freer,  Paul  Casper,  iv.  567 
Freezing,  purification  of  water  by,  viii. 

478,  4M 
French  Lick  Springs,  iv.  567 
Frenulum  pudendi,  iv.  655 
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Frere  Come,  ii.  22 

Frere  Come's  paste,  ii.  697 

v.  Frerichs,  Friedrich  Theodor,  iv.  568 

Freud's  theory  of  dreams,  iii.  694 

Freund  and  Kaminer  reaction  in  uau- 

ccr.  ii.  60.") 
Freund's    operation    for    emphysema, 

viii.  17."i 
Frey's  white  mass,  v.  279 
Friar's  balsam,  ii.  36 
Friction  in  massage,  vi.  246 
Friedlander's  Inifillus.  i.  857 

leucocyte  cnimtcr,  ii.  169 
Friedlieb's  apparatus  for  gastric  lav- 
age, V.  806 
Friedreich,  Nikolaus,  iv.  569 
Frigidity,  sexual,  vi.  774 
Frontal  sinus,  vii.  771 

treatment  of  disease  of,  vii.  747 
Frontalis    muscle,    anomalies   of,    viii. 

575 
Frost  bite,  iii.  500;  iv.  876 

gangrene  from,  iv.  618 

of  the  ear,  iii.  760 
Fructose,  i.  205;  iv.  569 
Fry's  Mineral  Spring,  iv.  569 
Fulguration,  ii.  607;  iv.  569 
Fumigation,  iv.  574 

in  yellow  fever  campaign,  viii.  538 
Fundoscope,  Baum's,  vi.  896 
Fungi,  edible  and  poisonous,  iv.  574 

fission,  i.  825;  see  Bacteria. 

pyogenic,  i.  48 
Fungus,  beefsteak,  iv.  579 

chirurgorum,  iv.  596 

favus,  V.  456 

hematodes  of  the  retina,  iv.  297 

pityriasis,  v.  457 

ringworm,  v.  456 

scrotal,  vii.  680 

thrush,  V.  457 
Funiculitis,  endemic,  iv.  597 
Funiculus  cuneatus,  nucleus  of,  ii.  295 

gracilis,  nucleus  of,  ii.  295 
Funnel  chest,  ii.  805 
Furfurol,  iv.  597 
Furriers,  diseases  occurring  among,  vi. 

833 
Furuncle,  ii.  243 

of  the  auditory  canal,  iii.  772 
nipple,  ii.  469 

treatment,  i.  53;  ii.  244 
vaccine,  viii.  403 
Furunculosis,  ii.  243 

treatment,  i.  53;  ii.  244 
vaccine,  viii.  403 
Fusel  oil,  i.  192 

Gabbet's  solution,  v.  208 
Gad-flies,  iv.  597;  v.  dOl 
Gairdner,    Sir    William    Tennant,    iv. 

597 
Galactocele,  ii.  477 
Galactagogues,  iv.  597;  vi.  522 
Galactose,  iv.  598 

Galactotoxismus,  iv.  420;  vi.  50N,  .jll 
Galanga,  galangal,  iv.  598 
Galbanum,  iv,  599 
Galbraith  Springs,  iv.  599 
Gale,  Thomas,  iv.  600 
Galen,  i.  326;  iv.  600;  vi.  316;  viii.  34 
Galen's  bandage,  ii.  16 

vein,  ii.  353 
Galenus,  Claudius,  i.  326;  iv.  600;  vi. 

316;  viii.  34 
Galeodidae,  v.  596 
Gall,  ii.  49;  vi.  07;  see  Bile. 

ox,  iv.  356 


Gall,  Franz  Joseph,  i.  336;  iv.  600 
Galla,  iv.  601 
Gallanol,  iv.  601 
Gall-bladder,  vi.  46,  48,  55 

and  gall-ducts,  diseases  of,  iv.  601 
cancer  of,  iv.  609 
diagnosis,  i.  31 
catarrh  of,  iv.  601 
congenital  defects  of,  iv.  611 
croupous  inflammation  of.  iv.  604 
enlargement  of,  iv.  60S 

diagnosis,  i.  30 
incisions  for  operations  on  the.  i.  22 
parasites  of,  iv.  611 
purulent  inflammation  of,  iv.  604 
Roentgen    diagnosis    of    disease   of, 

vii.  597 
tumors,  iv.  609 

diagnosis,  i.  30 
ulceration  of,  iv.  605 
Gall-ducts,  vi.  46,  53 
atresia  of,  i.  764;  iv.  606 
cancer  of.  iv.  610 
catarrh  of,  iv.  601 
croupous  inflammation  of,  iv.  604 
echinococcus  of,  iv.  611 
foreign  bodies  in,  iv.  607 
hydatid  disease  of,  iv.  Oil 
inflammation  of,  iv.  601 
occlusion  of,  iv.  606 
parasites  in,  iv.  611 
purulent  inflammation  of,  iv.  604 
repair  of,  by  fascia  transplantation. 

viii.  255 
stenosis  of,  iv.  606 
tumors  of,  iv.  609 
ulceration  of,  iv.  605 
Gallic  acid,  iv.  612 
Gallicin,  iv.  612 
Gallinipper,  iv.  012 
Gallobromol,  iv.  612 
Gallotannic  acid,  viii.  97 
Galls,  iv.  601 

Gall-stones,  ii.  51;  iii.  223;  vi.  68 
diet  for  sufferers  from,  iv.  448 
in  the  gall-ducts,  iv.  607 
relation  of,  to  cancer,  iv.  610 
Galton,  Sir  Francis,  iv.  612 
Galton's  test,  v.  42 
Galvani,  Luigi,  iv.  612 
Galvanic  batteries,  iii.  873,  901 

electricity,  iii.  899,  900 
Gamasidae,  i.  509;  iv.  612 
Gamasoidea,  iv.  613 
Gambia,  medical  practice  in,  vi.  296 
Gambir,  iv.  613 
Gamboge,  ii.  588 
Gamma  rays,  ii.  28;  vii.  458,  461 
Ganglia,  spinal,  vii.  835 
sympathetic,  viii.  62 

effects  of  stimulation  of,  viii.  07 
Ganglion,  i.  562;  iv.  888 
nerve,  vi.  731 
periosteal,  i.  50 
spinale.  vii.  830 
Gangosa,  iv.  613;  vii.  570 
Gangrene,  iv.  613 

amputation  in,  i.  266 
auricular,  iii.  761 
black,  vi.  674 
cold,  vi.  674 
diabetic,  iv.  615 
dry,  iv.  614 

massage  in,  vi.  250 
gas,  iv.  616;  vii.  17S 
hospital,  iv.  617 
hot,  vi.  674 
in  ergot  poisoning,  viii    569 
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Gangrene,  moist,  iv.  614;  vi.  fi73 

neurotic,  vi.  672 

postfebrile,  iv.  618 

presenile,  iv.  615 

pulmonarj-.  vi.  107 

senile,  iv.  614;  vi.  856 

spontaneous,  iv.  615 

due  to  obliterating  endarteritis,  ii. 
229 

symmetrical,  iv.  615;  vi.  488 

traumatic,  iv.  616 

tropical,  vii.  14.3 

white,  vi.  674 
Gaping,  viii.  521 
Garbage,     disposal     of,     in      niilitury 

camps,  v.  415 
Gardeners,  diseases  of,  vi.  8.38 
Garlic,  iv.  618 

Garment  workers,  disea.ses  of.  vi.  8.37 
Garrigues,  Henry  Jacques,  iv.  618 
Gartner's  canal,  iv.  63S 
Gartner's  fettmilch,  v.  538 
Gas,  carbonic  acid,  ii.  620 

illuminating,  iv.  619 

natural,  iv.  620 

poisonous,  used  in  warfare,  viii.  597 

>ulphurous  acid,  viii.  21 
Gas-phlegmon,  iv.  616;  vii.  178 
Gasoline,  jfiisoning  by,  ^iii.  569 
Gasser,  Johann  Lorenz,  i.  337;  iv.  621 
Gasserian  ganglion,  removal  of  the,  ii. 

41!t 
Gastein,  iv.  621 
Gastralgia,  vii.  970 
Gastrectomy,  vii.  981 
Gastric  glands,  histological  changes  in, 
during  secretion,  vii.  693 
secretion  of,  vii.  692 

juice,  iv.  622 

mechanism    of    secretion    of,    vii. 
692 
Gastritis,  \-\i.  965 

acute,  diet  in,  iv.  441 

acute  infectious,  ra.  966 

acute  simple,  v\i.  965 

alcoholic,  \ai.  969 

chronic  catarrhal,  vii.  967 

chronic,  diet  in,  iv.  441 

phlegmonous,  vii.  966 

toxic,  vii.  966 
Gastrocnemius  muscle,  v.  873 

anomalies  of,  ^'iii.  .5.S9 
Gastrodiscus,  iv.  624 

liominis,  viii.  277 
Gastroduodenostomy,  vii.  984 
Gastroenteric  tract,  Roentgen  diagno- 
sis of  diseases  of,  vii.  596 
Gastroenteritis  choleriformis,  iii.  5 

of  infants,  iii.  556 

psychoses  of,  vii.  376,  381 
Gastroenterostomy,  vii.  983 
Gastrogastrostomy,  vii.  983 
Gastrojejunostomy,  vii.  984 
Gastrolysis,  vii.  987 
Gastropexy,  vii.  978 
Gastroplication,  vii.  978 
Gastrorrhaphy,  vii.  976 
Gastroschisis,  viii.  133 
Gastroscopy,  iv.  105 
Gastrostomy,  vii.  980 
Gastrosuccorrhea,  vii.  974 
Gastrotomy,  vii.  977 

incision  fur.  i.  22 
Gastrula,  iv.  624 
Gaucher's  disease,  vii.  908 
Gaultheria,  iv.  627 
Gauze,  surgical,  iii.  695 
Gavage,  v.  539 


Gaylord   and   Gulick   Mineral   Spring, 

iv.  628 
Gegenbauer,  Karl,  iv.  628 
Geissler-Plucker  tube,  vii.  448 
Geissospermum,  iv.  628 
Gel,  iii.  171;  iv.  359.  628 
Gelanthum,  iii.  b3S;  iv.  628 
Gelatin,  iv.  628 

culture  medium,  i.  881 

for.d  value  of,  i.  210;  iv.  428,  431 
Gelle's  test,  iii.  743;  v.  41 
Gels,  iii.  171;  iv.  359,  628 
Gelsemium,  iv.  629 
Gemelli    muscles,    anomalies   of,    \-iii. 

Geneva  Lithia  Springs,  iv.  629 
Geniculate  bodies,  physiology  of  the, 

ii.  412 
Geniohyoglossus  muscle,  anomalies  of, 

viii.  579 
Geniohyoid  muscle,  anomalies  of,  viii. 

579 
Genital  corpuscles,  iv.  23 

evolution,  relation  of,  to  nanism  and 
gipuntism,  vi.  610 
Genital  organs,  eczema  of,  iii.  843 

female,  iv.  630 
cysts  of,  iii.  416 
development,  iv.  630 

gunshot  wounds  of,  iv.  828 

lymphatics  of,  vi.  172,  173 

male,  iv.  659 
cysts  of,  iii.  416 
development,  iv.  659 

Mialfoniiations  of,  \-iii.  135 
Genito-urinary  ridge,  iv.  630 
Gentian,  iv.  670 
Gentianacese,  iv.  671 
Genu,  V.  765 

valgum,  V.  769 

varum,  ii.  271 
Geoform,  iv.  671 
Geography,  medical,  iv.  671 
Geophilus,  iv.  672 

Georgia,  medical  practice  in,  \i.  296 
Geosote,  iv.  789 
Geranium,  iv.  672 
Gerhardt,  Carl  Adolf  Jakob  Christian, 

iv.  673 
Gerhardt's  test  for  diacetic  acid,  viii. 

354 
Gerhartz  phonocardiograph,  ii.  651 
von  Gerlach,  Joseph,  iv.  673 
Gerlach's    carmine  mass,  v.  279 
Germ  cells,  iv.  673 
Germain  See's  test-meal,  vii.  953 
Germany,  medical  practice  in,  \-\.  289, 

296 
Germinal  area,  eutypy  of  the,  ii.  85 

cycle,  iv.  673 

disc.  i.  518 

epithelium,  iv.  675 
Germ-layers,  iv.  679 

inversion  of  the,  ii.  86 
Germ-track,  iv.  673 
Germ-wall,  i.  519 
Gerontoxon,  i.  518 
von  Gersdorf  of  Strassburg,  \Tii.  39 
Gestation,  iv.  680;  see  also  Pregnancy. 

abdominal,  iv.  694 

changes  in  the  maternal  tissues  and 
organs  during,  iv.  682 

diagnosis  of,  iv.  685 

early  incidents  of,  iv.  680 

ectopic,  iv.  691 
amnion  in,  i.  262 

anatomical  considerations,  iv.  694 
classification,  iv.  692 


Gestation,  ectopic,  diagnosiit,  iv.  696 
fate  of  the  fetus  in.  iv.  694 
frequency,  iv.  691 
symptoms,  iv.  695 
treatment  of,  iv.  697 

management  of,  iv.  688 

ovarian,  iv.  692;  vi.  944 

pathologj-  of,  iv.  688 

tubal,  iv.  693 

varieties  of,  iv.  682 
Geuda  Springs,  iv.  697 
Giant  cells,  iv.  698 

in  the  blood,  ii.  161 
Giants,  iv.  700;  v.  475 

records  of,  iv.  702 
Giardia  intestinalis,  viii.  613 
Gibraltar,  medical  practice  in,  vi.  290 
Gibson,  George  Alexander,  iv.  700 
Gibson,  William,  iv.  700 
Gibson's  bandage,  ii.  16 
Giemsa's  stain,  ii.  191 
Gigantism,  iv.  700;  v.  475 

etiology  of,  iv.  703 

genital  evolution  in  relation  to,  vi. 
610 

relaticin  of.  to  acromegaly,  iv.  706 
Gigantoblasts,  ii.  162 
Gigantocytes,  ii.  161;  iv.  698 
Gigantorbynchus,  iv.  710 

gigas,  vi.  703 

moniliformis,  vi.  704 
Gigli,  Leonardo,  iv.  710 
Gila  monster,  iv.  711;  vii.  535 

poisoning  b.v,  vii.  536 
Gilbert's  stain,  v.  J72 
Gilroy  Hot  Springs,  iv.  711 
Gilson's  mixture,  v.  u'.'iti 
Gimbernat,  Antonio,  iv.  711 
Gimbernat's  ligament,  i.  2 
Gin,  V.  712 
Ginger,  \-iii.  547 

"Jamaica,"   used   as  an   intoxicant, 
viii.  548 

wild,  vii.  80S 
Gingivitis,  vii.  990 
Ginglymus,  i.  701 
Ginseng,  iv.  711 
Giovanni  di  Vigo,  viii.  41 
Giraldes,     Cardozo    Cazado    Joachim 

Albin,  iv.  711 
Gizeh,  iii.  800 
Glabella,  iii.  344;  vii.  764 
Glanders,  iv.  711 

bacillus  of,  i.  873 

complement-fixation  test,  iv.  717 

conjunctival  test  for,  vi.  S8S 

cutireaction  in,  iii.  396 

diagnosis,  iv.  715 

from  smallpox,  Wi.  800 

granulomatous  lesions  in,  iv.  775 

mallein  test,  iv.  716 

of  phar>-ni,  Wi.  159 

prognosis,  iv.  718 

serum  tests,  iv.  717 

treatment,  iv.  71S 
Glands,  iv.  77,  718 

Bartholin's,  iv.  655;  viii.  407 
cysts  of,  viii.  470 
infection  of,  viii.  469 

bronchial,  ii.  514 

classification  of.  iv.  718 

cutaneous,  \-ii.  752 

endocrinous,  iv.  720;  \Ti.  698 
therapeutic  uses  of,  vi.  913 

gastric,  vii.  944 

genital,  see  Otarita  and  Trstet. 
internal  secretion  of,  vii.  703 

hcmolymph,  v.  167 
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Glands,  hybernatina,  v.  159 

lymphatic,  vi.  149,  194;  see  Lymph 
nodes. 

mammary,  ii.  445;  see  Breast. 

marrow-lymph,  v.  160 

Meibomian,  iv.  307 

sebaceous,  vii.  753 

splcnolymph,  v.  160 

sweat,  ■\'ii.  752 

urethral,  viii.  330 

vestibular,  iv.  655;  viii.  467 
cysts  of,  viii.  470 
infection  of,  viii.  469 

vulvovaginal,  iv.  655;  viii.  467 
cysts  of,  viii.  470 
infection  of,  \-iii.  469 
Glandulae  duodenales,  iii-  593 

lyuiphaticse,  vi.  149,  194. 

suprarenales  siccfe.  iv.  720 

tliyruiflca;  sicca;,  iv.  720 

vi'stiliulares.  iv.  655 
Glandular  fever,  iv.  720 
Glans  clitoridis,  iv.  OoO 

pi-iiis,  i^^  ('j(;6 
Glaser,  Johann  Heinrich,  iv.  722 
"Glass  arm,"  i.  542 
Glassblowers,  diseases  of,  ii.  67S;  vi. 

s:i2:  vii.  622 
Glauber,  Johann  Rudolf,  iv.  722 
Glauber's  salt,  vii.  so7 
Glaucoma,  iv.  722 

blindness  due  to,  ii.  109 

diagnosis,  iv.  726;  v.  665 

hemorrhagic,  vii.  551 

inflammatorium,  iv.  724 

pathological  anatomy,  iv.  726 

pathology,  iv.  722 

prognosis,  iv.  729 

simplex,  iv.  723 

theories  regarding,  iv.'  727 

treatment,  iv.  729 

varieties,  iv.  722 
Glen  Alpine  Mineral  Springs,  iv.  730 
Glen  Springs,  iv.  730 
Glen  Summit  Springs,  iv.  732 
Glenard's  disease,  vii.  897 
Glenn  Springs,  iv.  732 
Glenoid  fossa,  vii.  735 

fracture  of,  \"ii.  655 
Glenwood  Springs,  iv.  733 
Gliadin,  iv.  733 
Glioma,  iv.  733;  vii.  Ii4i) 

cerebral,  ii.  433 

of  the  optic  nerve,  iv.  299 

of  the  retina,  iv.  297 
Glion,  vi.  .337 
Gliosarcoma,  vii.  649 
Glisson,  Francis,  i.  332;  iv.  735 
Glisson's  capsule,  vi.  44 

infiaiumation  of.  vii.  114 
Globocephalus  macaci,  vi.  69S 
Globulimeter,  ii.  173 
Globulins,  iv.  736 

in  l)lood  plasma,  ii.  121 
Globulinuria,  viii.  349 
Glomeruli,  renal,  v.  730 
function  of,  vii.  695 
Glonoin,  iv.  737 
Glossina,  iv.  736 ;  v.  .5.S7,  002 
niorsitans,  v.  5S7 
palpalis,  V.  587,  602 
Glossiphonia,  v.  24S 
Glossitis,  viii.  209 
Glossolabio -laryngeal  paralysis,  vi.  578 

hysterical,  v.  4.s4 
Glossopharyngeus  nerve,  iii.  334 
central  connection  of,  ii.  309 
Glossy  skin,  iv.  899 

720 


Glottis,  V.  821 

edema  of,  iii.  .383 
spasm  of,  iii.  820;  v.  830 
Glove  makers,  diseases  of,  vi.  837 
Glucosamine,  i.  205;  iv.  736 
Glucose,  i.  205;  iii.  515 
in  the  blood,  iii.  518 
in  the  urine,   iii.   518;  viii.  3.52;  see 
G7!/co.v«na. 
Glucosides,  i.  109 
Glucusimide,  ii.  37 
Glusidum,  ii.  37 
Gluge,  Gottlieb,  iv.  736 
Glutannic  acid,  i.  7S 
Glutelin,  iv.  736 
Gluten,  iv.  736 

bread,  food  value  of,  iv.  429,  430 
Gluteus   niaximus    muscle,   anomalies 
of,  'viii.  587 

medius  muscle  anomalies  of,  %nii.  587 

minimus  muscle,  anomalies  of,  viii. 
587 
Glutoid  capsules,  iv.  736 
Glutol,  iv.  736 
Glycemia,  iii.  518 
Glycerin,  iv.  736 

pntato-ajiar  medium,  i.  884 
Glycerita,  iv.  737 
Glyceryl  trinitrate,  iv.  737 
Glycholic  acid  series,  i.  77 
Glycin,  i.  7S;  ii.  50 
Glyciphagus,  iv.  738 
Glycocholic  acid,  i.  78 
Glycocoll,  i.  78;  ii.  50;  iv.  738 

in  urine,  viii.  356 
Glycogen,  iii.  470,  471;  iv.  738 

in  blood  plasma,  ii.  122 

in  the  chorion,  iii.  35 

fate  of,  vi.  66 

formation  of,  vi.  66 
Glycogenesis,  diagram  of,  vi.  466 
Glycolysis,  iv.  738 
Glycoprotein,  iv.  738 
Glycosuria,  iii.  518;  viii.  352 

alinientary,  iii.  519;  vi.  67;  viii.  352 

cxijcrimental,  viii.  352 

non-diabetic,  viii.  352 

toxic,  ^nii.  352 
Glycozone,  v.  392 
Glycuronates,  iv.  738 

in  urine,  viii.  356 
Glycyrrhiza,  iv.  738 
Glyoxyl  diureide,  i.  217 
Gmelin,  Johann  Friedrich,  iv.  739 
Gmelin's  test  for  bile  piiinients,  ii.  50; 

vi.  f.7;  viii.  355 
Gnathobdellidse,  v.  246 
Gnathostoma,  iv.  739 

siainciisc,  vi.  (181 
Gnathostomidae,  iv.  739;  vi.  681 
Gnats,  iv.  739 

Godbold  Mineral  Wells,  iv.  739 
Goerbersdorf,  iv.  740 
Goiter,  u.  742;  viii.  195 

colloid,  viii.  195 

congenital,  iv.  391 

diagnosis,  viii.  196 

diffuse,  viii.  195 

etiology,  viii.  195 

exophthalmic,   iv.   741;   see   Exoph- 
thalmic goiter. 

fibrous,  viii.  195 

hypertrophic  follicular,  viii.  195 

nodular,  \^ii.  195 

operative  treatment,  viii.  196 

parenchymatous,  viii.  195 

prognosis,  rai.  196 

spondylotherapy  in,  vii.  914 


Goiter,  symptoms,  viii.  190 

treatment,  viii.  196 

vascular,  viii.  195 
Gold,  i.  776 

disinfectant  action  of,  iii.  624 

CMuivalent,  iv.  751 
Gold  Coast,  medical  practice  in.  vi.  296 
Golden  seal,  v.  378 
Goldthwait  frame  in  the  application  of 

a  ]jlaster  jacket,  \'ii.  889 
Golgi's  cell.  vi.  729 

staining  method,  v.  270 

types  of  axones.  ii.  274,  275 
Goll,  Friedrich,  iv.  751 
Goll's  nucleus,  ii.  295 
Gomphosis,  i.  700 
Gonads,  see  Ovaries  and  Testes. 

internal  secretion  of,  vii.  703 
Gonion,  vii.  765 
Gonococcus,  i.  863;  iv.  755 

general  infection,  iv.  751 

specific  reactions  for,  iv.  754 
Gonocyte,  iv.  675 
Gonorrhea,  iv.  755;  viii.  332 

abortive  treatment,  iv.  756;  viii.  333 

bacteriological  diagnosis  of,  i.  919 

bacteriology  of,  i.  863 

bubo  in,  ii.  543 

complement  deviation  test.  iii.  220 

in  pregnancy,   influence  of,   on   the 
fetus,  iv.  385 

in  women,  iv.  757;  v.  887;  vi.  483, 
484;  viii.  371,  409,  468 
treatment,  iv.  757;  v.  887 

keratosis  due  to,  v.  721 

treatment,  iv.  756;  viii.  333 

uterine,  \d.  483,  484;  viii.  371 

vaccine  therapy,  iv.  757;  viii.  405 

vaginal,  viii.  408 

vulvar,  viii.  468 
Gonotome,  iv.  075 
Gooch,  Benjamin,  iv.  758 
Go., dell,  William,  iv.  758 
Goose  skin  reflex,  vii.  507 
Gordiacea,  iv.  758 
Gordius,  iv.  758 

medinensis.  vi.  690 

pulmonalis  apri.  vi.  697 
Gordon's  radical  treatment  of  hernia, 

Gossypium,  iv.  758;  see  Cotton. 
Goulard,  Thomas,  iv.  759 
Gould's    method    of    ileum    implanta- 
tion, v.  li-Jl 
Goundou,  iv.  759 
Gout,  iv.  760 

acute,  iv.  760 

chronic,  iv.  760 

climatic  treatment,  iii.  121 

diet  in,  iv.  448 

electricity  in,  iii.  911 

eye  symptoms  in,  iv.  286 

hydrotherapy  in,  v.  401 

irregular,  iv.  761 

radiotherapy  of.  vii.  464 

rheumatic,  vii.  565 
Gowers'  hemocytometer,  ii.  164 

lu-iiiuulnlnirimeter,  ii.  179 
de  Graaf,  Regnier,  i.  333;  iv.  766 
Graafian  follicles,  iv.  635 
Gracilis  muscle,  viii.  165 

anomalies  of,  viii.  588 
von  Graefe,  Albrecht,  iv.  766 
Graefe,  Alfred  Karl,  iv.  766 
Grafts,  bone,  ii.  260;  vi.  801;  viii.  259 
after  excision,  iv.  190 

cartilage,  viii.  259, 

fascial,  viii.  252 


(;e\p:ral  ixdex 


Uallhul 


Grafts,  f:it,  viii.  lioii 

ovarian,  vi.  941 

skin,  viii.  252 

sponge,  for  ulcers,  viii.  '.il'S 
Graham,  James  Elliott,  iv.  767 
Grain-itch,  iii.  .ill 
Grain-polishers,    rliseases    amonK,    vi. 

Gramineae,  iv.  767 

Gram  stain,  i.  ',il.') 

Granatum,  iv.  767 

Grand  mal,  iv.  .^7 

Granite  State  Spring,  iv.  768 

Granulated  lids,  iii.  2.i(l 

Granulations,  arachnoid,  ii.  lUl);  vii.  1 

heahliy,  iv.  7G9 

patholofiiral,  iv.  770 
Granulation-tissue,  iv.  768,  772 
Granules,  a,  ii.  190,  193 

ti.  ii.  190,  19.3 

7,  ii.  190,  19.3 

S.  ii.  193 

e,  ii.  190,  193 

sporogenoiis,  in  bacteria,  i.  .S30 
Granuloma,  iv.  772 

annulare,  iv.  776 

pndemicum,  v.  877 

fungoides,  diagnosis,  iii.  S33 

hyphomyeetic,  ^-iii.  203 

infectious,  cerebral,  ii.  434 

of  the  choroid,  iv.  295 
conjunctiva,  iv.  292 
eyelid,  iv.  289 
iris,  iv.  294 

parasitic,  v.  877 

trichophyticum,  viii.  203 
Grape-cure,  vi.  455 
Grape-juice,  food  value  of,  iv.  431 
Grapes,  iv.  777 

food  value  of.  iv.  431 
Grasse,  iv.  777  • 

Grasses,  iv.  71)7 
Gratiolet,  Louis  Pierre,  iv.  778 
Graves,  Robert  James,  iv.  778 
Graves'   disease,   iv.    741;  see  Exoph- 

thalmir  ij,,:l,  r. 
Gray  powder,  v.  367 
Great  Bear  Spring,  iv.  778 
Great  Britain,  medical  practice  in,  \'i. 

289,  3(J2 
Greece,  medical  practice  in,  vi.  296 
Greenbrier  Spring,  viii.  669 
Green  Sulphur  Springs,  iv.  779 
Greens,  food  value  of.  i\-.  431 
Gregarina  lindemanni,  viii.  627 
Gregarinida,  iv.  779 ;  viii.  604 
Gregory,  James,  iv.  779 
Grenada,  medical  practice  in,  vi.  297 
Grenades,  iv.  795 
Grenet  cell,  iii.  s75 
Griesinger,  Wilhelm,  iv.  779 
Griffith's  mixture,  iv.  368 
Grifola  frondosa,  iv.  579 
Grindelia,  iv.  780 
Grip,  v.  565;  see  Infliunza. 
Gritti's  amputation,  i.  294 
Grocer's  itch,  iv.  780 
Groin,  bandage  of,  ii.  17 
Groove,  medullary,  i.  522 

primitive,  i.  519 
Gross,  Samuel  D.,  iv.  780;  viii.  .'>il 
Ground  itch,  iv.  780 
Grove  cell,  iii.  ,s75 
Growth,  iv.  780 

effect  of  exercise  on,  iv.  235 

in  infanc.v,  v.  528 

laws  of,  iv.  785 

of  man,  iv.  782 
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Gruber,  Ignaz,  iv.  787 
Gruber,  Josef,  iv.  787 
Gruber's  reaction,  i.  k72 
Grutum,  vi.  506 
Guacamphol,  iv.  788 
Guadalajara,  vi.  4s(i 
Guaiacol,  iv.  788 

cacodylate.  iv.  789 

camphorate,  iv.  788 

disinfectant  action  of.  iii.  627 

ethyl,  iv.  789 
Guaiaperol,  iv.  7s9 
Guaiacum,  iv.  789 
Guaiamar,  iv.  789 
Guaiasanol,  iv.  790 
Guanase,  \\.  790 
Guanasine,  iv.  790 
Guanidine,  iv.  790 
Guanine,  iv.  790 
Guarana,  iv.  790 
Guaranine,  ii.  .■)70 
Guarnieri's  gelatin  agar,  i.  888 
Guatemala,  m.-diial  jjractice  in.  vi.  297 
von  Gudden,  Bernhard  Aloys,  iv.  791 
Gueneau  de  Mussy,  Henri,  iv.  791 
Guenther,  Johann,  iv.  791 
Guernsey,  ii.  790 

Guersant,  Paul  Louis  Benoit,  iv.  791 
Guinea-worm,  iv.  792;  vi.  690 
Guja,  iv.  792 

Gull.  William  Withey,  iv.  792 
Gullstrand's  ophthalmoscope,  vi    X9r, 
Gum,  acaroid.  viii.  520 

benjamin,  ii.  36 

Botany  Bay.  viii.  520 

elastic,  iii.  861 

tragacanth,  viii.  242 
Gumma,  viii.  80 

arterial,  ii.  234 

cerebral,  ii.  425.  434 

ga-stric.  vii.  989 

lingual,  viii.  212 

mammary,  ii.  472 

p\i:7M()narv.  vi.  118 

tonsillar,  viii.  229 
Gum-resins,  i.  108 
Gums,  i.  107 

inflammation  of,  vii.  990 
Gunning's  test   for  acetone,  i.  71 :  viii. 

354 
Gunshot  wounds,  iv.  792 

air-guns.  iv.  nOs 

ampvitation  in.  i.  266 

artillery  arm.  iv.  806 

blank  ammunition,  iv.  807 

explosive  effects,  v.  805 

Flobert  rifles,  iv.  808 

greiiaiies.  iv.  807 

hand  weapons,  iv.  797 

infected,  iv.  810.  811 

of  abdomen,  iv.  824 
air-pa.ssages,  iv.  820 
blood-vessels,  iv.  829 
bones,  iv.  836 
chest,  iv.  823 
genitals,  iv.  828 
head.  iv.  812;  v.  8 
heart,  iv.  824 
joints,  iv.  830 
neck,  iv.  818 
nerves,  iv.  830 
spine,  iv.  821 

pistols,  iv.  807 

postmortem  appearances,  i.  810 

revolvers,  iv.  807 

shells,  iv.  806 

shock  effects,  iv.  802 

shotguns,  iv.  808 


Gunshot  wounds,  shrapnel,  iv.  soi> 

spitz  bullets,  iv.  8(X) 

symptoms,  iv.  808 

tetanus  following,  iv.  810 

treatment,  iv.  811 

of  shock  following,  iv.  809 
Giinzburg's  test  for  hydrochloric  acid, 

Gurjun  balsam,  iv.  839 
Gurit,  Ernst  Julius,  iv.  839 
Gutta  percha.  iv.  839 

rosacea,  i.  88 
Guy  de  Chauliac,  iv.  840;  vi.  322:  viii. 

39 
Guyon's  amputation,  i.  291 
Gymnamcebidee,  iv.  840 
Gymnamoebina.  viii.  <;()4.  605 
Gynaecophorus,  iv.  840;  vii.  6tiO 
Gynatresia,  viii.  107 
Gynecological  examinations,  iv.  840 
Gynecology,  hisiory  of.  vi.  -vjr, 
Gynecomastia,  gynecomazia,  ii.  4i>'; 
Gypsum,  ii.  583 

Habitations,  sanitation  of,  v.  332 
Habitus  phthisicus,  vi.  122 
Haddock,  f..od  value  of.  iv.  431 
Haemadipsa,  iv.  852;  v.  24s 
Hsemadipsinte,  iv.  852 
HeemamcEba,  iv.  852;  v    885 

laveraiii  var.  nuartana.  viii.  (JJ.i 
var.  tcrtiana.  viii.  624 

malaris,  viii.  623 
praecox.  viii.  625 

priecox.  viii.  625 

vi\'ax.  viii.  624 
Hamaphysalis,  iv.  862 
Heematobia,  iv    852 
Haematococcus.  i\    852 
Hsmatopinus.  iv    852 
Haematopota.  i\ .  852 
Haementaria,  iv.  852;  v.  248 
Haemocytozoon  brasiliense,  viii.  619 
Haemoflagellata,  iv.  852 
Haemogregarinidia,  iv    852 
Haemonchus  contortus,  vi.  698 
Hasmoproteidae,  n.  852 
Haemoprotozoa,  iv    852 
Haemosporidia,  iv    852;  viii.  605,  622 
Haffkine's  anticholera  iiioculatioii,  viii. 

563 
Hagedorn,  Werner,  iv.  852 
Hague  Convention,  rules  of.  regarding 

liosi>ital  ships  V.  321 
Hahnemann,  Samuel  Christian  Fried- 
rich,  iv.  852;  vi.  338 
Haines'  test  for  sugar,  viii.  353 
Hair,  anatomy  of,  vii.  756 

atrophy  of  the,  i.  765 

condition  of,  in  mental  disease,  vi. 
430 

cortex,  vii.  757 

cuticula.  vii.  758 

dyes,  iii.  304 

excessive  growth  of.  v.  449 

follicle,  vii.  757 

grayness  of  the.  ii.  609 

loss  of.  i.  SSS;  sec  Alopecia. 

medulla,  vii.  758 

ringed,  ii.  tilO 

root  sheaths,  vii.  758 

tonics,  iii.  305 
Hair-ball  in  stomach,  v.  620 
Hairiness,  excessive,  v.  449 
Hair-workers,  diseases  among,  vi.  8.34 
Haiti,  medical  practice  in.  vi.  297 
Hales,  Stephen,  iv.  So3;  vi.  .333 
Halibut,  food  value  of,  iv.  431 
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Hallsterosl« 
Heiuoirioblnometer 
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Halisteresis,  ii.  581 

Hardy's  ophthalmometer,  vi.  885 

Headache,  sick,  v.  14 

Halitosis,  causes  of,  ii.  503 

Harelip,  iv.  902 

static  electricity  for,  iii.  90S 

Hall,  Marshall,  iv.  853 

Harlan,  George  C,  iv.  908 

toxemic,  v.  10 

V.  Haller,  Albrecht,  iv.  854 

Harmonia,  i.  700 

treatment,  v.  17 

Haller's  doctrine  of  irritability,  i.  33.') 

Harmony,  v.  28 

uremic,  v.  11 

Hallucinations,  alcoholic,  i.  100 

Harris  Springs,  iv.  908 

uterine,  v.  14 

in  mental  disease,  vi,  416 

Harris's  hematoxylin,  v.  266 

Healing  Springs,  .Alabama,  v.  18 

paranoiac,  vii.  41 

urinary  segregator,  viii.  341 

Health  insurance,  viii.  569 

paretic,  vii.  56 

Harrison's  groove,  ii.  SIO 

administration  of,  viii.  571 

Hallux  flexus,  iv.  474 

Harrogate,  iv.  908 

economic  effects  of,  on  the  medical 

rigidus,  iv.  477 

Hart,  Ernest  Abraham,  iv.  909 

profession,  viii.  571 

valgus,  iv.  477 

Hartmann's  tympanic  c:ivit,\icarinula, 

essential  desiderata  in,  viii.  572 

varus,  iv.  478 

iii.  7N7 

history  of,  viii.  570 

Halogens,   disinfectant   action   of,   iii. 

Hartshorne,  Joseph,  iv.  909 

methods  of,  viii.  570 

625 

Harvest  mites,  i.  510 

need  of,  viii.  570 

Halotricha,  viii.  605 

Harvey,   William,  i.   .331, giv.   909;  vi. 

objection  to,  viii.  571 

Halsted's  mattress  suture,  v.  624 

327;  viii.  42 

Health,  State  Boards  of,  v.  19 

treatment  of  hernia,  v.  218  j 

Hashish,  ii.  Oil 

Hearing,  v.  24 

Halzoun,  \nii.  266 

Hassall's  corpuscles,  viii.  ISl 

.aids  to,  V.  43 

Hamadryas,  vii.  525 

Hastings  and  St.  Leonard's,  i\ .  910 

and  sight,  comparison  of,  v.  38 

Hamamelis,  iv.  854  J 

Hastings,  Sir  Charles,  iv.  911 

cortical  centers  of,  ii.  407 

Hamartoma,  iv.  855 

Hastings'  stain,  ii.  191 

defective,  v.  39 

Hamilton,  Frank  Hastings,  iv.  855 

Havers,  Clopton,  iv.  911 

hysterical  disturbances  of,  v.  480 

Hammer  finger,  iv.  893 

Haversian  systems,  ii.  245 

tests  of,  iii.  742;  v.  39 

toe.  iv.  479 

Haw,  black,  viii.  445 

Heart,  accelerator  nerves  of  the,  ii.  153 

Hammerschlag's     method     of     luiiiu- 

Hawaii,  iv.  911 

actinomycosis  of  the,  v.  48 

(ilohiii  cstinL-itioii,  ii.  1,S4 

medical  practice  in,  vi.  297 

adherent,  operative  relief  of,  ii.  657 

Hammond's  mandible  splint,  v.  693 

Hayem's  solution,  ii.  162 

amyloid  degeneration  of,  i.  306 

Hampton  Beach,  vii.  313 

Hay  fever,  iv.  914;  vi.  761 

anatomy  of  the,  v.  48 

Hamularia,  iv.  855 

anaphylactic  origin  of,  i.  315 

anemic  infarction  of  the,  v.  55 

Hand,  iv.  855 

climatic  treatment,  iii.  121 

aneurysm  of  the,  v.  56 

ape,  iv.  899 

etiology,  iv.  915;  vi.  759 

animal  parasites  of  the,  v.  58 

bandage  of,  ii.  17 

symptoms,  iv.  916;  vi.  761 

aortic  incompetence,  v.  97 

bursEe  of,  ii.  559 

treatment,  iv.  917;  vi.  762 

stenosis,  v.  99 

cellulitis  of,  iv.  877 

Hay,  William,  v.  235 

apex  beat,  ii.  145 

chondromata  of,  iv.  876 

Hay's  pharyngoscope,  vii.  576 

arrhythmia  of  the,  i.  616 

cicatricial  contraction  of,  iv.  881 

test  for  bile  acids  in  the  urine,  viii. 

atrophy  of  the,  v.  83 

claw,  iv.  899 

358 

augmenter  nerves  of  the,  ii.  153 

cleft,  iv.  872 

Hays,  Isaac,  iv.  919 

auricular  fibrillation,  i.  623 

club,  iv.  872 

Hayward,  George,  viii.  48 

flutter,  i.  626 

condition  of,  in  general  diseases,  iv. 

Head,  bandage  of,  ii.  15 

•beat,  development  of  the  normal,  ii. 

901 

bursts  of,  ii.  557 

150 

congenital  anomalies  of,  iv.  867 

fascia  of,  iv.  328 

myogenic  theory  of  the,  ii.  151 

convulsive,  iv.  865 

gunshot  wounds  of,  iv.  812 

neurogenic  theory  of  the,  ii.  150 

deformities  of,  iv.  867 

lymphatics  of,  vi.  162 

phenomena  of  the,  external,  ii.  143 

double,  iv.  869 

moulding  of  the  fetal,  in  labor,  v.  779 

phenomena  of  the,  internal,  ii.  145 

eczema  of,  iii.  845 

Ijain  in,  v.  10;  see  Headache, 

rate  of,  ii.  148 

effects  of  occupation  on,  iv.  882 

postmortem  examination  of  the,   i. 

rhythmicity  of  the,  ii.  151 

energetic,  iv.  866 

799,  802 

sequence,  ii.  152 

fascia  of  the,  iv.  335 

Roentgen   diagnosis  of   diseases   of. 

block,  i.  628 

feeble,  iv.  865 

vii.  594 

blood  pressure  within  the,  ii.  140 

frightened,  iv.  865 

sensations  in,  ii.  715 

brown  atrophy  of,  v.  83 

gouty,  iv.  886 

wounds  of,  V.  1 

calculi  of,  iii.  225 

gunshot  wounds  o'f,  iv.  836 

diagnosis,  v.  9 

carcinoma  of,  v.  90 

inflammations  of,  iv.  876 

Headache,  v.  10 

chorea  in  relation  to  disease  of,  iii.  17 

injuries  of,  iv.  876 

anemic,  v.  13 

climatic  treatment  of  diseases  of,  iii. 

lymphatics  of,  vi.  169 

auditory,  v.  13 

121 

middle,  iv.  859 

circulatory,  v.  12 

cysts  of,  iii.  415 

muscular  affections  of,  iv.  896 

classification  of,  v.  10 

development  of,  ii.  217;  v.  58 

neoplasms  of,  iv.  875 

congestive,  v.  12 

dilatation  of  the,  v.  65 

nervous,  iv.  866 

diabetic,  v.  11 

localized,  v.  56 

nervous  affections  of,  iv.  897 

diagnosis,  v.  17 

diseases  of,  Nauheim  treatment,  vi. 

preacher's,  iv.  899 

electricity  in,  iii.  908 

628 

senile  changes  in,  iv.  886,  887,  900 

epileptic,  v.  12 

psychoses  in,  \-ii.  378 

tonic,  iv.  866 

from  nitroglycerin,  vi.  831 

displacements  of  the,  v.  69 

Hands   and  fingers,   diseases  and  de- 

gouty, V.  11 

dropping,  v.  70 

formities  of  the,  iv.  867 

hunger,  v.  14 

ectopia  of  the,  v.  69 

Hane's  table,  iii.  180 

hyperemic,  v.  12 

embryology  of  the,  v.  58 

Hanging,  asphyxia  from,  i.  727 

hysterical,  v.  12 

extra-systoles,  i.  619 

Hang-nail,  vi.  600 

induration,  v.  11 

eye  symptoms  in  diseases  of,  iv.  287 

Hanot's  cirrhosis,  vi.  58 

nasal,  vi.  760 

failure,  v.  74 

Hansen,  Gerhard  Henrik  Armauer,  iv. 

nasopharyngeal,  v.  13 

of  contractility  of  the.  v.  75 

901 

neurasthenic,  v.  12;  vi.  750 

of  tonicity  of  the,  v.  76 

Haplosporidia,  iv.  901;  viii.  605 

neuropathic,  v.  12 

fat,  V.  73,  82,  86 

Haptophore  sroup  of  a  toxin,  v.  167 

nodular,  v.  11 

fatty  degeneration  of  the,  v.  71,  82, 

of  tlie  coinplcment,  v.  170 

ocular,  V.  13 

87 

Harbin  Hot  Sulphur  Springs,  iv.  901 

organic,  v.  15 

infiltration  of  the,  v.  73;  82,  80 

Hardy,  Alfred,  iv.  902 

rheumatic,  v.  11 

filwoma  of,  V.  89 
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Heart,  functional  diagnosis  and  general 

Heart,  ventricular  fibrillation, 

V.  398 

therapeutics  of  the,  v.  74 

"withered  apple,"  v.  83 

functional  disorders  of,  v.  78 

work  done  by,  ii.  148 

gunshot  wounds  of,  iv.  824 

wounds  of.  V.  106 

hanging,  v.  70 

Heart -block,  i.  628 

heterogenetic  stimuli  of  the,  i.  CiKl 

auriculoventricular,  i.  628 

homogenetic  stimuli  of  the,  i.  (ilO 

complete  auriculoventricular 

,  i.  029 

hypertrophy  of,  v.  82,  84 

diagnosis,  i.  631,  632 

in  nephritis,  vi.  718 

intraventricular,  i.  631 

impaired  efficiency  of,  iii.  77 

lengthened  A-V  interval,  i.  6 

28 

infarct  of  the,  v.  55 

partial  auriculoventricular,  i 

029 

inhibition  of  the,  v,  569 

pathology,  i.  630 

inhibitory  nerves  of  the,  ii.  152 

prognosis,  1.  631,  632 

innervation  of  the,  ii.  150 

sinoauricular,  i.  632 

irritable,  v.  79 

symptoms,  i.  6.30 

lymphatics  of,  vi.  181 

treatment,  i.  631,  6:J2 

mechanics  of  the,  ii.  143 

Hearwell  churchphone,  v.  45 

mitral  incompetence,  v.  11)0 

Heat,  aiiiiual,  v.  103 

stenosis,  v.  101 

atmospheric,  i.  I5S 

movable,  v.  70 

cramps,  iv.  148 

movements,  graphic  records  of,  ii.  047 

influence  of  muscular  work. 

on  the 

murmurs,  ii.  644 

production  of,  v.  117 

functional,  ii.  645 

loss  of,  V.  118 

graphic  records  of,  ii.  651 

therapeutics  of,  v.  120 

inorganic,  ii.  045 

Heat-producing  organs,  v.  HI 

organic,  ii.  645 

Heat-rash,  vi.  505 

muscle  of,  i.  616;  vi.  556 

Heatstroke,  v.  124 

ataxia  of,  i.  631 

roll!  in  the  treatment  of,  iii. 

1.57 

diseases  of,  v.  80 

Heating  ..f  houses,  v.  341 

lesions  of,  vi.  572 

Hebephrenia,  v.  130;  vi.  445 

peculiarities  of,  i.  616 

Heberden,  William,  v.  132 

myocardial  diseases,  v.  80 

Heberden's  nodes,  i.  697;  vii. 

566 

myogenic  theory  ot  rhythm  of  the,  i. 

Hebosteotomy,  v.  132 

616 

V.  Hebra,  Ferdinand,  v.  136 

myxoma  of,  v.  89 

Hectargyre,  v.  136 

neoplasms  of,  v.  89 

Hectine,  v.  136 

nerves  of,  extrinsic,  ii.  152 

Hedeoma,  v.  136 

neurogenic  theory  of  rhythm  of  the. 

Hederic  acid,  v.  674 

i.  616 

Hederin,  v.  674 

nodal  rhythm,  i.  626 

Hederotannic  acid,  v.  674 

pace-maker  of,  i.  617 

Hedge  hyssop,  vii.  678 

paracentesis  of,  vii.  30 

Hedin  hematocrit,  ii.  170 

postmortem  examination  of,  i.  795 

Hedonal,  v.  137;  4.59 

Ijulmonary  valve  disease,  v.  103 

Heel,  painful,  iv.  480 

rate  of  beat  of,  ii.  148 

Hegonon,  i.  527 

reduplication  of  sounds  of,  ii.  644 

Heidenhain,  Rudolf  Peter  Heinrich,  \ 

relations  of,  v.  52 

137 

respiratory  arrhythmia  ot,  v.  573 

Heidenhain's  solution,  v.  256 

rhabdomyoma  of,  v.  89;  vi.  588 

Height,  average,  i.  476 

rhythm,  i.  616 

Heilbronn  Mineral  Springs,  v. 

137 

idioventricular,  i.  629 

Heineke-Mikulicz  operation  of 

gastr... 

methods  of  investigating,  i.  617 

,lMoaciiosi..,„.\,  vii.  9.S4 

rupture  of,  v.  90 

Heister,  Lorenz,  i.  337;  v.  137; 

viii.  43 

sarcoma  of,  v.  89,  90 

Helcosoma  tropicum,  viii.  618 

senile  diseases  of,  vi.  853 

Heliotherapy,  v.  138;  vii.  1.S5 

sensation  in  the,  ii.  716 

Heliozoa,  v.  141 

sinoventricular  system,  vi.  572 

Helix,  iii.  726,  729 

sounds,  ii.  145,  644 

Helixin,  v.  673 

fetal,  auscultation  of,  v.  781 

Hellebore,  American,  viii.  436 

normal,  ii.  644 

liUick,  V.  141 

spondylotherapy  of  diseases  of.   vii. 

green,  viii.  436 

913 

Heller's  test  for  hemoglobin,  v 

ii.  354 

standstill  ot  the,  i.  619 

V.  Helmholtz,  Hermann  Ludwig  Ferdi- 

strain, v.  85 

nand,  V.  141 

structure  of,  v.  54 

Helmholtz  uphthalmomcter,  vi 

.  ,SM 

surfaces  of,  v.  52 

oplitluilmoscope,  vi.  892 

surgery  of,  v.  106 

Helmitol,  V.  141 

suture  of,  V.  107 

Heloderma,  v.  141;  vii.  535 

syphilis-of,  v.  S3,  92 

IK'isoning  by.  vii.  536 

therapeutic  uses  of  extract  of,  vi.  922 

Helonias,  viii.  572 

tobacco.  V.  80 

Helouan,  iii.  S60 

tricuspid  regurgitation,  v.  102 

Helvetius,  Adrian,  v.  142 

stenosis,  v.  103 

Hemaboloids,  iv.  373 

tuberculosis  of,  v.  96 

Hemalbumin,  iv.  373 

tumors  of,  v.  89 

Hemalum,  v.  267 

valvular  lesions  of,  v.  97 

Hemangioma,  i.  433 

prognosis,  v.  104 

Hemastrontium,  v.  267 

treatment,  v.  104 

Hematemesis,  v.  142 

Hematicum,  iv.  373 

Hematidrosis,  v.  144 

Hematin,  ii.  120;  v.  144;  vii.  192.  542 

Hematinuria,  viii.  354 

Hematoblast,  ii.  125 

Hematocele,  v.  144 

following  ectopic  gestation,  iv-  *i97 

pelvic,  V.  14.5 

pudendal,  v.  146 

testis.  V.  145 

tunica  vaginalis,  v.  144 
Hematocrit,  ii.  170 
Hematogen,  iv.  373 
Hematoidin,  ii.  120;  v.  147 

infarct,  v.  541 

in  urine,  viii.  360.  301 
Hematol,  iv.  373 
Hematolin,  ii.  120 
Hematolysis,  v.  163 
Hematoma,  arterial,  i.  0.53 

auricular,  iii.  761 

mammary,  ii.  477 
Hematomyelia,  v.  147 
Hematopoiesis,  ii.  123 
Hematoporphyrin,  ii.  120;  v.  148;  vii. 
193 

in  the  urine,  viii.  355 
Hematosalpinx,  vi.  957 
Hematoscope,  ii.  177 
Hematoxylin  stains,  v.  266 
Hematoxylon,  v.  148 
Hematuria,  v.  148 

in  nephrolithiasis,  v.  741 

in  prnstatic  hypertrophy,  vii.  331 

in  renal  injuries,  v.  746 
Hemeralopia,  v.  160 
Hemerythrin,  vii.  192 
Hemianopsia,  v.  161 
Hemiatrophy,  fa.ial,  iv.  321 
Hemicelluloses,  v.  153 
Hemicrania,  v.  14:  viii.  133 
Hemidesmus,  v.  163 
Hemihypertrophy,  facial,  iv.  322 
Hemilaryngectomy,  v.  S07 
Hemileuca  maia,  v.  603 
Hemin,  li.  120;  v.  163 

crystals,  ii.  212;  vii.  961 
Hemiplegia,  v.  163 

hysterical,  v.  484 

infantile,  v.  155 
Hemiptera,  v.  166 

jiarasitic,  v.  592 

poisonous,  v.  597 
Hemispheres,  cerebral,  ii.  320 
Hemisystole,  i.  631 
Hemlock,  iii.  244 

water,  poisoning  by.  vii.  233 
Hemochromogen,  ii.  120;  v.  166;  vii 
192,  542 

crystals,  ii.  213 
Hemoconia,  ii.  117.  163 

lunclion  of,  ii.  129 

origin  of,  ii.  127 
Hemocyanin,  v.  166 
Hemocytolysis,  v.  163 
Hemocytometer,  ii.  164.  173 
Hemodromometer,  ii.  138 
Hemogallol,  iv.  373 
Hemoglobin,  ii.  US;  v.  166;  vii.  192 

tarhonic-oxidc.  vii.  542 

icinibination  ot  oxygen  with.  vii.  .">4I 

estimation  of,  ii.  175 
color  methods,  ii.  178 
opacity  methods,  ii.  175 
specific-gravity  method,  ii.  184 
volume  index,  ii.  ISO 

reduced  amount  of,  vi.  871 
Hemoglobinometer,  ii.  179 
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Hemoglobinuria,  ii.  64;  v.  156;  viii.  354 

Henoch,  Eduard  Heinrich,  v.  184 

Hernia,  inguinal,  direct,  v.  21.'j 

aiitolu'inolysins  in,  v.  168 

Henocque's  hematoscope,  ii.  177 

external,  i.  6 

mal.irial,  ii.  64 

Henpuye,  iv.  759 

indirect,  v.  215 

Hemol,  iv.  37:5 

Hepatic  aloes,  i.  224 

internal,  i.  6 

Hemolymph  glands,  v.  157 

veins,  anomalies  of.  viii.  660 

oblique,  v.  215 

Hemolysins,  relation  of    toxins  to.  v. 

Hepaticodiaphragmatic    muscle,    viii. 

internal,    v.  619 

1(17 

592 

interstitial,  v.  215 

Hemolysis,  v.  163 

Hepatitis,  chronic  cirrhotic,  vi.  50 

irreducible,  v.  209 

by  liacteria.  v.  171 

suppurative,  vi.  34 

i^.liiatic,  V.  226 

by  fliemical  agencies,  v.  163 

Hepatolysin,  v.  175 

ischiorectal,  v.  227 

by  physical  agencies,  v.  163 

Hepptine,  v.  185 

Koiher's  radical  treatment  of,  v.  21S 

by  serums,  v.  164 

Herb-juice  cure,  vi.  455 

labial,  v.  227 

by  vegetable  poisons,  v.  171 

Heredity,  iv.  151;  v.  185 

Luc  as-Championniere's   radical 

by  venoms,  v.  172 

aiialxli.'al  study  of.  v.  189 

treatment  of,  v.  219 

following  snake  bite.  vii.  530 

ariiinistic  theories  of ,  v.  195 

lumbar,  v.  226 

in  cancer,  ii.  604 

a^  a  factor  in  evolution,  iv.  171 

Maceweu's  radical  treatment  of,  v. 

ill  disease,  v.  172 

as  a  form  of  motion,  v.  190 

218 

iiii-chanisra  of,  v.  164 

blended,  v.  194 

oblique  inguinal,  v.  215 

Hemometer,  v.  Fleischl'-s,  ii.  180 

Brooks'  theory  of,  v.  197,  198 

obstructed,  v.  209 

Hemopericardium,  v.  175 

chromosome  theory  of,  v.  205 

obturator,  v.  226 

Hemophile  group  of  the  amboceptor,  v. 

compound  characters  in,  v.  193 

ovarian,  v.  227;  vi.  941 

Kill 

Darwin's  theory  of,  v.  196 

perineal,  v.  215 

Hemophilia,  v.  176 

de  Vries'  theory  of.  v.  200 

pudendal,  v.  227 

in  tile  iiewboru.  iv.  :«!! 

distributive  factors  in,  v.  193 

purse-string  method  of  treating,   v. 

Hemoptysis,  v.  179 

dominant  characters  in,  v.  191 

222 

cold  in  the  treatment  of.  iii.  15S 

evolutionary  theory  of,  v.  201 

radical  cure  of  femoral,  v.  222 

endemic,  viii.  270 

Galton's  theory  of,  v.  197 

inguinal,  v.  216 

parasitic,  viii.  270 

Haeckel's  theory  of,  v.  196 

umbilical,  v.  224 

treatment,  vi.  133 

Basting's  theory  of.  v.  202 

reducible,  v.  208 

Hemorrhage,  iii.  82:  v.  180 

in  hemophilia,  v.  176 

retrograde  incarceration,  v.  211 

cerebellar,  ii.  733 

in  mental  diseases,  vi.  392 

sigmoidal,  v.  227 

cerebral,  ii.  737 

data  of,  vi.  401 

sliding,  V.  227 

control  of,  see  Hemoslasis. 

in  relation  to  carcinoma,  ii.  630 

slipped,  V.  227 

enteroclysis  in  shock  from,  iv.  40 

latent  characters  in,  v.  192 

strangulated,  v.  209 

esophageal,  iv.  116 

law  of  ancestral,  v.  189 

internal,  v.  619 

first  use  of  the  ligature  in  the  sup. 

linkage  in,  v.  193 

treatment,  mechanical,  v.  228 

pression  of,  viii.  40 

Mendel's  theory  of,  v.  189 

of  femoral,  v.  222 

hysterical,  v.  487 

Naegeli's  theory  of,  v.  196 

of  inguinal,  v.  216 

intestinal,  vi.  347 

observational  study  of,  v.  185 

of  ischiatic,  v.  226 

in  typhoid  fever,  viii.  296 

Owen's  theory  of,  v.  197 

of  obturator,  v.  226 

intracranial,  ii.  733,  737 

rdle  of,  in  deaf-mutism,  iii.  430 

of  umbilical,  v.  224 

nasal,  iv.  68;  see  Epistaxis. 

Spencer's  theory  of,  v.  196 

of  vesical,  v.  227 

retinal,  vii.  553 

statistics  of,  v.  187 

trusses  in  the  treatment  of,  v.  228 

spinal,  vii.  873 

statistical  study  of,  v.  185 

umbilical,  v.  223 

Hemorrhagic  infarction,  v.  541 

theories  of,  v.  194 

uterine,  viii.  378 

Hemorrhoids,  vii.  492 

Weismann's  theory  of,  v.  201 

vaginal,  v.  227 

cold  in  the  treatment  of,  iii.  157 

Hering  theory  of  color  perception,  iii. 

ventral,  v.  225 

electrolysis  of,  iii.  897 

192;  viii.  455 

vesical,  ii.  72;  v.  227;  viii.  4(1 

esophageal,  viii.  670 

Hermann's  solution,  v.  258 

w.-,  V.  211 

formation  of,  viii.  609 

Hermaphroditism,  viii.  135 

Herniotomy,  v.  212 

treatment,  vii.  493 

Hermophenol,  v.  208 

Heroine,  v.  228 

Hemospasie  of  Junod  v.  713 

Hernia,  v.  208 

Herophilus;    i.    326,    v.    229;  vi.  314; 

Hemostasis,  i.  657;  v.  181 

acquired  inguinal,  v.  215 

viii.  32 

by  acupressure,  i.  Ill,  657 

anatomical  varieties  of,  v.  213 

Herpes,  v.  229 

cold.  i.  657 

appendical,  v.  227 

auricular,  iii.  759 

compression,  i.  650,  657 

Bassini's    radical    treatment    of,    v. 

circinatus  bulbosus,  iii.  602 

forcipressure,  i.  658 

216,  222 

corneal,  iii.  290 

heat,  i.  657 

Bloodgood's  radical  treatment  of,  v. 

diagnosis,  iii.  833 

ligature,  i.  274,  658 

218 

facial,  V.  229 

styptics,  i.  657 

Bull's  radical  treatment  of,  v.  217 

genitalis,  v.  230 

torsion,  i.  657 

cecal,  V.  227 

iridis,  V.  667 

in  amputations,  i.  269 

cerebri,  ii.  718 

ophthalmic,  v.  232 

Hemostatics,  iron.  iv.  373 

clinical  varieties  of,  v.  208 

palpebral,  iv.  307 

Hemotropic  group  of  the  amboceptor. 

congenital  inguinal,  i.  6;  v.  215 

relapsing,  of  the  cornea,  iii.  291 

V.  169 

diaphragmatic,  iii.  544;  v.  227 

simplex.'v.  229 

Hemp,  Canadian,  i.  497 

direct  inguinal,  v.  215 

zoster,  i.  .544;  v.  231 

Indian,  ii.  610 

epigastric,  v.  226 

Herpetomonas,  v.  233,  875;  viii.  614 

Hemp-workers,  diseases  occurring  in. 

femoral,  i.  8;  v.  220 

donnvaiii.  viii.  617 

vi.  833 

Fowler's  radical  treatment  of,  v.  219 

Herpetomonidae,  v.  233 

Henbane,  v.  427 

Gordon's  radical  treatment  of,  v.  222 

de  Hery,  Thierry,  v.  233 

p.Msonms  l.y.  vii.  232 

Halsted's   radical   treatment   of,    v. 

Hesse's  nahrstofif  Heyden-agar,  i.  889 

Henker's  ophthalmoscope,  vi.  898 

218 

Hesselbach's  hernia,  v.  220 

Henle,  Friedrich  Gustav  Jacob,  v.  184 

Hesselbach's,  v.  220 

Heterocyclic  acid  series,  i.  78 

Henle's  layer  of  the  hair  root-sheath. 

indirect  inguinal,  v.  215 

Heterolysin,  v.  168 

vii.  758 

infantile,  v.  215,  223 

in  rancer.  ii    604 

loops,  V.  726 

inflamed,  v.  209 

Heterophoria,  viii.  5 

sheath,  vi.  731 

inguinal,  v.  213 

Heterophyes  heterophyes,  viii.  271 

Henna,  v.  184 

congenital,  i.  6;  v.  215 

Heterophyidse,  viii.  271 
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Heteroplasia,  vi.  470 
Heteropus  ventricosus,  i.  oO!) 
Heterotricha,  viii.  60.3 
Hexamethylenamine,  v.  235 
Hexamethylene  tetramine,  v.  235 
Hexamitoidea,  viii.  604 
Hexamitus,  v.  235 

fluo.lrlKllis.   viii.   Hi:i 

Hexanth-embryo,  v.  235 
Hexapoda,  v.  235 

l,aia>itic.  v.  .iSS 

I)OJ.-"nous,  V.  .597 
Hexone  bases,  v.  235 
Hexoses,  i.  20.5;  v.  235 
Hey's  amputation,  i.  2S7 
Hiatus  semilunaris,  vi.  616 
Hiccough,  iii.  .')46 
Hickman,  Henry  Hill,  v.  235 
Hickory  nuts,  fnod  value  of,  iv.  4:n 
Hicks,  John  Braxton,  v.  236 
Hidrocystoma,  v.  236 
High  frequency  lurreiit.  iii.  900 

sr>k'iii)id  for  applifation  of,  iii.  'Xl'-i 

(lesiicatioii,  iii.  513 
Highland  Springs,  v.  239 
Highmore,  Nathaniel,  i.  333 
Highmore's  antrum,  di.sease  of,  v.  68.5, 


74.1 


320; 


312; 


31 


Hildanus,  Fabricius, 
Hill  diarrhea,  v.  239 
Hillocks,  mamiiiary,  ii.  446 
Hilton,  John,  v.  239 
Hilus  pulmonis,  vi.  N3 

renalis.  v.  725 
Himantarium,  v.  239 
Hip,  V.  239 

amputation  at  the,  i.  296 

bursie  of,  ii.  560 

congenital  dislocation  of,  iii.  ()61 

disease  of,  i.  686 

dislocation  of,  iii.  653 

excision  of,  iv.  223 

gunshot  wounds  of,  iv.  833 
Hip-disease,  i.  686 
Hip-joint,  V.  239 
von  Hippel's  disease,  vii.  553 
Hippobosca,  v.  243 
Hippocrates,  v.  244;  vi. 
Hippocratic  fingers,  iv.  1 

oath,  V.  244 
Hippuric  acid,  i.  78;  v.  ' 

in  urine,  viii.  361 
Hippus,  V.  662;  vii.  507 
Hirsch,  August,  v.  245 
Hirschsprung's  disease, 
Hirsuties,  v.  449 
Hirudin,  v.  246;  viii. 

immunity  against, 
Hirudinea,  v.  246 
Hirudo,  v.  249 

medicinalis,  v,  246 

nipponica,  v.  247 

officinalis,  v.  246 

troctina.  v.  247 
His,  Wilhelm,  v.  249 
His's  bundle,  i.  616 
Hiss's      copper-sulphate      staining 
method,  i.  915 

plate  medivim,  i.  889 

tube  medium,  i.  889 
Histamine,  vii.  41S 
Histidine,  i.  78;  v.  249 
Histogaster,  v.  249 

entomophagus  spermaticus.  i.  .5l)>» 
Histological  technique,  v.  249 

bleaching,  v.  254 

blocking,  v.  261 

cementing,  v.  274 


178 


572 

viii.  573 
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Histological  technique,  clcarinK,  v.  272 

corrosion,  v.  279 

cutting  9ection.s,  v.  254,  262 

decalcification,  v.  275 

fixation,  v.  256 

freezing  method  oi  sectioning,  v.  254 

infiltration  methods,  v.  256 

injection,  v.  276 

living  tissues,  v.  249 

maceration  of  tissues,  v.  253 

mounting,  v.  273 

preserving,  v.  273 

reconstruction,  v.  280 

sectioning,  v.  2.54,  262 

.slide  technique,  v.  274 

stains,  v.  265 
Histones,  v.  280 

ill  urine,  viii.  350 
Histoplasma,  v.  280 

capsulatuni.  viii.  619 
Histoplasmosis,  v.  280 
History  of  anatomy,  i.  323 

Army  Medical  Department,  i.  .57.i 

bacte^iologJ^  i.  825 

medicine,  vi.  304 

obstetrics,  vi.  818 

surg4-ry.  viii.  28 
Histotherapy,  vi.  912 
Hittorf  tube,  \ii.  44s 
Hodder,  Edward  Mulberry,  v   280 
Hodge,  Hugh  Lenox,  v.  281 
Hodge  forceps,  iv.  510 
Hodgen's  splint,  iv.  552 
Hodgkin,  Thomas,  v.  281 
Hodgkin's  disease,  vii.  345;  648 

hcmolymiih  glands  in.  v.  162 

lymph  noiiles  in,  vi.  1,56 

radiotherapy  of.  vii.  473 
Hodgson,  Joseph,  v.  281 
Hodoneuromeres,  vii.  704 
Hoffa,  Albert  J.,  v.  281 
Hoffa-Schede  apparatus  for  correction 

of  lateral  curvature,  v.  861 
Hoffmann,  Friedrich,  v.  282 
Hofmann,  Moritr,  i.  332 
Holarrhena,  v.  282 
Holland,  medical  practice  in.  vi.  299 
HoUy,  v.  282 
Holmes,  Oliver  Wendell,  v.  282 

on  puerperal  fever,  \-i.  .S26 
Holmes's  nasopharyngoscope,  vii.  576 
Holmgren,  Alarik  Frithiof,  v.  283 
Holmgren's  wool  test,  iii.  202 
Holocaine,  v.  283 
Holorhachischisis,  viii.  132 
Holothyrus,  v.  283 

.o.rinclla.  i.  509 
Holotricha,  v.  283 
Holzknecht  quantimeter,  vii.  450 
Homalomyia,  v.  283 
Homatropine,  v.  284 
Homburg,  v.  284 
Homeopathy,  v.  284 
Homeosis,  viii.  418 
Homer,  surgery  described  in,  viii.  30 
Homes,  hygiene  of,  vii.  667 
Homesickness,  vi.  806 
Hominy,  food  value  of,  iv.  431 
Homogentisic  acid,  test  for,  viii.  357 
Honduras  bark,  ii.  666 

medical  practice  in,  vi.  297 
Honey,  vi.  344 

food  value  of,  iv.  431 
Hong   Kong,    medical   practice    in.    vi. 

297 
Honthin,  v.  286 
Hoof-and-mouth  disease,  iv.  .504:  ~c,- 

Fool-and-mouth  discasi . 


Hookworm  disease,  v.  2^6;  viii.  320 
Hoppe-Seyler,  Ernst  Felix  Immanuel. 

V.  286 
Hoplocephalus  cartas,  vii.  525 
Hops,  V.  354 
Hordeolum,  iv.  309 
Hormones,  v.  287;  vi.  913;  vii.  698 
Horn,  iti.  295 

Horner,  William  Edmonds,  •.    287 
Hornets,  v.  287;  Iiii5 
Horn-workers,  di»ea-e.s  anionK.  vi.  '^34 
Horsecbestnut,  i.  143 

food  value  of,  vii.  232 
Horse-flies,  v.  6fJl 
Horseradish,  iii.  134 
Horsetail  ( mushroom  i,  iv.  .594 
Hosack,  David,  v.  287 
Hospital,  anesthetist,  v.  305 

army  base.  i.  590 
evacuati€>n,  i.  589 
field,  i.  583 

block  type  of,  v.  290 

business  assistant,  v.  303 

car,  vii.  477 

construction  and  equipment,  v.  S8T 

contagious  di.seases,  v.  308 

in  the  army  field  service,  i.  591 

corps,  army,  i.  571 
naval,  vi.  656 

cost  of  construction,  v.  299 

details  of  construction,  v.  297 

department.s,  v.  303 

dispensary  nurses,  v.  305 

division  of,  v.  294 

floors,  V.  298 

English  type  of  ward  unit,  v.  295 

fireproof  construction,  v.  297 

floating,  V.  311 

floors,  V.  297 

German  type  of  ward  unit,  v.  295 

Goldwater's    design    for    the    ward 
unit,  V.  296 

government  of  .State  and  municipal, 
V.  308 

heating,  v.  298 

history,  v.  299 

infectious  diseases,  v.  308 

in  the  army  field  ser\-ice,  i.  591 

laboratories,  v.  307 

medical  board,  v.  302 

municipal,  government  of,  v.  309 

naval,  vi.  658 

organization    and    management,    v. 
299 

out-patient  department,  v.  305 

pavilion  type  of,  v.  289 

permanent  installation,  v.  298 

plumbing,  v.  298 

public,  government  of.  v.  398 

purchase  of  supplies,  v.  309 

railway,  vii.  476 

refrigeration,  v.  299 

registrar,  v.  306 

resident  staff,  v.  304 

ships,  i.  592;  v.  311 

site,  v.  293 

situation  of,  v.  293 

social    service   in    connection    with, 
viii.  63S 

staff,  V.  304 

.■<tate.  government  of,  v.  308 

statistical  tables,  v.  308 

su|)eriiitendcnt,  v.  302 

s^lper^-i^<»r,  v.  303 

training   schiKil   for   nurses,    v.   309: 
viii.  243 
for  orderlies,  v.  311 

trains,  i.  .591 
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Hospital  trustees,  v.  301 

Huppert's  test  for  acetone,  i.  71 

Hydrochloric  acid,  v.  390 

tuberculosis,  v.  30S 

for  liile  pigments  in  the  urine,  a  iii.  3.5.5 

caustic  action  of.  ii.  697 

ventilation,  v.  299 

for  bilirubin,  ii.  51 

in  the  gastric  juice,  iv.  623 

ward  units,  v.  294 

Huschke,  Emil  H.,  v.  357 

origin  of,  vii.  693 

windows,  v.  298 

Hutchinson,  Sir  Jonathan,  v.  357 

occupational  diseases  caused  by,  vi. 

Hospital  ships,  i.  592;  v.  311 

Huxham,  John,  v.  358 

831 

army.  v.  316 

Huxley,  Thomas  Henry,  v.  358 

postmortem  evidences  of   poisoning 

army  regulations  governing,  v.  326 

Huxley's  layer  of  the  hair  root-sheath. 

by.  i.  805 

command  of,  v.  324 

vii.  758 

testa  for,  in  the  stomach,  vii.  9.56 

for  children  and  mothers,  v.  311 

Hyalin,  v.  358 

Hydrocyanic  acid,  v.  390 

for  fishing  fleets,  v.  314 

connective-tissue,  iii.  470 

occupational   diseases  caused  bv. 

ideal,  v.  326 

epithelial,  iii.  469 

vi.  830 

navy,  v.  317 

in  the  chorion,  iii.  35 

poisoning  by.  viii.  573 

navy  regulations  governing,  v.  32.5 

Hyaline  bodies,  v.  360 

ether,  v.  391 

neutrality  of.  v.  320 

degi-neration.  v.  358 

Hydrodynamics  of   the  blood  circula- 

Hot  eye,  vii.  669 

Hyalitis,  viii.  462 

ti..n.  ii.  133 

Hot  Lake  Mineral  Spring,  v.  328 

artcroid.  viii.  463 

Hydroencephalocele,  viii.  133 

Hot  Springs,  Arkansas,  v.  328 

punctata,  viii.  462 

Hydrofluoric    acid,    occupational    dis- 

Hot Springs,  North  Carolina,  v.  329 

Hyalomma,  i.  515;  v.  360 

eases  caused  by,  vi.  831 

Hot  Springs,  South  Dakota,  v.  330 

Hyaloplasm,  ii.  711 

Hydrogen  dioxide,  v.  391 

Hot  Springs,  Utah,  v.  330 

Hyaloserositis,  v.  360 

peroxide,  v.  391 

Hot  Springs,  Virginia,  v.  331 

Hydatids,  ii.  772 

disinfectant  action  of,  i.  838;  iii. 

Hot  Sulphur  Springs,  v.  332 

l^le-ducts.  iv.  611 

625 

House,  sanitation  of  the,  v.  332 

cardiac,  v.  58 

Hydrolysis,  v.  392 

basement,  v.  336 

liver,  vi.  64 

Hydromeningocele,  vii.  827 

building  material,  v.  333 

mammary,  ii.  478 

Hydronephrosis,  v.  392 

construction  of,  v.  334 

r.f  Morgagni,  iv.  638.  660,  668 

iliaKMosis.  i.  36 

floors,  V.  335 

Hydnaceae,  iv.  578 

Hydropericardium,  v.  393 

halls.  V.  335 

Hydnum  caput^ursi,  iv.  579 

Hydrophobia,  vii.  443;  see  Rabies. 

heating,  v.  341 

coralloides.  iv.  579 

Hydrops,  iii.  846;  see  Edema. 

interior  finish  and  decorations,  v. 

imbricatum,  iv.  579 

ascites,  i.  714 

336 

ropnndum.  iv.  578 

cystidis  felleiE,  iv.  608 

lighting,  V.  344 

Hydragogues,  ii.  687,  689 

epidemic,  iii.  696 

plumbing,  v.  343 

Hydramnion,  i.  261;  v.  365 

intermittent  joint,  v.  378 

roof  and  roofing,  v.  334 

Hydramnios,  i.  261;  v.  365 

omenti,  vi.  874 

sanitary  inspection  of,  v.  352 

Hydrangea,  v.  366 

ventriculorum  cerebri,  v.  381 

site,  V.  332 

Hydrargyri  chloridum  corrosivum.     v. 

Hydropsia  spuria,  iii.  849 

soil-pipes,  V.  348 

370 

Hydroquinone,  v.  394 

stairs,  v.  335 

mite,  V.  368 

Hydrosalpinx,  v\.  959 

ventilation,  v.  338 

iodidum  flavum,  v.  370 

Hydrosols,  iii.  171;  v.  395 

wall  decorations,  v.  337 

rubrura,  v.  371 

Hydrotaea,  v.  395 

water  supply,  v.  345 

oxidum  flavum,  v.  370 

Hydrotherapy,  v.  395 

House-diseases,  v.  351 

rubrum,  v.  370 

ablution.  V.  396 

House-fly,  v.  332,  590;  vi.  554 

nitras,  v.  371 

affusion,  v.  396 

Housemaid's  knee,  ii.  564 

oleas.  V.  372 

compress,  v.  396 

Hovius,  Jacob,  i.  337 

oleatum.  v.  372 

douche,  V.  400 

Howship's  lacunse,  ii.  250 

Hydrargyro-iodo-hemol,  iv.  373 

drip  sheet,  v.  396 

Hoyer's  injection  mass,  v.  279 

Hydrargyrum,  v.  366;    see    also    Mer- 

full bath,  V.  398 

staining  method,  v.  272 

cury. 

ice-bag,  v.  396 

Huber,  Johann  Jacob,  i.  337 

ammoniatum,  v.  368 

intestinal,  iv.  40;  see  Enlcroclysi-i. 

Hudson's  instruments  for  opening  the 

cum  creta,  v.  367 

of  mental  disease,  vi.  440 

slviill.  ii.  414 

general  therapeutics  of,  v.  373 

sheet  bath,  v.  396 

Huerthle  spring  manometer,  ii.  136 

poisoning  by.  v.  374 

wet  pack,  v.  397 

Hufeland,  Christoph  Wilhelm,  v.  354 

preparation  of,  used  in  medicine,  v. 

Hydrothionemia,  autointoxication  as  a 

Huguier,  Pierre  Charles,  v.  354 

367 

cause  of,  i.  782 

Hum,  vcMiuus,  ii.  047 

medicinal  properties  of,  v.  366 

Hydrothorax,  v.  401 

Humboldt  Artesian  Mineral  Spring,  v. 

Hydrarthrosis  intermittens,  v.  378 

Hydrozone,  v.  392 

354 

Hydrastin,  v.  379 

Hydruria,  viii.  347 

Humerus,  dislocation  of,  iii.  647 

Hydrastine,  v.  379 

Hyeres  and  Costebelle,  v.  401 

excision  of,  iv.  203 

Hydrastinine,  v.  379 

Hygiene,  iulantile.  v.  530 

fracture  of,  iv.  539 

Hydrastis,  v.  378 

military,  v.  402 

Humidity,  atmospheric,  i.  159;  iii.  110; 

Hydrazine,  v.  380 

naval,  vi.  632 

vi.  635 

Hydremia,  edema  from,  iii.  849 

of  dwellings,  v.  332 

in  relation  to  acclimatization,  i.  60 

Hydriodic  acid,  v.  380 

psychiatric,  vi.  440        , 

Humor,  aqueous,  v.  660 

Hydroa  herpetiforme,  iii.  502 

Hygroma,  v.  425 

vitreous,  viii.  461 ;  see  Vitreous  body. 

vacciniforme,  v.  380 

colli  congenitum,  ii.  442 

Humpback,  ii.  807;  v.  775;  vii.  876 

Hydrobilirubin,  ii.  50;  vi.  67;  vii.  193 

tuberculous,  viii.  124 

Humulus,  V.  354 

Hydrobromic  acid,  v.  381 

Hygrophila,  v.  425 

Hungary,  medical  practice  in,  vi.  297 

Hydrocele,  v.  381 

Hymen,  iv.  651 

Hunger,  abnormal,  i.  500 

colli  ((.iigenitum,  ii.  442 

imperforate,  viii.  406 

absence  of.  i.  .500 

of  laiial  of  \uck.  viii.  470 

Hymenolepis,  v.  425 

headache  from,  v.  14 

Hydrocephalocele,  ii.  718 

characteristics  of  the  genus,  ii.  774 

Hunter,  John,  i.  336;  v.  355;  viii.  43 

Hydrocephalus,  v.  383 

diminuta,  ii.  774 

Hunter,  William,  i.  337;  v,  356 

acute,  vi.  371 

lanceolata.  ii.  775 

Hunter's  depressor,  iv.  8.50 

obstetrical  aspects  of,  v.  390 

Hunter's  Hot  Spring,  v.  356 

.syphilitic,  ii.  432 

Hymenomycetes,  iv.  578 

Huntington's  chorea,  iii.  21 

Hydrochinon,  v.  394 

Hymenoptera,  v.  426,  604 

Hunyadi  Janos,  v.  356 

disinfectant  action  of,  iii.  027 

Hymenostomata,  v.  426 
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Hyoglossus  muscle,  anomalies  of.  viii. 

Hyoid  bone,  \  i.  (.(17 

iiijurii-s  of,  V.  426 
Hyoscine,  scopolamine,  v   426 
Hyoscyamine,  v.  427 
Hyoscyamus,  v.  427 

poisonin;;  I)\'.  viii.  573 
Hyperalgesia,  hysterical,  v.  4.S.J 
Hyperchlorhydria,  vii.  973 
Hyperemia,  iii.  79 

artificial,  advantages  of,  v.  440 
as  a  therapeutic  agent,  v.  428 
contraindications,  v.  439 
dangers  of,  v.  439 
indications,  v.  435 
Junod's  method,  v.  713 
technique,  v.  430 

cerebral,  ii.  365 

massage  in,  vi.  251 
Hyperesthesia,  auricular,  iii,  765 

laryiii-'cal,  v,  831 

sjiinal,  le,sions  of,  vii.  865 
Hypergeusia,  hysterical,  v.  486 
Hyperglycemia,  iii.  518 
Hyperidrosis,  v,  440 

keratosis  following,  v,  72ft 
Hyperkeratosis  eccentrica,  vii,  308 

suhiingualis,  vi.  602 
Hypermetropia,    i.    64;    v.    440;    viii. 
451 

al)solute,  V.  442 

aphakial,  v.  447 

facultative,  v.  442 

historical  note,  v.  447 

latent,  v.  442 

manifest,  v.  442 

relative,  v.  442 

total,  v.  442 

varieties  of,  v.  442 

vision  in,  ^■.  444 
Hypernephroma,  v.  448,  758 
Hyperorexia,  i.  500 
Hyperosmia,  vi.  757 
Hyperovaria,  viii.  76 
Hyperphalangism,  iv.  870 
Hyperphoria,  viii.  5 
Hypersusceptibility,  i.  310;see  Anaphy- 
laxis. 
Hypertension,  arterial,  i.  206,  207;  >ii. 

403 
Hyperthyroidism,  iv.  741;  vi,  913 

and  li.\'pothyroidism  contrasted  ^iv, 
747' 

pathology,  iv.  748 

symptoms,  iv,  746 

treatment,  iv.  750 
Hypertonia    vasorum    idiopathica,    ii 

207 
Hypertrichosis,  v.  449 
Hypertrophy,  v.  454 

actiuired,  v.  454 

auricular,  iii.  763 

compensatory,  v.  455 

intrinsic,  v.  454 

numerical,  v.  454 

quantitative,  v.  454 

vicarious,  v.  455 
Hyperuresis,  iii.  516.  521 
Hypholoma  appendiculatum,  iv.  593 

perjilexum.  iv.  593 
Hyphomycetes,  v.  456 
Hypnosis,  v.  460 
Hypnotics,  v,  457 

alcohol  group,  v.  457 

analgesic  groxip,  v,  459 

liromide  group,  v,  459 

in  mental  disease,  vi.  43,s 
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Hypnotism,  i.  789;  v.  460 

in  hy.steria,  v.  491 
Hypochlorhydria,  vii,  974 
Hypochondriasis,  v.  462 
Hypoderma,  v,  463 
Hypodermic  medication,  v.  463 
Hypodermoclysis,  v,  467 
Hypogenesis,  i.  152 
Hypoglossal  nerve,  iii,  336;  v.  467 

ic-ntial  cniinoction  of  the,  ii,  311 
Hypophalangism,  iv.  S69 
Hypophosphitcs,  v,  468 
Hypophysis  cerebri,  v,  469 

action  of  the  secretion  of,  upon  the 

sympathetic  system,  viii.  68 
disorders     dependent     upon     de- 
ranged secretion  of,  viii.  7.5 
extract  of,  v.  473 
function  of.  vi.  917 
secretion  of,  vii.  701 
surgery  of,  ii.  420 
therapeutic  uses  of.  vi.  918 
Hypoplasia,  vascular,  ii.  224 
Hypospadias,  vii.  104 

in  the  female,  viii.  407 
Hypostasis,  iii,  79 
Hypotension,  arterial,  ii.  205,  210;  vii. 

101 
Hypothalamus,     development    of,    ii. 

288 
Hypothyroidism,  iv,  743 

and  hyperthyroidism  contrasted,  iv, 
747 
Hypotonus,  cerebellar,  ii,  729 
Hypoxanthine,  v.  476 
Hyrtl,  Joseph,  v,  476 
Hyssop,  hedge,  vii.  67S 
Hysterectomy,  ii,  759;  v,  476 

abdominal,  v,  476,  477;  viii.  .382 

by  cautery,  v.  479 

incision  for  abdominal,  i.  22 

paravaginal,  v.  479 

supravaginal,  viii.  380 

vaginal,  v.  476,  478 
Hysteria,  v.  480 

(liiireiform  movements,  v.  484 

convulsions,  v.  482 

diagnosis,  v.  488 

disordered   conscious   states   in,    iii. 
266 

dream  states,  v,  483 

major  attacks,  v.  482 

metabolic  disturbances  in,  v.  487 

motor  disturbances,  v.  482 

motoring  as  a  cause  of,  i.  791 

pain  in,  v.  485 

paralyses,  v.  484 

postconvulsive  stage,  v.  483 

psychoses  in.  v.  487 

reeducation  in.  v.  491 

reflexes  in,  v.  487 

secretory  disturbances  in,  v.  487 

sensory  disturbances  in,  v.  485 

skin  lesions  in.  v.  486 

special-sense  disturbances  in,  v.  486 

treatment,  v.  490 

tremors,  v.  4S3 

Ice,  application  of,  iii.  156 
purity  of,  viii.  478,  481 
typhoid  contamination  of.  i.  854 

Ice-bag,  V.  396 

Iceland  moss,  ii.  781 

Ichthargan,  i.  527;  v.  492 

Ichthoform,  \ .  493 

Ichthyocolla,  v.  493 

Ichthyol,  V.  493 

disinfectant  action  of,  iii.  627 


Ichthyosis,  v,  493 

an.serine,  v,  722 

auricular,  iii,  763 

diagnosis,  v,  496,  498 

fetalis.  V,  497 

hystrix.  v.  495 

palmaris  et  plantaris.  v.  720 

sebacea  cornea,  v.  718 
Ichthyotozin,  v.  172 
Icing  liver,  v.  300;  sec  Hyaloierotiti: 
Icterus,  v.  681 ;  see  also  Jaundiei. 

catarrhalis,     gastroduodenalis,     sou 
simplex,  iv.  601 

neonatorum,  v.  526,  683 

psychicus,  v.  684 

psychoses  of,  vii.  381 

spastirus,  v,  684 
Ictus  laryngis,  v.  S31 
Idaho  Hot  Springs,  v,  498 
Idaho,  medical  practice  in,  vi.  297 
Ideas,  fixed  and  insi-<tent,  vi.  418 
Identification  by  finger-prints,  i,  477 

in  the  dream  mechanism,  iii.  691 
Identity,  disorders  of  personal,  v,  499 
Idiocy,  amaurotic  famil.v,  vii,  .557 

cretinic.  iii.  .352 

grades  of,  vi.  380,  392 
Idioplasm,  v.  198 
Idiosyncrasy,  v.  501 
Ignatia,  v.  503 

I.  K.  liinnmnkSrper),  viii.  284 
Ileocolitis,  iii.  557 
Ileum,  implantation  of,  v,  631 

peristalsis  in,  v.  614 

surgical  anatomy  of  the,  i,  17 
Iliac  veins,  anomalies  of,  viii.  660 
Iliacus  muscle,  anomalies  of,  viii. 588 

minor    muscle,    anomalies    of.    \Hii. 
588 

superficialis  muscle,  viii.  .588 
Iliocapsularis    muscle,    anomalies    of, 

viii.  588 
Ilium,  vii.  SI 
Illicium,  i.  449 

Illinois,  medical  practice  in,  vi.  297 
Illusions  in  mental  disease,  vi.  416 
Image,  after-,  iii.  191 

false  retinal,  viii.  7 

formation  of,  iv.  265 

true  retinal,  viii.  7 

virtual,  iv.  265,  266 
Imbalance,  autonomic,  viii.  71 
Imbecility,  grades  of,  vi,  380,  392 
Immigrants,  medicnl  examination  of,  v. 

503 
Immigration,  eugenic  efTect  of,  iv.  155 
Immortality  of  living  matter,  iii.  450 
Immune  body,  i.  237;  v.  167,  168 
Immunity,  v.  508 

hirudin,  viii.  573 

inherited,  v.  514 

passive,  as  contrasted  with  active, 
V.  510 

relation  of  anaphylaxis  to.  i.  317 

specific,  V.  509 

to  poisons,  V.  513 

transmission  of,   through   milk.   vi. 
510 
Immunization,  methods  of,  i.  924 

therapeutic,  viii.  394 

blood  coagulability  as  related  to, 
viii.  402 
Immunkorper,  viii.  284 
Imperial  measures,  viii.  494 
Impetigo,  V.  514 

contagiosa,  auricular,  iii.  759 
diagnosis,  iii.  S;14 

vaccine  therapy  of.  viii.  403 
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Implantation  of  carcinoma,  ii.  636 

of  tciiilons,  viii.  127 
Impotence,  functional,  vi.  767 
in  the  male,  vi.  767 
organic,  vi.  767 
psychic,  vi.  770 
senile,  vi.  855 

resultinR  from  motorinn.  i.  791 
Impregnation,  iii    221;  v.  SIS 
Impulsions,  vi.  -Us 
In-and-in  breeding,  iii.  262 
Incineraters  for  excreta,  v.   411 

f.ir  i;url.a«e.  v.  415 
Incompatibility  of  drugs,  v.  S21 
chemical,  v.  522 
physiological,  v.  522 
Incontinence,  urinary,  vi.  SO.'J 
Incubation  period,  viii.  673 
Incubator,  bacteriological,  i.  898 
Incus,  737;  v.  30 
Index,  alveolar,  vii.  767 
auricular,  iii.  728 
cephalic,  vii.  766 

in  children,  ii.  817 
dental,  vii.  767 
facial,  vii.  767 
nasal,  vii.  766 
opsonic,  vi.  903 

effect  of  massage  upon,  vi.  251 
modification  of,  viii.  397 
technique  of.  i.  924;  viii.  395 
orbital,  vii.  766 
palatomaxillary,  vii.  767 
pelvic,  vii.  84 

phagocy  tic.'of  normal  serum,  viii.  397 
vertical,  of  cranium,  vii.  766 
India,  mctiical  practice  in,  vi.  297 
India  rubber,  iii.  861 
Indiana,  meiliral  jiractice  in,  vi.  297 
Indianapolis,  v.  523 
Indian  Medical  Spring,  v.  623 
Indian  Springs,  Ga.,  v.  523 
Indian  Springs,  Ind.,  v.  523 
Indican,  v.  .")24 
in  urine,  \'iii.  356 
test  for,  vi.  469 
Indicanuria,  v.  524 

aiiliiiiitoxication  as  a  cause  of,  i.  783 
Indigestion,  gastric,  iii.  711 
castrointestinal,  iii.  556 
intestinal,  in  infants,  iii.  560 
Indigo  blue,  v.  524 

re.l,  vii,  140 
Indigo,  wild,  v.  S2S 
Indigotin,  vii.  194 
Indirubin,  vii.  194 
Indole,  V.  525 

in  virini'.  viii.  356 
Indoxyl-sulphuric  acid,  v.  524 
Inebriety,  central  automatism  of,  i.  790 
Infancy,  v.  526 
anemias  of.  i.  356 
early,  i.  146 
Infant  feeding,  v.  530,  531 

food,  patented,  v.  538 
Infanticide,  evidences  of,  i.  817 
Infantile   eclampsia,  iii.  816 

in    status  lymphaticus,  vii.  931 
paralysis,  vii.  285;  see  Poliomyelitis. 
Infantilism,  v.  540 
intestinal,  ii.  710 
pancreatic,  vi.  605;  vii.  12 
Infants,  acute  middle-ear  disease  in,  vi. 
935 
artificial  feeding  of,  v.  531 
marantic,  vi.  239 
syphilitic  otitis  in,  iii.  803 
washing  of,  vi.  239 
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Infarct,  cardiac,  v.  55 
chorionic,  iii.  31 
pulmonary,  vi.  108 
renal,  v.  744 
Infarction,  iii.  80;  v.  540 
Infection,  v.  542 

acute,  convalescence  after,  iii.  277 
idiosyncrasy  regarding,  v.  502 
lowered     resistance     to,     in    status 

lymphaticus,  vii.  934 
of  wounds,  prophylaxis  of,  by  hyper- 
emia, V.  437 
opsonins  and,  viii.  394 
relation  of  anaphylaxis  to,  i.  317 
Infectious  disease,  isolation  in,  v.  673 
Infiltrations,  v.  547 

fatty,  iv.  342 
Inflammation,  v.  548 
catarrhal,  vi.  548 
causes,  v.  548 
exudate  in,  v.  550,  553 
forms,  v,  548 
repair  following,  v.  553 
signs,  V.  548 
Inflexures,  iv.  523,  529 
Influenza,  v-.  SS5 

bacillus  of,  i.  844;  v.  556 

carriers,  i.  877 

catarrhal  type,  v.  558 

epidermis  of,  v.  555 

gastrointestinal  form,  v.  558 

in    pregnant    women,    influence    of, 

upon  the  fetus,  iv.  385 
nervous  type,  v.  538 
psychoses  of,  vii.  377 
sputum  in,  vii.  923 
Infraction,  iv.  523,  529 
Infraspinatus    muscle,    anomalies    of, 

viii.  .')S3 
Infusa,  v.  561 
Infusions,  v.  561 
Infusoria,  v.  562;  viii.  605,  627 
Ingrassias,    Giovanni   Filippo,    i.   330; 

V.  562 
Ingrown  toenail,  v.  563 
Inhalation,  v.  564 
Inhibition,  v.  564 

alimentary  canal,  v.  574 
cardiac,  v.  569 

central  nervous  system,  v.  576 
comparative  physiology  of,  v.  567 
mental  disease,  vi.  427 
nerve  fiber,  v.  575 
respiratory,  v.  574 
secretory,  v.  575 
striated  muscle,  v.  575 
theories  of,  V.  579 
vascular,  v.  574 
Iniencephalus,  viii.  133 
Inion,  iii.  344;  vii.  764,  774 
Injections,  intravenous,  v.  642 
nutritive,  i.  214 
rectal,  iv.  40 
spiral,  i.  394 
subcutaneous,  v.  463 
technique  in  histology,  v.  277 
Injuries,  amputation  in,  i.  264 

cancer  following,  ii.  597 
In-knee,  v.  769 
Ink -cap,  iv.  593 
Innervation,  v.  582 
Innominate  bone,  vii.  80 

excision  of,  iv.  229 
Inoculation,    protective,    see    Vacci?ia- 

tioti  and  Vaccine  therapy. 
Inocybe  infida,  iv.  592 
Inoscopy,  v.  582 
Inosite,  v.  584 


Insane,  colony  treatment  of,  iii.  189 
Insanity,  see  Mental  diseases^  Paresis, 

and  Psychoses. 
Insects  as  carriers  of  disease,  v.  584; 
see  also  Malaria,  Rocky  Mountain 
lick  fever,  Yellow  fever,  etc. 
nettling,  vi.  744 
parasitic,  v.  688 
poisonous,  V.  594 
respiration  in,  vii.  ,538 
Insect-carriers  of  disease,  v.  584 
Insect-powder,  v.  588 
Insolation,  v.  124 
Insomnia,  vii.  7so 

hydrotherapy  in,  v.  400 
in  mental  disease,  vi.  423 
neurasthenic,  vi.  750 
senile,   vi.   S(i() 
Inspection,  iii.  52.S 
Inspissatio  sanguinis,  vi.  870 
Instinct,  v.  605 

Insufflation,  intratracheal,  viii.   172 
Insula,  ii.  334 

diagnosis  of  lesion  of  the,  ii.  376 
Insurance,   health,  xiii.   569 

life.  V.  915 
Intelligence,   tests  of,  v.  607 
Intention  tremor,  v.  613 
Intercostal  muscles,  viii.  646 

auonjalies  of,  viii.  592 
Intermediary  body,  v.  167,  108 
Interoceptors,  ii.  284 
Interossei   muscles    (foot),    anomalies 
of,  viii.  591 
(hand),  anomalies  of,  viii.  587 
Intestinal  movements,  v.  613 
obstruction,  v.  616,  634 
operation  for,  v.  634 
surgery,  v.  623 

abdominal  incisions  in,  i.  21 
anastomosis,  v.  629 
artificial  anus,  v.  628 
colostomy,  v.  627 
enterostomy,  v.  625,  626 
enterotomy,  v.  626 
injuries,  v.  635 
instruments,  v.  623 
neoplasma,  v.  637 
obstruction,  v.  616,  634 
sutures,  v.  624 
Intestine,  adenoma  of  the,  i.  121 
anastomosij  of,  v.  629 
anatomy  of,  iii.  575 
surgical,  i.  17 
topographical,  iii.  581 
anthrax  of,  i.  461 
arteries  of,  iii.  584 
atresia  of,  i.  764 

congenital,  v.  618;  viii.  134 
cancer  of,  v.  637 
congenital    malformations    of,    viii. 

134 
development,  iii.  576 
exclusion  of,  v.  634 
foreign  bodies  in,  v.  620,  622 
glands  of,  iii.  593 
gunshot  wounds  of,  iv.  828 
inflammation  of,    iv,    34;    see    En- 
teritis. 
injuries  of,  i.  11;  v.  635 
irrigation  of,  iv.  40;  see  Enteroclysis. 
large,  histology  of,  iii.  595 

movements  of,  v.  615 
l.vmphatics  of,  iii.  595;  vi.  174 
lymphoid  tissue  of,  iii.  593 
mesenterial,  iii.  575 
movements  of,  v.  613 
mucous  membrane,  iii.  589,  596 
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Iniplanlatlttii 
Jsrohson's  uncsn 


Intestines,  neoplasms  of.  v.  (j'.il 
diagnosis,  i.  37 
obstruction  of,  v.  617,  634 
acute,  V.  617,  618.  634 
chronic,  v.  617,  621 
paracentesis  of,  vii.  .30 
perforation  of,  in  typhoid  fever,  viii. 

296 
Peyer's  patches,  iii.  594 
postmortem  examination  of   the,   i. 

796 
resection  of,  v.  631 
Roentgen  diagnosis   of   diseases  of, 

vii.  598 
rupture  of,  v.  636 
senile  diseases  of.  vi.  854 
sensation  in,  ii.  716 
small,  iii.  581,  589 
anatomy,  iii.  575 
histologj'  of,  iii.  589 
movements  of.  v.  61.3 
spasm  of  the,  iv.  50 
stasis  of,  phototherapy  of.  vii.  1S6 
stiicture  of,  v.  618.  620 
surgery  of.  v.  623 
surgical  anatomy  of.  i.  17 
s.vphilis  of.  in  children,  iii.  560 
topographical  anatomy,  iii.  5>1 
tuberculosis  of.  v.  640 
in  children,  iii.  560 
tumors  of.  v.  637 
diagnosis,  i.  37 
ulcer  of,  traumatic,  v.  636 

tuberculous,  v.  640 
^■illi  of.  iii.  591 
wounds  of,  V.  636 
Intoxication,  seePoisoning  andPuisons. 
acid.  i.  72.  75 
alcoholic,  i.  193 

disordered  conscious  states  in.  iii. 
267 
auto-,  i.  778 
Intratracheal     insufflation      of     anes- 
thetics, i.  3S1 
Intravenous  injections,  v.  642 
Intubation,  \ .  644 
Intumescentia  cervicalis,  vii.  829 

lun.lxilis.  vii.  829 
Intussusception,  v.  620.  622 
oiitcroclysis  in.  iv.  43 
of  the  colon,  iii.  184 
Inula,  V.  649 
Inulin,  V.  649 
Invalids,  foods  for.  iv.  428 
Inrersio  viscerum,  viii.  130 
Inversion,  v.  649 
Invertase,  v.  649 
Involucrum,  ii.  252 
Involution  of  the  uterus,  viii.  375 
Iodides,  v.  649 
Iodine,  v.  653 

disinfectant  action  of,  i.  838;  iii.  62;: 
occupational  diseases  caused  by,  vi 

830 
poisoning  by,  iii.  305:  v.  649 
rash,  iii.  505 
tincture,  v.  654 

trichloride,  disinfectant  action  of,  iii 
626 
lodipin,  V.  651 
lodism,  V.  649 
Iodoform,  v.  651 

disinfectant  action  of,  i.  837;  iii.  62t 
poisoning  by,  iii.  512;  v.  652 
rash,  iii.  512 
lodohemol,  iv.  373 
lodol,  V.  652 
lodothyrin,  vi.  913 


lodum,  v.  653 

Ionic  medication,  ionic  surgery,  v.  654 

Ionization,  iii.  S'.I4 

Ions,  V.  i;.')4.  657 

lontoquantimeter,  vii.  4.50 

Iowa,  medical  practice  in,  vi.  297 

Ipecac,  V.  657 

North  .\merican,  v.  659 
Ipecacuanha,  v.  657 
Ireland,   medical  practice  in,  vi.   289. 

.•il)2 
Iridaceee,  characteristics  of,  vii.  225 
Iridectomy,  v.  667 
Iridochoroiditis,   blindness  due   to,   ii. 

los 
Iridocyclitis,  v.  663 
Iridodialysis,  v.  663 
Iridodonesis,  v.  663 
Iridoplegia,  reflex,  vii.  506 

ill  tabes,  viii.  91 
Iris  (blue  flag),  v.  659 

poisoning  by.  vii.  234 
Iris  (e.vc),  anatomy  of.  iv.  254;  v.  660 
anomalies,  v.  661 
ballooning  of,  v.  664 
boml;6,  V.  664 

"cerebral  cortex  reflex,"  v.  663 
color,  V.  661 

congenital  defects,  v.  661 
congestion  of,  v.  663 
diseases  of  the,  v.  660 
foreign  bodies  in,  v.  663 
function  of,  v.  661 
herpes  of,  v.  667 
hyperemia  of,  v.  663 
inflammation  of.  v.  663 
injuries  of,  v.  663 
movements  of,  iv.  276 
syphilis  of,  v.  666 
tuberculosis  of,  v.  666 
tumors  of,  iv.  294;  v.  668 
wounds  of,  v.  G63 
Iris  (orris  root),  vi.  923 
Irish  moss,  iii.  14 
Iritis,  v.  663 

blindness  due  to,  ii.  108 
diagnosis,  v.  665 
Iron,  iv.  366 
acetate,  iv.  369 
albuminate,  iv.  372 
alum,  iv.  372 
bitter  wine  of.  iv.  370 
by  hydrogen,  iv.  367 
carbonate,  iv.  367 
chloride,  iv.  371 
citrate,  iv.  370 
dialyzed.  iv.  372 
disinfectant  action  of.  iii.  625 
food  value  of,  i.  211 
hydroxide,  iv.  369 
hypophosphite.  iv.  371 
in  drinking  water,  viii.  490 
the  liver,  vi.  65 
urine,  viii.  360 
inorganic,  iv.  366 
iodide,  iv.  368 

medicinal  preparations  of.  iv.  307 
metallic,  iv.  367 
organic,  iv.  366.  372 
peptonate,  iv.  372 
phosphate,  iv.  370 
poisoning  by.  viii.  674 
pyrophosphate,  iv.  370 
Quevenne's,  iv.  367 
reduced,  iv.  367 
saccharated  carbonate,  iv.  367 
sulphate,  iv.  368,  371 
tartrate,  iv.  370 


Iron,  uricombined,  iv.  .367 

waters,  ii.  10 

wine  of.  iv.  370 
Irondale  Springs,  v.  668 
Irradiation,  v.  668 
Irrigation,  intestinal,  iv.  40 ;  see £n/eroe- 

of  wounds,  viii.  676 

fluids  for.  i,  721;  viii.  675 
IrriUbility,  v.  669 

a  property  of  protopla.-^m,  ii.  55 
cellular,  ii.  713 
Ischiocalcaneus  muscle,  viii.  388 

anomalies  of.  viii.  593 
Ischiocondyloid  muscle,  viii.  589 
Ischiofemoral  muscle,  viii.  587 
Ischiopagus,  viii.   131 
Ischiorectal  fosss,  vii.  ll'S 
Ischium,  vii.  M 
Ischl,  V.  672 
Ischochymia,  vii.  974 
Isinglass,  ^ .  493 
Island  climates,  viii.  I.'<i< 
Island  of  Langerhuns,  vii.  11 
of  Reil,  ii.  .334 

symptoms  of  lesion.s  in,  ii.  370 
Isle  of  Shoals,  vii.  311 
Isle  of  Wight,  climate  of.  viii.  434 
Isoagglutination,  v.  171 
Isoamylamine,  vii.  382 
Isogamy,  v.  515;  vii.  524 
Isolactic  acid,  v.  798 
Isolation,  v.  673 
Isolysin,  v.  168 
Isopral,  V.  458 
Isospora,  v.  673 

bigciuiiia.  viii.  *i22 
Isovalerianic  acid,  i  77 
Issues,  iii   314 

Isthmus  of  the  thyroid,  viii.  184  _ 
Italy,  nucliial  practice  in.  vi.  297 
Itch,  vii.  653 

barber's,  viii.  204 
treatment,  viii.  206 

grain,  iii.  511 

Norwegian,  vi.  797 
Itch-mite,  i.  505 
Itch-weed,  viii.  436 
Itching,  vii.  343;  seefr»n(u3. 
Itrol,  i.  526 
Ivy,  V    673 

poi.-jon.  vii.  226 
Ixodes,  V.  674 

hexagonus.  i.  513 

moubata,  i.  511 

reduvius,  i.  513 

ricinus.  i.  513 

unipunctata.  i.  515 
IxodidjB,  i.  512;  v.  674 
Ixodinse,  v.  674 
Ixodoidea,  i.  510;  v   674 

Jaborandi,  vii.  195 
Jaboulay,  Mathieu,  v.  674 
Jaboulays  operation  for  hydmcelc,  v. 

:is3 
Jaccoud,  Sigismond,  v.  674 
Jackson,  James,  v.  674 
Jackson,  Robert,  v.  674 
Jacksons's  bronchoscope,   ii.   5;{3 

lactose-bile  medium,  i.  891 

turbinotome,  v.  813 
Jacksonville,  v    678 
Jacobi,  Mary  Putnam,  v.  678 
Jacoby-Solms  test  for  pep^in.  vu.  95S 
Jacobson.  Julius,  v.  675 
Jacobson.  L.  L.,  i.   3.i. 
'   Jacobson's  organ,  vi   "^t''' 
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Jacquet's  sphygmocardiograph,  ii.  64S 

Joints,  inflammation  of,  i.  666,  668;  see 

Kehr's     bayonet    incision     for     gall- 

von  Jaeger,  Eduard,  v.  676 

Arthritis. 

blatlder  oi>erations.  i.  22 

Jaffe's  test  f(.r  in(lic;iii,  viii.  Hod 

immovable,  i.  699 

Keith,  Thomas,  v.  714 

Talap,  V.  676 

knee.  v.  765 

Keith's  node,  i.  (.16 

Jamaica,  v.  676 

lesions  of.  of  neurotic  origin,  i.  705; 

Kelis  of  Alibert,  v.  714 

nii-ilical  i)r:ictice  in,  vi.  297 

see  Arthropathy. 

Kelly's  infusion  apparatus,  v.  64.J 

Jambul,  V.  679 

loose  bodies  and  torn  cartilages  in, 

Keloid,  iv.  399;  v.  714 

Jameson,  Horatio  Gates,  viii.  52 

V.  702 

acne.  iii.  506 

Jamestown  weed,  viii.  6 

midcarpal,  viii.  518 

Addison's,  vi.  538 

Janeway,  Edward  Gamaliel,  v.  679 

of  the  hand,  affections  of,  iv.  885 

auricular,  iii.  765 

Janeway's    operation  of    eastrostoniy. 

pelvic,  vii.  81 

electrolysis  for,  iii.  897 

vii.  9S1 

planiform,  i.  701 

radiotherapy  of,  vii.  472 

Janin,  Jean,  v.  680 

pommel,  i.  701 

Kelotomy,  v.  212 

Japan,  medical  practice  in,  vi.  297 

primitive,  i.  699 

Kelp-ware,  ii.  81 

Japanese  river  fever,  v.  680 

radiocarpal,  viii.  518 

Kemp's    quantitative    test    for   hydro- 

Jasmine, ycllnw,  iv.  Ii;i9 

saddle,  i.  701 

chloric  acid,  vii.  957 

Jaundice,  v.  681 

shoulder,  vii.  734 

Kentucky  Carlsbad  Springs,  v.  717 

acute  infection.*,  viii.  496 

stiff,  i.  451 

Kentucky,  medical  practice  in,  vi.  298 

catarrhal,  iv.  001 

synarthrodial,  i.  699,  701 

Kephir,  v.  717 

following  hemorrhage,  v.  6S3 

tarsal,  i.  449 

Keratectasia,  iii.  292 

homolytic.  v.  682 

torn  cartilages  in,  v.  704. 

Keratin,  v.  717 

inanition,  v.  683. 

transplantation  of,  viii.  260 

Keratitis,  blindness  due  to,  ii.  108 

nervous,  v.  684 

wrist,  viii.  518 

bullous,  iii.  290 

of  newborn,  v.  683 

Joint-mouse,  v.  703 

deep  vascular,  iii.  293 

obstructive,  v.  681 

Joliet's  method  of  blocking,  v.  262 

desiccation,  iii.  290 

svphilitic,  V.  683 

Jones,  Henry  Bence,  v.  705 

disciform,  iii.  290 

toxic,  V.  682 

Jones,  John,  v.  705;  viii.  46 

filamentous,  iii.  290 

viirioties  of.  v.  683 

Jones,  Joseph,  v.  706 

marginalis  profunda,  iii.  291 

Javal,  Louis  Emile,  v.  684 

JournaUsm,  medical,  v.  706 

neuroparalytic,  iii.  290 

Javal  system  in  ophthalmometry,   vi. 

Jugal  point,  vii.  705 

parenchymatous,  iii.  292 

s-.i-A 

Juglans,  V.  712 

phlyctenular,  iii.  285 

Javal-Schiotz  ophthalmometer,  vi.  881 

'  Jugular  canal,  ii.  359 

punctate,  iii.  290 

Jaw,  ankylosis  of.  v.  700 

veins,    anterior,    anomalies   of,   viii. 

relapsing  traumatic,  iii.  290 

closure  of,  v.  699 

657 

sclerosing,  iii.  290 

di.slocation  of,  iii.  641;  v.  691 

external,  anomalies  of,  viii.  656 

Keratoangioma,  i.  430 

excision  of,  iv.  229 

internal,  anomalies  of,  viii.  657 

Keratoconus,  iii.  292 

fracture  of,  iv.  535 

internal,  ligation  of,  vi.  272 

Keratoderma  palmare   et  plantare,  v. 

injuries  and  diseases  of,  v.  684 

primitive,  viii.  655 

720 

lower,  diseases  of,  v.  691 

Julus,  V.  712 

Keratodermia  eccentrica.  ^  ii.  308 

phosphorous    necrosis    of,    ii.    257; 

Jumping,  vi.  75 

Keratoglobus,  iii.  292 

V.  695 

Jung's  compressorium,  v.  253 

Keratoma,  ii.  587 

uiijjpr.  fracture  of.  v.  684 

Juniper,  v.  712 

senile,  vi.  S59 

operation  on,  v.  689 

diuretic  action  of,  iii.  684 

Keratomalacia,  iii.  291 

Jaw-jerk,  vii.  505 

Junket,  food  value  of,  iv.  428 

Keratoscopy,  vii.  725 

Jecorin,  v.  701 

Junod,  Victor  Theodore,  v.  713 

Keratosis  follicularis,  v.  718 

in  the  livor.  vi.  65 

Jute-workers,  diseases  among,  vi.  834 

contagiosa,  v.  719 

Jejunostomy,  v.  624 

palmaris  et  plantaris,  v.  720 

Jejunum,  arteries  of,  iii.  588 

Kader's  operation  of  gastrostomy,  vii. 

diagnosis,  v.  496 

peristalsis  in,  v.  614 

9S0 

pigmentosa,  viii.  438 

surgical  anatomy  of  the.  i.  17 

Kagenaar  system  in  ophthalmometry. 

pilaris,  v.  722 

Jell-O,  food  value  of,  iv.  431 

vi.  Ss:i 

radiotherapy  of,  vii.  472 

Jenner,    Edward,    v.    701;    vi.    334: 

Kairine.  v.  713 

suprafollicularis,  v.  722 

viii.  3S8 

Kaiserling's  solution,  v.  258 

Kerion,  viii.  203 

Jenner,  Sir  William,  v    702 

Kakke,  ii.  39 

Kernig's  sign,  vi.  357,  369;  vii.  505 

Jenner's  stain,  ii.  I'.n 

Kala-azar,  v.  875 

Ketoses,  i.  205.  v.  723 

Jequirity,  i.  47 

canine,  v.  876;  viii.  618 

Key,  Ernest  Axel  Henrik,  v.  723 

Jerk-finger,  iv.  895 

infantile,  v.  876 

Kidneys,  absence  of  one,  v.  739 

Jersey,  ii.  790 

microorganism  of,  viii.  618 

activity    of,    enteroclysis    affecting. 

meilical  practice  in,  vi.  297 

Kalium,  see  Potassium. 

iv.  41 

Jervine,  viii.  436,  437 

Kalmia,  poisoning  by,  vii.  237 

adenoma  of,  i.  122 

Jessamine,  yellow,  iv.  629 

Kamala,  v.  713 

amyloid  disease  of,  i.  305;  v.  724 

Jewelers,  diseases  of,  vi.  837 

Kammerer's    incision    in    appendicec- 

anatomy  and  physiology  of.  v.  724 

Jex-Blake,  Sophia,  v.  702 

torny.  i.  21 

anomalies  of,  v.  726,  738 

Jigger,  ii.  815;  v.  590.  702 

Kansas,  medical  practice  in.  vi.  297 

anthracosis  of,  i.  457 

Jimson  weed,  viii.  5 

Kaolin,  ii.  674;  v.  713 

blood  supply  of,  v.  729 

Jochmann's  tuberculin,  viii.  284 

Kaposi,  Moriz,  v.  714 

calculous  disease  of,  v.  739 

John  of  Arderne,  viii.  40 

Karell  treatment,  v.  88 

cancer  of,  v.  758 

Johnson's  mixture,  v.  258 

Karlsbad,  ii.  658 

diagnosis,  i.  36 

Joints,  i.  699 

Karyokinesis,  ii.  713 

capsule,  V.  725 

amphiarthrodial,  i.  699 

Karyolysis,  ii.  665 

congestion  of,  v.  743 

ankle,  i.  449 

Karyomitosis,  ii.  713 

contusion  of,  v.  746 

ball-and-socket,  i.  702 

Karyoplasm,  ii.  712 

cysts  of,  iii.  416 

carpal,  viii.  518 

Karyorrhexis,  ii.  665 

congenital,  v.  739 

classification  of,  i.  702 

Karyosomes,  ii.  712 

decapsulation  of,  vi.  725 

elbow,  iii.  863 

Katatonia,  ii.  686 

development  of,  v.  732 

gunshot  wounds  of.  iv.  830 

Kava,  vi.  482 

diagram  showing  excretion  of,  vi.466 

hinge,  i.  701 

Kedani  disease,  v.  680 

diseases    of,    autointoxication    as    a 

hip,  V.  239 

mite.  i.  510 

cause  of,  i.  781 
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Kidneys,  excision  of,  vi.  711 
floating,  V.  74S 
gunshot  wounds  of,  iv.  828 
horseshoe,  v.  726,  738 
hydropic,  v.  392,  see  Hydronephro- 
sis. 
hyperemia  of,  v.  743 
incision  into,  vi.  727 
infarcts  of.  v.  744 
inflammation  of,  vi.  715;  see  Xc/ih- 

ritis. 
injuries  of,  i.  10;  v.  745 
lardaceous,  v.  724 
lobulated,  v.  738 
loose.  V.  748 

lymphatics  of,  v.  731;  vi.  17-1 
malformations  of,  v.  738 
mechanism  of  secretion  by  the,  vii. 

695 
movable,  v.  748 
neoplasms  of,  v.  757 

diagnosis,  i.  35 
nerve  supply  of,  v.  731 
palpable,  v.  748 
physiology  of,  v.  733;  vi.  716 
polycystic,  v.  757 
postmortem   examination  of   the,    i. 

797 
primiti-i-e,  see  Wolffian  body. 
rhabdomyoma  of,  vi.  588 
Roentgen   diagnosis   of  diseases   of, 

vii.  594 
rupture  of,  v.  746 
senile  diseases  of,  vi.  855 
stone  in,  v.  739 
surgical,  vii.  419 
surgical  anatomy  of  the,  i.  19 
therapeutic  uses  of  extract  of,  vi.  921 
tuberculosis  of,  v.  751 

diagnosis,  i.  36 
tumors  of,  v.  757 
diagnosis,  i.  35 
waxy,  v.  724 
wounds  of,  V.  747 
Kienbock  quantimeter,  vii.  450 
Kinases,  v.  760 
Kinesthesia,  v.  760 
King-snake,  vii.  53.'3 
Kino,  V.  762 

eucalyjitus,  iv.  151 
Kirstein  headlamp,  ii.  532 
Kissing  bug,  v.  597,  763 
Kissingen,  v.  763 
Kitasato's  filter,  i.  897 
Kitchen,  army  field,  v.  4U7 
Kittery  Point,  vii.  311 
Kiwisch,  Franz  von  Rotterau,  v.  763 
Klaar  headUght,  vii.  574 
Klamath  Hot  Springs,  v.  764 
Klebs,  Edwin,  v.  764;  vi.  342 
Klebs-Loeffler  bacillus,  i.  845 
Kleinenberg's  solution,  v.  259 
Klemperer's  test-meal,  vii.  953 
Klondike,  i.  177 

Kliinge's  test  for  occult  blood,  vii.  961 
Knapp,  Hermann,  v.  764 
Knauer's  ophthalmoscope,  vi.  895 
Kneading  in  massage,  vi.  246 
Knee-jerk,  vii.  504 
Knee-joint,  v.  765 

amputation  at  the,  i.  293 
articular  surfaces  of,  v.  765 
bursse  of,  ii.  561 
capsule  of,  V.  767 
ilisloeation  of,  iii.  658 
congenital,  iii.  668 
^•xcision  of,  iv.  218 
L-unshot  wounds  of.  iv.  834 


Knee-joint,    internal  derangement  of. 
V.  704 

intraarticular  structures,  v.  708 

tuberculosis  of,  i.  087 
Knife-grinder's  phthisis,  vi.  827 
Knob,  embryonal,  ii.  85 

primitive,  i.  520 
Knock-knee,  v.  769 
Koch,  Robert,  v.  772 ;  vi.  342 
Koch's  incubator,  i.  898 

sterilizers,  i.  894 
Koch-Ehrlich  method  of  staining  the 

tulier.-le  bacillus,  i.  914 
Koch-Weeks  bacillus,  i.  845 

conjunctivitis,  iii.  246 
Kocher's     incision     for     gall-bladder 

operations,  i.  22 
Kodiak,  i.  176 

Koelliker,  Rudolf  Albert,  v.  773 
Kohlrausch's  ophthalmometer,  vi.  881 
Kola,  iii.  152 
Kolpohysterectomy,  see  Colpohysterec- 

luiiiii. 
Kombe,  poisuning  by.  i.  63.5 
Koplik's  spots,  vi.  2SI 
Koprosterin,  koprosterole,  v.  773 
Korsakoff's  psychosis  or  syndrome,  i. 

196;  vi.  750 
Kousin,  viii.  567,  568 
Koyter,  Volcher,  i.  3.30 
Krabbea  grandis,  ii.  779 
K-radiation,  vii.  451 
Krait,  vii.  525 

svmptoms  following  bite  of,  vii.  529 
Kramer,  Wilhelm,  v.  773 
Krameria,  v.  773 
Kraurosis,  viii.  470 
Krause's  end-bulbs,  iv.  22 
Kresamine,  disinfectant  action  of,  iii. 

627 
Kroenig's     areas     of     normal     apical 

resonance,  vi.  129 
Kromayer's  method  of  epilation,  v.  453 
Kronecker,  Hugo,  v.  774 
Kronecker's  fluid,  v.  253 
Kronmayer  mercury  vapor  lamp,   vii. 

1S4.  1S5 
Kuehne,  WiUy,  v.  774 
Kuhn,  Adam,  v.  774 
Kumyss,  i.  192;  v.  775 

food  value  of.  iv.  431 
Kupffer's  cells,  vi.  52 
Kuskow's  solution,  v.  254 
Kussmaul,  Adolf,  v.  775 
Kussmaul's  breathing,  iii.  715 
Kyle's  tongue  depressor,  vii.  574 
Kyphosis,  ii.  S07;  v.  775 
a.lole.-^cent.  vii.  S76 
angular,  ii.  !S09 
Kyrine,  v.  777 

Labarraque's  solution,  ii.  831 
Labdanum,  v.  799 
Labia  majora.  iv.  655 

minora,  iv.  656 
Labiatx,  v.  777 
Labor,  v.  777 

abnormal  presentations,  v.  787 

anesthetics  in.  v.  782 

breech  presentation,  v.  789 

brow  presentation,  v.  789 

causes  of,  v.  777 

conduct  of  normal,  v.  780 

difficult,  iii   716;  v.  783 

effect    of   Wormian   bones   on.    viii. 
517 

face  presentation,  v.  788 

injuries  of  the  child's  head  in.  v.  9 


Labor,  management  of.  iu  deformity  of 
the  pelx-is,  vii.  91 
mechanism  of,  v.  779 

in    abnormal    prettentatiou-s    and 

positions,  v.  787 
in  the  justti-niinor  pelvis,  vii.  88 
moulding  of  the  fetal  head,  v.  779 
pathology  of,  v.  783 
physiology  of,  v.  777 
precipitate,  v.  786 
preparation  for,  v.  786 
stages  of,  V.  778 
trauBverse  presentation,  v.  79f) 
vertex  presentation,  v.  779 
Laborde's  method  of  artificial  respira- 
tion, vii.  54s 
La  Bourboule,  v.  790 
Labrador  tea,  poisoning  by.  vii.  2,38 
Labyrinth,  v.  .33 

di.-e,i.ses  of,  iii.  760 
Labyrinthitis,  iii.  7.50 

syphilitic,  iii.  800 
Laccase,  v.  791 
Lacertus  fibrosus,  iii.  >^6tl 
Lachapelle,  Marie  Louise,  v.  791 
Lachesis,  ii.  267 

lanceolatus,  vii.  525 
mutus,  vii.  525 
Lacing,  chest  deformities  due  to.  ii.  810 
Lacmus,  vi.  32 
Lacrymal  bag.  iv.  243 

canaliculi,  diseases  of,  v,  79.3 
caruncle,  tumors  of,  iv.  301 
diseases,  v.  791 
gland,  adenoma  of  the,  i.  124 
diseases  of,  v.  791 
excision  of,  v.  795 
tumors  of,  iv.  300 
lake,  iv.  243 
operations,  v.  795 
passages,  operations  on,  v.  795 
puncta,  diseases  of.  v.  793 
sac.  diseases  of,  v.  794 
excision  of,  v.  797 
tumors  of.  iv.  301 
tubercle,  vii.  775 
Lactaria,  iv.  582 
deliciosa,  iv.  .5S3 
lactiflua.  iv.  583 
piperata.  iv.  5H3 
volema.  iv.  5n:> 
Lactase,  v.  798 
Lacteals,  vi.  175 
Lactic  acid,  i.  78:  v.  798 
in  blood  plasma,  ii.  123 
in  urine,  viii.  357 
tests  for,  in  the  stomach,  vii.  957 
Lactophenin,  v.  798 
Lactose,  i.  200;  v.  507;  vii.  609 
in  urine,  v.  798;  viii.  353 
litnius-agar  medium,  i.  884 
Lactosuria,  v.  798;  viii.  353 
Lactucarium,  v.  798 
Lacus  lacrimalis,  iv.  243 
Ladanum,  v.  799 
Ladies'  slipper,  iii.  404 
Laennec,  R6n4  Thiophile  Hyacinthe, 

v.  799 
Laennec's  cirrhosis,  vi.  56 

stethoscope,  viii.  042 
Leetiporus  speciosus,  iv.  579 
Lagoa  crispata  opercularis,  v.  603 
Lagocheilascaris  minor,  vi.  702 
Lakewood,  v.  800 
Lake  Tahoe  Springs,  v.  800 
Lake  View  Hot  Springs,  v.  800 
Lakes,  level  of  stagnant  water  in,  viu. 
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Lalande-Chaperone  cell,  iii.  S74 

Lalouette's  pyramid,  viii.  184 

Lamarck,  Jean,  i.  :i.'{.S 

Lamb,  IcmhI  viiliio  (if.  i.  208;  iv.  431 

Lambda,  vii.  704,  774 

Lamblia,  v.  801 

duodenalis,  viii.  (ii;5 
intcstinalis.  viii.  (Ji:5 
Lamina,  viTtcliriil.  viii.  (S74 
Laminaria,  v.  801 
Laminectomy,  v.  801 ;  vii.  h73.  894 
La  Motte,  Guillaume  Mauquest  de,  v. 

802 
Lamp,  mercury  v.ipor.  vii.  1S4.  185 
Lamus      megistus,      transmitter      of 

CluiKas'  di.sease.  viii.  650 
Lanceraux,  Etienne,  v.  802 
Lancet,  v.  709 

Lancisi,  Joannes  Maria,  v.  802 
Land,  efTeft  of,  on  elimate,  iii.  106 
Landmann's  tuberculin,  viii.  2S4 
Lander's  solution,  v.  253 
Landouzy-Dejerine    type  of    niu.scular 

atropliy,  vi.  574 
Landry's  paralysis,  vii.  32 
Lane  Mineral  Springs,  v.  803 
Lane's  bands,  v.  621 

gag,  iii.  97 
Lanf.anchi,  v.  803;  vi.  322;  viii.  39 
Lange,  Johannes,  v.  803 
V.     Langenbeck,     Bernhard     Rudolph 

Konrad,  v.  803 
Langenbeck's  amputation,  i.  273 
Langerhaiis,  islets  of.  vii.  11 
Lannelongue,  Odilon  Marc,  v.  804 
Lanolin,  i.  125 
Laparohysterectomy,   ii.    759;   v.   476, 

477 
Laparohysterotomy,   ii.   757 
Laparotomy,  incisions  for,  i.  21 
deLapeyronie,  Franfois,  v.  804 
Lappa,  \     804 
Larch  bark,  \    804 
Lard,  i.  125 

lienzoinated.  ii.  36 

food  value  of,  iv.  431 
Larkspur  seeds,  vii.  925 

poisoning  by,  vii.  23S 
Larrey,  Dominique  Jean,  v.  804;  viii. 

44 
Larva  bolder,  v.  250 
Laryngectomy,  v.  805 
Laryngismus  stridulus,  iii.  3s,2,  820 
Laryngitis,  v.  808 

acute,  V.  808 

acute  simple,  iii.  380 

chronic,  v.  811 

in  children,  iii.  382 

diphtheritic,  iii.  380,  607 

edematous,  v.  810 

membranous,  iii.  380 

phlegmonous,  v.  810 

spasmodic,  iii.  378 

stridulous,  iii.  379 

submucous,  iii.  383 
Laryngofissure,  v.  813 
Laryngorrhea,  v.  si  is 
Laryngoscope,  v.  sifi 
Laryngoscopy,  v.  815 

direct,  ii.  531;  see  Broncho.^copu- 

indirect,  v.  815 

s\ispension.  v.  818 
Laryngospasm,  iii.  3S2 
Laryngostomy,  v.  819 
Laryngotomy,  vi.  668 
Laryngotracheostomy,  v.  819 
Larynx,  vi.  66s 

abscess  of,  v.  820 
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Larynx,  absence  of,  v.  825 

adenoma  of,  v.  834 

anatomy  of,  v.  821 

anesthesia  of,  v.  831 

angioma  of,  v.  834 

anthrax  of,  i.  461 

atresia  of,  i.  764 

atrophy  of,  v.  826 

blood  supply  of,  v.  825 

burns  and  scalds  of,  v.  825 

cacinoma  of,  v.  834,  847 
radiotherapy  of,  vii.  472 

cartilages  of,  v.  822 

cicatricial  stenosis  of,  v.  844 

cleft.  V.  826 

congenital  malformations  of,  v.  825 
syphilis  of,  v.  848 

cricoarytenoid  disease,  v.  826 

cysts  of,  V.  833 

dislocation  of,  v.  827 

edema  of,  v.  810 

epithelioma  of,  v.  834 

erysipelas  of,  v.  827 

excision  of,  v.  805 

fibroma  of,  v.  833,  834 

fibromyxoma  of,  v.  834 

foreign  bodies  in  the,  i.  170 

fractures  and  dislocation  of,  v.  827 

hyperesthesia  of,  v.  831 

hypertrophy  of,  v.  826 

inflammation  of,  v.  808;  .see  Laryn- 
gitis. 

interior  of,  v.  821 

intubation  of,  v.  644 

ligaments  of,  v.  823 

lipoma  of,  v.  834 

lupus  of,  V.  828 

lymphatics  of,  v.  825;  vi.  1()4 

muscles  of,  v.  824 

neoplasms  of,  v.  831 

neuralgia  of,  v.  831 

neuroses  of.  v.  829 

new  growths  of.  v.  831 

papilloma  of,  iii.  382;  v.  833,  844 
radiotherapy  of,  vii.  472 

paresthesia  of,  v.  831 

perichondritis  of,  v.  836 

physiology  of,  v.  837 

polypus  of,  V.  834 

postmortem  examination  of   the,   i. 
799,  802 

sarcoma  of,  v.  834 

scalds  of,  V.  825 

sensory  neuroses  of,  v.  831 

spasm  of,  acute  catarrhal,  iii.  379 
in  the  newborn,  iii.  382 
reflex,  iii.  382 

stenosis  of,  iii.  382;  v.  843 
intubation  for,  v.  644 
tracheotomy  for,  viii.  246 

syphilis  of,  v.  845 

tuberculosis  of,  v.  849 
radiotherapy  of,  vii.  472 

tumors  of,  v.  831 
Las  Cruces,  vi.  785 
Las  Vegas,  vi.  785 

Las  Vegas  Hot  Springs,  v.  853;  vi.  7s5 
Lasegue  sign,  vii.  505 
Latah,  v.  854 

Latapie's  animal  holder,  i.  9111 
Lateral  curvature  of  the  spine,  v.  854 

sclerosis,  vii.  671 

am.votrophic.  \-i.  577 
Lateralis  abdominis  muscle,  viii,  593 
Lathyrismus,  v.  863 
Latimer-Clark  cell,  iii.  874 
Latin,    use   of,    in    prescriptions,    viii. 
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Latissimus    dorsi     muscle,     :ini)ni;ilics 

of.  viii.  5S0 
Latitude,  effect  of,  on  climate,  iii.  105 
Latrines,  army,  v.  414 
Latrodectus  mactans,  v.  596 

iiialmigiuitus,  v.  .596 
Laughing  gas,  vi.  795 
Laughter,  v.  864 

Laundry  workers,  diseases  of,  vi.  s:is 
Laurel,  v.  865 
Laurie  acid,  i.  77 
Laurus,  v.  865 
Lavage,  gastric,  v.  865 

intestinal,  iv.  40;  see  Enteroclysis. 
Lavandula,  v.  867 
Lavender,  v.  867 
Laverania,  v.  867 

iiialaria\   vi.   210;  viii.   624 
Laxatives,  ii.  6S7,  6S8 
Lazear,  Jesse  William,  v.  867 
Lead,  vii.  260 

in  drinking  water,  viii.  490 

poisoning  by,  vii.  261 
Learning,  James  Rosebrugh,  v.  867 
Leather  workers,  diseases  of,  vi.  s:i7 
Leaven,  viii.  523 
Lebert,  Hermann,  v.  868 
Lecithins,  v.  868;  vi.  (17 

in  tlie  liver,  vi.  65 
Leclanche  cell,  iii.  874 
Ledum,  poisoning  by,  vii.  238 
Leeches,  v.  246 

Ceylon,  v.  248 

extract  of,  viii.  572 

gray,  v.  246 

green,  v.  246 

Japanese,    v.    247 

land,  v.  248. 

medicinal,  v.  246 

Mexican,  v.  248 
Leeching,  ii.  201 
von   Leeuwenhoek,   Anthony,   v.  868; 

Leeward  Islands,  medical  practice  in, 

vi.  298 
Leg,  amputation  of  the,  i.  291 

anatomy  of,  v.  868 

artificial,  i.  709 

bandage  of,  ii.  17 

eczema  of,  iii.  844 

fascia  of,  iv.  335 

fracture  of,  iv.  559 

gunshot  wounds  of.  iv.  837 

lymphatics  of,  iv.  169;  vi.  170 

veins  of,  v.  870 
Legal's  test  for  acetone,  i.  71;  viii.  354 
Legumin,  v.  874 
Leguminosae,  v.  874 

characteristics  of,  vii.  225 
Leidy,  Joseph,  v.  875 
Leiomyofibroma,  iv.  400 
Leiomyoma,  vi.  585 

malignant,  vii.  647 
Leishmania,  v.  875 

brasiliensis,  viii.  618 

donovani,  viii.  617 

furuncidosa,  viii.  618 

infantum,  viii.  618 

nilotica,  viii.  618 

tropica,  viii.  618 

var.  americana,  vii.  618 

■wrightii,  viii.  618 
Leishmaniasis,  v.  875 

naso-oral,  v.  877 
Lembert  suture,  v.  624;  vii.  976 
Lemniscus,  ii.  382 
Lemon,  vi.  8 

balm,  vi.  349 
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Lemon,  food  value  of.  iv.  4:jl 
Le  Nobel's  test  for  acetone,  i.  71 
Lens,  crystalline,  iv.  261 
absence  of.  v.  447 
changes  in  shape  of.  durini;  accom- 
modation, iv.  274 
refractive  indices  of,  iv.  270 

i\  lindrical,  viii.  6.36 

fir~t  mention  of  the  use  of,  viii.  634 

t'.r  railway  signals,  iii.  196 

"ptical  properties  of,  iv.  269 

in-riscopic,  viii.  636 

Ijii^matic,  viii.  635 

.spectacle,  viii.  63.3 

tinted,  viii.  636 
Lentigo,  v.  877 

malignant,  vii.  .S47 
Lentz's     malachite     green     enriching 

method,  i.  SS.4 
Leomopsilla,  v.  878 
Leonidas  of  Alexandria,  viii.  35 
Leontiasis,  v,  s7s 
Lepidoptera,  v.  878 

p..is<,i,..ii>.  V.  f,(i:i 
Lepidoselaga,  v.  878 
Lepidotic  acid,  vii.  194 
Lepiota  americana.  iv.  587 

iKiiicina.  iv.  5S7 

procera.  iv.  587 
Lepra,  v.  878 
Leprosy,  v.  878 

atrophic,  v.  882 

bacillus  of,  i.  843;  v.  879 

bacteriological  diagnosis  of,  i.  919 

bullous,  V.  881 

choroid,  iii.  48 

conjunctiva,  iii.  2.54 

cutaneous,  v.  880 

cutireaction  in.  iii.  396 

granulomatous  lesions  in,  iv.  773 

macular,  v.  880 

nodose,  v.  881 

pigmentary,  v.  8S1 

papular,  v.  881 

scaling,  v.  881 

tubercular,  v.  S81 

ulcerative,  v.  Ssl 
Leptandra,  v.  882 
Leptidse,  v.  883 
Leptodera,  v.  883 

pellio.  vi.  678 

tenicola.  vi.  678 
Leptomeningitis,  vi  356 

acute,  vi.  368 

otitic,  iii.  792 
Leptomonas,  viii.  614 
Leptus,  V.  883 

americanus,  i.  510 

irritans.  i.  510 
Les  Avants,  vi.  536 
Lethargy,  iii.  266 

negro,  viii.  646 
Letterman,  Jonathan,  i.  576 
Lettuce,  for„i  value  of.  iv.  431 
Leube-Rosenthal  apparatus  for  gastric 

lavutrc.  V.  sr.il 
Leube's  test-meal,  vii.  964 
Leucemia,  v.  888;  see  Leukemia. 
Leucine,  i.  7n;  v.  883 

in  urine,  viii.  357.  361 
Leucocytes,  v.  890 

acidophilic,  ii.  1 17 

basophilic,  ii.  117 

chemistry  of.  ii.  120 

classification  of.  ii.  117 

deficiency  of,  v.  885 

enumeration  of.  ii.  lOS 

eosinophilic,  ii.  117 


Leucocytes,  e.scape  of,  from  the  blood- 
vessels, v.  551 

excess  of,  V.  883 

fate  of  the,  ii.  127 

function  of,  ii.  128 

functional  activities  of,  in  inflamma- 
tory exudates,  v.  552 

hematogenous,  v.  5.50 

histogcnous.  v.  5.52 

histohematogenous,  v.  .551 

in  fresh  blood  specimens,  ii.  162 

in  inflammation,  v.  530 

in  malaria,  vi.  216 

mononuclear,  ii.  117 

neutrophilic,  ii.  117 

number,  ii.  116 

origin  of,  ii.  126 

polymorphonuclear,  ii.  117 

poly  nuclear,  ii.  117 

role  of.  in  immuriity,  v.  ,512 

size.  ii.  116 
Leucocythemia,  v.  888 
Leucocytolytic  serum,  v.  174 
Leucocytosis,  v.  883 

(lefiiiition.  ii.  lie, 

in  pneumonia,  vii.  2ti6 

pliy.siological.  ii.  116 
Leucocytozoids,  v.  885 
Leucocytozoon,  v.  88S 
Leucodiagnosis  in  cancer,  ii.  603 
Leucoline,  vii.  442 
Leucomaines,  v.  885 
Leuconychia,  \i.  6(10 
Leucopathia,  i.  179 

uiimiiuni.  vi.  600 
Leucopenia,  v.  88S 

definition,  ii.  116 
Leucoplakia,  viii.  209 

cancer  following,  ii.  599 

radiotherapy  of.  vii.  472 
Leucorrhea,  v.  886 

r^iiliotlicnipy  of,  vii.  474 
Leukemia,  v.  888 

acute  lymphatic,  v.  896 

acute  myeloid,  v.  894 

aleukemic,  v.  897 

autointoxication  as  a  cause  of,  i.  782 

autolysis  in,  i.  787 

chronic  lymphatic,  v.  894 

classification  of,  ii.  198 

hemolymph  glands  in.  v.  162 

lymphatic,  v.  896 

mixed,  v.  898 

myelogenous,  v.  891;  vii.  649 

myeloid,  v.  894 

radiotherapy  of.  vii.  464.  466 

retinitis  in.  vii.  555 

treatment,  v.  898 
Leukerbad,  vi.  76 

Levator  anguli  scapulae  muscle,  anom- 
alies of.  viii.  580 

claviculie  muscle,  viii.  576,  581 

glandulse  thyroideie  muscle,  viii.  578 

labii   superioris,    anomalies   of,   viii. 
575 

palpebra;,  anomalies  of,  viii.  575 
Levico,  V.  899 
Levisticum,  v.  900 
Levret,  Andre,  v.  900 
Levret's  forceps,  iv.  509 
Levulose,  i.  2().'i 

in  urine,  viii.  353 
Levulosuria,  viii.  353 
V.  Leyden,  Ernst,  v.  900 
Leyden  jars,  iii.  >76 
Leydenia,  v.  900 

genimipiira.  viii.  610 
Leysin,  v.  900 


Liberty.  Sullivan  Co..  R.  Y.,  v   901 
Liborius  anaerobic  method  of  culture, 

i.  901 
Libraries,  medical,  v.  901 

administration,  v.  9<J5 

aj^sfjciation-s  of,  v.  903 

classification,  v.  905 

hlstorj',  v.  901 

list  of,  V.  900 

organization,  v.  905 
Lice.  v.  910 

Licensing  boards,  medical.  \  i    289 
Lichen,  v.  910 

annularis,  iv.  776 

atrophicus.  v.  912 

hypertrophicus.  v.  911 

lividus,  vii.  414 

morpha'icus.  v.  912 

nitidus,  v.  911 

obtusus  corncus,  v.  911 

pilaris;  v.  7SS 

planus,  i.  543;  v.  910 
diagnosis,  iii.  832 
keratosis  following,  v.  721 
radiotherapy  of.  vii.  472 

scrofulosorum.  v.  913 

simplex,  v.  911 

syphiliticus,  viii,  80 

tropicus,  vi.  505 

verrucr>sus,  v.  911 
Lichenification,  v.  912 
Lichenin,  v.  914 
Lieben's  test  for   acetone  i.    70;    viii. 

3.34 
Lieberkiihn,     Johann     Nathinael,     v 

914 
Liebermeister,  Karl,  v.  914 
v.  Liebig,  Baron  Justus,  v.  914 
Liebreich's  ophthalmoscope,  vi.  893 
Lientery,  v.  915 

Lieutaud,  Joseph,  i.  337;  v.  915 
Life  insurance,  v.  91.5 

expectation  <.f  life  tables,  v.  917 

forms  of.  V.  915 

insurable  interest,  v.  917 

loading,  v.  917 

medical  examination,  v.  919 

medical  selection,  v.  918 

medicine,  v.  916 

policy,  v.  916.  917 

premium,  v.  916 

reserve,  v.  916 

substandard,  v.  923 

surplus,  v.  917 
Ligament,  broad,  iv.  644 
development  of,  iv.  631 

cruciate,  v.  768 

elbow-joint,  iii.  871 

Gimhernat's,  i.  2 

hepatic,  vi.  45 

iliofemoral   v.  240 

inguinal,  i.  2,  7 

knee,  v.  767 

lacunar,  i.  2 

larynx,  v.  823 

Poupart's,  i.  2,  7 

round,  of  the  hip,  v.  241 
of  the  liver,  vi.  45 
of  the  uterus,  iv.  645 

senile  changes  in.  vi)  S49 

spinal,  viii.  673 

triangular,  vii.  US,  121 

wrist,  viii.  519 
Ligamentum  coronarium    hepatis.   vi. 
45 

denticulatum.  vii.  8.32 

falciforme   hepatis.    vi.    45, 

latum  uteri,  iv.  644 
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Ligamentuiii 
Lyniphangloii 
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Ligamentum  nuchse  replaced  by  mus- 
cle, viii.  592 
sacrodurale  ventrale,  vii.  832 
teres,  v.  241 
hepatis,  vi.  45 
uteri,  iv.  645 
triangulare  hepatis.  vi.  45 
Ligation  of  arteries,  vi.  1 
axillary,  vi.  2 
brachial,  vi.  2 
carotids,  vi.  5 
common  carotid,  vi.  664 
dorsalis  pedis,  vi.  S 
facial,  vi.  5 
femoral,  vi.  7 
gluteal,  vi.  6 
iliacs,  vi.  6 
innominate,  vi.  4 
lingual,  vi.  5 
occipital,  vi.  5 
peroneal,  vi.  8 
popliteal,  vi.  7 
pudic,  vi.  7 
radial,  vi.  1 
sciatic,  vi.  7 
subclavian,  vi.  .3 
temporal,  vi.  5 
thyroid,  vi.  4 
tibials,  vi.  7 
ulnar,  vi.  2 
vertebral,  vi.  4 
Ligatures,  iii.  695 
aseptic,  i.  720 
early  use  of  animal,  viii.  52 
Light,  action  of,  upon  bacteria,  i.  834 
upon  protoplasm,  iv.  141 
anesthesia  by,  i.  393 
production  of,  by  bacteria,  i.  832 
therapeutics  of,  vii.  184 
Lighting  on  shipboard,  vi.  644 
Lightning,  death  from,  iii.  879 
Lignin,  vi.  S 
Ligula  mansoni,  ii.  778 
Liliacese,  (Oiaracteristics  of,  vii.  225 
Lily  of  the  valley,  iii.  278 
Limbus  ovalis,  v.  49 
Lime,  ii.  581,  688 
chlorinated,  ii.  831 
disinfection  by,  iii.  634 
slaked,  ii.  581 
sulphurated,  viii.  18 
Lime-water,  ii.  581 
Limnsea,  vi.  8 
Limnatis,  vi.  8 

nilotica,  v.  247 
Limo,  vi.  8 

Limp,  diagnostic  significance  of,  vi.  9 
Limping,  intermittent,  iii.  89 
Linacre,  Thomas,  vi.  10;  viii.  40 
Linden  flowers,  vi.  10 
Line,  mammary,  ii.  446 
Linea  alba,  i.  3 

semilunaris,  i.  3 
Lineville  Mineral  Springs,  vi.  10 
Ling,  Peter  Henrik,  vi.  10 
Linguatula,  i.  503;  vi.  10;  vii.  104 
Linguatulida,  i.  503;  vi.  10 
Lingulinae,   vi,    10 
Liniment,  volatile,  i.   250 
Liniments,  vi.  10 
Linimentum  calcis,  ii.  582 
chloroform!,  ii.  832 
saponis,  vii.  636 
Linin  thread,  ii.  712 
Linkage  in  heredity,  v.  193 
Linne,  Karl,  i.  334 
Linseed,  vi.  11 
Lint,  iii,  696;  vi.  11 
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Linum,  vi.  11 
Liostoma,  v.  248 
Lip,  cancer  of,  ii.  639 

eczema  of,  iii.  842 

elephantiasis  of,  iii.  915 

hare-,  iv.  902 

hypertrophied.  vi.  545 
Lipase,  vi.  12 

Lipemia,    medicolegal    significance   of, 
vi.  16 

retinalis,  vii.  555 

traumatic,  vi.  12 
Lipins,  iv.  340 
Lipoblastoma,  vi.  16 
Lipochromes,  vii.  194 
Lipoids,  i.  207;  iv.  341 ;  vi.  16 
Lipoma,  vi.  16 

cavernosum,  vi.  18 

cerebral,  ii.  434 

durum,  vi.  18 

gastric,  vii.  986 

laryngeal,  v.  834 

mammary,  ii.  482 

maxillary,  v.  686 

myxomatodes,  vi.  20 

periosteal,  vii.  123 

peritoneal,  vii.  124 

pharyngeal,  vii.  165 

primitive  fat-lobule,  vi.  18 

pulmonary,  vi.  110 

rectal,  vii.  500 

telangiectatic,  vi.  18 

teratoid,  vi.  20 
Liposis,  vi.  815 
Lip-reading,  vi.  21 
Liquidamber  orientalis.viii.  11 

styraciflu.-i,  viii.  11 
Liquid  peptonoids,   food   value  of,   iv. 

431 
Liquor  caleis,  ii.  581 

cerebrospinalis,  ii.  749 

chlori  compositus,  ii.  830 

distilled,  i.  192 

ferri  subsulphatis,  iv.  371 
tersulphatis,  iv.  372 

hydrargyri  nitratis,  v.  371 

iodi  compositus,  v.  654 

Morgagni,  iv.  262 

sanguinis,  ii.  113,  121 

sodic  chlorinata;,  'i.  831 
Liquores,  vi.  24 
Lisfranc,  Jacques,  viii.  44 
Lisfranc's  amputation,  i.  288 
Lisping,  vii,  817 

Lissner's  Mineral  Spring,  vi,  24 
Lissoflagellata,  vi.  24 
Lister,  Baron  Joseph,  vi.  25;  viii.  56 
Listen,  Robert,  vi.  25 
Lithia  waters,  ii.  8 
Lithiasis   of   the  conjunctiva,   iii.  249. 

254 
Lithium,  vi.  25 

benzoate,  ii.  35 

bromide,  ii.  510 

salicylate,  vii.  615 
Lithobius,  vi.  26 
Litholapaxy,  vi,  26 
Lithographers,  diseases  of,  vi.  837 
Lithotomy,  vi.  30 

infrapubic,  vi.  32 

lateral,  vi.  32 

median,  vi.  32 

parts  divided  in,  vii.  120 

perineal,  vi.  32 

suprapubic,  vi.  30 
Lithotrites,  vi.  26 
Lithotrity,  vi.  26 
Lithrsea  caustica,  vii.  229 


Litmus,  vi,  32 

Litten,  Moritz,  vi.  33 

Litten's  phenomenon,  iii.  541,  543 

Little  Boar's  Head,  vii.  313 

Little,  William  John,  vi.  33 

Littre,  Alexis,  i.  333 ;  vi.  33 

Littre,  Maximilien  Paul  Emile,  \  i.  33 

Liver,  abscess  of,  vi.  34 

diagnosis,  i.  28 
acute  yellow  atrophy  of,  vi.  40 
adenoma  of,  i.  121 ;  vi.  62 
amyloid  degeneration  of,  i.  305 

diagnosis,  i.  28 
amylogenio  function  of,  vi.  66 
anatomy,  topography,  and  histology 
of,  vi.  43 

surgical,  i.  15 
arteries  of,  vi.  46,  52 
anthracosis  of  the,  i.  457 
biliary  function  of,  vi.  67 
blood-vessels  of,  vi.  46,  51 
capsule  of,  vi.  44 
carcinoma  of,  vi.  63 
chemistry  of,  vi.  65 
cirrhosis  of,  vi.  56 

atrophic,  vi.  .56 

diagnosis,  i.  27 

hypertrophic,  vi.  58 
congestion  of,  vi.  69 

diagnosis,  i.  26 
corset,  i.  30;  vi.  48 
cysts  of,  iii.  415 

diagnosis,  i.  29 
degeneration  of  the,  .autolysis 'in,  i. 

786 
diagram  illustrating  the  physiology 

of,  vi.  460 
diseases    of,    autointoxication    as    a 
cause  of,  i.  781 

psychoses  of,  vii.  381 
ducts  of,  vi.  46 

variations  in,  vi.  49 
echinococcus  of,  vi.  64 
fat  of,  vi.  65 
fatty,  vi.  59 

diagnosis,  i.  27 
fibrinogen  formation  in,  vi.  69 
fossae  of,  vi.  44 
glycogenic  function  of,  vi.  66 
gunshot  wounds  of,  iv.  828  _ 
hematopoietic  function   of,  j^ii.    123, 

126;  vi.  70 
histology  of,  vi.  50 
hobnailed,  vi.  56 
hydatids  of,  vi.  64 

diagnosis,  i.  29 
hyperemia  of,  vi.  59 
inflammation  of,  vi.  34,  56 

of  capsule  of,  vii.  114 
injuries  of  the,  i.  9 
ligaments  of,  vi.  45 
lobes  of,  vi.  45 
lymphatics  of,  vi,  47,  54,  175 
malarial,  vi.  217 
mineral  substances  in,  vi.  65 
movable,  diagnosis,  i.  30 
neoplasms  of,  vi.  62 
nerves  of,  vi.  47,  54 
physiolog.v  of,  vi.  64 
postmortem   examination  of   the,  i. 

798 
proteins  of,  vi.  65 
pulsation  in,  vii.  412 
reticulum  of,  vi.  53 
Riedel's  lobe,  vi.  48 
sarcoma  of,  vi.  63 
shape  of,  vi.  43 
sinusoids  of,  vi.  52 
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Liver,  size  of,  vi.  43 

surgical  anatomy  of,  i.  1.5 

syphilis  of,  vi.  70 
diagno.sis,  i.  27 

therapeutic  usea  of  extract  of,  vi.  021 

topography  of,  vi.  47 

tropical  abscess  of,  vi.  35 

tuberculosis  of,  vi.  71 

tumors  of,  vi.  62 
diagnosis,  i.  2fi 

urea  formation  in,  vi.  68 

uric  acid  formation  in,  vi.  69 

veins  of,  vi.  47 

weight  of,  vi.  4.3 
Liver-spot,  ii.  824 
Lividity,  cadaveric,  iii.  79 
Living  substance,  ii.  54 
Livingston  Mineral  Springs,  vi.  72 
Lizar,  John,  viii.  45 
Loa,  vi.  73 

Lobe  of  the  ear,  iii.  726,  729 
liver,  vi.  45 
lungs,  vi.  84 
Lobectomy,  pulmonary,  viii.  175 
Lobes,  mammary,  ii.  452 
Lobelia,  vi.  73 

Lobeliacese,  characteristics  of.  vii.  224 
Lobstein's  disease,  vi.  928 
Lobster,  food  value  of,  iv.  431 
Lobules,  mammary,  ii.  452 
Lobus  caudatus  hepatis,  vi.  45 

dexter  hepatis,  vi.  45 

•  juadratus  hepatis,  vi.  45 

?inister  hepatis,  vi.  45 
Localization,  cerebral,  ii.  374,  397,  436; 
iii.  343 
principle  of,  ii.  397 

r-piiial.  vi.  858 
Lochia,  vi.  73 
Lockjaw,  viii.  150 

iion-.-:pecific,  v.  699 
Loco  weeds,  poisoning  by,  vii.  239 
Locomotion,  vi.  74 
Locomotor  ataxia,  viii.  89;  see   Tabtx 

.lorsalis. 
Loeche-les-Bains,  vi.  76 
Loeffler's  bacillus,  i.  845;  iii.  601 

blood  serum,  i.  890 

methylene  blue,  v.  268 
Loeschia  coli,  viii.  606 
Loganiacese,  characteristics  of.  vii.  225 
Logorrhae,  vii.  820 
Logwood,  v.  148 
Lolium,  piii.'iuning  by,  vii.  232 
Lombroso,  Cesare,  vi.  76 
London  paste,  ii.  09S 
Londonderry  Lithia  Springs,  vi.  77 
Long,  Crawford    Williamson,    vi.    77; 

Longet,  Franfois  Achille,  vi.  78 
Longevity,  relation  of  order  of  birth  to, 

ii.  59 
Longissimus  dorsi   muscle,   anomalies 

of,  viii.  592 
Longitudinal  arc  of  the  cranium,   vii. 

765 
Longus  colli  muscle,  anomalies  of,  viii. 

580 
Loomis,  Alfred  L.,  vi.  78 
Loops  for  transfer  of  cultures,  i.  901 
Loranthaceae,  vi.  78 
Lordosis,  vi.  78 

Loring's  ophthalmoscope,    vi,  894 
Los   Angeles   and    Pasadena,    vi.    78; 

see  also  California,  Soitthirn. 
Losophan,  v.  652;  vi.  79 
Lotions,  vi.  80 
Louis,  Antoine,  \  i    80 
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Louis,  Pierre  Charles  Alexandre,  vi.  80 

Louis's  angle,  viii.  177 

Louisiana,  medical  practice  in,  vi.  298 

Louisville  Artesian  Well,  vi.  80 

Lovage,  v.  900 

Lower,  Richard,  vi.  81 

Lozenges,  viii.  281 

L-radiation,  vii.  451 

Lubenau's  glycerin-egg  medium,  i.  891 

Lucas-Championniere,      Just      Marie 

Marcellin,  vi.  81 
Lucas-Championniere's  radical  treat- 
ment of  hernia,  v.  219 
Lucilia,  vi.  81 

hominivorus,  v.  590 
Ludwig,  Karl  Friedrich  Wilhelm,  vi.  81 
Ludwig's  angina,  i.  424 

tlic'iry  iif  ri'nal  secretion,  v.  734 
Luer's  cheek  retractor,  iii.  97 
Lues,  viii.  77;  ^ee  Syphilig. 
Lugol's  solution,  i.  913;  v.  654 
Lumbar  puncture,  vii.  30 

anesthesia  by,  i.  394 

in   the  diagnosis   of   meningitis,   vi. 
357,  363,  365,  369 

technique  of,  vi.  365 
Lumbricales  muscles  (foot),  anomalies 
of.  viii.  590 

(hand),  anomalies  of,  viii.  585 
Lunar  caustic,  i.  525;  ii.  69S 
Lungs,  aliscess  of,  vi.  102 

surgical  treatment,  viii.  175 

actinomycosis  of,  vi.  114 

air  capacity  of,  vi.  83 

air-spaces  in,  vi.  90 

anatomy  of,  vi.  82 

anthracosis  of,  i.  457 

anthrax  of,  i.  461 

aspergillosis  of,  vi.  116 

base  of,  vi.  8.3 

bleeding  from,  v.  179 

blood  circulation  in,  ii.  142 

blood-vessels  of,  vi.  86 

borders  of,  vi.  84 

calculi  in,  iii.  227 

capillaries  of,  vi.  94 

carcinoma  of,  vi.  110 

collapse  of.  i.  755 

color  of,  vi.  82 

congestion  of.  vi.  105 
sputum  in,  vii.  922 

decortication,  viii.  174 

dust  disease  of.  vii.  269 

edema  of,  vi.  105 

cnchondroma  of,  vi.  110 

endothelioma  of,  vi.  Ill 

fatty  embolism  of,  vi.  14 

fibroma  of,  vi.  110 

fissures  of,  vi.  84 

form  of,  vi.  83 

gangrene  of,  vi.  107 

gumma  of,  vi.  118 

histology  of,  vi.  87 

hyperemia  of,  sputum  in,  vii.  922 

infarcts  of,  vi.  108 

lipuMia  of,  vi.  110 

lobes  of.  vi.  84 

lobules  of.  vi.  89 

lobulettos  of,  vi.  91 

lymphatics  of,  vi.  86,  96,  181 

lymphoid  tissue  of,  vi.  99 

neoplasms  of,  vi.  109 

nerves  of,  vi.  86,  101 

osteoma  of,  vi.  1 10 

paracentesis  of,  vii.  30 

paragonimiasis  of,  vi.  114 

pigment  in,  vi.  101 

postmortem  examination  of.  i.  796 


Lungs,  pseudotuberculosis  of.  vi.  113 

relations  of,  to  the  chcut  wall  and  ex- 
ternal atmosphere,  vii.  539 

removal  of  air  in  alveoli,  vii.  539 

root  of,  vi.  83 

sarcoma  of,  vi.  Ill 

senile  changes  in,  vi.  S48 
diseases  of,  vi.  854 

sensation  in.  ii.  716 

size  of,  vi.  82 

specific  gravity  of,  vi.  82 

surfaces  of,  vi.  83 

syphilis  of.  vi.  117 

teratoma  of,  vi.  1 10 

therapeutic    uses    of    extract  of.   vi. 
922 

topographical  anatomy  of,  vi.  86 

tuberculosis  of,   vi.   121;   viii.   287; 
see  TubeTCulogin,  pulmonary, 

tumors  of,  vi.  109 

surgical  treatment,  viii.  175 

veins  of,  vi.  94 

weight  of,  v\.  82 
Lungmotor,  vii.  550 
Lupines,  poisoning  by,  vii.  232 
Lupulin,  vi.  139 
Lupus,  cancer  in  relation  to.  ii.  599 

disseminatus,  vi.  142 

erythematosus,  vi.  139 
diagnosis,  iii.  8.32 
radiotherapy  of,  vii.  472 

exedens,  vi.  142 

exfoliati%nis,  vi.  142 

hypertrophicus,  vi.  142 

non-exedens,  vi.  139 

of  the  larynx,  v.  828 
tongue,  viii.  210 

sebaceus,  vi.  139 

serpiginosus,  vi.  142 

vorax,  vi.  142 

vulgaris,  vi.  142 

of  the  hand,  iv.  S7S 
radiotherapy  of,  vii.  472 

vulvar,  viii.  409 
von  Luschka,  Hubert,  vi.  144 
Luschka's  tonsil,  viii.  j:il 
Lusk,  William  Thompson,  vi.  144 
Lustgarten's  bacillus,  i.  ■''43 
Luteins,  vi.  145 
Luxor,  iii.  Miti 

Luys'  urinary  separator,  viii.  343 
Lycetol,  vi.  145 
Lycoperdon  cyathiforme,  iv.  595 

gemmatum,  iv.  594 

giganteum,  iv.  595 

pyriforme,  iv.  .595 
Lycopodium,  vi.  145 
Lymph,  vi.  145,  100 

circulation  of,  vi.  148.  159 

composition  of.  vi.  145 

formation  of,  vi.  146 

movement  of,  vi.  148,  1.59 

relation     of,     to     metabolism,     vi. 
148 

spaces,  vi.  160 

varieties  of,  vi.  145 

vessels,  vi.  157;  ace  Lymphatia. 
Lymphadenitis,  vi.  151 

tuberculous,   vaccine   therapy,    viii. 
405 
Lymphadenoma,  vi.  1.56 

of  stomach,  vii.  986 
Lymphadenosis,  chronic,  v.  894 
Lymphagogues,  vi.  168 
Lymphangiectasis,  vi.  157 

of  the  conjunctiva,  iii.  255 
Lymphangioma,  i.  434:  vi.  157 

circumscriptum,  vi   159 
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Lymphangitis,  vi.  loS 
of  vein  wall    viii.  liOH 
tuberculous,  vi.  l.'iS 
Lymphatic  circulation,  disturbances  of, 
iii.  82 

constitution  or  habitus,  vii.  928 
system,  vi.  160 

development  of,  vi.  liW 
trunks,  vi.  183 

vessels,  vi.  162;  see  Lymphalics. 
Lymphatics,  vi.  159 
diseases  of,  vi.  157 
injection  of,  in  histoloRy,  v.  278 
of  abdomen,  vi.  172 

adrenals,  vi.  174 

arm,  vi.  168 

axilla,  vi.  168 

brain,  ii.  361;  vi.  165 

breast,  ii.  456,  459;  vi.  179 

bronchi,  ii.  514;  vi.  182 

diaphragm,  iii.  543;  vi.  180 

ear,  vi.  162,  163 

esophagus,  vi.  181 

eye,  vi.  163 

face,  vi.  162 

foot,  vi.  170 

genitals,  vi.  172,  173 

hand,  vi.  169 

head,  vi.  162 

heart,  vi.  181 

intestine,  iii.  595,  596;  vi.  174 

kidnev,  v.  731;  vi.  174 

larynx,  v.  825;  vi.  164 

leg,  vi.  169 

liver,  vi.  47,  54,  175 

lungs,  vi.  86,  96,  181 

mouth,  vi.  164 

nasal  cavity,  vi.  163 

neck,  vi.  166 

orbit,  vi.  163 

ovary,  iv.  638;  vi.  174 

oviducts,  vi.  174,  640 

pancreas,  vi.  175 

penis,  iv.  667;  vi.  172 

pharynx,  vi.  164 

shoulder,  vi.  168 

skin.  vii.  755 

spinal  cord.  vi.  165 

spleen,  vi.  175 

stomach,  vi.  175;  vii.  952 

testicles,  vi,  173 

thigh,  vi.  169 

thorax,  vi.  179 

thyroid  gland,  vi.  166 

trachea,  vi.  182 

ureters,  vi.  174 

uterus,  iv.  647;  vi.  173 

vagina,  iv.  653;  vi.  173 

vulva,  iv.  658;  vi.  172 
origin  of,  vi.  190 
structure  of,  vi.  161,  194 
study  of  the,  i.  343 
topographical  anatomy,  vi.  162 
Lymphatism,  vi.  156;  vii.  928 
Lymphatolytic  serum,  v.  174 
Lymphedema,  vi.  158 
Lymphemia,  v.  894 
Lymph-nodes,  vi.  194 
abdominal,  vi.  176 
amyloid  degeneration  of,  i.  305 
anatomy  of,  vi.  149 
anthracosis  of,  i.  457 
aortic,  vi.  177 
atrophy  of,  vi.  155 
brachial,  vi.  168 
cervical,  vi.  166,  668 

enlargement  of,  in  sleeping    sick- 
ness, viii.  647 
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Lymph-nodes,  cervical,  cxci-^iou  of  ;ill, 
viii.  215 

degenerations  of,  vi.  155 

diseases  of,  vi.  149 

enlargement,    thorium  X  in,  vii.  466 

gastric,  vi.  178 

head,  vi.  166 

hemorrhoidal,  vi.  177 

hepatic,  vi.  78 

hyperplasia  of,  vi.  155 

hypogastric,  vi.  177 

iliac,  vi.  177 

inflammation  of,  vi.  151 

injuries  of,  vi.  158 

leg,  vi.  170 

lumbar,  vi.  177 

mesenteric,  vi.  178 

mesocolic,  vi.  178 

pancreatieo-splenic,  vi.  178 

parasites  of,  vi.  155 

pathology  of,  vi.  150 

physiology  of,  vi.  149 

pigmentation  of,  vi.  156 

retroperitoneal,    diagnosis  of  tumor 
of,  i.  37 

sacral,  vi.  177 

scrofulous,  vi.  151 

shoulder,  vi.  168 

syphilis  of,  vi.  155 

therapeutic  uses  of.  vi.  019 

thigh,  viii.  163 

thoracic,  vi.  182 

tuberculosis  of,  vi.  152 

tumors  of,  vi.  156 
Lymphocytes,  ii.  117;  v.  890 

diagnositic  significance  of,  iii.  419 

in  infl.immatory  exudates,  v.  551 

iniTcised  number  of,  v.  884 
Lymphocytosis,  v.  884 
Lymphoid  tissue,  iii.  257;  vi.  160,  195 

(if  the  f.iuces,  viii.  215 
intestine,  iii.  593 
lungs,  vi.  99 
nasopharynx,  viii.  231 
tongue,  viii.  234 
Lymphoglandulse.  vi.   \9i\  see  Lymph- 

rwtles. 
Lymphoma,  malignant,  vi.  156;  vii.  647 

radiotherapy  of,  vii.  473 
Lymphorrhagia,  iii.  82 
Lymphosarcoma,  vi.  157;  vii.  647 

railiiitherapy  of,  vii.  473 
Lymph-scrotum,  vii.  679 
Lysidin,  vi.  199 
Lysin,  vi.  199 
Lysine,  i.  7s ;  vi.  199 
Lysoform,  vi.  199 
Lysol,  vi.  199 

disinfectant  action  of,  i.  837;  iii.  627 
Lyssa,  vii.  443;  see  Rabies. 
Lytton  Seltzer  Spring,  vi.  200 
Luxations,  iii.  635;  see  Dislocations. 

Macaroni,  food  value  of,  iv.  431 
McBurney,  Charles,  vi.  279 
McBurney's    incision    in    appendicos- 

tciniy,  i.  21 
MacClellan,  George,  vi.  200;  viii.  49 
MacConkey's  bile-salt  media,  i.   881, 

SS7 
MacCormac,  Sir  William,  vi.  200 
MacDaniel,  Edward  Davies,  vi.  200 
MacDowell,  Ephraim,  vi.  201;  viii.  53 
Macewen's  radical  treatment  of  her- 
nia, v,  21S 
McGuire,  Hunter  Holmes,  vi.  201 
Mackenzie,  Sir  Morell,  vi,  202 
Mackenzie's  ink  polygraph,  ii,  048 


Mackerel,  fond  value  of,  iv.  431 

McLane  forceps,  iv.  510 

Mace,  vi,  201 

Macis,  vi,  201 

Macleod,  Sir  George  H.  B.,  vi.  202 

McNeal's     blood    agar    for    trypano- 

somes,  i,  sn,") 
Macrobdella,  vi,  202 

Macroblasts,  ii,  162 
Macrocheilia,  vi.  545 
Macrocheiria,  iv.  874 
Macrocytes,  ii.  161 
Macrodactylism,  iv.  874 
Macrogenesy,  iv.  700;  see  Gigantism. 
Macroglossia,  viii.  208 
Macromeres,  vii.  705 
Macrophages    in    inflammatory    exu- 
dates, V,  552 
Macropodia,  \  ii.  140 
Macrosomia,  viii.  130 
Macrostoma  mesnili,  viii.  612 
Macrostomia,  vi.  545 
Macrotia,  iii,  767 
Macula  lutea,  iv,  257 
Madder,  vi.  202 
Madeira,  vi,  202 
Madelung-Moynihan      operation     for 

artificial  aiuis.  v.  62S 
Madura  foot,  vi,  579 
Magati,  Cesare,  viii,  42 
Magendie,  Franpois,  vi.  203 
Magma  magnesii,  vi,  204 
Magnesia  allia,  vi,  204 

hydrate  of,  vi,  204 
Magnesium,  vi,  203 

carbonate,  vi.  204 

citrate,  vi.  204 

food  value  of,  i.  212 

hydroxide,  vi.  204 

in  urine,  viii.  359 

sulphate,  vi.  205 

spinal  anesthesia  by,  i.  394 
Magnoliacese,  vi.  205 
Maine,  medical  practice  in,  vi.  29s 
Maische  cell,  iii.  874 
Maisonneuve,  Jacques  Giles,  vi.  205 
Malachite-green  enriching  method  for 

culture  media,  i,  SS4 
Malacocotylea,  vi,  205 
Maladie  du  coit,  iii.  687 
Malaria,  vi,  205 

acute,  vi.  218 

algid  form,  vi.  220 

altitude  in  relation  to,  vi.  212 

amaurotic  form,  vi.  220 

anticipating,  vi.  218 

bilious  remittent,  vi.  220 

carriers,  vi.  212 

choleraic  form,  vi.  220 

chronic,  vi.  220 

climatic  prevalence,  vi.  211 

comatose  form,  vi.  220 

corneal  ulcer  in,  iii.  289 

delirious  form,  vi.  220 

diagnosis,  vi.  221 

diaphoretic  form,  vi.  220 

differential  diagnosis,  vi.  223 

dysenteric  form,  vi.  220 

endemic  index  of,  vi.  212 

epidemiology,  vi.  211 

estivoautumnal,  vi.  219 

etiology,  vi.  207 

gastralgic  form,  vi.  220 

geographic  distribution,  vi.  205 

hcmoglobinuric,  ii.  64 

hemorrhagic  type,  vi.  220 

human  factor  in,  vi.  212 
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Lrmphangltii 
Maori  tia* 


Malaria,  hyperpyrexia!  form,  vi.  220 

iu  pregnant  women,  influence  of,  on 
the  fetus,  iv.  386 

lalioratory  diagnosis,  vi.  221 

larvate,  vi.  220 

latent,  vi.  221 

leucocytes  in,  vi.  216 

meteorological  conditions,  vi,  212 

microorganisms  of,  viii.  622 

mixed,  vi.  220 

morbid  anatomy,  vi.  216 

mosquito  factor  in,  vi.  213 

parasite,  vi.  207 

estivoautumnal,  vi.  210 
quartan,  vi.  209 
stains  for,  vi.  221 
subtertian,  vi.  210 
tertian,  vi.  208 

pathology,  vi.  216 

pernicious,  vi.  219 

phagocytosis,  vi.  217 

pneumonic  form,  vi.  220 

postponing,  vi.  218 

psychoses  of,  vii.  376 

prevalence,  vi.  205 

prognosis,  vi.  223 

prophylaxis,  vi.  223 

quartan,  vi.  219 

seasonal  prevalence,  vi.  211 

soil  in  relation  to,  vi.  212 

subintrant,  vi.  218 

subtertian,  vi.  219 

symptoms,  vi.  218 

tertian,  vi.  219 

treatment,  vi.  225 
general,  vi.  226 
specific,  vi.  225 

tropical,  vi.  219 

types,  vi.  218 
Malazation,  vi.  245 
Male  fern,  i.  728 
Malgaigne,  Joseph  Fran;ois,  vi.  227; 

viii.  44 
Malic  acid,  vi.  228 
Malignancy,  ii.  594;  vi.  705 
Malignant  pustule,  i.  460 
Malingering,  vi.  228 

in  relation  to  mental  disease,  vi.  390 

in  tlie  army,  v.  425 
Mallein,  i.  874 

test  for  glanders,  iv.  711) 
Malleotomy  for  club-foot,  iv.  491 
Mallet-finger,  iv.  888 
Malleus,    ii.  736;  v.  .30 
Malleus  (glanders),  iv.  711 
Mallory's  freezing  method,  v.  255 

neuroglia  stain,  v.  272 

reticulum  stain,  v.  271 
Malpighi,  Marcello,  i.  332;  vi.  232 
Malpighian  body,  v.  730 

corpuscles,  vii.  903 

p\Tainids,  V.  725 
Malpractice,  vi.  232 
Malta  fever,  vi.  233 

carriers,  i.  879 

micrococcus  of,  i.  865 

milk-borne,  vi.  516 
Malta,  medical  practice  in,  vi.  298 
Maltase,  vi.  234 

Malted  milk,  food  value  of,  iv.  431 
Malvaceae,  vi.  234 
Mamma,  see  Breast. 
Mammary  gland,  see  Breast. 

hillocks,  ii.  446 

line.  ii.  446 

streak,  ii.  446 

vein,  internal,  anomalies  of,  viii.  656 
Mammitis,  ii.  470;  see  Mastitis. 
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Man,  evolution  of,  iv.  185 

phylogcny  of,  iv.  185 

prehistoric,  i.  341 

zoological  position  of,  iv.  184 
Manaca,  vi.  234 
Mancona  bark,  vii.  662 
Mandible,  actinomycosis  of,  v.  694 

ankylosis  of,  v.  700 

diseases  of,  v.  691 

dislocation  of,  v.  691 

excLsion  of,  iv.   233;  v.  698 

fracture  of,  v.  692 

necrosis  of,  v.  694 

operations  on,  v.  698 

periostitis  of,  v.  694 

phosphorus  necrosis  of,  v.  695;  vii. 
183 

subluxation  of,  v.  691 

tumors  of,  v.  695 
Mandrake,  vii.  271 
Manganese,  vi.  235 

dioxide,  vi.  235 

hypophosphite,  v.  469;  vi.  235 

occupational    diseases    caused     by, 
vi.  827 

sulphate,  vi.  235 
Mania,  vi.  236 

acute  delirious,  iii.  475 

periodic,  vii.  365 
Manila,  vii.  173.  177 
Manipulation  in  massage,  vi.  246 
Manitoba,  medical  practice  in,  vi.  298 
Manitou  Springs,  vi.  238 
Manna,  vi.  238 
Mannite,  vi.  239 

-agar  medium,  i.  884 
Mannose,  vi.  239 
Manometers,  ii.  136 
Mantegazza'  s  globulimeter,  ii.   173 
Manubrium  sterni,  viii.  646 
Maple  sugar,  vii.  608 
Marasmius  oreades,  iv.  584 
Marasmus,  vi.  239 

rarlwiic.  vi.  .S31 
Marat,  Jean  Paul,  vi.  242 
Marchi's  fluid,  v.  2.'>b 

staining  metlKnl,  v.  L'7l' 
Marcus  Antonius,  i.  '.^I'.i 
Mardela  Springs,  \  i.  242 
Mareschal,  Georges,  vi.  242 
Marey,  Etienne  Jules,  vi    242 
Margarin,  vi.  243 
Margaropus,  vi.  243 
Margate,  vii.  480 
Marie's  disease,  i.  95 
Marie-Davy  cell,  iii.  874 
Marienbad,  vi.  243 
Marietta,  Ga.,  vi.  243 
Marigold,  ii.  584 
Marine  hospital  division  of  the  Public 

Health  Service,  vii.  387 
Marine  signals,  iii.  198 
Mariotte,     Edme,     discovery    of     the 

blind  sp.H  hy,  i.  334 
Marlin  Hot  Wells,  vi.  244 
Markenrodt's  incision  for  colon  opera- 
tions, i.  23 
Marple's  electric  ophthalmoscope,  vi. 

896 
Marriage,  consanguineous,  effect  of,  iv. 
153 

eugenic,  iv.  154 
Marrow,  bone,  ii.  247 

food  value  of,  iv.  424 
Marrow-lymph  glands,  v.  160 
Marrubium,  vi.  244 
Marsden's  paste,  ii.  697 
Marsh  gas,  i.  165 


Marshall    Hall    method    of    artificial 

respiration,  vii.  .048 
Marsupialization,  vi.  244 
Martha's  Vineyard,  vi.  612 
Martin's  lx>uilloD,  i.  880 

filter,  i.  897 
Maryland,  medical  practice  in,  vi.  298 
Masons,  diseases  of,  vi.  836 
Massa  copaiba;,  iii.  282;  vi.  245 

firri  carbonatis,  iv.  367;  vi.  245 

liydrurgyTi,  v.  367;  vi.  245 
Massachusetts,  medical  practice  in,  vi. 

293,  298 
Massee,  vi.  244 
Massage,  vi.  245 

of  the  ear,  iii.  788;  vi.  252 
eye,  vi.  252 
face,  vi.  251 
head,  vi.  251 

physiological  effects  of,  vi.  247 

therapeutics  of,  vi.  248 
Massaneta  Springs,  vi.  SSS 
Masseter   muscle,   anomalies  of.    viii. 

Mast  cells,  ii.  117 

in  inflammatory  exudates,  v.  551 
Mastic,  vi.  253 
Mastication,  vi.  263 
Masticatory  nerve,  central  eonnertioo 

of  the,  ii.  3(1.", 
Mastiche,  vi.  253 

Mastigophora,  vi.  254;  viii.  604.  611 
Mastin,  Claudius  Henry,  vi.  264 
Mastitis,  ii.  470 

adolescentium,  'i.  470 
cancer  following,  ii.  486 
chronic  interstitial,  ii.  470 
lactation,  ii.  470,  472 
neonatorum,  ii.  470 
pubesccntium  virilis.  ii.  470 
puerperal,  ii.  470 
pyogenic,  ii.  472 
stagnation,  ii.  471 
subareolar,  ii.  471 
syphilitic,  ii.  472 
Iraiimatic,  ii.  470 
Mastodynia,  ii.  469 
Mastoid,  anatomy  of.  iii.  729;  vii.  772 
inllanmiation  of,  iii.  74N 
operations,  vi.  264 

closure  of  postauricular  fissure,  vi. 

267 
indications  for,  vi.  254 
instrument*  for,  vi.  256 
meatal  flap,  vi.  264 
meato-masloid,  vi.  266 
preparation  for,  vi.  255 
radical,  vi.  261 
Schwartsc-Stacke.  vi.  261 
simple,  vi.  256 
Stacke,  vi.  267 
syphilis  of,  iii.  800 
Mastoiditis,  acute,  diagnosis  of,  iii.  748 
chronic,  diagnosis  of,  iii.  749 
diagnosis  of,  iii.  748 
syphilitic,  iii.  800 
Masturbation,  vi.  765 
Mat*,  vi.  272 

Maternal  impressions,  vi.  273 
Mathieu-Rimond  quantitative  test  f<>r 

chyme  in  the  st..iua.li.  vii    '.164 
Matico,  vi.  274 
Matricaria,  vi.  274 
Maturation,  vi.  274 
Maturity,  i)orioil  ..f.  i.  15il 
Matzaschita's  liver-gall  agar,  i.  V>7 
Mauriceau,  Francois,  vi.  278,  n22 
Mauritius,  medical  practice  in.  vi.  29S 
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Mauthner,  Ludwig,  vi.  279 
Maxilla,  excision  of,  iv.  231 ;  v.  0S9 

injuries  and  diseases  of,  v.  684 

operation  on,  v.  689 

osteoplastic  section  of,  v.  690 

removal  of,  iv.  231;  v.  689 

tumors  of,  v.  686 
Maximow's  solution,  v.  257 
May-apple,  \  ii.  271 
May's    electric    ophthalmoscope,     \i. 

897,  898 
Maydl's  jejunostomy,  v.  625 

operation  for  artificial  anus,  v.  628 
Mayer,  Johann  Christoph,  i.  337 
Mayer,  Karl  Wilhelm,  vi.  279 
Mayer's  Berlin  liluo,  v.  278 

lieiiialutii  and  heinastrontium,  v.  207 
Mayerne,   Theodore   Turquet   de,   vi. 

279 
Maynooth  battery,  iii.  874 
Mayo's  incision  for  umbilical  hernia,  i. 

23 
Mayo-Robson's  jejunostomy,  v.  625 
Mead,  Richard,  vi   280 
Measles,  vi.  280 

liathinK  in,  v.  41)0 

black,  vii.  586;  see  Rocky  Mountain 
spotted  fever. 

cold  in  the  treatment  of,  iii.  157 

diagnosis  of,  from  smallpox,  vii.  799 

German,  vii.  603 

in  pregnant  women,  influence  of,  on 
the  fetus,  iv.  385 

incubation  period,  vi.  281 

of  pork,  ii.  769 

psychoses  of,  vii.  376 
Measurements,  human,  i.  476 
Measures,  linear,  viii.  494 

of  capacity,  viii.  494 
Meat  extract,  vi.  283 
food  value  of,  i.  213 

inspection  of,  iv.  420 

poisoning,  iv.  422 
bacillus  of,  i.  856 
Meatotomy,  viii.  338 
Meatus   acusticus    (auditorius)    exter- 
nus,  iii.  717 

nasal,  vi.  616 

urinarius,  iv.  665 
Mecistocirrus,  vi.  698 
Meckel,  Johann  Friedrich,  i.  337,  339: 

vi.  284 
Meckel's  diverticulum,  iii.  584 
Meconic  acid,  vi.  901 
Meconin,  vi.  900 
Meconoisin,  vi.  900 
Media,  culture,  i.  880 
Mediastinitis,  vi.  285 
Mediastinotomy,  iv.  125 
Mediastinum,  diseases  of  the,  vi.  284 
Medical  Corps,  U.  S.  Army,  i.  568 

L'.  S.  Navy,  vi.  655 
Medical  education  in  the  United  States, 
iii.  850 

examiner,  iii.  297 

journalism,  history  of,  v.  706 

libraries,  v.  901 

licensing  boards,  vi.  289 

school,  army,  i.  568 

for  women,  the  first,  ii.  66 
naval,  vi.  659 
Medical  Reserve  Corps,  U.  .S.  .\rmy,  i. 
569 
U.  S.  Navy,  vi.  656 
Medicine,  American,  vi.  331 

.■\rabian,  vi.  318 

Chinese,  vi.  308 

dogmatic  school  of,  vi.  314 
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Medicine,  Egyptian,  vi.  305 

Greek,  vi.  309 

Hindu,  vi.  307 

history  of,  vi.  304 

Japanese,  vi.  308 

Jewish,  vi.  306,  321 

medieval,  vi.  318 

oriental,  vi.  306 

philosophical,  vi.  324 

prehistoric,  vi.  304 

Roman,  vi.  315 

Russian,  vi.  331 

scientific,  history  of,  vi.  338 

Sumerian,  vi.  306 
Mediterranean  fever,  vi.  233 
Medulla   oliliingata,    centers   lying    in 
the,  ii.  383 
cross-section  of,  ii.  294 
diagnosis  of  lesion  of  the,  ii.  380 
diseases  of,  vii.  304 
dorsal  surface  of,  ii.  290 
lateral  surface  of,  ii.  290 
motor  tracts  in  the,  ii.  381 
tracts  passing  through,  ii.   380 
tumors  of,  symptoms,  ii.  438 
ventral  surface  of,  ii.  289 

spinalis,  vii.  828 
Megacaryocyte,  iv.  698,  699 
Megacolon  congenitum,  iii.  178 
Megalacria,  i.  95 
Megalerythema    epidemicum,    iv.  92; 

see  Erythema  Itificliosum. 
Megalocytes,  ii.  161 
Megalosporon     ectothrix     and     endo- 

thrix,  viii.  202 
Megastoma  cntericum,  viii.  013 

intestinale,  viii.  613 
Meibom,  Heinrich,  vi.  344 
Meibomian  glands,  iv.  307 

.listril.ution  uf,  iv.  310 
Meigs,  James  Aitken,  vi.  344 
Meiostagmin    reaction    in    cancer,    ii. 

603 
Meissner,  Georg,  vi.  344 
Meissner's  tactile  corpuscles,  iv.  21 
Mel,  vi.  344 

ros*,  vi.  345.  349 
Melancholia,   vi.   345 

periodic  vii.  365 
Melanins,  vi.  347;  vii.  193 

in  the  urine,  viii.  355 

infant,  v.  541 
Melanolestes  abdominalis,  v.  598 

picijies.  v.  597 
Melanoleuca  personata,  iv.  585 
Melanoma,  vii.  645 

of  the  iris,  iv.  294 
vulva,  viii.  471 
Melanoproteins,  vii.  193 
Melasma  suprarenale,  i.  114 
Melbourne,  viii.  447 
Melena,  vi.  347 
Melilot,  vi.  349 
Melissa,  vi.349 
MeUita,  vi.  349 
Melonoplasty,  vii.  250 
Melon-seed  bodies,  vii.  577 
Meltzer's  method  of  artificial  respira- 
tion, vii.  550 
Membrana  tympani,  iii.  733;  v.  29 

artificial,  v.  43 

changes   in,    resulting   from   former 
disease,  iii.  775 

examination  of,  iii.  745 

inflammation  of,  vi.  930 

perforation  of,  vi.  936 
traumatic,  iii.  778 

properties  of,  v.  32 


Membranes,  fetal,  i.  217 

Nasmyth's,  viii.  109 

ossification  in,  ii.  249 

peridental,  viii.  108 
pathology  of,  viii.  119 
Memory,  vi.  349 

disorders  of,   in  mental  disease,   vi. 
417 
Menciere's  solution,  viii.  670 
Mendelian  theory   of  inheritance,   iv. 

171  ;  \-.  1N9 
Mendenhall  Springs,  vi.  351 
Meniere,  Prosper,  \i.  352 
Meniere's  disease,  vi.  352 
Meningeal   irritation   or   reaction,    vi. 

35:; 

Meninges,  arteries  of,  ii.  345 
cerebral,  ii.  339 

injuries  of,  v.  7 

spinal,  vii.  831 

veins  of,  ii.  3.53 

Meningism,  vi.  353 

Meningitis,  basilar,  vi.  371 

cerebral,  vi.  354 

syphilitic,  ii.  425 
cerebrospinal,  vi.  359 
complicating  mumps,  vi.  551 
epidemic  cerebrospinal,  vi.  359 

bacteriological  diagnosis  of,  i.  919    ' 
Ijacteriology,  i.  862;  vi.  359 
carriers  of,  i.  877 
clinical  types,  vi.  362 
cold  in  the  treatment  of,  iii.  157 
complications,  vi.  362 
diagnosis,  vi.  362 
lesions,  vi.  360 
micrococcus  of,  i.  862;  vi.  359 
prophylaxis,  vi.  368 
sequelae,  vi.  302 
serum  therapy,  vi.  363 
symptoms,  vi.  361 
treatment,  vi.  363,  367;  viii.  404 
vaccine  therapy,  viii.  404 
granular,  vi.  371 
operation  for,  vi.  268 
otitic,  diagnosis  of,  iii.  749 
serous,  vi.  358 
spinal,  vi.  368 

syphilitic,  of  the  base  of  the  brain, 
ii.  425 
of  the  convexity  of  the  brain,  ii. 
427 
tuberculous,  vi.  371 
in  the  adult,  vi.  374 
Meningocele,  ii.  718;  viii.  133 

spinal,  vii.  827 
Meningococcus,  i.  862;  vi.  359 
Meningophylax,  ii.  412 
Menisci  of  the  knee-joint,  v.  766 
Menispermum,  \'i.  375 
Menopause,  ii.  7ss;  vi.  379 
Menorrhagia,  vi.  375 

radiotherapy  of,  vii.  475 
Menses,  vi.  377 

suppression  of,  during  pregnancy,  iv. 
685 
Menstruation,  vi.  377 
cause  of,  vi.  377 

cessation  of,  climacteric,  ii.  788;  vi. 
379 
non-climacteric,  i.  243 
excessive,  vi.  375 
first  appearance  of,  vi.  378 
hygiene  of,  vi.  379 
theory  of,  i.  473 
vicarious,  vi.  375 
Mental  deficiency,  vi.  379 
diagnosis,  vi.  381 
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Mental  deficiency,  etiology,  vi.  .3sO 
grades  of,  vi.  380 
prognosis,  vi.  383 
treatment,  vi.  .383 
deterioration,  senile,  vi.  856 
diseases,  vi.  385;  see  also  Psycho.iis 
and  Paresis. 
cerebral  automatism  of,  i.  790 
classification  of,  vi.  385,  390 
climacteric,  vi.  396 
convalescence,  vi.  441 
dementia  precox,  vi.  441 
diagnosis  of,  vi.  386 
electrotherapy  in,  vi.  439 
etiology,  vi.  392 
examination  and  diagnosis  of,  vi. 

386 
hydrotherapy  of,  vi.  440 
hygienic  treatment  of,  vi.  440 
institutional  treatment,  vi.  437 
medicinal  treatment  of.  vi.  43S 
pathological  anatomy  of,  vi.  400 
pathology,  vi.  400 
physical  symptoms  of,  vi.  422 
prevention  of,  vi.  437 
prognosis,  vi.  410 
senile,  vi.  396 

somatic  components  of,  vi.  405 
somatic  expressions  of,  vi.  422 
surgical  treatment  of,  vi.  439 
symptom  complexes  in  relation  to, 
"  vi.  403 

symptomatology,  vi.  412 
treatment  of,  vi.  437 
<'nfeeblement  in  insanity,  vi.  414 
examination,  vi.  389 
jirocesses,  cerebral,  ii,  408 
iliiTapcutii-s  in  insanity,  vi.  441 
Mental  tubercle,  vii.  765 
Mentha  piperita,  vi.  451 

viridis.  vi.  452 
Menthol,  vi.  452 
Mentohyoid  muscle,  viii.  578 
Mentone,  vi.  453 
Menyanthes,  ii.  550 
Meran,  vi.  454 
Mercaptans,  vi.  456 
Mercurial  plaster,  v.  36S 
Mercurialism  in  pregnant  women,  in- 
fluence of.  on  the  fetus,  iv.  3S7 
Mercurialization,  constitutional,  v.  37.> 
Mercuric  benzoate,  v.  372 
bromide,  v.  372 
chloride,  v.  370 

poisoning  by,  v.  374 
compounds,  v.  370 
cyanide,  poisoning  by,  v.  374 
formamidate,  v.  372 
iodide,  v.  371 

poisoning  by,  v.  374 
nitrate,  v.  371 

poisoning  by,  v.  375 
oleate,  v.  372 
oxide,  V.  370 

poisoning  by.  v.  374 
oxycyanide,  v.  372 
salicylate,  v.  372 
succinimide,  v.  372 
sulphide,  v.  373 
Mercurol,  v.  372 
Mercurous  bromide,  v.  372 
chloride,  v.  368 
poisoning  l)y,  v.  374 
compounds,  v.  368 
iodide,  v.  370 
oxide,  V.  373 
sulphide,  v.  373 
tannate,  v.  372 


Mercury,    v.    366;    see    al.so  Hyilrar- 
Uyrum. 

acid  nitrate,  v.  371 

alanate,  v.  372 

aniidopropionate,  v.  372 

asparaginate,  v.  372 

benzoate,  v.  372 

bichloride,  v.  370 

disinfectant  action  of,  i.  830 
poisoning  by,  v.  374 
postmortem  evidences  of  poi.soii- 
ing  by,  i.  808 

biniodidc,  v.  371 

disinfectant  action  of,  i.  837 

black  oxide,  v.  373 

bromide,  v.  372 

corrosive  chloride,  v.  370 

disinfectant  action  of,  iii.  624 

disinfection  by,  iii.  634 

extinguished,  v.  367 

formamidate,  v.  372 

general  therapeutics  of,  v.  373 

idiosyncrasy  regarding,  v.  503 

iniidosuccinate,  v.  372 

metallic,  v.  367 

mild  chloride,  v.  368 

nitrate,  v.  371 

nucleinatc,  v.  372 

occupational  diseases  caused  by,  vi. 
828 

oleate,  v.  372 

o.xycyanide,  v.  372 

poisoning  by,  v.  374 

pyroborate,  v.  372 

red  iodide,  v.  371 

red  oxide,  v.  370 

salicylate,  v.  372 

sozoiodol,  v.  372 

stearate,  v.  372 

succinimide,  v.  372 

sulphide,  v.  373 

sulphocyanate,  poisoning  by,  v.  375 

tannate.  v.  372 

tests  for.  V.  377 

uncombined,  v.  367 

with  chalk,  v.  367 

yellow  iodide,  v.  370 

yellow  oxide,  v.  370 
Mercury-zinc  cyanide,  v.  372 
Merogony,  v.  520 
Merycism,  vi.  456 
Mescal  buttons,  vi.  456 
Mesencephalon,  anatomy  of.  ii.  313 

dovel.>pment  of,  ii.  286 
Mesenchyma,  vi.  457 
Mesentery,  injuries  of  the,  i.  12 

tuberculosis  of,  vii.  133 

wounds  of,  v.  036 
Mesnard's  work  in  obstetrics,  vi.  823 
Mesoderm,  vi.  457 

ori;:iiis  derived  from,  iv.  679 
Mesodesma  siispeiisorium,  iv.  644 

teres,  iv.  044,  045 
Mesometrium,  iv.  044 
Mesonephridium,  iv.  631 
Mesonephros,  iv.  659;  v.  732 

palli..l,)i;y  of,  viii.  510 
Mesosalpinx,  iv.  039 
Mesotan,  vi    457 
Mesothorium,  vi.  457 
Mesovarium,  iv.  034 
Messinger's  test  for  acetone,  i.  71 
Mesua,  Mesu6,  vi.  458 
Metabolism,  ii.  54;  vi.  468 

(.iisturbances  of,  vi.  467 

effect    upon,    of    the    thyroid    secre- 
tion, viii.  188 

hysterical  disturbances  of,  v.  487 


Metabolism,  nornial.  vi.  45s 

of  fat,  di^turliances  of,  iv.  340 

relation  of  lymph  to.  vi.  14H 
Metacarpophalangeal   joints,   excinion 

of.  iv.  192 
Metacarpus,  exci.sion  of,  iv.  193 

fracture  of.  iv.  .549 
Metagonimus  yokagawai,  viii.  272 
Metals,  colloidal  wilutionfl  of,  iv.  358: 
see  Finiiiiil.1.  milnllic. 

disinfectant  action  ot.  iii.  024 
Metamerism     (seenientution     of     the 

body  I.  vii.  704 
Metanephros,  v,  732 
Metaphases,  ii.  714 
Metaplasia,  vi.  476 
Metastasis,  vi.  478,  7lMi 

calcareous,  ii.  579 

in  cancer,  ii.  (iOl.035;  vi.  479 

ill  carcinoma,  ii.  035;  vi.  479 

ill  .■iareoii.a,  vi.  479 
Metastigmata,  vi.  480 
Metastrongylus,  vi.  480 

.apri.  vi.  097 
Metatarsalgia,  iv.  474 

exiision  for.  iv.  21<l 
Metatarsophalangeal  articulations,  ex- 
cision of.  iv.  209 
Metatarsus,  fr.ieturc  of.  iv.  .565 
Metazoa,  vi.  480 
MetchnikoS's  spirillum,  i.  .s72 
Meteorology,  iii.  104;  see  Climate. 
Metbemoglobin,  ii.  120;  vi.   480;   vii. 

192,  542 
Methyl  alcohol,  i.  193:  vi.  481 

occupational   diseases  caused   by, 
vi.  830 

earbamol,  i.  1.S9 

chloride,  vi.  481 

iodide,  vi.  481 

oxide,  vi.  481 

purines,  vii.  413 

.salicylate,  vii.  015 

\'iolet.  disinfectant  actifiii  of,  i.  837 
Methylamine,  vii.  3S2 
Methylene  bichloride,  vi.  481 

blue,  vi.  481 
staining.  \-.  20.s 
Methyl-phenylacetamide,  iv.  1M'>:  see 

Exalgine. 
Methysticum,  vi.  483 
Metol,    occupational    diseases    caused 

by.  vi.  ,S31 
Metopium,  vii.  22s 
Metorchis,  vi.  482 
Metric  system  of  weights  and  mca.«- 

ures.  viii.  494 
Metritis,  vi.  482 

acute,  vi.  483 

chronic,  vi.  484 

gonorrheal,  vi.  483.  484;  viii.  371 
Metrorrhagia,  vi.  486 

railiotherapy  of.  vii.  475 
Mett's  test  for  ca.sein.  vii.  958 
Meves'  solution,  v.  25S 
Mexico,  vi.  487 

medical  pr.ietice  in.  vi.  298 
Meyer,  Hans  Wilhelm,  vi.  490 
Meyer's  color-perception  test.  iii.  207 
Meynert,  Theodor,  m.  491 
Meyrowitz       automatic       ophthalmo- 
scope, vi.  S95 
Mezereum,  vi.  491 
Miana  bug,  vi.  491 

Michigan,  medical  practice  in,  vi.  298 
Microblasts,  ii.  162 
Microbrachius,  viii.  135 
Microcephalus,  ii.  342;  viii.  133 

739 


Micrococcus 
Musculus 
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Micrococcus,  i.  h->'J 

Milk,  colored,  vi.  511 

Miracidium,  viii.  263 

gonorrhoesB,  i.  863 

colostral.  vi.  511 

larva,  vi.  528 

laneeolatus,  i.  861 

composition  of,  vi.  506 

Mirbelli's  disease,  i.  430 

melitpn.sis.  i.  865;  vi.  233 

from  various  animals,  vi.  507 

Mires  in  the  ophthalmometer,  vi.  8M 

tc'tr:ii.'"mi.s.  i.  858 

coagulation  of,  iii.  125 

Miscarriage,  motoring  as  a  cause  of,  i. 

Microcytes,  ii.  161 

condensed,    for    infant    feeding,    v. 

791 

Microfilaria,  vi.  491;  682,  689 

537 

Mississippi,  medical  practice  in,  vi.  298 

diurna.  vi.  686 

cow's,  V.  533;  vi.  506 

Missouri,  medical  practice  in,  vi.  298 

nocturna,  vi.  684 

culture  medium,  i.  890 

Mistletoe,  vi.  7R 

perstans,  vi.  688 

diseases  spread  by,  vi.  512 

Mistura  cretae,  ii.  582 

philippinensis,  vi.  689 

evaporated,  for  infant  feeding,  v 

537 

rhei  et  sodoB,  vii.  561 

powcUi,  vi.  690 
taniguchii,  vi.  690 

food   value   of,   i.  208;  iv.  428, 

431, 

Misturas,  vi.  528 

435 

Mitchell,  Silas  Weir,  vi.  528 

Micromastia,  micromazia,  ii.  462 

goat's,  V.  533;  vi.  507 

Mites,  i.  504 

Micromelus,  viii    135 

human,  v.  532;  vi.  508 

Mitochondria,  ii.  711 

Micromeres,  vii.  705 

differentiation  of,  from  other  milk. 

Mitosis,  ii.  713 

Micrometer,  ii.  192;  vi.  497 

vi.  511 

pathological,  vi.  529 

Micron,  viii.  494 

in  relation  to  public  health,  vi. 

511 

Mitral  orifice,  v,  51 

Micrones,  iv.  359 

inspection,  vi.  519 

valvular  disease,  pulse  in,  vii.  406 

Microphthalmus,  viii.  133 

mare's,  v.  533;  vi.  507 

Mixtures,  vi.  528 

Micropolariscope,  vi.  499 

modification  of,  for  infant  feeding, 

Moccasin  flower,  iii.  404 

Micropus,  viii.  135 

V.  534 

siKike.  vii.  525 

Microscope  and  its  accessories,  vi.  491 

of  magnesia,  vi.  204 

Moderator  band  of  the  tricuspid  valve. 

binocular,  vi.  496 

pasteurization  of,  i.  836,  895;  vi 

51S 

V.    ."ill 

compound,  vi.  493 

peptonizing,  iv.  436 

Moitessier's  thermoregulator,  i.  900 

dark-field  illumination,  i.  917;  viii. 

poisoning  by,  iv.  426;  vi.  508,  5 

11 

Moken  aloes,  i.  224 

653 

preservation  of,  vi.  518 

Molasses,  vii.  609 

dissecting,  vi.  493 

red,  vi.  511 

food  value  of,  iv.  432 

mechanical  eyepiece,  ii.  192 

relation  of  composition  of,  to  ra 

pid- 

Mole,  cutaneous,  removal  of,  by  elec- 

tonsil, viii.  223 

ity  of  growth,  vi.  508 

trolysis,  iii.  897 

ultra-,  viii.  651 

secretion  of,  ii.  453,  457 ;  vi.  622 

fibrin,  iii.  40;  vii.  207 

Microscopy,  vi.  491 

sediments  in,  vi.  511 

fleshy,  iu.  39;  vii.  207 

ultra-,  viii.  651 

standards,  vi.  517 

hydatid,  iii.  39;  vii.  207 

Microsomia,    vi.    603;    viii.     130;    .see 

stringy,  vi.  511 

intrauterine,  iii.  39 

Xanixm. 

transmission    of    toxic    bodies 

and 

placental,  vii.  207,  208 

Microsomes,  ii.  711 

immunity  through,  vi.  510 

stone,  vii.  207 

Microspectroscope,  vi.  499 

woman's,  v,  532;  vi.  508 

Moleschott,  Jakob,  vi.  530 

Microsporidia,  viii.  605 

yellow,  vi.  511 

Mollities  ossium,  vi.  927 

Microsporon  audouini,  viii.  203 

Milker's  spasm,  vi.  765 

Molluscs,  poisonous,  iv.  426 

furfur,  v.  457;  viii.  205 

Milking,  vi.  521 

Molluscum  contagicsum,  vi.  530 

niinutissimum,  viii.  204 

Milk-sickness,  vi.  522 

epitheliale,  vi.  530 

Microstomia,  vi.  545 

Millboro  Springs,  \i.  525 

fibrosum,  vi.  531 

Microtia,  iii.  767 

Miller,  DeLaskie,  vi.  526 

sebaceum,  vi.  530 

Microtomes,  v.  202 

Millers,  diseases  among,  vi.  833 

simplex,  vi.  531 

freezing,  v.  254 

Miller's  spirillum,  i.  872 

verrucosum,  vi.  530 

Micturition,  disorders  of,  vi.  500 

Millipedes,  v.  596;  vi.  526 

Monaco,  vi.  533 

hesitancy  in  beginning,  vi.  503 

Mind,  development  of,  in  childhood. 

Monadidea,  vi.  532;  viii.  604 

interrupted,  vi.  503 

ii.  821 

Monarda,  vi.  532 

involuntary,  iv.  52;  see  Enuresis. 

diseases     of,     see    Mental     disease, 

Monas,  vi.  532 

stammering,  vi.  503 

Psychoses,  and  Paresis. 

pyiiphila.  viii.  611 

Midbrain,  anatomy,  ii.  313 

subconscious  actions  of  the,  i.  788 

Monaster,  ii.  714 

development  of  the,  ii.  286 

Mindererus,  Raymond,  vi.  526 

Mondeville,  Henri  de,  vi.  322;  viii.  39 

diseases  of  the.  ii.  395 

Mineral  Hill  Springs,  vi.  526 

Monilethrix,  i.  766 

section  of  the.  ii.  301 

Mineral  springs,  ii.  7 

Mono  Lake,  vi.  532 

Middeldorpf,    Albrecht    Theodor,    vi. 

waters,  ii.  7 

Monobrachius,  viii.  135 

604 

alkaline,  ii.  8 

Monocercomonas  hominis,  viii.  612 

Middle  age,  i.  151 

analyses  of,  ii.  7 

Monorystis  stiedse,  viii.  621 

Midges,  vi.  504 

arsenic,  ii.  11 

Monomastigoda,  vi.  533 

Mid-parent,  v.  ISS 

calcic-magnesic  alkaline,  ii.  9 

Monomyositis,  vi.  563 

Midwifery,  history  of.  vi.  818 

chalybeate,  ii.  10 

Monoplegia,  hysterical,  v.  485 

Migale  hentzii,  v.  596 

classification  of,  ii.  S 

Monopus,  viii.  135 

rilevi.  v.  596 

cold,  ii.  8 

Monorchidism,  viii.  148 

Migraine,  v.  14 

gaseous,  ii.  11 

Monosaccharides,  i.  205;  vi,  533 

eyestrain  theory  of,  iv.  31S 

iron,  ii.  10 

Monospermy,  v.  516 

Mihalkovicz,  Victor  Geza,  vi.  504 

lithic  alkaline,  ii.  8 

Monostomidae,  vi.  533 

v.  Mikulicz-Radecki,  Johann,  vi.  505 

radioactive,  ii.  11 

Monostomum,  vi.  533 

Mikulicz's  disease,  vii.  (121 

saline,  ii.  9 

Monro,  Alexander,  i.  337;  vi.  533 

Milfoil,  viii.  521 

thermal,  ii.  8 

Monro,    sulcus    of,    indefiniteness    of 

Miliaria,  vi.  505 

Miners,  diseases  of,  vi.  836 

term,  ii.  316 

Military  hygiene,  v.  402 

Miner's  elbow,  i.  564;  ii.  564,  565 

Mons  pubis  or  veneris,  iv.  655 

Milium,  vi.  505 

nystagmus,  vi.  836 

Monsel's  solution,  iv.  371 

Milk,  adulteration  of.  vi.  517 

Minnesota,    medical    practice    in, 

vi. 

Monsters,  viii.  129 

albumin,  v.  538 

293.  298 

double,  viii.  131 

ass's,  V.  533;  vi.  507 

Minot,  Charles  Sedgwick,  vi.  527 

frequency  of,  iii.  924 

blue,  vi.  511 

Minot,  Francis,  vi.  527 

monosomatous,  viii.  132 

brown,  vi.  511 

Minot's  microtomes,  v.  2113 

pol.vsomatous,  viii.  131 

Budde  process  of  treating,  ii.  550 

Miosis,  v.  (;ii2 

triple,  viii.  131 

classification  of,  vi.  521 

Miostagmin  reaction,  vi.  527 

Monstrosities,  causation  of,  viii.  130 
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Montana,     niedical     practice    in,     vi. 

2(tS 
Monte  Carlo  and  Monaco,  vi.  533 
Montenegro,    niedical   practici'   in.    vi. 

Monterey,  \  i.  534 

Montreal,  vi.  534 

Montreux,  vi.  535 

Montvale  Springs,  vi.  537 

Moonseed,  Canadian,  vi.  375 

Mooren,  Albert,  vi.  537 

Mooren's    ulcer     of    the    cornea,    iii. 

Moral  sense,  perversions  of,  in  mental 

disease,  vi.  419 
Morbilli,  vi.  280 
Morbus  Brightii,  vi.  715 

caduceus,  iv.  56 

ceruleus.  iii.  400 

cceliacus,  ii.  708 

hereuleus  (elephantiasis),  iii.  912 
(epilepsy),  iv.  56 

niaculosus  Werlhofii,  vii.  415 

regiii.s,  V.  681 
Morchella  esculenta,  iv.  577 
Mord,  common  or  esculent,  iv.  577 
Morgagni,  Giovanni  Battista,  vi.  3.38, 

538 
Morgagni's  hydatids,  iv.  638,  660,  06S 
Morgan,  John,  vi.  538 
Moro  test,  i.  .ilS,  842;  iii.  395 
Morocco,  medical  practice  in,  vi.  299 
Moron,  grades  of,  vi.  380 
Morphea,  vi.  538 
Morphine,  vi.  539 

diacetyl,  v.  228 

percentage  of,  in  opium,  vi.  900 

I>ostmortem  evidences  of  poisoning 
by,  i.  808 

tolerance  of,  v.  503 
Morphinism,  i.  198 
Morsus  diaboli,  iv.  639 
Mortality,  infantile,  v.  529 

tables,  V.  916 
Mortification,  iv.  613 
Morton,  Samuel  George,  vi.  541 
Morton,    William  Thomas  Green,  vi. 

541 :  viii.  55 
Morton's  neuralgia,  iv.  474 

ophthalmoscope,  vi.  894 
Morula,  ii.  85 

Morvan's  disease,  iv.  900;  vii.  8 
Moschion,  obstetrical  observation.?  of, 

vi.  820 
Moschus,  vi.  542 

V.  Mosetig-Moorhof,  Albert,  vi.  543 
Mosetig-Moorhof's  iodoform  bone-fill- 
ing, ii.  262 
Mosquitos,  v.  599;  vi.  543 

aedes  (stegomyia)  v.  601;  vii.  938; 
viii.  526 

anatomy  of,  vi.  214 

anopheles,  i.  454;  v.  600;  vi.  213 

culex,  iii.  390;  v.  600 

dissection  of,  vi.  215 

malarial,  i.  454;  v.  600;  vi.  213 

stegomyia,  v.  601;  vii.  938;  viii.  52(i 

yellow-fever,   v.   601;  vii.  938;   viii. 
526 
Moss,  vi.  543 

Iceland,  ii.  781 

Irish,  iii.  14 
Mosso  sphygmomanometer,  ii.  137 
Moth-patch,  ii.  824 
Moths,  V.  603 

brown-tail.  v.  604 
Motor-car,   hygienic  relations  of  the, 
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Motor   points,  head  and  neck,  iii.  891, 

905 

lower  extremity,  iii.  892,  900 

upper  extremity,  iii.  891,  906 

Mott,  Valentine,  vi.  543;  viii.  47,  51 

Mount  Clemens  Mineral  Springs,  vi. 

545 
Mount  Desert,  vi.  544 
Mountain   ranges,   effects   of,   on   cli- 
mate, iii.  107 
Mouth,  abnormalities  of,  vi.  645 

adenoma  of.  i.  121 

burns  of,  vii.  992 

diseases  of,  radiotherapy  of,  vii.  472 

imperforation  of,  i.  763 

inllainmation  of.  vii.  990 

lymphatics  of,  vi.  164 

scalds  of.  vii.  992 
Mouth-washes,  iii.  489 
Movement,  brain  control  of,  iii.  402 

development    of    the   power    of,    in 
childhood,  ii.  819 

passive,  vi.  246 

resistive,  vi.  247 

sensation  of.  v.  760 

vohintary,  in  childhood,  ii.  819 
Moynihan's  intestinal  support,  v.  62s 
Mucilagines,  vi.  546 
Mucin,  vi.  546 

in  bile,  ii.  51 

in  urine,  viii.  .349 
Mucinuria,  viii.  349 
Mucoids,  vi.  546 
Mucosa,  see  Mucous  membrane. 
Mucous  membranes,  iv.  77;  vi.  546 
amyloid  degeneration  of.  i.  306 
bronchial,  ii.  514 
esophageal,  iv.  113 
gastric,  vii.  943,  949 
inflammation  of,  vi.  548 
intestinal,  iii.  589,  596 
nasal,  vi.  618 
Mudlavia,  vi.  549 
Mueller,  Johannes  Peter,  vi.  549 
Mueller's  fluid,  v.  257 
Muguet,  vii.  991 
Mules'  operation,  iv.  304 
Mullein,  vii.  678 
Muller's  duct,  iv.  660 

fibers,  iv.  257 

fluid,  ii.  170 
Multifidus  spince  muscle,  anomalies  of, 

viii.  592 
Mumps,  vi.  560 
Mundinus,  i.  327 
Murchison,  Charles,  vi.  551 
Murexide,  vi.  552 

Muriatic  acid,  Fee  Hydrochloric  acid. 
Murmurs,  arterial,  ii.  647 

cardiac,  ii.  644 

cardiorespiratory,  ii.  647 
Murrill's  thermoregulator,  i.  900 
Murrina,  vi.  552 
Mus,  vi.  554 

Musca,  vi.  664;  see  Flies. 
Muscee  volitantes,  iv.  273;  viii.  463 
Muscale  buttons,  vi.  466 
Muscarine,  vi.  554;  vii.  3S2 

poisoning  by,  vii.  382 

postmortem  evidences  of.  i.  SOS 
Muscidee,  v.  590;  vi.  654;  see  Flies. 
Muscle,  vi.  664 

amyloid  degeneration  of,  i.  306;  vi. 
561 

anemia  of,  vi.  558 

anomalies  of,  viii.  674 

atrophy  of,  vi.  55S,  571.  573 

calcification  of,  vi.  561 


Muscle,  cardiac,  i.  OIll;    vi.  5.50;    see 
Myocardium. 
circulatory  dlsturbaniea  in,  vi.  .558 
coagulation  of,  iii.  120 
cutaneous,  vii.  7.51 
cysticercuB  cellulosa;  in,  vi.  505 
cyst.i  of,  iii.  415 
degeneration  of,  vi.  500 

of  nerve-endings  in,  vi.  502 
echinococcus  cysts  in.  vi.  .505 
fatty  degeneration,  vi.  560 
fibrillation  of,  vi.  561 
fracture  of,  vi.  570 
fragmentation  of,  vi.  501 
hemorrhage  in,  vi.  558 
hyaline  necrosis,  vi.  560 
hydropic  degeneration  of,  vi.  560 
h.vperemia  of,  vi.  558 
hypertrophy  of,  vi.  558,  571 
inflammation  of,  i.  558;  vi.  503;  see 

Myonilis. 
involuntary,  vi.  556 

pathology  of,  vi.  .571 
laccrjition  of.  vi.  570 
h'rj'ngeal.  v.  824 
liquelactive  necrosis  of,  vi.  500 
masticatory,  anomalies  of,  viii.  575 
necrosi.s  of.  vi.  560 
non-striated,  vi.  556 

pathology  of,  vi.  571 
orbital,  anomalies  of,  viii.  575 
parn,sites  in,  vi.  505 
I>athology  of,  vi.  668 
progre.ssive  atrophies  of,  vi.  673 

dystrophy  of.  vi.  559 
regeneration  of,  vi.  501 
regressive  changes  in,  vi.  558 
respiratory,  vii.  540 
smooth,  vi.  556 

pathology  of,  vi.  571 
striated,  vi.  554,  556 

pathology  of,  vi.  558 

structure  of,  iii.  270 
thigh,  anterior  group,  viii.  105 

inner  group,  viii.  165 

posterior  group,  viii.  107 
tissue,    therapeutic   uses  of   extract 

of,  vi.  922 
trichina  in,  vi.  565 
tympanic,  v.  33 
voluntary,  vi.  554,  556 

pathology  of,  vi.  558 
waxy  necrosis  of.  vi.  560 
wounds  of,  vi.  570 
Muscle-sense,  corticjil  centers  of,  ii. 
407 

tract  of,  in  the  pons  and  medulla, 
ii.  382 
Muscular    atrophies,    progres-sive.    vi. 

673 
contraction,  character  of.  iii.  274 
dystrophy,  progressive,  vi.  559 
Musculus    abductor    hallucis.    anom- 
alies of.  viii.  591 

indicis,     accessory    palmar,    viii. 
587 

minimi  digiti,  anomalies  of,  viii. 
587 

ossis  metacarpi  quinti,  viii.  591 

poUicis.  anomalies  of.  viii.  5s7 

pollicis  longus.  i.  539 
adductor  hrevis,  anomalies  of.  viii. 
588 

halluois,  anomalies  of.  Wii.  591 

indicis.  viii.  591 

longus.  anomalies  of,  viii.  588 

magnus.  anomalies  of.  viii.  588 

pollicis.  anomalies  of,  viii.  5S7 

741 


Musoulus 

Naja 

GENERAL  INDEX 

Musculus  anconeus,  i.  539 

Musculus       flexor       brevis     hallucis. 

Musculus  mylohyoideus,  anomalies  of, 

anomalies  of,  viii.  585 

anomalies  of,  viii.  591 

viii.  579 

anomalus,  viii.  575 

brevis  minimi  digiti,  anomalies  of. 

obliquus  externus  abdominis,  i.  1 

antitragicus,  iii.  727 

viii.  587,  591 

externus  abdominis,  anomalies  of. 

attrahens  auriculum,  iii.  7-7 

brevis  pollicis,  anomalies  of,  viii. 

viii.  593 

tuba;,  iv.  640 

587 

internus  abdominis,  i.  2 

auricularis,  iii.  727 

carpi  radialis,  i.  538 

internus  abdominis,  anomalies  of. 

anomalies  of,  viii.  575 

carpi  radialis,   anomalies  of,   viii. 

viii.  593 

biceps,  i.  533 

585 

obturator    externus,    anamolies    of, 

brachii,  anomalies  of,  viii.  583 

carpi  radialis  brevis,  viii.  586 

viii.  587 

fiexor  cruris,  anomalies  of,  viii.  588 

carpi  ulnaris,  i.  530 

internus,  anomalies  of,  viii.  587 

brachialis,  i.  534 

carpi  ulnaris,   anomalies   of,   viii 

occipitalis  anomalies  of,  viii.  575 

anticus,  anomalies  of,  viii.  584 

585 

minor,  viii.  576 

brachioradialis,  i.  539;  viii.  584 

digitorum  profundus,  i.  539 

occipitofrontalis,   anomalies  of,  viii. 

bulbocavernosus,  anomalies  of,  viii. 

digitorum  sublimis,  i.  538 

575 

593 

hallucis  longus,  anomalies  of,  viii. 

occipitohyoideus,  viii.  578 

chondrocoracoideus,  viii.  582 

590 

omohyoideue,  anomalies  of,  viii.  577 

chondroglossus,  viii.  579 

indicis,  viii.  585 

opponens  hallucis,  viii.  591 

cleidocervicalis,  viii.  581 

longus    digitorum,    anomalies    of. 

minimi   digiti,   anomalies  of,  viii. 

cleidooccipitalis,  viii.  576 

viii.  590 

587 

complexus,  anomalies  of,  viii.  592 

longus  pollicis,  i.  539 

palmaris  brevis,   anomalies  of,   viii. 

constrictor,  of  the  pharynx,  anom- 

longus pollicis,  anomalies  of,  viii. 

587 

alies  of,  viii,  579 

585 

longus,  i.  538 

coraeobrachialis,  i.  534 

profundus    digitorum,    anomalies 

longus,  anomalies  of,  viii.  585 

anomalies  of,  viii.  583 

of,  viii.  585 

papillares,  v.  50,  52 

costofascialis.  viii.  577 

sublimis  digitorum,  anomalies  of. 

pectinati,  v.  49 

cricohyoideus,  anomalies  of,  viii.  577 

viii.  585 

pectineus,  anomalies  of,  viii.  588 

dcltoideus,  anomalies  of,  viii.  582 

frontalis,  anomalies  of,  viii.  575 

pectorales,  absence  of,  ii.  804 

depressor  anguli  oris,  anomalies  of. 

gastrocnemius,    anomalies    of,    viii. 

pectoralis  major,  anomalies  of,  viii. 

viii.  575 

589 

581 

thyroidese,  viii.  577 

gemelli,  anomalies  of,  viii.  588 

minimus,  viii.  582 

digastricus,  anomalies  of,  viii.  578 

geniohyoglossus,   anomalies  of,   viii. 

peroneotibialis,  viii.  590 

dorsoepitrochlearis,  viii.  580,  584 

579 

peroneus  accessorius,  viii.  5S9 

epitrochleoanconeus,  viii.  584 

geniohvoideus,    anomalies    of,    viii. 

brevis,  anomalies  of.  viii.  589 

extensor  brevis  digitorum,  anomalies 

579" 

longus,  anomalies  of,  viii.  589 

of,  viii.  589 

gluteus  maximus,  anomalies  of,  viii. 

quartus,  viii.  589 

brevis    digitorum    in    hand,   viii. 

587 

quinti  digiti,  viii.  589 

587 

medius,  anomalies  of,  viii.  587 

tertius,  anomalies  of,  viii.  589 

carpi  radialis,   anomalies  of,   viii. 

minimus,  anomalies  of,  viii.  587 

pisiuneinatus,  viii.  587 

586 

gracilis,  anomalies  of,  viii.  588 

plantaris,  anomalies  of,  viii.  590 

carpi  radialis  brevis,  i.  539 

helicis,  iii.  727 

platysma,  anomalies  of,  viii.  575 

carpi  radialis  longus,  i.  539 

hepaticodiaphragmaticus,  viii.  59:^ 

popliteus,  anomalies  of,  viii.  500 

carpi  ulnaris,  i.  539 

hyoglossus,  anomalies  of,  viii.  579 

minor,  viii   590 

carpi  ulnaris.   anomalies   of,   viii. 

iliacus,  anomalies  of,  viii.  588 

pronator  quadratus,  i.  539 

586 

minor,  anomalies  of,  viii.  588 

quadratus,  anomalies  of,  viii.  5S.i 

coccygis,  viii.  592 

superficialis,  viii.  588 

radii  teres,  i.  538 

communis    digitorum,    anomalies 

iliocapsularis,     anomalies     of,     viii. 

radii  teres,  anomalies  of,  viii.  58.5 

of,  viii.  586 

588 

psoas    magnus,    anomalies    of,    viii. 

digiti  minimi,  i.  539 

infraspinatus,     anomalies     of,     viii. 

588 

digitorum  communis,  i.  539 

583 

parvus,  anomalies  of,  viii.  58S 

indicis,  i.  540 

intercostal,  viii.  646 

pterygoideus,  anomalies  of,  viii.  .'',7': 

indicis,  anomalies  of,  viii.  586 

anomalies  of,  viii.  592 

pter.vgospinosus,  viii.  575 

longus  digitorum  pedis,  anomalies 

interossei  (foot),  anomalies  of,  viii. 

pyramidalis,  anomalies  of,  viii.  o9'-'< 

of,  viii.  589 

591 

pyriformis,  anomalies  of,  viii.  587 

minimi  digiti,  anomalies  of,  viii. 

(hand),  anomalies  of,  viii.  587 

quadratus    femoris,     anomalies    "f. 

586 

ischiocalcaneus,  viii.  588 

viii.  588 

ossis  metacarpi  pollicis,  i.  539 

ischiocavernosus,  anomalies  of,  viii 

lumborum,  anomalies  of,  viii.  5'.i:! 

ossis  metacarpi  pollicis,  anomalies 

593 

quadriceps    extensor    cruris,    anom- 

of, viii.  586 

ischiocondyloideus,  viii.  589 

alies  of,  viii.  588 

ossis  metatarsi  hallucis,  viii.  589 

ischiofemoralis,  viii.  587 

quadrigeminus  capitis,  viii.  576 

primi  internodii  hallucis,  viii.  589  ' 

lateralis  abdominis,  viii.  593 

rectus  abdominis,  i.  3 

primi  internodii  pollicis,  anomalies 

latissimus  dorsi,   anomalies  of,  viii. 

abdominis,  anomalies  of,  viii.  5K 

of,  viii.  586 

580 

capitis,  anomalies  of,  viii.  580 

primi  internodii  pollicis  et  indicis, 

levator    anguli   scapulae,    anomalies 

capitis  posterior  minor,  anomalies 

viii.  586 

of,  viii.  580 

of,  viii.  591 

pollicis  brevis,  i.  540 

claviculffi,  viii.  576,  581 

subvertebralis,  viii.  592 

pollicis  longus,  i.  540 

glandulse  thyroidese,  viii.  578 

retrahens  auriculum,  iii.  727 

proprius  digiti  medii,  viii.  586 

labii     superioris,     anomalies      of. 

rhomboatloideus,  viii.  592 

proprius    hallucis,    anomalies    of, 

viii.  575 

rhomboideus,  anomalies  of,  viii.  580 

viii.  589 

longissimus  dorsi,  anomalies  of,  viii. 

rhombooccipitalis,  viii.  5S0 

secundi  internodii  pollicis,  anom- 

592 

risorius,  anomalies  of,  viii.  575 

alies  of,  viii.  586 

longus  colli,  anomalies  of,  viii.  580 

sacrolumbalis,  anomalies  of,  viii.  592 

flexor  accessorius,  anomalies  of,  viii. 

lumbricales     (foot),     anomalies    of. 

sartorius,  anomalies  of,  viii.  588 

590 

viii.  590 

scaleni,  anomalies  of,  viii.  579 

accessorius  longus  digitorum  pedis, 

(hand),  anomalies  of,  viii.  585 

semimembranosus,  anomalies  of,  viii. 

anomalies  of,  viii.  590 

mentohyoid,  viii.  578 

588 

brevis   digitorum    muscle,    anom- 

multifidus spinae,  anomalies  of,  viii. 

semitendinosus,    anomalies   of,    viii 

alies  of,  viii.  591 

592 

588 
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Musculus  serratus  magnus,  anomalies 
of,  viii.  582 

posticus     inferior,    anomalies    of, 
viii.  591 

posticus    superior,    anomalies    of, 
viii.  591 
soleus,  anomalies  of,  viii.  590 
spinalis  cervicis,  viii.  592 

dorsi,  anomalies  of,  viii.  592 
splenius,  anomalies  of,  viii.  592 
sternalis,  viii.  581 
sternochondroscapularis,  viii.  582 
sternocleidoniastoideus,      anomalies 

of.  viii.  576 
sternofascialis,  viii.  577 
sternohyoidcus,    anomalies    of,    viii. 

577 
stemothyroideus,  anomalies  of,  viii. 

577 
stylochondrohyoideus,  viii.  579 
styloglossus,  anomalies  of,  viii.  579 
stylohyoideus,  anomalies  of,  viii.  578 

alter,  viii.  579 
stylohyothyroideus,  viii.  579 
stylopharyngeus,  anomalies  of,  viii. 

579 
subanconeus,  viii.  584 
subelavius,  anomalies  of,  viii.  5S2 
subcostal,  viii.  646 
subcrureus,   anomalies  of,   viii.   588 
subscapularis,  anomalies  of,  viii.  583 
supinator  brevis,  i.  539 

brevis,  anomalies  of,  viii.  586 

longus,  i.  539 

longus,  anomalies  of,  viii.  586 
supraspinatus,  anomalies  of,  viii.  582 
supraelavicularis,  viii.  577 
supracostalis,  viii.  592 
temporalis,  anomalies  of,  viii.  575 
tensor  vaginae  femoris,  anomalies  of, 

viii.  587 
teres  major  and  minor,  anomalies  of. 

viii.  583 
thoracis,  viii.  646 
thyrohyoideus,    anomalies    of,    viii. 

tibialis  anticus,   anomalies  of,   viii. 
589 

posticus,  anomalies  of,  viii.  591 

secundus,  vui.  591 
tibiofascialis  anticus,   anomalies  of, 

viii.  589 
tragicus,  iii.  727 
transversalis  abdominis,  i.  3 

abdominis,  anomalies  of.  viii.  593 

cervicis,  viii.  580 
transversus  nuchae,  viii.  577 

orbitse,  viii.  575 

pedis,  anomalies  of,  viii.  591 

perinei,  anomalies  of,  viii.  593 

thoracis,  viii.  646 
trapezius,  anomalies  of,  viii.  580 
triangulus  sterni,  anomalies  of,  viii. 

592 
triceps,  i.  535 

extensor   cubiti,  anomalies  of.  \'iii. 
584 
triticoglossus,  vii.  579 
zygomaticus,  anomalies  of,  viii.  575 
Musculospiral   nerve,   injuries   of,   vi. 

741 
Mushrooms,  iv    574;  see  Fungi.  Edible 

and  Poisonous. 
cooking  of,  iv.  577 
edible,  iv.  575 
fairy-ring,  iv.  584 
false  oyster,  iv.  584 
field,  iv.  593 
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Mushrooms,  flat-cup,  iv.  593 
hor.^c,  iv.  .593 

parasol,  iv.  587 

pasture,  iv.  593 

poisonous,  iv.  577 

postmortem   evidences  of  poisoning 
by,  i.  80S 
Musk,  vi.  542 

Muskroot  (suMibul),  viii.  22 
Mussel  poisoning,  iv.  4L'(i 
Musser,  John  Herr,  vi.  578 
Mussey,  Reuben  D.,  vi.  678 
Mustard,  vii.  742 

oil,  vii.  743 

paper,  vii.  74'i 
Mutillidae,  v.  001 
Mutter,  Thomas  Dent,  vi.  579 
Mutton  broth,  iv.  438 

chops,  food  value  of,  iv.  432 
Myalgia,  vi.  570 

of  the  arm,  i.  556 
Myasthenia    gravis   pseudoparalytica, 

vii.  307 
Mycetoma,  vi.  679 
Mycetozoa,  viii.  604 
Mycosis  fungoides,  iv.  775 

intestinal,  i.  401 

pharyngeal,  vii.  160 
Mycetoma,  granulomatous  lesions  in, 

iv.  775 
Mydriasis,  v.  662 

traumatic,  v.  663 
Myelitis,  vi.  580 

(lissci.iinated,  vi.  582 

fuiiiiular,  vii.  855 

O.SS0OUS,  ii.  251 
Myeloblasts,  v.  893 
Myelocythemia,  v.  894 
Myeloma,  vi.  583;  vii.  C49 
Myelomalacia,  vi.  581 
Myelomeningocele,  vii.  827;  viii.  132 
Myelopathies,  vi.  575 
Myeloplaxes,  ii.  247;  iv.  698,  699 
Myelosis,  v.  894 
Myiasis,  vi.  585 

narium,  vi.  fl'J5 
Mylabris  cichorii,  v.  003 
Mylohyoid  muscle,  anomalies  of,  viii. 

579 
Myocarditis,  v.  82;  vi.  572 
Myocardium,  i.  616;  vi.  556 

aneurysm  of,  v.  ,56 

ataxia  of,  i.  631 

condition  of,   in  acute  plastic  peri- 
carditis, vii.  109 

diseases  of,  v.  80 

fragmentation  of,  v.  82 

pathology  of,  v.  81;  vi.  572 

peculiarities  of,  i.  616 

segmentation  of,  v.  81 

softviiing  of,  V.  55 
Myochrom,  vii.  193 
Myoclonia,  vii.  37 
Myoclonus  multiplex,  vii.  37 
Myodesopsia,  viii.  463 
Myohematin,  vii.  193 
MyoUpoma,  vi.  IS 
Myology,  studies  in,  i.  34;i 
Myoma,  vi.  585 

gastric,  vii.  986 

intestinal,  v.  637 

ovarian,  vi.  946 

rectal,  vii.  500 

striorellulare,  vi.  588 

ulcriuo.  viii.  378 
Myomalacia  cordis,  v.  55 
Myomectomy,  uterine,  viii.  380 
Myometrium,  iv.  646 


Myopathy,  diital  form  .,(,  vi.  r,7:, 
Myopia,  i.  64;  vi.  589;  viii.  451 

cau.scs,  vi.  594 

cla.isification  of,  vi.  592 

development  ol,  vi.  592 

ophthalmoscopic  appearances,  vi. 
593 

origin  of,  vi.  592 

pathological  anatomy,  vi.  ,594 

Iirogrcssive,  blindness  due  to.  ii.  lOS 

trcalment,  vi.  594 
Myopsin,  vii.  25 
Myosin,  vi.  696 
Myositis,  i.  5.58;  vi.  563 

actinomycrttic,  vi.  565 

acute  interstitial,  vi.  563 
parenchymatous,  vi.  563 
productive,  vi.  563 

chronic,  vi.  563 

gonorrheal,  vi.  564 

leprous,  vi.  .564 

os.sificans,  vi.  566 

confined  to  single  mu.scle.'i.  vi.  567 

sypliilitic,  vi.  .564 

tuhcrculftus,  vi.  564 
Myotonia  congenita,  vi.  500 
Myriapoda,  v.  596;  vi.  596 
Myringitis,  vi.  930 

syphilitica,  iii.  790.  803 
Myristic  acid,  i.  77 
Myristica,  vi   .'ill    596 
Myrrh,  vi.  597 
Myrtle,  wax,  ii.  25 
Mytilotoxine,  iv.  427;  vu.  383 
Mytilotorism,  iv.  426 
Myxedema,  iv.  743 

infantile,  iii.  352 

ps\'choses  of,  vii.  380 
Myxadenitis  labialis,  vi    597 
Myxococcidium,  vi   597 
Myxolipoma,  vi.  is 
Myxoma,  vi.  698 

of  the  breast,  ii.  480 
lacrymal  gland,  iv.  301 
optic  nerve,  iv.  299 
periosteum,  vii.  123 
stomach,  vii.  9S0 
Myxomycetes,  viii.  004 
Myxosarcoma,  vii.  014 
Myxosporidia,  vi.  599;  viii.  605,  620      ' 
Myzomyia,  vi.  699 
Myzorhynchus,  vi.  699 

Nabida,  v.  599 

Naegele  forceps,  iv.  510 

Nsevus,  see  \ctu.i. 

Nagel's  anomaloscope,  iii.  207 

color-percept  inn  test,  iii.  206 
Nahrstoff-Heyden,  i.  .SS9 
Nails,  anatomy  of.  vii.  75f) 

rare  of,  vi.  602 

cosmetics  for.  iii.  .303 

developmental  defects,  vi.  600 

discolorations  of,  iv.  8S4 

diseases  of,  iv.  883;  vi.  599 

eczema  of,  iii.  845;  vi.  601 
treatment,  vi.  603 

favus  of,  vi.  601 

p.soriasis  of,  vi.  602 
treatment,  vi.  603 

ringworm  of.  viii.  204 

spoon,  iv.  884 

syphilis  of,  vi.  602 
treatment,  vi.  603 

warts  of,  vi.  601 
Naja,  vi.  603 

hnje.  vii.  .525 

tripudian.<.  vii.  .525 

743 


Nanism 
Neurolytic  serur 
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Nanism,  v.  475;  vi.  603 
essential,  vi.  603 
genital  evolution  in  relation  to,  vi. 

610 
symptomatic,  vi.  606 
thyroid  gland  in  relation  to,  vi.  605, 
608 
Nantucket,    Martha's    Vineyard,    and 

<  'ape  Cod,  vi.  610 
Napa  Soda  Springs,  vi.  612 
Naphtha,  occupational  diseases  caused 
by,  vi.  830 
wood,  i.  193 
Naphthalene,  vi.  613 

di.sinfectant  action  of,  iii.  62S 
Naphthol,  ii.  45 

l)Cta-,  ii.  45 
Naphthosalol,  ii.  46 
Narceine,  vi.  900,  OtU 
Narcophine,  vi.  613 
Narcotics,  legislation  to  restrict  addic- 
tion, viii.  550 
Narcotine,  vi.  613 
Nasal  cavities,  vi.  614 
accessory,  vi.  617 
adenoma  of,  vi.  621 
anatomy    and    physiology    of,    vi. 

614 
angioma  of,  vi.  621 
carcinoma  of,  vi.  623 
chondroma  of,  vi.  622 
cysts  of,  vi.  621 
diphtheria  of,  iii.  607 
fibroma  of.  vi.  622 
imperforate,  i.  763 
lymphatics  of,  vi.  163 
neoplasms  in,  vi.  620 
osteoma  of,  vi.  622 
papilloma  of,  vi.  622 
parasites  in  the,  vi.  624 
physiology  of  the,  vi,  619 
polypi  of,  vi.  620 
sarcoma  of,  vi.  623 
tumors  of,  vi.  620 
duct,  diseases  of.  v.  794 
neuroses,  vi.  757 
reflex,  vi.  758 
Nasality  in  speech,  vii.  818 
Nasion,  vii.  764 

Nasmyth's  membrane,  viii.  109 
Nasopharyngoscope,       Holmes,      vii. 

.'i76 
Nassau,  vi.  625 
Natal  aloes,  i.  224 
Natal,  medical  practice  in,  vi.  299 
Nates,  vii.  78 

(coUiculus  superior),  iii.  166 
National      Formulary      of      Unofficial 

Preparations,  vii.  140 
Nationality  and  insanity,  vi.  394 
Natrium,  see  Sofiiuni. 
Nauheim,  vi.  626 
Naupathia,  vi.  629 

treatment,  vi.  030 
Nausea  of  pregnancy,  iv.  689 
Naval  hospital  ships,  v.  317 
hygiene,  vi.  632 
air,  vi.  634 
clothing,  vi.  649 
disinfection,  vi.  650 
divers,  vi.  642 
drainage,  vi.  646 
food,  vi.  648 
lighting,  vi.  644 
recruiting,  vi.  652 
submarine,  vi.  641 
ventilation,  vi.  637 
water  supply,  vi.  646 

744 


Naval  medical  service,  vi.  654 
dental  corps,  vi.  656 
history,  vi.  654 
hospital  corps,  vi.  656 
hospital  duty,  vi.  658 
medical  school,  vi.  659 
nurse  corps,  vi.  656 
organization,  vi.  654 
personnel,  vi.  655 
publications,  vi.  660 
Red  Cross  cooperation,  vi.  660 
reserve  corps,  vi.  656 
sea  duty,  vi.  658 
shore  duty,  vi.  656 
Navy,  vital  statistics  of  the,  vi.  633 
Neapolitan  fever,  vi.  233 
Nebraska,  medical  practice  in,  vi.  299 
Necator,  vi.  660 

amoricanus,  vi.  700 
Neck,  anatomy  of,  vi.  660 
arteries  of,  vi.  663 

surface  markings  of,  vi.  662 
bursae  of,  ii.  557 
fascia  of  the,  iv.  329;  vi.  663 
gun.shot  wounds  of,  iv.  818 
lymphatics  of,  vi.  166 
lymph-nodes  of,  vi.  166,  668 
nape  of  the,  vi.  670 
nerves,  surface  marking  of,  vi.  662 
surface  anatomy  of,  vi.  660 
surgical  anatomy  of,  vL  660 
topographical  anatomy  of,  vi.  663 
veins  of,  vi.  667 

surface  markings  of,  vi.  661 
muscles  of,  anomalies  of.  viii.  .575 
wry.  viii.  237 
Neck  of  a  tooth,  viii.  105 
Necrobiosis,  vi.  670 
Necropsy,  i.  793;  see  Autopxy. 
Necrosis,  vi.  671 
caseation,  vi.  674 
coagulation,  vi.  672 
colliquative,  vi.  673 
direct,  vi.  671 
dissociation,  vi.  672 
fat,  vi.  674 
indirect,  vi.  670 
jaw,  V.  694 

phosphorous,  ii.  257 
liquefaction,  vi.  67.3 
local,  an  autolytic  process,  i.  786 
mummification,  vi.  673 
orbital,  vi.  909 
phosphorous,  ii.  257 
progressive  emphysematous,  vii.  178 
sequelae  of,  vi.  675 
simple,  vi.  672  ' 

Zenker's,  vi.  673 
Negri,  Adelchi,  vi.  675 
Negri  bodies,  i.  920;  vii.  444 

staining  of,  i.  916,  920 
Negro  lethargy,  viii.  646 
Nelaton,  Auguste,  vi.  675 
Nelaton's  dislocation  of  the  ankle,  iii. 

(159 
Nemathelminthes,  vi.  675 
Nematocera,  vi.  676 
Nematoda,  vi.  676 
Neopallium,  ii.  331 
Neoplasms,  vi.  704 

abdominal,  diagnosis  of,  i.  23 

menorrhagia  in,  vi.  376 
attempts  to  produce,  vi.  710 
autolysis  in,  i.  787 
biological  investigation  of,  vi.  71t> 
characteristics,  vi.  705 
classification,  vi.  707;  vii.  639  ■,  I 

comi^lex,  vi.  70.S  \\' 


Neoplasms,  composite,  vi.  70S 
connective-tissue,  vi.  707 
electrolysis  of,  iii.  897 
embryonoid,  vi.  708 
epithelial,  vi.  707 
etiology,  vi.  708 
fatty,  vi.  16 

from  Wolffian  body  rests,  viii.  512 
Neoplasms,  malignant,  ii.  594,  627;  vi. 

705;  vii.  639 
metastasis  of,  vi.  478,  706 
mixed,  vi.  708 
of  arteries,  ii.  238 

brain,  ii.  418,  433 

brain,  operative  treatment,  ii.  41S 

breast,  ii.  478 

clitoris,  viii.  471 

intestine,  v.  637 

kidney,  v.  757 

larynx,  v.  831 

liver,  vi.  62 

lungs,  vi.  109 

lymph-nodes,  vi.  156 

mandible,  v.  695 

maxilla,  v.  686 

mediastinum,  vi.  286 

spine,  vii.  867 

spleen,  vii.  909 

stomach,  vii.  985 

testis,  viii.  147 

thyroid  gland,  viii.  191 

ton.sil,  viii.  229 

ureters,  viii.  324 

uterus,  viii.  378 

vagina,  viii.  410 

veins,  viii.  672 

vulva,  viii.  471 
pearl,  iii.  10;  viii.  137 
phantom,  vii.  347 
teratoid,  viii.  136 

complex,  viii.  138 

simple,  viii.  136 
transplanted,  vi.  710 
treatment,  vi.  711 
Neosalvarsan,  viii.  83 
Neosporidia,  vi.  711 ;  viii.  605 
Nephrectomy,  vi.  711 

lateral  abdominal,  vi.  714 
lumbar,  vi.  712 
mortality  of,  vi.  715 
paraperitoneal,  vi.  714 
partial,  vi.  715 
subcapsular,  vi.  713 
transperitoneal,  vi.  715 
Nephroureterectomy,  vi.  714 
Nephritis,  vi.  715 
acute,  vi.  718 

blood  pressure  in  relation  to.   ii. 

.    207 
blindness  complicating,  ii.  110 
chronic,   blood   pressure  in  relation 

to,  ii.  206 

interstitial,  vi.  722 

parenchymatous,  vi.  720 
climatic  treatment  of,  iii.  121 
colon  bacillus  infection  causing,  iii. 

175 
diet  in,  iv.  444 
eye  symptoms  in,  iv.  287 
fetal,  iv.  392 
gonococcal,  iv.  754 
operative  treatment  of,  vi.  725 
pathological  physiology  of,  vi.  717 
retinitis  in,  vii.  554 
scarlatinal,  vii.  6.58 
Nephrolithiasis,  v.  739 
Nephrolytic  serum,  v.  174 
Nephropexy,  v.  750 
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Nephrophages,  vi.  727 
sangninarius,  i.  510 
Nephroptosis,  v.  748 
Nephrotome,  iv.  dric* 
Nephrotomy  and  nephrostomy,  vi    727 
Nepidae,  v.  597 
Nerve,  abducens,  iii.  331 

cerebral  connectiona  of,  ii.  303 
paralysis  of,  viii.  4 
accelerator,  of  the  heart,  ii.  153 
accessorius,  iii.  336  ' 

cerebral  connections  of,  ii.  310 
acoustic,  iii.  719 

cerebral  connections  of,  ii.  300 
cochlear  root,  ii.  308 
diseases  of,  iii.  750 
vestibular  root,  ii.  307 
:ifferent,  vi.  733 
anatomical  study  of,  i.  343 
anterior  crural,  viii.  167 
auditory,  iii.  719;  vi.  733 
augment  or,  of  the  heart,  ii.  153 
chorda  tympani,  iii.  3.33 
conductivity  in,  vi.  736 
cranial,  ii.  294,  303;  iii.  321 

I,  ii.  327;  vi.  733,  865 

II,  ii.  319;  iv.  260 

III,  ii.  303;  iii.  330 

IV,  ii.  303;  iii.  330 

V,  ii.  304;  iii.  331 

VI,  ii.  303;  iii.  331 

VII,  ii.  306;  iii.  332 

VIII,  ii.  306;  iii.  719,  750 

IX,  ii.  309;  iii.  334 

X,  ii.  310;  iii.  .335 

XI,  ii.  310;  iii.  336 

XII,  ii.  311;  iii   3.36;  v.  467 
depressor,  ii.  158 

division  of,  phenomena  accompany- 
ing, vi.'737 
efferent,  vi.  732 
electrical,  vi.  732 
facial,  iii.  332 

cerebral  connections  of,  ii.  306 

injuries  of,  vi.  740 
fatigue  of,  vi.  737 
functions  of,  vi.  732 
glossopharyngeus,  iii.  334 

cerebral  connections  of,  ii.  309 
gunshot  wounds  of,  iv.  830 
hypoglossus,  iii.  336;  v.  467 

cerebral  connections  of.  ii.  311 
inflammation  of,  vi.  753;  see  .\eurili.i. 
inhibitory,  vi.  732 

of  the  heart,  ii.  152 
injuries  of,  vi.  740 
internal  cutaneous,   of  arm,   i.  534, 

536 
interosseous,  of  forearm,  i.  541 
irritability  of,  vi.  734 
masticatory,   cerebral  connections 

of  the,  ii.  305 
median,  i.  530,  541 

injury  oi  the,  i.  566 

at  the  elbow,  iii.  807 
motor,  vi.  732 
musculospiral,  i.  534,  536,  541 

injury  of,  i.  566;  vi.  741 
obturator,  viii.  167 
oculomotor,  iii.  330 

cerebral  connections  of  the.  ii.  303 
of  the  breast,  ii.  456,  401 

bronchi,  ii.  514 

diaphragm,  iii.  542 

eyelid,  iv.  314 

hip-joint,  V.  243 

intestine,  iii.  595.  596,  597 

liver,  vi.  47.  54 


Nerve  of  the  lungs,  vi.  loi 

ovaries,  iv.  638 

penis,  iv.  667 

skin,  vii.  755 

.stomach,  vii.  952 

thigh,  viii.  164.  107 

uterus,  iv.  647 

vagina,  iv.  6X5 

vulva,  iv.  658 
olfactory,  ii.  327;  vi.  733.  865 
ophthalmic,  iii.  331 
optic,  ii.  319 

retinal  origin  of,  iv.  258,  260 
patheticus,  paralysis  of,  viii.  4 
peroneal,  injuries  of,  vi.  742 
phrenic,  vii.  187 
physiology  of  the.  vi.  732 
pneumogastric,  iii.  335 

cerebral  connections  of,  ii.  310 
pressor,  ii.  158 
radial,  i.  541 

at  the  elbow,  iii.  867 
regeneration  of,  vi.  738 
repair   of,    with   fascia    transplanta- 
tion, viii.  253 
sciatic,  viii.  167 
secretory,  vi.  732 

of  kidney,  vii.  697 

of  pancreas,  vii.  691 

of  salivary  glands,  vii.  689 

of  stomach,  vii.  092 
spinal  accessory,  iii.  336 

cerebral  connections  of.  ii.  310 
stimulation  of,  vi.  734 
surgery  of,  vi.  738 
suture  of,  vi.  740 
terminalis.  vi.  866 
trigeminus,  iii.  331 

cerebral    connections    of     the,    ii. 
304 

'mesencephalic  root.  ii.  305 

portio  minor,  ii.  305 
trochlear,  iii.  330 

cerebral  connection  of  the,  ii.  303 
tubal,  iv.  640 
ulnar,  i.  534,  541 

dislocation  of,  i.  565 

injuries  of,  vi.  741 
vagus,  iii.  335 

cerebral  connections  of,  ii.  310 

relation  of.  to  the  autonomic  sy.*- 
tem,  viii.  66 
vasomotor,  ii.  154;  vi.  7.?.? 
venomotor.  ii.  156 
vestibular,  iii.  723 
visual,  vi.  733 
vomeronasal,  vi.  866 
Wrisberg's,  cerebral  connections  of. 

ii.  300 
Nerve-blocking,  i.  389;  vi,  742 
Nerve-cells,     ii.     274;     vi.     728;     see 

ViurOHis. 
Nerve-components,  di>ctrine  of.  iii.  321 
Nerve-endings  in  muscle,  v.  700 

degenerative  changes  in.  vi.  502 

Nerve-fibers,   vi.  730 

amyelinated,  vi.  730 

myelinated,  vi.  731 

Nerve-organs,  vi.  732 

Nerve-tissues,  vi.  728 

clKMiiical  composition  of.  vi.  73.s 
cysts  in,  iii.  415 
gray,  vi.  728 

therapeutic  uses  of  extract  of,  vi.  920 
white,  vi.  730 
Nerve-trunk,  vi.  731 
Nervi.  vi.  743 
Nervocidine,  local  anesthesia  by,  i.  392 


Nervous  debility,  cold  in  the  treatment 
of.  iii.  157 
di.'<easc8,  climatic  treatment  of.   iii. 
121 
senile,  vi.  8.50.  859 
system,  autunorair.  viii.  01 
cerebral,  inhibition  in.  v.  576 
cysts  of,  iii.  415 
effect  of  exercise  upon,  iv.  23G 
effect  of  thyroid  secretion  on.  viii. 

188 
embryology  of  the.  ii.  280 
histogrnesU,  ii.  281 
structural  elements  of  the,  ii.  274 
sympathetic,  viii.  61 
technique  of  the  study  of  the. 
ii.  279 
Nessler's  solution,  viii.  488 
Netherlands,  medical   practice  in,  vi. 

299 
Nettling  insects,  vi.  744 
Neubauer's  test  for  oxalic   acid,   viii. 

357 
Neuber's  iodoform  bone-fiUing,  ii.  262 
Neumann,  Isidor,  vi.  744 
Neural  tube,  hisi<>gener.i«  ■.(  the.  ii.  281 
Neuralgia,  vi.  744 
auricular,  iii.  705 
cutis,  iii.  499 
diaphragmatic,  iii.  540 
diet  in.  iv.  451 
electricity  in,  iii.  903 
facial,  senile,  vi.  856 
hysterical,  v.  486 
laryngeal,  v.  831 
mammary,  ii.  469 
massage  in.  vi.  249 
of  the  middle  ear.  syphilitic,  iii.  799 
plantar,  iv.  474 
radium  therapy  of.  vii.  466 
rectal,  vii.  499 
testicular,  viii.  147 
treatment,  vi.  740 
Neurapophyses,  viii.  074 
Neurasthenia,  vi.  747 

climatic  treatment,  iii.  121 
diagnosis,  v.  48S 
diet  in,  iv.  452 
hydrotherapy  in.  v.  400 
massage  in.  vi.  248 
treatment,  vi.  751 
Neuraxis,  growth  changes  in  the,  ii.  3s7 

number  of  neurones  in  the.  ii.  31Kt 
Neurenteric  canal,  vi.  762 
Neuridine,  vi.  763 
Neurilemma,  vi.  731 
Neurine,  vi.  763;  vii.  3>>2 
Neuritis,  vi.  763 

hydrotherapy  in.  v.  401 
massage  in.  vi.  249 
multiple,  vi.  754 

treatment,  vi.  756 
muscular  atrophy  in,  vi.  57b 
phototherap.v  of.  vii.  187 
radium  in,  vii.  466 
static  electricity  in,  vii.  928 
treatment,  vi.  754 
Neuroblastoma,  vii.  649 
Neurocyte,  vi.  728 
Neurodin,  vi.  767 
Neurofibrils,  vi.  729 
Neurofibroma,  iv.  401 

cerebral,  ii.  434 
Neurofibromatosis,  nmltiple.  vii.  490 
Neuroglia,  vi.  730 
Neurolysis,  fascia  transplantation  in. 

viii.  253 
Neurolytic  serum,  v.  175 
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Neuroma,  mammary,  ii.  483 

New  Mexico,  vi.  782 

Nitroglycerin,     occupational 

li.seases 

Neuronal,  v.  459 

medical  practice  in.  vi.  299 

caused  by,  vi.  831 

Neurone,  ii.  274;  vi.  728 

New  Orleans,  vi.  786 

Nitrohydrochloric  acid,  vi.  796 

cerebrospinal,    structural    peculiari- 

Newport News,  vi.  86.'^ 

action    of,    in   combinatio 

n    with 

ties  of  the,  ii.  274 

Newport,  R.  I.,  vi.  787 

bases,  vi.  793 

growth  of,  ii.  392 

Newsom's      Arroyo      Grande      Warm 

occupational  diseases   cau 

sed   by. 

in  old  age.  ii.  394 

Springs,  vi.  789 

vi.  831 

number  of,  ii.  390 

New    South    Wales,    medical    practice 

ether,  vi.  794 

processes  of,  vi.  729 

in.  vi.  2',»9 

diuretic  action  of,  iii.  0S4 

size  of,  ii.  391 

New  York,  vi.  790 

Nitrous  oxide,  vi.  795 

Neuroretinitis,    blindness    due    to,   ii. 

New  York  Infirmary  for  Women  and 

administration  of,  i.  371 

108 

Children,  establishment  of,  ii.  66 

with  oxygen,  i.  374 

Neuroryctes,  vi.  757 

New  York  State,  medical  practice  in. 

anesthetic  action  of,  i.  364;  v 

.  795 

hydrophobia-,  vii.  444 

vi.  299 

Nitze's     ureter  -  catheterizing 

cysto- 

Neuroses,  autointoxication  as  a  cause 

history  of  legislation  regarding,  vi. 

scope,  viii.  345 

of,  i.  781 

291 

Nobscot    Mountain    Spring,  vi 

796 

compulsion,  iii.  267 

New  Zealand,  medical  practice  in.  vi. 

Nocht's  stain,  ii.  191 

disordered   conscious   states   in,    iii. 

300 

Nodositas  crinium,  i.  766 

266 

Niaudet  battery,  iii.  874 

Noduli  .\rantii,  v.  52 

electricity  in,  iii.  908 

Nicaise,  Edouard,  vi.  791 

laqueati,  i.  767 

eye  symptoms  in,  iv.  288 

Nicaragua,     medical    practice    in.    vi. 

lymphatici  of  the  intestines. 

iii,  594 

gastric,  vii.  970 

300 

Noguchi's    ascitic  fluid-tissue 

agar,  i. 

laryngeal,  v.  829 

Nice,  vi.  791 

888 

mammarj-,  ii.  469 

NicoU's  pyloroplastic  operation,  vii.  981 

cutireaction  in  syphilis,  iii.  396 

motoring  in  the  causation  of,  i.  790 

Nicotine,  viii.  207 

method  of  cultivating  spirochetes,  i. 

nasal,  vi.  757 

action  of,  on  salivary  secretion,  vii. 

888 

reflex,  vi.  758 

690 

reaction,  vi.  797 

occupational    and    professional,    vi. 

amount  of,  in  tobacco,  viii.  207 

Noma,  iv.  616;  vii.  991 

764 

poisoning  by.  viii.  207 

auricular,  iii.  761 

of  the  hand,  iv.  897 

in  pregnant  women,  influence  of. 

vulvar,  viii.  469 

pharyngeal,  vi.  762 

on  the  fetus,  iv.  388 

Nome,  i.  177 

motor,  vi.  763 

Nictitation,  iv.  313 

Nomenclature,    Basle    Anaton 

ical,    i. 

secretory,  vi.  763 

V.  Niemeyer,  Felix,  vi.  792 

318 

sensory,  vi.  762 

Nigeria,  medical  practice  in,  vi.  3UU 

Nonne-Apelt  reaction,  vi.  797 

professional,  vi.  764 

Night-blindness,  vi.  813 

Noodles,  food  value  of,  iv,  432 

senile,  vi.  856,  859 

Nightmare,  iii.  265 

Nordrach,  ii.  1 

sexual,  vi.  765 

Nightshade,  vii.  230 

Norma  basilaris.  vii.  765 

soft  palate,  viii.  388 

deadly,  ii.  30 

frontalis,  vii.  762 

spinal,  vii.  876 

Night  terrors,  vii.  70 

lateralis,  vii.  763 

traumatic,  vi.  777 

vision  (hemeralopia),  v.  150 

Normoblasts,  ii.  162 

sympathetic,  of  the  eye,  vi.  880 

Nipple,  absence  of.  ii.  450,  463 

Normocytes,  ii.  161 

uvula,  viii.  3S8 

anatomy  of,  ii.  455,  459 

North   Carolina,   medical   practice   in. 

velum  palati.  viii.  388 

areola  of,  ii.  455,  459 

vi.  300 

Neurovascular  training,  v.  400 

chancre  of,  ii.  469 

North  Dakota,  medical  practice  in,  vi. 

Neutrophiles,  ii.  117 

development  of,  ii.  447 

311(1 

polynuclear,  diagnostic  significance 

diseases  of,  ii.  468 

Norway,  medical  practice  in,  v 

.  300 

of,  iii.  419 

fissured,  ii.  469 

Norwegian  itch,  vi.  797 

Neutrophilic  tissues,  ii.  1901 

inflammation  of,  ii.  469 

Nose,  accessory  sinuses  of,  vi.  617 

Nevada,  medical  practice  in,  vi.  299 

inverted,  ii.  468 

diseases  of,  vii.  743 

Nevus,  vi.  779 

Paget's  disease  of,  ii.  488 

anatomy  of,  vi.  616 

araneus,  vi.  780 

supernumerary,  ii.  450,  463 

cavities  of,  vi.  615;  see  Nasal  cavities. 

auricular,  iii.  763 

Nirvanine,  vi.  792 

deformities  of,  vi.  799 

cancer  following,  ii.  599 

Nissl's  corpuscles,  ii.  711;  vi.  72>S 

bone  transplantation  in,  v 

.  801 

conjunctival,  iv.  293 

degeneration,  vi.  729 

destruction  of,  vi.  805 

fibromatosus,  vi.  779 

methylene  blue,  v.  269 

foreign  bodies  in,  i.  168 

linearis,  diagnosis,  v.  496 

Niter,  vii.  318 

fracture  of,  iv.  534;  vi.  798 

lipomatodes,  vi.  780 

sweet  spirit  of,  vi.  794 

hook,  vi.  800 

pigmentosus,  vi.  780 

Nitrates  in  drinking  water,  viii.  487 

hump,  vi.  800 

radiotherapy  of,  vii.  472 

Nitric  acid,  vi.  792 

imperforate  nostrils,  i.  763 

sanguineus,  vi.  780 

caustic  action  of,  ii.  697 

injuries  and  deformities  of, 

vi.  797 

sebaceus,  i.  124 

occupational  diseases  caused   bv. 

overhanging  tip,  vi.  800 

sudoriparus,  i.  124 

vi.  831 

physiology  of,  vi.  620 

treatment,  vi.  781 

postmortem  evidences  of  poison- 

plastic surgery  of,  vi.  805;  vi 

.  250 

unius  lateris,  vi.  780 

ing  by.  i.  805 

saddle-back,  vi.  800 

vascularis,  i.  433 ;  vi.  780 

Nitrites,  vi.  793 

tumor  in,  vi.  620 

venous,  viii.  661 

in  drinking  water,  viii.  487 

wolf,  vi.  799 

verrucosus,  vi.  780 

Nitrobenzol,      occupational      diseases 

Nosebleed,  iv.  68;  see  Epistaxi 

s. 

Newborn  baby,  i.  145 

caused  by,  vi.  830 

Nosema  bombycis,  viii.  626 

edema  of,  iii.  849 

postmortem  evidence  of    poisoning 

Nosophen,  v.  652;  vi.  805 

head  injuries  in,  v.  S 

by,  i.  807 

Nostalgia,  vi.  805 

hemorrhagic  disease  of,  iv.  391 

Nitro-erythrite,     iv.    97;    see    Erythrol 

Nostrils,  imperforation  of.   i.   7 

63 

mastitis  in,  ii.  470 

Iclranitralc. 

Nothnagel,  Hermann,  vi.  806 

sclerema  of,  iii.  849 

Nitrogen     monoxide,      vi.     795;     see 

Nothnagel's  syndrome,  ii.  397 

New  Brunswick,  medical  practice  in, 

Xltrous  oridr. 

Notochord,  vi.  806 

vi.  29x 

Nitrogenous      extractions      in      lilood 

segmentation  of,  vi.  808 

Newcastle,  N.  H.,  vii.  311 

plasma,  ii.  122 

Notoedres  cati,  i.  508 

Newfoundland,  medical  practice  in,  vi. 

food,  see  Prohiii. 

Notonectidae,  v.  597 

299 

Nitroglycerin,  iv.  737 

Novargan,  i.  527 
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Nova  Scotia,  vi,  810 

medical  practice  in,  vi.  300 
Novaspirin,  vi.  810 
Novatophan,  vi.  811 
Novocaine,  vi.  811 

local  aiicslhesiit  by,  i.  390 

>piual  aiirsiliesia  by,  i.  394 
Novy's   apparatus  for   anaerobic   cul- 
tures, i.  906 

blood     agar    for     trypanosomes,    i. 
885 

filter,  i.  897 

incubator,  i.  900 

sterilizer,  i.  896 

tlu'inioreKLilator,  i.  899 
Nuck,  Anton,  vi,  811 
Nuck's  canal,  iv.  64,i 

h.N'tlrocele  of,  viii.  470 
Nuclease,  vi.  811 
Nucleic  acids,  i.  79;  vi.  811 

disinfectant  action  of,  iii.  (JL'S 
Nuclein,  vi.  811 

Nucleinic  acids  in  urine,  viii.  3.51 
Nucleins,  vi.  811 
Nucleo-albuminuria,  viii.  349 
Nucleohiston  in  urine,  viii.  3.5(1 
Nucleolus,  ii.  712 
Nucleoproteins,  vi.  812 

in  blood  plasma,  ii.  122 
Nucleus,  ii.  712 

caudate,  physiology  of  the,  ii.  411 

lenticular,  physiology  of  the,  ii.  411 

masticatorius,  ii.  305 

of  a  nerve  cell,  ii.  278 

olfactorius,  ii.  326 
Nuhn,  Anton,  vi.  812 
Nurse  Corps,  U.  S.  .\rmv,  i.  570 

U.  S.  Navy,  vi.  657 
Nurses,  registration  of,  viii.  246 

training  .school.s  for,  v.  309;  viii.  243 
Nussbaum,  Johann  Nepomuk,  vi.  812 
Nuts,  food  value  of,  i.  208;  iv.  429,  440 
Nutgall,  iv.  601 
Nutmeg,  vi.  596 
Nutrireceptors,  ii.  800 
Nutrition,  effect  of  exercise  upon,  iv. 
235 

ill  childhood,  ii.  S19 

in  relation  to  fecundity,  iv.  349 
Nuttall's  platinum  spear,  i.  901 
Nux  vomica,  vi.  812 
Nyassaland   Protectorate,    medical 

practice  in,  vi.  300 
Nyctalopia,  vi.  813 
Nyctotherus,  vi.  814 

africanus,  viii.  629 

falia,  viii.  628 

jiiiianteus,  viii.  629 
Nye  Lithia  Springs,  vi.  814 
Nylander's  test  for  sugar,  viii.  353 
Nyraphae,  iv.  656 
Nymphaeaceae,  vi.  814 
Nymphomania,  vi.  771 
Nyssorhynchus,  \  i.  814 
Nystagmus,  vi.  814 

caloric,  iii.  752 

cerebellar,  ii.  728,  734 

galvanic,  iii.  755 

in  multiple  sclerosis,  vii.  675 

labyrinthine,    iii.  724,  751 

miner's,  vi.  836 

Oak,  white,  vii.  442 
Oatmeal,  food  value  of.  iv.  432 
Obelion,    vii.    761 

Obermayer's  test  for  indican,  viii.  356 
Obermeier's    spirillum    or    spirochete, 
i.  iS73;  vii.  512 
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Obesity,  vi.  816 

etiology,  vi.  815 

hypophyseal,  v.  475;  vi.  917;  viii.  75 

pathological  anatomy,  vi.  816 

treatment,  ii.  18;  vi.  817 
Obliquus  externus  abdominis  muscle, 
anomalies  of,  viii.  593 

iiitcrnus    abdominis    muscle,    anom- 
alies of,  viii.  593 
Obsessions,  vi.  Mh 
Obstetrical  forceps,  iv.  506 
Obstetrics,  history  of,  vi.  818 
Obturator  externus  muscles,  anomalies 
of.  viii.  587 

internu.s  muscle,  anomalies   of,  viii. 
587 

vein,  anomalies  of,  viii.  060 
Obturator  for  cleft  palate,  iii.  102 
Occipital  point,  ma.^inmm.  vii.  764 
Occipitalis  minor  muscle,  viii.  576 
Occipitofrontalis     muscles,    anomalies 

of,  \iii.  575 
Occipitohyoid  muscle,  viii.  578 
Occupation  in  relation  to  fecundity,  iv. 
350 

atrophy  of  the  hand,  iv.  896 

diseases,  vi.  826 

neuroses,  vi.  764 

of  the  hand,  iv.  897;  vi.  765 
Ochee  Spring,  vi.  838 
Ochronose,  vi.  838 
Ochronosis,  vi.  838 
Oconee    White    Sulphur    Springs,   vi. 

843 
Octonitus  hominis,  viii.  612 
Oculomotor  nerve,  iii.  330 

cerebral  connections  of  the.  ii.  303 
Odontinoids,  vi.  843 
Odontoma,  vi.  843 

of  mandible,  v.  697 
Odors,  classification  of,  vi.  868 
O'Dwyer,  Joseph,  vi.  844 
Oertel,  Max  Joseph,  vi.  844 
Oertel  diet  foi  obesit.v,  vi.  817 
CEnanthe   crocata,   poisoning   by,  vii. 

234 
CEsophagostomum,  vi.  844 

.•i|iiostomum,  vi.  698 

stcphaiiostonium,  vi.  69K 
(Estridae,  vi.  844 

parasitic,  v.  589 
(Estrus,  vi.  844 

liominis.  V.  .589 
Ohio,  medical  i>ractice  in.  vi.  293.  3011 
Ohlmacher's  solution,  v.  2.56 
Ohm's  ophthalmoscope,  vi.  897 
Oidium  albicans,  v.  457 
Oils,  vi.  844,  M>3 

almond,  vi.  864 

bay,  ii.  25 

bcrgamot,  ii.  38 

cade,  ii.  669 

cajuput,  ii.  577 

camphor,  ii.  591 

cardamom,  ii.  644 

caraway,  ii.  664 

castor,  ii.  670 

cloves,  ii.  665 

chenopodium,   ii.  801 

cinnamon,  iii.  76 

cocoanut,  iii.  136 

cod-liver,  iii.  136 

cotton-seed,  iv.  759 

croton,  iii.  377 

nippcl's  animal,  iii.  617 

erigeron,  iv.  85 

essential,   disinfectant   action   of.   i. 
837 


Oils,  ethereal  animal,  iii.  617 

di.sinfeclant  action  of,  iii.  02'» 

eucalyptus,  iv.  150 

fennel,  iv.  410 

fixed,  i.  108 

fund,  i.  192 

ginger,  viii.  548 

grain,  i.  192 

lin.seed.  vi.  12 

mustard,  vii.  743 

nutmeg,  vi.  596 

olive,  vi.  872 

food    value   of.    i.    208:    iv.    428, 
432 

patchouli,  vii.  66 

rose.  vii.  001 

sandalwood,  vii.  629 

sassafra-s,  vii.  652 

sesame,  ii.  33 

tar,  vii.  205 

theobroma.  ii.  667 

thyme,  viii.    178 

turpentine,  viii.  142 

volatile,  i.  lOH 

disinfectant  action  of,  i.  Ki7 

vitriol,  viii.  22 
Oilcloth-workers,  diseases  among,  vi. 

N35 
Oil-gas,  iv.  620 
Ointments,  viii.  322 
Ojai  Valley,  vi.  846 
Ojo  Caliente,  vi.  845 
Oklahoma,    nicdiial    practiie    in.    vi. 

300 
Old  age,  vi.  845 

anemias  of.  i.  356 

arteriosclerosis  in.  ii.  230.  231 

chorea  of.  iii.  18 

climate  for.  iii.  121 

diseases  of,  vi.  850 

hygiene  of.  vi.  860 

mammary  atrophy  in.  ii.  46h 
hypertrophy  in,  ii.  4(i() 

neurones  in,  ii.  394 

normal,  vi.  847 

pathology  of.  vi.  850 

physiological  changes  in.  vi.  847 

psychoses  of,  vi.  396 
Old    Point   Comfort,    Newport    News. 

and  Virginia  Reach,  vi.  861 
Old-sightedness,  vii.  319 
Old  Sweet  Springs,  vi    863 
Olea,  vi.  sll,  863 
Oleata,  vi.  864 
Olecranon,  iii.  863 
Oleic  acid,  i.  77;  vi.  864 
Oleoresins,  i.  109;  vi.  864 
Oleosacchara,  vi.  864 
Oleum      amygdala      expressum.     r: 
864 

liergamotta?,  ii.  38 

cadinum.  ii.  669 

cajuputi.  ii.  677 

camphorae.  ii.  591 

cardamomi,  ii.  644 

cari.  ii.  664 

caryophylli,  ii.  665 

chenopodii,  ii.  801 

cinnaniomi.  iii.  76 

oocos.  iii.  136 

crotonis,  iii.  377 

erigerontis,  iv.  85 

eucal.vpti,  iv.  1.50 

foenicvili.  iv.  410 

foliorum  patchouli,  vii.  66 

gossypii  seminis.  iv.  759 

jecoris  aselli.  iii.  136 

lini.  vi.  12 

747 


1! 


Oleum  morrhuae 
Pain 


GENERAL  INDEX 


Oleum  morrhuae,    iii.  136 

Onychitis,  treatment,  vi.  002 

Opsonic  index,  modification  of,  viii.  397 

inyroiR',  ii.  25 

Onychomycosis,  vi.  001 

technique  of,  i.  924;  viii.  395 

myristicae.  vi.  596 

favo.sa,  viii.  201 

therapy,  viii.  394 

olivae,  vi.  872 

treatment,  vi.  603 

Opsonins,  v.  512;  vi.  903 

picis  liquidfe,  vii.  205 

trichophytina,  viii.  204 

immune,  viii.  394 

ricini,  ii.  670 

Onychophagia,  vi.  600 

normal,  viii.  394    • 

ro.«ie.  vii.  601 

Onychoses,  vi.  OOO 

specific,  viii.  394 

s.antali,  vii.  629 

treat nicnt,  vi.  002 

theory  of,  viii.  394 

s.issafras,  vii.  652 

Onychotrophoneuroses,  vi.  6(I2 

Optic  disc,  viii.  450 

sesami,  ii.  33 

treatment,  vi.  003 

cupping  of  the,  iii.  391;  iv.  723 

sinapis  volatile,  vii.  743 

Oocyan,  vii.  193 

nerve,  ii.  319 

terebinthinse,  viii.  142 

Oocyst,  vi.  877 

atrophy  of,   blindness   due  to,  ii. 

theobromatis,  ii.  567 

Oogonia,  iv.  678;  vi.  275 

109,  110 

thymi,  viii.  178 

Oophoritis,  acute,  vi.  942 

retinal  origin  of,  iv.  258,  200 

ticlii,  iii.  377 

chr.inic.  vi.  943 

tumor  of,  iv.  298;  vi.  911 

zingibpris,  viii.  548 

Oospermium,  iv.  673 

Optics,  iv.  263 

Olfaction,  vi.  867 

Open-air  treatment   of  disease,  i.   139 

visual,  viii.  450 

.lisorders  of,  vi.  757 

Ophianis,  v.  878 

Optochin    (ethvl    hydrocupreine),    iv. 

Olfactometer,  vi.  869 

Ophibolus  getulus,  vii.  533 

149 

Olfactometry,  vi.  868 

Ophiophagus  elaps,  vii.  525 

Optometry,  vi.  903 

Olfactory  fells,  discovery  of,  i.  345 

Ophiotoxin,  vii.  528 

Orange,  i.  775 

cortex,  ii.  330 

Ophryon,  vii.  704 

food  value  of,  iv.  432 

nerve,  ii.  327;  vi.  733,  865 

Ophthalmencephalon,  ii.  318 

Orange  River  Colony,  medical  practice 

Olibanum,  vi.  870 

Ophthalmia,  iii.  245 

in,  vi.  300 

Oligemia,  vi.  870 

gonorrheal,  iii.  247 

Orange  skin   in  mammary  carcinoma. 

Oligochromemia,  vi.  871 

treatment,  iii.  248 

ii.  490 

Oligocythemia,  vi.  871 

neonatorum,  iii.  247 

Orbit,  diseases  and  injuries  of  the.  vi. 

Oligohydramnion,  i.  201 

blindness  due  to,  ii.  107 

907 

Oligotrichia,  i.  225 

treatment,  iii.  248 

in.i\iries  of,  vi.  911 

Oliguria,  viii.  348 

pan-,  iii.  47 

lyiiiph.atics  of,  vi.  103 

Olive  oil,  vi.  872 

purulent,  blindness  due  to,  ii.  107. 110 

tniii.irs  of  the,  iv.  299;  vi.  910 

fnod  v.alue  of,  i.  208;  iv.  428, 

sympathetic,  vi.  877 

Orbital  sinus,  vii,  771 

132 

blindness  due  to,  ii.  109 

Orchidectomy,  ii.  671 

Oliver  wool  test,  iii.  203 

treatment,  vi.  879 

for  cancer,  ii.  672 

Oliver's  hemocytomefer,  ii.  173 

Ophthalmic  nerve,  iii.  331 

for  prostatic  hypertrophy,  vii.  336 

hcinodlohinometpr.  ii.  182.  183 

Ophthalmometer,  vi.  880 

Orchitis,  viii.  144 

Oliver-Abney  pellet  test,  iii.  207 

Ophthalmoplegia  externa,  viii.  4 

cold  in  the  treatment  of,  iii.  157 

Oilier,  Louis  Xavier  Edouard  Leopold, 

Ophthalmoreaction,  vi.  888 

complicating  mumps,  vi.  551 

vi.  872 

Ophthalmoscope,  vi.  892 

Orcin  test  for  glycuronic  acid,  viii.  356 

Olt's  freezing  method,  v.  255 

electric,  vi.  895 

Oregon,  iTiedical  practice  in,  vi.  300 

Olympian  Springs,  vi.  872 

principles  of,  vi.  888 

Orfila,   Mathieu  Joseph  Bonaventure, 

Omentitis,  vi.  874 

Ophthalmoscopy,  vi.  888 

vi.  912 

Omentum,  abscess  of,  vi.  875 

Ophthalmostatometry,  vi.  906 

Organellffi  of  protozoa,  viii.  603 

iiiiatomy  of,  vi.  873 

Ophthalmotropometry,  vi.  906 

Organotherapy,  vi.  912 

cancer  of,  vi.  876 

Opianyl,  vi.  900 

of  cancer,  ii.  007 

circulatory  changes  in,  vi.  873 

Opisthion,  vii.  765 

Organotropism,  ii.  800 

degenerative  changes  in,  vi.  874 

Opisthoglypha,  vii.  526 

Oribasius,  i.  327;  vi.  318,  922 

edema  of,  vi.  874 

Opisthorchiidte,  viii.  272 

Oriental  sore,  v.  877 

hemorrhage  of,  vi.  874 

Opisthorchis,  vi.  898 

granulomatous  lesions  in,  iv.  774 

infarction  of,  vi.  874 

felineus,  viii.  272 

microorganism  of,  viii,  618 

inflammatory  tumors  of,  vi.  874 

nuverca,  viii,  273 

Ornithine,  vi.  922;  vii.  382 

malformations  of,  vi.  873 

sinen.sis,  viii.  272 

Ornithodoros,  vi.  922 

necrosis  of,  vi.  874 

Opium,  vi.  898 

megnini,  i.  512 

pathology  of,  vi.  873 

adulteration  of,  vi.  899 

moubata,  i.  511;  vii.  515 

parasites  of,  vi.  876 

alkaloids  of,  vi.  900 

savignyi,  vii.  516 

pseudomyxoma  of,  vi.  876 

Boston,  vi.  899 

talaje,  vii.  515 

syphilis  of,  vi.  876 

constituents  of,  vi.  900 

Oroya  fever,  vi.  923 

tuberculosis  of,  vi.  876 

habituation,  i.  198 

Orris  root,  vi.  923 

tumors  of,  vi.  876 

idiosyncrasy  regarding,  v.  503 

Orth's  fluid,  v.  259 

Omohyoid  muscle,  anomalies  of.  viii. 

poisoning  by,  vi.  902 

Orthoform,  vi.  924 

.'^77 

in  pregnant  women,  influence  of. 

local  anesthesia  by,  i.  391 

Omphalocele,  viii.  133 

on  tiie  fetus,  iv.  388 

Orthomethylacetanilide,  iv.  186 

Onanism,  vi.  776 

postmortem  evidence  of,  i.  808 

Orthorrhapha,  vi.  924 

Onchocerca  volvulus,  vi.  688 

preparations  of,  vi.  901 

Orthoscope  of  Czermak,  vi.  894 

Onchophore,  vi.  876 

pudding,  vi.  899 

Os  calcis,  excision  of,  iv.  211 

Onchosphere,  vi.  876 

rash,  iii.  504 

innominatum.  vii.  80 

of  a  cestode.  ii.  763 

Opiumism,  i.  198 

penis,  iv.  666 

Oncometer,  vii.  904 

Opodeldoc,  vii.  036 

tincae,  iv.  641 

Onions,  food  value  of,  iv.  432 

Opotherapy,  vi.  912 

triquetrum.  viii.  517 

Ontario,    medical    practice    in,    vi. 

of  .aneer,  ii.  607 

Os  uteri,  iv.  641 

300 

v.  Oppolzer,  Johann,  vi.  902 

Osazone,  vi.  924 

Ontogeny,  evolution  in,  iv.  105 

Opponens  hallucis  muscle,  viii.  591 

Oscillaria  malariae,  viii.  623 

Onychauxis,  iv.  884 

minimi  digiti  muscle,  anomalies  of, 

Oscitation,  viii.  521 

Onychia,  iv.  883 

viii.  587 

Osiander,  Frederic  Benjamin,  vi.  924 

maligna,  vi.  601 

Opsicoetus,  vi.  903 

Osier's  disease,  iv.  94;  see  Erythremia. 

sicca,  vi.  602 

per.sonatus,  v.  597 

Osmic  acid,  vi.  924 

syphilitica,  iv.  880 

Opsonic  index,  vi.  903 

occupational  diseases  caused  by,  vi. 

Onychitis,  vi.  601 

massage  in  relation  to,  vi.  251 

831 
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Oleum  luurrbuir 
Palo 


Osmidrosis,  ii.  511 

Osmosis,  vi    925 

Ospedaletfi,    vi.   925 

ossein,  vi.  925 

Ossicles,  auditory,  iii.  736;  v.  30 

ptcrinii,  viii.  517 
Ossification  and  calcification,  distjuf- 
tion  between,  ii.  578 

intraeartilaginous,  ii.  247 

intramembranous,  ii.  249 

subperiosteal,  ii.  249 
Osteitis,  ii.  250 

acute,  ii.  251 

chronic,  ii.  256 

clinical  picture,  ii.  252 

condensing,  vi.  929 

deformans,  ii.  257 
spinal,  vii.  876 

diagnosis,  ii.  253 

epiphyseal,  ii.  255 

etiology,  ii.  252 

ossificans,  vi.  929 

osteoplastic,  vi.  929 

productive,  vi.  929 

rheumatic,  ii.  256 

syphilitic,  ii.  256 

treatment,  ii.  253 

tuberculous,  ii.  257 
Osteoarthritis,  vii.  565 
Osteoarthropathy,    hypertrophic    pul- 
monary, i.  704;  iv.  S75 
Osteoblastoma,  vi.  925 
Osteoblasts,  ii.  249 
Osteoclasis  for  knock-knee,  v.  771 
Osteoclasts,  iv.  698 
Osteolipoma,  vi.  18 
Osteology,  studies  in,  i.  343 
Osteoma,  vi.  925 

fprcbral,  ii.  434 

Kastric-,  vii.  986 

mammary,  ii.  483 

mandibular,  v.  696 

maxillary,  v.  687 

nasal,  vi.  622 

orbital,  iv.  300;  vi.  911 

periosteal,  vii.  122 

pulmonary,  vi.  110 
Osteomalacia,  vi.  927 

pehic  deformity  in,  vii.  89 
Osteomyelitis,  i.  553;  ii.  251 

cau-ation,  ii.  252 

ihroiiic,  ii.  256 

clinical  picture,  ii.  252 

diagnosis,  ii.  253 

gauze   piston   for   cleaning   out    the 
medullary  canal,  ii.  254 

treatment,  ii.  253 

vertebral,  vii.  874 
Osteopathy,  viii.  594 
Osteoporosis,  i.  7711 
Osteopsathyrosis,  vi.  928 
Osteosarcoma,  vii.  645 
Osteosclerosis,  vi.  929 
Osteotomy  for  club-foot,  iv.  494 

for  knock-knee,  v.  771 
O.T.  (old  tuberculin),  viii.  283 
Othematoma,  iii.  761 

in  relation  to  insanity,  vi.  409 
Otiobius,  vi.  930 
Otis,  George  A.,  vi.  930 
Otitis  externa  furunculosa,  iii.  772 
syphilitica,  iii.  794 

interna,  iii.  756 

syphilitica,  iii.  800 
media,  vi.  930 

acute  catarrhal,  vi.  931 
acute  serous,  vi.  932 
acute  suppurative,  vi.  933 


Otitis  niedia,  acute  syphilitic,  iii.  797 
catarrhal,  syphilitic,  iii.  797 
chronic  adhesive,  vi.  938 
chronic  catarrhal,  vi.  933 
chronic  .suppurative,  vi.  935 
chronic  syphilitic,  iii.  797 
complicating  mumps,  vi.  551 
in  infants,  vi.  935 
in  infants,  syphilitic,  iii.  803 
intracranial  complications,  iii.  790 
prevention  of,  iii.  785 
purulent  syphilitic,  iii.  798 
scarlatinal,  vii.  658 
syphilitica,  iii.  797,  803 
tuberculous,  vi.  939 
Otocalorimeter,  iii.  7.54 
Otogoniometer,  iii.  754 
Otomycosis,  iii.  774 
Otophone,  v.  46 
Otorrhea,  diagnostic  significance  of,  iii. 

741 
Otosclerosis,  radiotherapy  of,  vii.  472 
Otoscopy,  iii.  744 
Ottawa,  vi.  940 

Quid's  work  in  obstetrics,  vi.  823 
Out-door  sleeping  room,  v.  297 
Ovarian  extract,  therapeutic  uses  of,  vi. 

920 
Ovaries,  iv.  633 
absence  of,  vi.  940 
accessory,  vi.  941 
action    of    secretion    of,    upon    the 

sympathetic  system,  viii.  68 
adepoma  of,  i.  122 
anatomy  of,  iv.  633 
atrophy  of,  vi.  942 
cancer  of,  vi.  946 
diagnosis,  i.  40 
changes  in,  during  gestation,  iv.  683 
cyst  ot,  diagnosis,  i.  39 
cyst  adenoma  of,  iii.  406 
descent  of  the,  iv.  031 
di'vclopmeut  of.  iv.  631 
dermoid  cysts  of,  viii.  139 
diseases  of,  vi.  940 
disorders  dependent  upon  deranged 

secretion  of,  viii.  76 
displacements  of,  vi.  941 
ectopia  of,  v.  227 
excision  of,  vi.  961 
first  case  of.  viii.  53 
for  osteomalacia,  vi.  928 
hematoma  of,  vi.  944 
hernia  of,  vi.  941 
hyijcrtrophy  of,  vi.  942 
inflammation  of,  vi.  942 
internal  secretion  of.  vii.  703 
lymphatics  of,  vi.  174 
ova  of  the,  vi.  965 
prolapse  of,  vi.  941 
situation,  iv.  634 
solid  teratomata  of,  viii.  140 
structure,  iv.  635 
teratomata  of.  viii.  139 
transplantation  of,  vi.  941 
tuberculosis  of,  vi.  945 
tumors  of,  vi.  945 
diagnosis,  i.  39 
vestigial  structures  in,  iv.  638 
Ovariotomy,  vi.  961 
first  case  of,  viii.  53 
for  osteomalacia,  vi.  928 
Ovaritis,  vi.  942 
acute,  vi.  942 
Overtones,  v.  2.') 
Oviducts,  iv.  638;  vi.  966 
absence  of,  i.  765 
anomalies  ot,  vi.  956 


Oviducts,  cancer  of,  vi.  95ii 
hemorrhage  in  the.  vi.  957 
inflammation  of,  vi.  958 
lymphatics  of,  vi.  174 
tuberculoHia  of,  vi.  957 
tumors  of,  vi.  956 
Ovisacs,  iv.  635 
Ovoferrin,  iv.  .373 
Ovoplasma  orientale,  viii.  Uls 
Ovulation,  vi.  378 
Ovum,  vi.  962 

cleavage  of,  vii.  704 
human,  specimens  of,  iv.  374 
passage  of,  through  the  oviduct,  iv. 

640 
segmentation  of.  vii.  704 
Owen,  Griffith,  vi.  966 
Owen  Mineral  WeU,  vi.  966 
Oxalates  in  urine,  viii.  357,  .360,  361 
Oxalic  acid,  i.  78;  vi.  966 

occupational  diseases  causod  by,  vi. 

833 
poisoning  by,  viii.  696 

postmortem  evidences  of,  i.  805 
Oxalidacea,  characteristics  of,  vii.  225 
Oxaluria,  viii.  357,  360,  361 

autointoxication  aa  a  caiue  of,  i.  783 
Ox-bile,  iv.  366 

medium,  i.  891 
Oxford  Chalybeate  Mineral  Spring,  vi. 

966 
Ox-gall,  iv.  366 

mcdiimi.  i.  s'.il 
Oxidase  reaction,  vi.  966 
Oxidases,  vi.  966 
Oxyalanin,  i.  7s 
Oxybutyric  acid,  i.  72 
Oxycamphor,  vi    966 
Oxycymol,  ii.  665 
Oxygen    vi.  967 

disinfcitant  action  of.  iii.  628 
Oxyhemocyanin,  vii.  192 
Oxyhemoglobin,  vi.  967;  vii.  .542 
Oxymel,  vi.  967 
Oxyphilic  tissues,  ii.  190 
Oxyproline,  i.  ~>^ 
Oxypurines,  vii.  413 
Oxyuiis,  vi.  967 

vermicularis.  vi.  702 
Oysters,  food  value  of,  i.  208;  iv.432.  439 
poisoning  by,  iv.  427 

Pacchioni,  Antoaio,  vii.  1 
Pacchionian  bodies,  ii.  340;  vii.  1 
Pachyacria,  i.  '■>■'> 
Pachydermia  vesica,  ii.  74 
Pachymeningitis       cervicalis      hyper- 
trophica,  vi.  356,  370 

externa,  vi.  355,  370 

hemorrhagica  interna,  vi.  370 

interna,  vi.  355.  370 

localized,  operation  for.  vi.  2r>s 

otitic,  iii.  791 
Pacific  Congress  Spring,  vii.  2 
Pacini,  Filippo,  vii.  2 
Pacini's  solution,  ii.  162 
Pacinian  corpuscles,  iv.  22 

pathology  of.  vii.  3 
Packard,  John  Hooker,  \\i  4 
Paget,  Julius  Leopold,  vii.  4 
Pagenstecher,  Alexander,  vii.  4 
Paget,  Sir  James,  vii.  4 
Paget's  disease  of  the  nipple,  ii-  4>»S 
Pagosa  Springs,  vii.  4 
Pain,  vii.  6 

appreciation  of,  vii.  6 

idios.vncrasy  regarding,  v.  ,501 

labor,  v.  778 
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Pain,  location,  vii.  6 

pathways,  vii.    6 

varieties,  vii.  5 
Palate,  cleft,  iii.  92 

obturator  for  cleft,  iii.  102 

soft,  adhesion  of,  viii.  386 
anatomy  of,  viii.  384 
diseases  of,  viii.  384 
neuroses  of,  viii.  388 
paralysis  of,  viii.  388 
physiology  of,  viii.  384 
syphilis  of,  viii.  386 
Paleontology,   evidences   of   evolution 

in.  iv.  107 
Palfyn's  forceps,  iv.  508 
Palm  Beach,  Florida,  vii.  6 
Palm  of  the  hand,  iv.  S59 
Palmaris  longus  muscle,  anomalies  of, 

viii.  .!i>i.') 
Palmer,  James  Croxall,  vii.  7 
Palmetto,  saw,  vii.  606 
Palmitic  acid,  i.  77 
Palmyra  Mineral  Springs,  vii.  7 
Palpation,  iii.  530 

in  pulmonary  tuberculosis,  vi.  129 
Palpitation,  cardiac,  v.  78 
Palsy,   see  also  Paralysis,  Paraplegia. 
etc. 

infantile  cerebral,  vii.  8 

scrivener's,  vi.  765 

shaking,  vii.  34 

wasting,  vi.  575 
Panacea  Springs,  vii.  8 
Panama,  medical  practice  in,  vi.  300 
Panaris,  iv.  877 

syphilitic,  iv.  880 
Panaritium,  iv.  877 

Pancoast,  Joseph,  vii.  9 
Pancoast,  William  H.,  vii.  9 
Pancreas,  abnormalities  of,  vii.  12 

accessory,  vii.  12 

action  of  the  secretion  of,  upon  the 
sympathetic  system,  viii.  68 

adenoma  of,  i.  124 

anatomy  of,  vii.  9 

atrophy  of.  vii.  12 

calculi  of,  iii.  226;  vii.  21 

carcinoma  of.  vii.  24 
diagnosis,  i.  32 

cysts  of,  iii.  416;  vii.  22 
diagnosis,  i.  33 

diseases  and  injuries  of,  vii.  12 

disorders  dependent  upon  deranged 
secretion  of,  viii.  75 

displacement  of,  vii.  12 

incisions  for  operation  on.  i.  22 

inflammation  of,  vii.  12 

injuries  of,  vii.  20 

internal  secretion  of,  vii.  702 

lymphatics  of,  vi.  175 

necrosis  of,  vii.  15 

pseudocysts  of,  vii.  22 

secretion  of,  vii.  691 

senile  changes  in,  vi.  848 

surgical  anatomy  of.Ti.  19 

therapeutic  uses  of  extract]of,  vi.  921 

Tumors  of,  vii.  24 
diagnosis,  i.  .32 
Pancreatic    secretion,    mechanism    of, 

vii.  691 
Pancreatinum,  vii.  25 
Pancreatitis,  vii.  12 

chronic  interacinar,  vii.  19 

pathogenesis,  vii.  12 

pathology,  vii.  14 

symptoms,  vii.  15 

treatment,  vii.  18 
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Pancreon,  vii.  26 
Pander,  Christian,  i.  339 
Pangenesis,  v.  196 
Panmixia,  iii.  451 ;  iv.  181 
Pannus,  iii.  293 
Panophthalmitis,  iii.  47 
Pantopon,  local  anesthesia  by,  i.  392 
Panum,  Peter  Ludwig,  vii.  26 
Papain,  vii.  27 
Papaver,  vii.  26 

somniferurn  vi.  898 
Papaveracese,    characteristics    of,    vii. 

22.5 
Papaverine,  vi.  900 
Papaw  juice,  vii.  26 
Papaya,  vii.  26 
Papilla,  cutaneous,  vii.  751 

mammary,  see  Nipple. 

optic,  iv.  256 
Papillitis,  anal,  vii.  497 

optir,  iii.  3 
Papilloma,  laryngeal,  v.  833,  844 

nasal,  vi.  622 

ovarian,  vi.  950 

of  the  penis,  vii.  100 

pharyngeal,  vii.  163 

radiotherapy  of,  vii.  471 

rectal,  vii.  500 
Pappataci  fever,  vii.  28 
Pappoose  root,  ii.  696 
Papyrus,  the  Kbers,  vi.  305 
Paquelin  cautery,  ii.  699 
Paraboloid  condenser,  viii.  653 
Paracarmine,  v.  267 
Paracelsus,    i.    328;    vi.    324;    vii.  28; 

viii.  42 
Paracentesis,  vii.  29 

cordis,  vii.  30 

cornei3e,  vii.  30 

intestini,  vii.  30 

pulmonis,  vii.  30 

pericardii,  vii.  30,  113 

spinalis,  vii.  30 

thoracis,  vii.  31 

tunicce  vaginalis,  vii.  30 

tympani,  vii.  31 

vesicae,  vii.  31 
Parachlorphenol,    disinfectant    action 

of,  iii.  627 
Paracholia,  vii.  31 
Paracolon  bacilli,  i.  856 
Paracoto,  iii.  306 
Paracusis  Willisii,  iii.  741 
Paraffin,  vii.  142 

injections    in    plastic    surgery,    vii. 
252 

occupational  diseases  caused  by,  vi. 
831 

wound  dressings,  viii.  596 
Paraform,  vii.  31 
Paragonimiasis  of  lungs,  vi.  114 
Paragonimus,  vii.  31 

kellicatti,  viii.  270 

singeri,  viii.  269 

westermanii,  viii.  268 
Paraguay,    medical    practice    in,     vi. 
300 

tea,  vi.  272 
Paraiso  Hot  Springs,  vii.  31 
Paraldehyde,  v.  458;  vii.  32 
Paralysis,    see   also  Palsy,  Paraplegia, 
and  Paresis. 

abductor,  of  larynx,  v.  829 

acute  ascending,  vii.  32 

adductor,  of  larynx,  v.  830 

agitans,  vii.  34 
diagnosis,  v.  489 
senile,  vi.  857 


Paralysis,  arytenoid,  v.  .S30 

bulbar,  acute  type  of,  vii.  306 
familial  type  of,  vii.  306 
hereditary  type  of,  vii.  306 

bulbar,  apoplectiform,  vii.  306 

asthenic,  vii.  307 

cricoarytenoid,  v.  829 

cricothyroid,  v.  830 

diphtheritic,  iii.  608;  vii.  36 

electricity  for,  iii.  904 

facial,  iv.  323 

general,  of  the  insane,  vii.   51 ;  see 
Paresis,  general 

glossolabiolaryngeal,  vi.  578 

hysterical,  v.  484 

infantile,  vii.  285 ;  see  Poliomyelitis. 

labioglossolaryngeal,  vii.  307 

Landry's,  vii.  32 

laryngeal,  v.  829 

lead,  vii.  261 

massage  in,  vi.  249 

median,  i.  565;  iv.  898 

musculospiral,  i.  565;  iv.  898 

oculomotor,  viii.  4 

of  the  ocular  muscles,  viii.  4 

lower    extremities,    vii.    46 ;    see 

Paraplegia. 
recurrent     laryngeal     nerve,     v. 
829 

one-sided,  v.  153;  see  Hemiplegia. 

Pott's,  vii.  892 

progressive  bulbar,  vii.  305 

spastic  spinal,  vii.  671 

spinal,  lesions  of,  vii.  864 

ulnar,  i.  565;  iv.  898 

unilateral,  v.  153;  see  Hemiplegia. 
Paramecium  coli,  viii.  629 
Parametritis,  vii.  75 
Parametrium,  iv.  644,  646 
Paramoeba,  vii.  37 

hominis.  viii.  609 
Paramorphine,  vi.  900 
Paramphistomidae,  vii.  37;  viii.  277 
Paramucin,  vii.  37 
Paramyoclonus  multiplex,  i.   560;  vii. 

37 
Paramyosinogen,  vii.  39 
Paranephritis  (perinephritis),  vii.  115 

diagnosis,  i.  30 
Paranoia,  vii.  39 

alcoholic,  i.  196;  vii.  43 

course,  vii.  42 

diagnosis,  vii.  45 

erotic,  vii.  43 

etiology,  vii.  40 

pathology,  vii.  40 

prognosis,  vii.  45 

religious,  vii.  43 

symptomatology,  vii.  41 

treatment,  vii.  45 
Paranoid  form  of  dementia  precox,  vi. 
446 

states,  vii.  39 
Paranucleus,  ii.  711 
Paraphimosis,  vii.  100 
Paraphrenia,  vi.  391 
Paraplegia,  vii.  46 

ataxic,  vii.  857 

dolorosa,  vii".  47 

hysterical,  v.  484;  vii.  47 
Parapsoriasis,  vii.  48 
Parasitism,  problems  of,  i.  471 
Parasitotropism,  ii.  800 
Parasympathetic  nervous  system,  viii. 
61,  04 
functions  of,  viii.  66 
pharmacology  of,  viii.  08 
Parasynapsis,  vi.  276 
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Parathyroids,  vii.  48;  viii.  \s(; 

action  of  the  secretion  of.  uyioii  the 
sympathetic  system,  viii.  68 

fJisorders  dependent  upon  deranged 
secretion  of,  viii.  75 

pathology,  vii.  49 

relation  of  tetany  to,  viii.  l.')2 
Paratophan,  vii.  50 
Paratyphoid  bacilli,  i.  856 

lever,  vii.  50 
Paravaginitis,  viii.  410 
Pare,  Ambroise,  vi.  SL'l ;  vii.  50;  viii.  41 
Pareira  brava,  vii.  51 
Parent-du-Chatelet,  A.  J.  B.,  vii.  51 
Paresis,  general,  vii.  51 
diagnosis,  vii.  57 
duration,  vii.  57 
etiology,  vii.  52 
prognosis,  vii.  58 
symptomatology,  vii.  54 
treatment,  vii.  59 
Paresthesia,  laryngeal,  v.  831 

pharyngeal,  vi.  763 
Parietti's  bouillon,  i.  881 
Parilla,  yellow,  vi.  375 
Parillin,  vii.  651 

Parinaud's  conjunctivitis,  iii.  254 
Paris  green,  jjostmortem  evidences  of 

poisonins:  by,  i.  807 
Park,  Roswell,  vii.  60 
Parker,  Willard,  vii.  60;  viii.  47,  54 
Parkinson's  disease,  vii.  34 
Paronychia,  iv.  877,  883;  vi.  601 

syphilitic,  iv.  879;  vi.  602 
Paronychitis,  vi.  601 
Paroophoron,  iv.  638 
Parorexia  (perverted  appetite),  i.  500 
Parosmia,  vi.  757 
Parotid  bubo,  vii.  620 

gland,  vi.  669 

gaseous  tumor  of,  vii.  622 
inflammation  of,  vi.  550;  vii.  620 
recurrent  swelling  of,  \ni.  621 
therapeutic  uses  of  extract  of,  vi. 
922 
Parotiditis,  parotitis,  vi.  550;  vii.  62n 

s.vmpathetic,  vii.  621 
Parovarium,  iv.  638 

cyst  adenoma  of,  iii.  407 

diseases  of,  vii.  60 
Parrot's  nodes,  ii.  256 
Parry's  disease,  iv.  741 
Pars  papillaris  of  the  corium.  vii.  751 

reticularis  of  the  corium,  vii.  750 
Parsley,  viii.  320 
Parthenogenesis,  vii.  61 

artificial,  vii.  63 

seasonal,  vii.  61 
Partridge  berry,  iv.  627 
Partz  cell,  iii.  s7o 
Parumbilical  vein,  viii.  661 
Parvin,  Theophilus,  vii.  64 
Paso  de  Robles  Springs,  vii.  64 
Passiflora,  vii.  65 
Pastse  dermatoIogicEe,  vii.  66 
Pasteur,  Louis,  vi.  341;  vii.  66 
Pasteur  pipettes,  i.  902 

treatment  of  rabies,  vii.  446 
Pasteur-Chamberland  filter,  i.  890 
Pasteurization,  i.  836,  9S5:  vi.  51S 
Patchouli,  oil  of,  vii.  66 
Patella,  absence  of,  vii.  66 

ankylosis  of,  vii.  67 

atrophy  of,  vii.  68 

congenital  absence  of,  iii.  669 

diseases  and  injuries  of,  vii.  66 

dislocation  of,  iii.  657;  vii.  07 

excision  of,  iv.  223 


Palo 
PerruuloD 


Patella,  fracture  of,  iv.  5.>s 

movements  of,  v.  768 

rudimentarj',  iii.  669 

slipping,  vii.  67 

split,  vii.  67 

tuberculosis  of,  vii.  68 
Patellar  clonus,  vii.  .505 

reflex,  vii.  504 
Patin,  Gui,  vii.  69 
Pau,  vii.  69 

Paul-Mixter  tube,  v.  tj2ti 
Paul  of  .ffigina,  vi.  318,  821;  vii.  69; 

viii.  .j.j 
Pavilion  Spring,  vii.  69 
Pavor  diurnus,  vii.  70 

iioctunius.  vii.  70 
Pavy,  Frederick  William,  vii.  70 
Paxillus  involutus,  iv.  .','.12 
Payer's   modified    Murphy   button,    v. 

Peaches,  food  value  cf,  iv.  432 
Peanuts,  food  value  of,  iv.  432 
Pearl  mass,  iii.  14 

tumor,  iii.  10;  viii.  137 

white,  ii.  63 
Peas,  food  value  of.  i.  208;  iv.  432 
Peaslee,  Edmund  Randolph,  vii.  71 
Peau  d'orange,  ii.  400 
Pecans,  food  value  of,  iv.  432 
Peckham's  bouillon,  i.  .ssi 
Pecquet,  Jean,  vii.  71 
Pecquet's  cistern,  vi.  184 
Pecten  scleras,  iv.  248 
Pectineus  muscle,  viii.  165 

anomalies  of,  viii.  588 
Pectoralis  major  muscle,  anomalies  of. 
viii.  581 

mininuis  muscle,  viii.  582 
Pectose,  i.  108 
Pectus  carinatum,  ii.  81U 
Pedicle,  vertebral,  viii.  674 
Pediculidse,  v.  593;  vii.  71 
Pediculoides,  vii.  71 

veiitricosus,  i.  509 
Pediculosis,  v.  593 

diai;iH>sis,  iii.  834 
Pediculus,  vii.  71 

capitis,  v.  594 

tabescentium,  v.  594 

\-ostinienti,  v.  594 
Pedipalpi,  v.  596 

Peduncles,  cerebellar,  incoming  path- 
ways through,  ii.  725 
lesions  of.  ii.  730 
motor  pathways  through,  ii.  725 
Peliosis  rheumatica,  vii.  414,  415 
Pellagra,  vii.  71 

ctinlogy.  vii.  72 

liathologj',  vii.  73 

prognosis,  vii.  75 

symptomatology,  vii.  72 

treat meut.  vii.  73 
Pellitory,  vii.  431 
Pelopeeus  cementarius,  v.  605 
Pelvic  hematocele,  v.  145 

inflammation,  vii.  75 
Pelvimeter,  vii.  86 
Pelvis,  anatomy  of,  vii.  77 

articulations  of,  vii.  81 

contracted,  a  cause  of  dystocia,  v. 
785 

deformities  of.  vii.  86 
prophylaxis,  vii.  91 

development  of,  vii.  85 

dislocation  of  bones  of.  iii.  653 

flat,  vii.  88 

fracture  of,  iv.  536 

justo-major.  vii.  87 


Pelvii,  jusio-minor,  vii.  >i7 

kyphotic,  vii.  90 

ligamentous,  vii.  82 

masculine  type  of,  vii.  88 

measurement!!  of,  \-ii.  8:j.  86 

oblique  deformities  of.  vii.  9f) 

osseous,  vii.  79 

position  of.  vii.  83 

resection  of.  iv.  229 

~exual  difTercnces  in,  vii.  84 
Pemphigus,  vii.  93 

arutijs  febrilis  gravio,  vii.  94 

auricular,  iii.  759 

chronieus  vulgaris,  vii.  94 

diagnosis,  iii.  8;}4 

foliaceus,  vii.  96 
diagnosis,  iii.  834 

neonatorum,  \-ii.  93 

vegetans,  vii.  96 
Penduiar  movements  of  the  intestine 

V.  613 
Penis,  cancer  of,  \-ii.  101 

<avernositis  of,  vii.  99 

cellulitis  of,  vii.  98 

contusions  of.  vii.  101 

dermatoses  of.  vii.  99 

development  of.  iv.  662 

diseases,  injuries,  and  malformatioiM 
of  the,  vii.  98 

dislocation  of,  vii.  102 

eczema  of,  iii.  843 

elephantiasis  of,  vii.  99 

fracture  of,  vii.  102 

gangrene  of,  vii.  99 

gunshot  wounds  of,  iv.  828 

injuries  of,  vii.  101 

luxation  of.  vii.  102 

lymphangitis  of,  vii.  98 

lymphatics  of.  iv.  607;  vi.  172 

malformations  of.  vii.  103 

neoplasms  of,  vii.  100 

warts  of,  vii.  100 

wounds  of,  vii.  101 
Pennsylvania,  medical  pra.  tnc  m.  vi. 

Kill 
Pennyroyal,  .\iiierican  or  mock.  v.  136 
Penrose,  Richard  A.  F.,  vii.  104 
Pental,  vii.  104 
Pentane,  vii.  560 
Pentastoma,  vi.  10;  vii.  104 

taiiioides,  i.  503 
Pentosans,  vii.  104 
Pentoses,  i.  205:  vii.  106 

in  urine,  viii.  352 
Pentosuria,  viii.  352 
Penzance  and  the  Scilly  Islands,  vii. 

105 
Penzoldt's  test  for  acetone,  i.  71 
Pepo,  vii.  106 
Pepper,  black,  vii.  199 

t'ayenne.  ii.  616 

red.  ii.  616 
Pepper,  William,  vii    106 
Peppermint,  \  i    4S1 
Pepsin,  iv.  li.'.t;  vu.  106 

test  for.  in  the  stomach,  vii.  958 
Pepsinum.  vii.  106 
Pepsis  formosa,  v.  604.  605 
Peptides,  vii.  106 
Peptone,  vii.  107 

ill  the  urine,  viii.  349 

test  for.  in  the  stomach,  vii.  958 
Peptonuria,  viii.  M9 
Peptotoxine,  vii.  383 
Percussion,  iii.  5;<0 

auscultatory,  vii.  107 

in  pulmon.ary  tul>erculosi9,  vi.  129 

massage,  vi.  246 
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Perforating  ulcer  of  the  foot,  vii.  107 

Peritonitis,  gonococcic,  vii.  136 

Peyer's  patches,  iii.  594 

Periarteritis  nodosa,  ii.  236 

hemorrhagic,  vii.  131 

Pfannenstiel's  incision  for  laparotomy, 

Periblast,  i.  519 

hysterical,  vii.  138 

i.  22 

Pericardiocentesis,  vii.  30 

idiopathic,  vii.  128 

Pfeifter's  bacillus,  i.  844;  v.  556 

Pericarditis,  acute  plastic,  vii.  109 

infantile,  vii.  136 

blood  agar,  i.  884 

cold  in  the  treatment  of,  iii.  158 

operative,  vii.  127 

reaction,  i.  872 

purulent,  vii.  Ill 

pathology,  vii.  130 

Pfeifferella  princeps,  viii.  621 

sc.irlatinal,  vii.  659 

pelvic,  vii.  76 

Pfeifferia  princeps,  viii.  621 

Pericardium,  absence  of,  vii.  108 

perforative,  vii.  128,  136 

von  Pfolspeundt  of  Bavaria,  viii.  39 

adherent,  vii.  Ill 

pncumococcic,  vii.  136 

Phaenocystes,  vii.  143 

anatomy,  vii.  108 

prognosis,  vii.  138 

Phagedena,  sloughing,  of  the  mouth, 

blood  in  the,  v.  175 

puerperal,  vii.  136 

iv.  616 

calcareous  deposits  in,  vii.  109 

purulent,  vii.  131 

tropica,  vii.  143 

diseases  of,  vii.  108 

putrid,  vii.  131 

Phagmesis,  i.  767 

in  children,  vii.  113 

rheumatic,  vii.  127 

Phagocytes  in  inflammatory  exudates. 

diverticula  of,  vii.  108 

secondary,  vii.  128 

v.  552 

dropsy  of,  v.  393 

serosa,  vii.  131 

Phagocytic  index  of  normal  serum,  viii. 

foreign  bodies  in,  vii.  109 

subacute,  vii.  132 

397 

milk  spots  on,  vii.  108 

symptoms,  vii.  133 

Phagocytosis,  ii.  128 

new  growths  of,  vii.  114 

terminal,  vii.  129 

Phalanges,  excision  of,  iv.  192,  210 

paracentesis  of,  vii.  30 

traumatic,  vii.  127 

Phalloids,  iv.  595 

thinned,  vii.  109 

treatment,  vii.  138 

Phantom  tumor,  vii.  347 

Perichondritis,  auricular,  iii.  762 

tuberculous,  vi^    129,  133,  137,  139 

Pharmacopoeia,  vii.  143 

laryngeal,  v.  836 

diagnosis,  i.  38 

authority  of,  vii.  149 

Perichondrium,  ii.  662 

Perleche,  vii.  139 

history  of,  vii.  144 

Pericolitis,  vii.  136 

"Permeation"  of  carcinoma,  ii.  484 

objects  of,  vii.  149 

Perigenesis,  v.  196 

Pernicious  malarial  fever,  parasite  of. 

precursors  of,  vii.  143 

Perihepatitis,  vii.  114 

viii.  624 

scope  of,  vii.  149 

Perimeter,  vi.  905 

Pernio,  .see  Frost-biie. 

United  States,  vii.  143 

Perimetrium,  iv.  645.  646 

Perobrachius,  viii.  135 

Pharyngeal  neuroses,  vi.  762 

Perimetry,  vi.  905 

Peroneal  nerve,  injuries  of,  vi.  742 

Pharyngitis,  acute,  vii.  150 

Perineal  body,  vii.  121 

Peroneotibialis  muscle,  viii.  590 

phlegmonous,  i.  424 

Perinephritis  and  perinephritic  abcess, 

Peroneus  accessorius  muscle,  viii.  589 

treatment,  vii.  153 

vii.  116 

brcvis  muscle,  v.  872 

atrophic,  vii.  156 

diagnosis,  i.  30 

anomalies  of,  viii.  589 

chronic,  vii.  155 

Perineum,  fascia  of  the,  iv.  332 

longus  muscle,  v.  872 

complicating  infectious  diseases,  vii. 

female,  anatomy  of,  vii.  121 

anomalies  of,  viii.  589 

153 

laceration  of,  in  labor,  v.  783 

quartus  muscle,  viii.  589 

diet  in,  iv.  440 

male,  iv.  665 

quinti  digiti  muscle,  viii.  589 

diphtheritic,  iii.  606 

anatomy  of,  vii.  117 

tertius  muscle,  anomalies  of,  viii.  589 

follicular,  vii.  155 

surgical  anatomy  of,  vii.  117 

Peronine,  vii.  139 

gouty,  vii.  152,  157 

Perineurium,  vi.  731 

Peropus,  viii.  135 

lateral,  vii.  151 

Periodicals,  medical,  v.  706 

Peroxidase,  vii.  140 

membranous,  vii.  152 

Perioptometry,  vi.  905 

Peroxide  of  hydrogen,  v.  391 

rheumatic,  vii.  156 

Periosteum,  ii.  247 

Peroxides,  disinfectant  action  of,  iii.  625 

simple,  vii.  151 

actinomycosis  of,  vii.  122 

Persea  gratissima,  i.  222 

traumatic,  vii.  153 

Periosteum,  inflammation  of,  ii.  250; 

Persia,  medical  practice  in,  vi.  301 

ulcerative  septic,  vii.  152 

see  Periostitis. 

Persimmon,  vii.  140 

Pharyngocysts,  ii.  442 

neoplasms  of,  vii.  122 

Persio,  vii.  140 

Pharyngomycosis,  vii.  160 

ossification  beneath,  ii.  249 

Personality,  alterations  of,  vi.  420 

Pharyngoscleroma,  vii.  572 

tuberculosis  of,  vii.  123 

disorders  .,f.  v.  499 

Pharyngoscope,  Hays,  vii.  576 

Periostitis,  ii.  250 

Pertussis,  viii.  502 

Pharynx,  actinomycosis  of,  vii.  159 

albuminosa,  i.  50 

spondylotherapy  in,  vii.  915 

adenoma  of,  vii.  163 

of  mandible,  v.  694 

Peru,  balsam  of,  ii.  12 

anesthesia  of,  vi.  762 

maxilla,  v.  685 

medical  practice  in,  vi.  301 

angioma  of,  vii.  165 

orbit,  vi,  908 

Peruscabin,  vii.  140 

carcinoma  of,  vii.  163 

Peripleuritis,  vii.  259 

Pes  gigas,  vii.  140 

cystoma  of,  vii.  163 

Periscopic  lenses,  viii.  636 

planus,  iv.  467 

dilatation  of,  vii.  162 

Perisigmoiditis,  iii.  163 

Pestis,  vii.  211 ;  see  Plagiu. 

diverticulum  of,  vii.  162 

Peristalsis,  v.  613 

Petechia,  vii.  140;  414 

erysipelas  of  (Ludwig's  angina) ,  i.  424 

Peritoneum,  anatomy  of,  i.  20 

Peters'  ovum,  iii.  24 

fibroma  of,  vii.  164 

cysts  of,  iii.  416 

du  Petit,  Fransois  Pourfour,  i.  337 

foreign  bodies  in  the,  i.  169 

foreign  bodies  in,  vii.  130 

Petit,  Jean  Louis,  viii.  141 ;  viii.  43 

glanders  of,  vii.  159 

inflammation  of,  vii.  126;  see  Peri- 

Petit mal,  iv.  56 

herpes  of,  vii.  152 

tonitis. 

Petrifaction,  vii.  141 

hyperesthesia  of,  vi.  763 

new  growths  of,  vii.  124 

Petri  plates,  i.  902 

lipoma  of,  vii.  165 

diagnosis,  i.  38 

Petrissage,  vi.  245 

lymphatics  of,  vi.  164 

surgical  anatomy  of,  i.  20 

Petrolatum,  vii.  142 

malformations    and   deformities   of. 

Peritonitis,  vii.  126 

Petroleum  ether,  ii.  34 

vii.  160 

acute  diffuse,  vii.  130,  133 

Petroleum,    occupational    diseases 

muscles  of,  anomalies,  viii.  579 

infectious,  vii.  129 

caused  by,  vi.  831 

mycosis  of,  vii.  160 

bacteriology,  vii.  130 

Petrosulfol,  vii.  142 

new  growths  of,  vii.  163 

carcinomatosa,  vii.  133 

Petruschky's  litmus  whey,  i.  890 

papilloma  of,  vii.  163 

chronic,  vii.  132,  136 

v.  Pettenkofer,  Max,  vii.  142 

paralysis  of,  vi.  764 

circumscribed,  vii.  132,  135 

Pettenkofer's  test  for  bile  acids,  ii.  50; 

paresthesia  of,  vi.  763 

complications,  vii.  133 

vi.  67;  viii.  356 

pemphigus  of,  vii.  152 

diagnosis,  vii.  137 

for  carbon  dioxide,  ii.  623 

sarcoma  of,  vii.  166 

etiology,  vii.  127 

Peyer,  Johann  Conrad,  vii.  143 

stenosis  of,  vii.  160 
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Pharynx,  syphilis  of,  vii.  157 
tuberculosis  of,  vii.  158 
urticaria  of,  vii.  1.52 
Phelps'  operation  for  club-foot,  iv.  49:{ 
Phenacetin,  i.  71 
Phenalgin,  vii.  166 
Phenazone,  i.  483 
Phenocoll,  vii.  166 
Phenol,  vii.  166 

caustic  action  of,  ii.  698 

disinfectant  action  of,  i.  837;  iii.  020, 
634 

gangrene  from,  iv.  618 
local  anesthesia  by,  i.  392 

occupational  diseases  caused  by.  vi. 
S31 

jjoisoning  by,  vii.  167 

postmortem  evidences  of,  i.  805 
Phenol-bismuth,  vii.  169 
Phenol-camphor,  local  anesthesia  by, 

i.  ■■i\>2 
Phenolphthalein,  vii.  169 
Phenolsulphonates,  vii.  169 
Phenolsulphonephthalein  test,  vii.  169 
Phenoltetrachlorphthalein  test,  vii.  170 
Phenylalanin,  i.  78 
Phenylhydrazine,  vii.  170 

oriupatioiial  diseases  caused  by,  vi. 
832 

test  for  sugar  in  the  urine,  viii.  353 
Phenylis  salicylas,  vii.  171 
Pheochromoblasts     of     the      adrenal 

medulla,  A'iii.  20 
Phidippus,  vii.  171 
Philadelphia,  vii.  171 
Philippine  Islands,  vii.  172 

medical  j^ractice  in,  vi.  301 
Phimosis,  vii.  99 
Phlebectasia,  viii.  668 

rt'tinie,  \-ii.  553 
Phlebitis,  ii.  226;  viii.  662 

acute,  viii.  663 

adhsesiva,  viii.  664 

atrophica,  viii.  665 

chronic,  viii.  664 

circumscripta,  viii.  663 

consecutive,  ii.  227 

dissecans,  viii.  664 

etiology  of,  viii.  663 

extravascular  origin,  viii.  663 

gangrfenosa,  viii.  664 

hematogenous  origin,  viii.  664 

hyperplastica,  \nii.  664 

obliterans,  viii.  665 

organisatoria,  «ii.  664 

phototherapy  of,  v-ii.  186 

productiva.  viii.  664 

prognosis,  viii.  666 

prolifera,  viii.  664 

pseudomembranacea,  viii.  663 

sequelae,  viii.  666 

symptoms,  viii.  665 

syphilitic,  ii.  235 

treatment,  viii.  666 

varieties  of,  \iii.  663 
Phleboliths,  viii.  667 
Phlebosclerosis,  ii.  233;  -i-iii.  668 

senile,  vi.  S,'j3 
Phlebothrombosis,  viii.  663,  665 
Phlebotominas,  ™.  177 
Phlebotomus  fever,  vii.  28 
Phlebotomy,  ii.  199 
Phlegmasia  alba  dolens,  viii.  005 
Phlegmons,  vii.  177 

arm.  i.  547 

Haseous.  vii.  178 

vulvar,  viii.  469 

woody,  vii.  178 

Vol.  viii.— 48 


Phlorhizin  or  phloridzin,  vii.  179 
Phobias,  vii.  179 
Phocomelus,  iv.  868 
Pholiota  candicans  seu  prsecox,  iv.  592 
Phonation,  v.  838 
Phonocardiography,  ii.  651 
Phonoscope  of  Weiss,  ii.  651 
Phoresis,  iii.  894 

electric,  i.  393 
Phosote,  vii.  180 

Phosphates  in  urine,  viii.  3.59.  300.  301 
Phosphatides,  vii.  180 
Phosphoproteins,  vii.  180 
Phosphoric  acid,  vii.  180 
Phosphoridrosis,  vii.  181 
Phosphorus,  vii.  181 

clinical  tests  for,  vii.  184 

food  value  of,  i.  212 

necrosis  of  jaw  caused  by,  ii.  257;  v. 
695;  vii.  183 

poisoning  by,  vii.  182 

in  pregnant  women,  influence  of. 

on  the  fetus,  iv.  387 
postmortem  evidences  of,  i.  807 
Phossy  jaw,  ii.  2.57;  v.  695;  vii.  183 
Photoptometry,  vi.  904 
Phototherapy,  vii.  184 
Phrenic  nerve,  vii.  187 
Phrenicotomy,  viii.  174 
Phrenosin,  vii.  188 
Phrenospasm,  iv.  119 
Phrynus,  v.  596 
Phthiriasis,  v.  593 

di:mnosis,  iii.  834 
Phthirius,  vii.  188 

int^uinalis,  v.  .594 
Phthisis,  see  Tuberculosis,  pulmomry. 

atra,  i.  457 

fibroid,  vii.  263 

knife-grinder's,  vi.  827 
Phydippus  tripunctatus,  v.  596 
Phymatorhusin  in  the  urine,  viii.  3o.'i 
Physaloptera,  vii.  188 

raucasii-a.  vi.  692 

mordens,  vi.  692 
Physick,  Philip  Syng,  vii.  188;  vUi.  40 
Physiology,  ii.  50 
Physostigma,  vii.  189 
Physostigmine,  vii.  1S9 
Phytin,  vii.  190 
Phytolacca,  \Hi.  190 

poisoning  \>y,  ■v'ii.  231 
Pia  mater,  cerebral,  ii.  341 
veins  of,  ii.  353 

spinal,  vii.  832 
Pian,  viii.  522;  see  Kotos. 
Pianese's  solution,  v.  258 
Pica,  i.  .501 
Pichi,  iv.  320 

diuretic  action  of,  iii.  684 
Picric  acid,  vii.  190 

disinfectant  action  of,  iii.  627 

occupational  diseases  caused  by.  vi 
831 
Picrocarmine  stain,  v.  267 
Picrofuchsin  staining,  v.  269 
Picronigrosin,  v.  271 
Picropodophyllin,  vii.  271 
Picrotoxin,  vii.  191 
Piedmont  White  Sulphur  Springs,  vii 

191 
Piedra,  vii.  192 
Pigeon  lireast,  ii.  810 

toe.  iv.  478 
Pigmentation  in  the   skin,   prnienivc 

action  of,  iv.  141 
Pigments,  animal,  vii.  192 
autogenous,  iii    470 


Pigments,  bile.  ii.  50;  vi.  07,  OH;  vii.  183 
derived  from  hemoglobin,  ii.  120 
in  the  urine,  viii.  353 
blood,  \-ii.  192 

in  the  urine,  viii.  354 
spectra  of,  ii.  214 
deposits,  iii.  471 
disinfectant  action  of,  iii.  628 
in  lungs,  vi.  101 
retinal,  function  of,  \-iii.  4.52 
urinary,  derived  from  heniOKlobin.  ii. 
120" 
Piles,  vii.  492;  see  Htmorrhoidt. 
Pileus  ventriculi.   Roentgen  diagiio-i'^ 

of  di.soa.sivt  of,  vii.  .597 
Pills,  vii.  196 

.\siatic,  vii.  .351 
Pilocarpine,  vii.  195 

action  of,  on  salivarj'  secretion,  vii. 
690 
Pilocarpus,  vii.  195 
Piluls,  vii.  196 
Pimenta,  vii.  197 
Pimpinella,  ii.  554 
Pinaceee,  characteristics  of,  vu.  225 
Pince-nez,  \'iii.  642 
Pineal  body,  action  of  the  secretion  of. 
upon  the  sympathetic  system, 
viii.  68 
Descartes'  theory  of  the,  i.  333 
secretion  of,  vii.  703 
disorders     dependent     upon     de- 
ranged secretion  of,  ii.  .397;  vii. 
197;  viii.  76  ( 
.sytidrome.'ii.  397;  vii.  197;  viii.  7ii 
Pineapple,  food  value  of,  iv.  432 
Pinehurst  and  Southern  Pines,  S.  C, 

vii  197 
Pinel,  Philippe,  vii.  198 
Pinguecula,  iii.  252;  iv.  292 
Pink-eye,  iii.  240 

bacillus  of,  i.  845 
Pinkroot,  vii.  824 

Pinna,  anatomy  of,  iii.  725;  see  Aunde. 
Pinnaglobin,  vii.  192 
Pinta,  vii.  198 
PiophUa,  vii.  199 
Piorkowski's  urine  gelatin,  i    '<'.«1 
Piorry,  Pierre  Adolphe,  vii    199 
Piper,  vii.  199 

cubeha,  iii.  389 
Piperazin,  vii.  199 
Piperonal,  vii.  200 
Piqure,  vii.  200 
Pirate  bugs,  v.  .V.t7 
Pirogoff.  Nikolai  Ivanovich,    vii.  280; 

viii.  44 
Pirogoff's  amputation,  i.  '290 
Piroplasma,  v.  875;_vii.  200 

donovani,  viii.  617 
V.  Pirquet  test,  i.  315,  842;  iii.  395 
Piscidia,  vii.  200 
Pisiuncinatus  muscle,  viii.  587 
Piso,  Willem.  vii.  200 
Pistache,  vi.  2.'>3 
Pit,  primitive,  i    52il 
Pitard,  Jean,  viii    ;i'.i 
Pitcairne,  Archibald,  vu   201 
Pitch,  Burgundy,  vii.  204 
Canada,  vii.  204 
hemlock,  vii.  204 

occupational  diseases  caused  by.  vi. 
832 
V.  Pitha,  Franz,  vii.  201 
Pituitary    gland,   v.   469;    see    Hvpo- 
physis  cerebri. 
extract  of,  v.  473 
Pit-vipers,  vii.  5'25 
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Pityriasis 
Pott's  disease 
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Pityriasis,  vii.  201 

Plasmomata,  vii.  240 

Pneumograph,  vii.  543 

fungus.  V.  457 

Plasmorrhexis,  vii.  240 

Pneumonia,  bacillus  of,  i.  857 

rosea,  vii.  201 

Plasmoschisis,  vii.  240 

bacteriological  diagnosis  of,  i.  920 

rubra,  vii.  202 

Plasmosome,  ii.  712 

bathing  in,  v.  400;  vii.  268 

diagnosis,  iii.  834 

Plastein,  vii.  240 

bronchial,  ii.  526;  see  Bronchopneu- 

keratosis following,  v.  721 

Plaster,  adhesive,  iii.  696 

monia. 

rubra  pilaris,  vii.  203 

jacket  for  Pott's  disease,  vii. 

888 

catarrhal,  ii.  526;  see    Bronchopneu- 

diagnosis, iii.  S3li 

of  Paris,  ii.  583 

monia. 

tabescentium,  v.  496 

Plasterers,  diseases  of,  vi.  836 

chronic,  vii.  263 

versicolor,  viii.  204 

Plastic  surgery,  vii.  240 

diet  in,  iv.  445 

Pix  burgundica,  vii.  204 

Plate,  blood,  ii.  117,  162 

diplococcus  of,  i.  861;  vii.  264 

canadensis,  vii.  204 

chemistry  of,  ii.  121 

gonococcal,  iv.  754 

liquida,  vii.  204 

enumeration  of,  ii.  174 

immunity  against,  i.  862 

Placenta,  adhesion  of,  vii.  207 

function  of,  ii.  129 

in    pregnant    women,    influence    of. 

anomalies  of  development,  vii.  205 

origin  of,  ii.  127 

upon  the  fetus,  iv.  384 

apoplexy  of,  vii.  206 

primitive,  i.  520 

lobar,  vii.  264 

degeneration  of,  vii.  206 

Platinum,  occupational  diseases  caused 

bacteriology  of,  i.  861;  vii.  204 

detachment  of,  vii.  207 

by.  vi.  828 

cold  in  the  treatment  of,  iii.  157 

edema  of,  vii.  206 

Platter,  Felix,  vii.  253 

resolution   in,    an    autolytic    pro- 

inflammation of,  iii.[36 

Platyhelmia,  vii.  253 

cess,  i.  786 

location  of,    in  cesarean  section,    ii. 

Platyhelminthes,  ii.  761 

sputum  in,  vii.  265,  923 

758 

Platysma   muscle,   anomalies 

jf,   viii. 

treatment,  vii.  266 

marginata,  vii.  206 

575 

vaccine  therapy  of,  vii.  268;  viii. 

membranacea,  vii.  206 

Plaut-Vincent  angina,  i.  428 

404 

pathology  of,  vii.  205 

Plerocercoides  prolifer,  ii.  779 

lobular,  ii.  626 

previa,  vii.  208 

Plerocercus  prolifer,  ii.  779 

open-air  treatment  of,  i.  141 

syphilis  of,  vii.  207 

Pleura,  actinomycosis  of,  vii.  2 

58 

psychoses  of,  vii.  377 

tuberculosis  of,  vii.  207 

dropsy  of,  v.  401 

senile,  vi.  858 

tumors  of,  vii.  208 

inflammation  of,  vii.  253;  see  Pleu- 

Pneumonoconiosis, vi.  117;  vii    269 

>;l,vcciin-aear  culture  medium,  i.  887 

risy. 

sputum  in.  vii.  923 

Placental  cells,  metastasis  of,  iii.  42 

lymphoid  tissue  of,  vi.  100 

Pneumopericardium,  vii.  114 

Placentitis,  iii.  36 

pulmonalis,  histology  of,  vi. 

103 

Pneumoperitoneum,  vii.  135 

i:.,norrlical,  vii.  207 

streptothricosis  of,  vii.  258 

Pneumoscrotum,  vii.  679 

Placentoma,  iii.  39 

syphilis  of,  vii.  259 

Pneumothorax,  vii.  270 

Plagiomonas  urinaria,  viii.  611 

tumors  of,  surgical  treatment 

viii. 

artificial,  vi.  133 

Plague,  vii.  211 

175 

Podophyllin,  vii.  271 

bacteriological  diagnosis  ot,  i.  918 

effusions  of,  cytodiagnosis,  ii 

.  420 

Podophyllum,  vii.  271 

bacteriology,  i.  875;  vii.  215 

Pleurectomy,  visceral,  viii.  \74 

Poggendorf  battery,  iii.  874 

bubonic,  vii.  211,  213 

Pleurisy,  vii.  253 

Poikilocytes,  ii.  161 

carriers,  i.  879 

acute  fibrinous,  vii.  254 

Points,  craniometric,  vii.  764 

chronic,  in  rats,  vii.  217 

purulent,  vii.  258 

motor.      in      electrodiagnosis      and 

diagnosis,  vii.  214 

serofibrinous,  vii.  255 

electrotherapy,  iii.  891,  905 

epidemics  of,  vii.  211 

chronic,  vii.  259 

nodal,  iv.  269 

eradication  of,  vii.  218 

climatic  treatment,  iii.  120 

postauricular,  iii.  344;  vii.  765 

history,  vii.  211 

cold  in  the  treatment  of,  iii. 

158 

preauricular,  iii.  344;  vii.  765 

in  lower  animals,  vii.  216 

diaphragmatic,  vii.  258 

principal,  iv.  267 

pathology,  vii.  215 

diet  in,  iv.  446 

Poisoning,  autopsy  in  cases  of,  i.  803 

pneumonic,  vii.  213 

dry,  vii.  254 

by  acetanilide,  i.  69 

prevention  of,  vii.  219,  222 

plastic,  vii.  254 

acetphenetidin,  i.  71 

prodromes,  vii.  213 

root,  vii.  259 

aconite,  i.  93 

prognosis,  vii.  214 

tuberculous,  vii.  255 

aesculus,  vii.  232 

septicemic,  vii.  214 

with  effusions,  vii.  255 

ailanthus.  vii.  237 

symptoms,  vii.  212 

Pleuritis,  vii.  253 

alum.  i.  234 

treatment,  vii.  214 

Pleuropus  abortivus,  iv.  591 

ammonia,  i.  250 

Plantain,  vii.  223 

Pleurotus  ostreatus.  iv.  585 

aniline,  i.  440;  vl.  828 

Plantaris  muscle,  v.  873 

sapidus,  IV.  584 

antipyrine,  i.  483 

anomalies  of,  viii.  590 

Plexus,  brachial,  vii.  738 

arsenic,  vii.  276 

Plants,  active  constituents  of,  i.  107 

caroticus,  ii.  360 

arnica,  i.  614 

and    animals,    points   of   agreement 

cerebral,  ii.  321.  341 

belladonna,  viii.  566 

between,  ii.  55 

sympathetic  prevertebral,  viii.  63 

bismuth,  ii.  62 

poisonous,  vii.  223 

Plicae  circulares  of  the  intestine 

iii.  590 

Ijromine,  ii.  512 

Plasma,  blood,  ii.  113,  121 

palmata^,  iv.  642 

cadmium,  ii.  570 

cell  in  inflammatory  exudates,  v.  551 

Plombieres,  vii.  259 

caffeine,  ii.  571 

Plasmocytoma,  vi.  .584 

Plumbism,  vii.  201 

camphor,  viii.  566 

Plasmodidas,  vii.  239 

in    pregnant    women,    influence    of. 

cantharides,  ii.  614 

Plasmodium,  vii.  239 

on  the  fetus,  iv.  387 

carbolic  acid,  vii.  167 

falciparum,  vi.  210;  viii.  624 

Plumbum,  vii.  260 

carbon  dioxide,  ii.  621 

var.  cjuotidianum,  viii.  625 

Plunket's  caustic,  ii.  697 

monoxide,  ii.  623;  iv.  620 

golgii,  viii.  623 

Pluriglandular  syndromes,  viii. 

76 

chloral,  ii.  826 

malariae,  vi.  209;  viii.  623 

Pluteus  cervinus,  iv.  592 

chlorates,  ii.  828 

quartanum,  viii.  623 

Pneumatic  cabinet,  vii.  262 

chlorides,  ii.  828 

tertianum,  viii.  624 

Pneumocentesis,  vii.  30 

chloroform,  ii.  832 

var.  tertiana,  viii.  624 

Pneumobacillus,  i.  857 

chromium,  iii.  51 

praecox,  viii.  625 

Pneumococcus,  i.  861;  vii.  264 

cocaine,  iii.  132 

tenue,  viii.  625 

Pneumogastric  nerve,  iii.  335 

cockle    (Agrostemma   or    Lychnis 

vivax,  vi.  208;  viii.  624 

central  connections  of,  ii.  310 

githago),  vii.  232 

var.  minuta,  viii.  625 

relation  of,  to  the  autonomic  ner- 

colchicum, iii.  154 

Plasmolysis,  vii.  239 

vous  .system,  viii.  66 

conium,  vii.  245 
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Poisoning  by  copper,  viii.  567 
creosote,  iii,  351 
croton  oil.  iii.  .378 
curare,  i.  635;  iii.  392 
digitalis,  iii.  .599 
elder,  vii.  234 
ergot,  viii.  568 
food,  iv.  420 
formaldehyde,  iv.  519 
fra  fra,  i.  635 
gases  in  warfare,  viii.  .597 
gasoline,  viii.  569 
gelsemium,  iv.  629 
liorsechestnut,  vii.  232 
hydrocyanic  acid,  iii.  398;  viii.  573 
hyoscyamus,  viii.  573 
illuminating  gas,  ii.  623;  iv.  620 
iodine,  iii.  305;  v.  649 
iodoform,  iii.  512;  v.  652 
ipecac,  v.  659 
iron.  viii.  574 
kombe,  i.  635 
lead,  vii.  261 
mercury,  v.  374 
milk,  vi.  512 

muscarine,  vi.  554;  vii.  382 
mushrooms,  iii.  575 
nicotine,  viii.  207 
nitroglycerin,  iv.  737 
opium,  vi.  902 
o.xalic  acid.  viii.  596 
phenacetin.  i.  71 
phenol,  vii.  167 
phosphorus,  vii.  182 
picrotoxin.  vii.  191 
pokeroot,  vii.  233 
quinine,  viii.  630 
salicylic  acid,  viii.  631 
santonin,  viii.  631 
silver,  i.  527 
snake-venom,  vii.  527 
stannum.  viii.  200 
slrophanthus,  i.  635 
strychnine,  i.  635;  viii.  9 
sulphonal.  viii.  20 
tin,  \nii.  200 
tobacco,  viii.  207 
turpentine,  viii.  143 
vetches,  v.  863 
zinc,  viii.  547 
diagnosis,  vii.  281 
postmortem  evidences  of,  vii.  2S2 
treatment,  vii.  282 
Poison-ivy  eruption,  iii.  510 
Poisonous  Rases  in  warfare,  viii.  597 
plants,  vii.  223 
reptiles,  vii.  524 
Poisons,  vii.  272 

absorption  of.  vii.  274 
action  of.  vii.  274 
classification,  vii.  272 
distribution  of.  in  the  body,  vii.  275 
elimination  of,  vii.  275,  281 
idiosyncrasy  regarding,  v.  502 
immunity  to.  v.  513 
mental  disease  caused  by,  vi.  399 
postmortem  imbibition  of,  vii.  2lSl 
relation    of    chemical    structure    to 
action,  vii.  273 
Pokeberry,  poisoning  by,  vii.  231 
Pokeroot,  vii.  190 

poisoning  liy.  vii.  233 
Pokeweed,  Italian,  viii.  430 
Poland  Springs,  vii.  283 
Polarimetric  test  for  sugar  in  the  urine. 

viii.  353 
Polarimetry,  vii.  284 
Policy,  life  insurance,  v.  916,  917 


Polioencephalitis,     hemorrhagic   supc- 

rif»r.  iv.  1.5 
Poliomyelitis  anterior,  vii.  285 

chronic,  vii.  300 

deformities  following,  vii.  294 

diagnosis  of  muscles  affected,  vii.  293 

differential  diagnosis,  vii.  297 

endemic  type,  vii.  287,  291,  298 

epidemic  type.  vii.  287,  291,  292,  298 

etiology,  vii.  290 

history,  vii.  286 

in  adults,  vii.  299 

massage  in,  vi.  250 

pathology,  vii.  287 

paralytic  stage,  vii.  293 

preparalytic  stage,  vii.  291 

prognosis,  vii.  298 

subacute,  vii.  300 

symptomatology,  vii.  291 

treatment,  vii.  298 
Polioneuromeres,  vii.  704 
Polistes  pallipes,  v.  605 
Politzer's  horn,  v.  44 

method,  iii.  748 

test.  V.  42 
Pollenia,  vii.  301 
Pollutions  in  the  male,  vi.  770 
Polycheiria,  vi.  Mill 
Polychromatophilia,  vii.  301 
Polyclonia,  \  ii.  37 

Polycythemia,  iw  94;  see  Eryfhrfiiiia. 
Polydactylism,  i\'.  S(i9 
Polydipsia  in  diabetes,  iii.  521 
Polyglobulism,  iv.  94;  see  Erythretnin. 
Polygonum,  ii.  63 
Polygram,    interpretation    and    signiti- 

<-aliee  of.  ii.  653 
Polygraph,  ii.  647.  648.  651 

records  of.  compared  with  those  of 
the  electrocardiograph,  ii.  656 
Polymastia,  polymazia,  ii.  450.   162 
Polymastigina,  vii.  301 
Polymastix,  vii.  301 
Polymorphonuclears,  ii.  117 
Polymyositis,  jirimary  acute,  vi.  563 
Polyneuritis.  \i.  754 
Polyorchidism,  viii.  148 
Polyotia,  iii.  767 

Polypapilloma  tropicum,  viii.  522 
Polyphagia  in  diabetes,  iii.  522 
Polyphalangism,  iv.  870 
PoIyporacesE,  iv.  579 
Polyporus  fonientarius,  iv.  .596 

frondosus.  iv.  579 

icnarius.  iv.  596 

sulphureus.  iv.  579 
Polypus,  vii.  301 

aural,  vi.  936 

decidual,  iii.  465 

dental  pulp,  viii.  116 

gastric,  vii.  986 

hairy,  viii.  138 

laryngeal,  v.  834 

maxillary  sinus,  v.  686 

nasal,  vi.  620 

placental,  vii.  207 

tooth-pulp.  vi.  843 
Polysaccharides,  i.  206;  vii.  302 
Polysarcia,  vi    815;  sec  Ohesily- 
Polyserositis   due   to  .Schiiotrypanuni 

eruzi.  viii.  6511 
Polyspermy,  v.  516 
Polysporocystidte,  vii.  302 
Polythelia,  ii.  150.  463 
Polytrichia,  v.  449 
Polyuria,  dialietie.  iii.  521 

essential,  iii.  516 
Pomegranate  bark,  iv   767 


Pompholyz,  vii.  302 

Ponos,  V.  870 

Pons  and  medulla,  dLwasox  of,  vii.  304 
centers  l>-ing  in  the,  ii.  38.3 
<liagnonis  of  lexion  of  the,  ii.  3MJ 
diseases  of,  vii.  304 
motor  tract!!  in  the,  ii.  381 
section."!  of  the,  ii.  298 
tract.s  paxsing  throunb,  ii.  38U 
tumors  of  the,  ii.  736 
-vrnptoms.  ii.  4.3S 

Poplar,  vii.  623 

Popliteal  vein,  anomalies  of,  viii.  660 

Popliteus  minor  muricle,  viii.  590 
Miu-i  le.  anomalies  of,  viii.  590 

Poppy,  vii.  26 

Population,  e-tirnatiori  of,  viii.  459 

Porcelain  makers,  diseases  of.  vi.  8.36 

Porocephalus,  i.  .504;  vii.  308 

Porokeratosis,  vii.  .307 

Porro  operation,  ii.  759 

Porta  hepatis,  vi.  44 

Portal  system  of  veins,  anomalies*  of, 
viii.  660 

Porter,  i.  192 

Portland,  Maine,  vii.  309 

Portland,  Oregon,  vii.  310 

Porto  Rico,  vii.  313 

iije.lieal  practice  in.  vi.  301 

Portsmouth,  N.  H.,  and  adjacent  re- 
sorts, vii.  311 

Portugal,  iMecll<-al  practice  in.  vi.  301 

Port  wine,  fiMid  value  of,  iv.  432 

Porus  opticus,  iv.  248,  256 

Post,  Alfred  Charles,  vii.  316 

Post,  Wright,  vii    316;  viii.  46.  51 

Postauricular  point,  iii.  344;  vii.  765 

Posthectomy,  iii    83 

Postmortem  examinations,  i    793;  see 

Posture,  erect,  disadvantages  of.  i.  474 

in  mental  disease,  vi.  435 
Potassa,  caustic,  vii.  316 
action  of.  ii.  698 

postmortem  evidences  of  poison- 
ing bv,  i.  JS0,5 
eiim  calco"  vii.  317 
Potassio-mercuric  iodide,  v.  371 
Potassium,  vii   316 
arsenite,  i.  t>3s 
bromide,  ii.  509 
chlorate,  ii.  828 

postmortem  evidences    of  poison- 
ing by,  i.  808 
cyanide,  iii.  398 
hypophosphite.  v.  469 
in  urine,  viii.  359 
iodide,  v.  650 

idio.«yncrasy  regarding,  v.  .503 
iodohydrargyrato.  v.  371 
permanganate,  vi.  2.35 

disinfectant  action  of.  iii.  625 
Potato  culture  medium,  i.  891 
food  value  of.  i.  208;  iv.  432 
IHiisoning  by.  vii.  236 
spirit  oil,  i.  192 
starch,  i.  308 

sweet,  food  value  of.  iv.  432 
Pott,  Percival,  vii.  319;  viii.  43 
Pott's  disease,  i.  683;  vii.  877 
alvscess  in.  vii.  891 
braces  for.  vii.  886 
complications,  vii.  S91 
cord  involvement,  vii.  883 
diagnosis,  vii.  8,S4 
oliologj'.  vii.  ^78 
fixation  in.  vii.  S85 
in  infancy,  vii.  8S5 
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Pott's  disease,  paralysis  in,  vii.  89:.' 

Proglottid  or  proglottis  of  a  tapew 

jrm, 

Proteinuria,     Iience-.Jijnos.    viii.    350, 

_         pathology,  vii.  877 

ii.  701;  vii.  323 

549 

physical  examination,  vii.  880 

Progressive  muscular  atrophy,  vi 

.575 

Proteotoxin,  v.  546 

plaster  jacket  in,  vii.  888 

dystrophy,  vi.  559 

Proteoses,  vii.  342 

prognosis,  vii.  878 

Projectiles,  iv.  794 

Proteus  group  of  bacteria,  i.  866 

prognosis,  as  influenced  by  loca- 

Prolamins, vii.  323 

Proteus    vulgaris,    poisoning    bv,    iv. 

tion,  ™.  890 

Prolapsus  recti,  vii.  498 

424 

symptoms,  879 

uteri,  viii.  373 

Prothrombin,  vii.  342 

treatment,  vii.  88.5 

Proline,  i.  78;  vii.  323 

Protista,  vii.  342 

treatment,  operative,  vii.  892 

Pronation  of  the  forearm,  iii.  872 

Protoccelom,  iii.  138 

fracture,  iv.  504 

Pronator  quadratus  muscle,  anom 

alies 

Protogonocyte,  iv.  (173 

paraplegia,  vii.  892 

of,  viii.  585 

Protomastigina,  vii.  342 

Pottery  workers,  diseases  of,  vi.  836 

radii    teres    muscle,     anomalies 

of. 

Protomonadina,  vii.  342 ;  viii.  004 

Poupart,  Franfois,  vii.  319 

viii.  585 

Protopathic  sensibility,  i.  359;  iv.  21 

Poupart's  ligament,  i.  2,  7 

Propeptone,   test  for.  in  the  stomach. 

Protoplasm,  ii.  54,  711 

Powders,  vii.  412 

vii.  958 

rheniistry  of,  ii.  55 

Pox  (syphilis),  viii.  77 

Prophases,  ii.  714 

origin  of,  ii.  55 

P.  oxyphenylethylamine,  vii.  .382 

Propionic  acid,  i.  77 

structure  of,  i.  341;  ii.  55 

Practice,  iiicdical,  early  regulation  of. 

Proponal,  v.  459 

Protoplasmic  movement,  ii.  713 

vi.  323 

Proprioceptive  pathways  in  the  spinal 

Protoryxomyces  coprinarius,  viii.  612 

laws  regulating,  vi.  289 

cord,  vii.  851) 

Protozoa,  viii.  G03 

Pravaz,  Charles  Gabriel,  vii.  319 

Proprioceptors,  ii.  283;  iv.  23 

classifi.'ation,  viii.  lilll 

Praxagoras,  viii.  32 

Prosencephalon,  develoi^ment  of,  i 

.287 

respiration  in,  vii.  53s 

P-R  interval,  i.  628 

Prosoplegia,  iv.  323 

Proud  flesh,  iv.  77(1 

Preacher's  hand,  iv.  899 

Prostate,  vii.  323 

Proust's  hypophysis  operation,  ii.  423 

Preauricular  point,  iii.  344;  vii.  765 

adenoma  of  the,  i.  123 

Prowazekia  asiatica,  viii.  613 

Precancerous  states,  ii.  599 

anatomy  of,  iv.  670,  vii.  323 

Prunes,  f.iorl  \alue  of.  iv.  432 

Precipitin  test  for  blood,  ii.  215 

atrophy  of,  vii.  336 

Prunus  virginiana,  vii.  342 

Precipitins  in  cancer,  ii.  603 

calculi  of,  vii.  337 

Prurigo,  vii.  343 

Pregnancy,  iv.  680 ;  see  also  Gcstalion. 

disorders  dependent  upon  deranged 

Pruritus,  vii.  343 

appendicitis  during,  ii.  707 

secretion  of,  viii.  76 

ani,  vii.  496 

chorea  in,  iii.  17 

hypertrophy  of,  vii.  328 

auricular,  iii.  760 

diagnosis  of,  i.  39 

electricity  in,  iii.  910 

in  urticaria,  treatment  of,  viii.  366 

eclampsia  in,  iii.  811 

operative  treatment,  vii.  335 

radiotherapy  of,  vii.  472 

extra-uterine,  iv,  691;  see  Gestation, 

radiotherapy  of,  vii.  474 

treatment  of,  viii.  366 

ectopic. 

spondylotherapy  in,  vii.  915 

vulvae,  viii.  468 

gonorrhea  in,   influence  of,   on   the 

treatment,  vii.  332 

radiotherapy  of,  vii.  474 

fetus,  iv.  385 

inflammation  of,  vii.  324 

Prussak,  Alexander,  vii.  344 

menorrhagia  in,  vi.  376 

injuries  of,  vii.  324 

Prussak's  pouch,  iii.  738 

pathology  of,  iv.  688 

malformations  of,  vii.  324 

Prussic  acid,  v.  390;  see  Hydrocyanic 

smallpox  during,  vii.  795 

obstructing,  vii.  328 

acid. 

Prepuce,    concretions    under    the    iii. 

physiology  of,  vii.  324 

Psammocarcinoma,  vii.  345 

226 

tuberculosis  of,  vii.  337 

Psammoendothelioma,  vii.  345 

removal  of,  iii.  S3 

tumors  of,  vii.  336 

Psammoglioma,  vii.  345 

Presbyopia,  vii.  319 

wounds  of,  vii.  324 

Psammofibroma,  vii.  345 

Prescription,  composing  a,  viii.  598 

senile  changes  in,  vi.  848 

Psammoma,  vii.  344 

computing  amounts  in,  viii.  598 

Prostatitis,  acute,  vii.  324 

cerebral,  ii.  433 

expressing  a,  viii.  600 

chronic,  vu.  325 

of  the  optic  nerve,  iv.  299 

Prescription-writing,  viii.  598 

Prosthesis  after  resection  of  mandible. 

Psammomyxoma,  vii.  345 

Presentations,     abnormal,     in     child- 

V. 699 

Pseudaconitine,  i.  94 

birth,  V.  787 

of  extremities,  i.  709 

Pseudechis  porphyriacus,  vii.  525 

Pressor  nerves,  ii.  158 

eyes,  i.  707 

Pseudoangina  pectoris,  i.  425 

Pressure,  atmosph'eric,  i.  158;  iii.  108 

teeth,  i.  711 

Pseudocephalocele,  ii.  722 

intrapulmonary,  vii.  539 

Prostigmata,  vii.  337 

Pseudocroup,  iii.  379;  v.  808 

intrathoracic,  vii.  539 

Prostitution,  vii.  338 

Pseudodiphtheria  bacillus,  i.  848 

partial,  of  ga.ses  in  a  mixture,  vii.  541 

business  of,  vii.  341 

Pseudoephidrine,  iv.  54 

Priapism,  vi.  772;  aII.  103 

causation,  vii.  340 

Pseudohypertrophic  muscular  atrophy. 

Prickly  ash,  viii.  520 

history  of,  vii.  338 

vi.  573 

Prickly  heat,  vi.  505 

regulation  system,  vii.  340 

Pseudojervine,  viii.  436 

Prince  Edward  Island,   medical  prac- 

study of,  -i-ii.  341 

Pseudoleukemia,  v.  897;  vi.  156;  vii. 

tice  in,  vi.  3111 

Protagon,  vii.  341 

345 

Pringle,  John,  vii.  321 

Protamines,  vii.  341 

Pseudomembranous        inflammation. 

Prinos,  i.  200 

Protargol,  i.  527 

diphtheritic,  iii.  001 

Prionidus  cristatus,  v.  599 

Proteans,  vii.  341 

non-diphtheritic,  iii.  003 

Prisms,    u.se    of,    in    spectacles,    viii. 

Protease,  vii.  341 

Pseudomeningocele,  ii.  718,  722 

035 

Protection  in  surgical  dressings,  iii 

696 

Pseudomyxoma  of  peritoneum,  vii.  125 

Proamnion,  i.  252;  vii.  322 

Protective  defenses  of  the  body 

na- 

Pseudoparanoia,  alcoholic,  i.  196 

Probability  in  relation  to  variation,  viii. 

ture  of,  V.  509 

Pseudoparesis,  alcoholic,  i.  195 

418 

Protein,  i.  203;  vii.  341 

Pseudopelade,  i.  231 

theory  of,  viii.  418 

Bence-Jones,  viii.  549i 

Pseudophyllidse,  vii.  347 

Probe,  uterine,  iv.  850 

calories  in,  i.  208 

Pseudotabes,  hysterical,  v.  485 

Processus  ensiformis,  viii.  646 

conjugated,  i.  204 

Pseudotuberculosis,  vi.  113 

verraiformis,  iii.  582;  see  Appendix 

daily  requirement  of,  in  food,  i. 

209 

Pseudotumor,  vii.  347 

termiformis. 

derived,  i.  205 

Psilosis,  vii.  917 

xiplioideus,  viii.  646 

digestion  of,  iii.  572 

Psittacosis,  vii.  348 

Proctoclysis,  iv.  48 

fuel  value  of,  i.  208 

Psoas    magnus   muscle,    anomalies  of. 

Proctoscopy,  vii.  491 

in  blood  plasma,  ii.  121 

viii.  588  , 

Progeria,  vii.  323 

simple,  i.  204 

parvus  muscle,  anomalies  of,  viii.  588 
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Psoriasis,  i.  .545;  vii.  349 

auricular,  iii.  760 

diagnosis,  iii.  833 

keratosis  following,  v.  721 

of  the  nails,  vi.  002 

treatment,  vi.  603 
Psorospermosis    foUicularis    vegetans 

V.  718 
Psorospermium  cuniculi,  viii.  621 
Psychanalysis,  vii.  353 

ill  till-  di;ienosis  of  insanity,  vi.  :i'.M\ 
Psychasthenia,  vii.  352 
Psychiatry,  data  of,  \i.  401 
Psychoanalysis,  vii.  353 

ill    thf-    diagnosis  of  insanity,  vi.  -i'.Ht 
Psychodidae.  vii.  356 
Psychoneuroses,  vii.  357 
Psychopathy,  constitutional,  vi.  391 
Psychoses,  see  also  Mental  disease. 

alcoholic,  i.  193;  vi.  390 

arteriosclerotic,  vii.  370 

autointoxication    as    a   cause   of,   i. 
781 

chronic  delusional,  vii.  39 

circular,  vii.  366 

confusional,  vi.  390;  vii.  358 

disordered   conscious   states   in,    iii. 
268 

e.\-haustion,  vii.  378 

febrile,  vi.  400;  vii.  358 

hysterical,  v.  487 

infection-exhaustion,  vi.  390;  vii.  358 

involutional,  ^ai.  361 

Korsakoff's,  i.  196;  vi.  756 

manic-depressive,  vii.  364 

pellagrous,  \-ii.  73 

postpartum,  vii.  359 

presenile,  vi.  391 ;  vii.  368 

senescent,  vii.  364 

senile,  vi.  391,  856,  859;  vii.  368 

symptomatic,  vi.  390;  vii.  375 

toxic,  vi.  390 

indifferentiated,  vi.  392 
Psychotherapy,  vi.  441 

of  pellagra,  \Ti.  74 
Psychrometer,  \-i.  636 
Pterion,  vii.  765 
Pterygium,  iii.  252;  iv.  292 
Pterygospinosus  muscle,  viii.  575 
Ptomaines,  i.  833;  vii.  381 

postmortem  evidences  of  poisoning 
by,  i.  808 
Ptosis,  iv.  311 
Ptyalism,  \ii.  617 

nuTcurial,  vii.  992 
Puberty,  vi.  377;  vii.  383 

inanimary  gland  at,  ii.  44S,  458 
Pubiotomy,  v.  132 
Pubis,  vii.  SI 
Public  Health  Service,  vii.  383 

division  of  domestic  quarantine,  vii. 
3S6 
foreign  and  insular  quarantine,  vii. 

388 
marine  hospitals  and  relief,  vii.  387 
personnel  and  accounts,  vii.  389 
sanitary  reports  and  statistics,  vii. 

388 
scientific  research,  vii.  3S6 

examination  of  candidates  for,  vii. 
389 

historj-  of,  vii.  383 

organization,  vii.  385 

pay  of  officers  in,  vii.  390 
Pudendum,  iv.  653 
Puebla,  vi.  490 
Puerperal  edamp.sia,  iii.  811 

fever,  vii.  390 
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Puerperal  infection,  vii.  390 

bacteriology,  vii.  3'Jl 

diagnosis,  ^ni.  393 

etiology,  vii.  391 

history,  vii.  391 

pathology,  vii.  393 

prognosis,  vii.  394 

prophylaxis,  vii.  394 

symptoms,  vii.  393 

treatment,  vii.  394 

vaccine  therapy  of,  viii.  404 
insanity,  vii.  359 
Puffballs,  iv.  594 
field,  iv.  595 
giant,  iv.  595 
hard-skinned,  iv.  595 
pasture,  iv.  595 
studded,  iv.  594 
Puler,  vii.  397 
ccrraticeps,  v.  592 
cheops,  V.  592 
irritans,  v.  591 
Pulicidee,  vii.  397 
Pulmotor,  vii.  549 
Pulp,  dental,  viii.  106 

abscess  of,  viii.  115 

calcification  of,  viii.  115 

congestion  of,  viii.  114 

gangrene  of,  viii.  115 

inflammation  of,  viii.  114 

l)olypu3  of.  viii.  llfl 

sppondarj-  dentine  in.  viii.  116 
Pulsatilla,  i-ii.  397 
Pulsation,  cardiac,  ii.  143 
Pulse,  ii.  141;  vii.  398 

al>solutely  irregular,  i.  624 

alternating,  i.  632 

arterial,  vii.  398 

bigeminal,  i.  621 

capillary,  vii.  412 

character  of,  factors  contributing  to. 

vii.  400 
completely  irregiJar,  i.  624 
('orrigan's,  vii.  405 
diagnostic  value  of  the,  vii.  407 
doxible,  \'ii.  406 

estimation  of  blood  pressure  by,  ii.202 
examination  of,  vii.  400 
febrile,  vii.  406 
infrequent,  i.  632 
intermission,  false,  i.  620 
intermittent,  i.  633 
irregular,    i.     61fi:    see    Arrhythmia, 

airdiac. 
liver,  vii.  412 
mitral,  iHi.  406 
of  aortic  aneurysm,  vii.  406 

aortic  disease,  vii.  405 

mitral  disease,  vii.  406 

myocardial  disease,  \-ii.  406 
parjidoxical,  i.  633 
pressure,  ii.  137;  vii.  403,  404 
quadrigeminal,  i.  621 
rapid,    i.   626;  vii.  401;  see    Tachy- 
cardia 
rate,  ii.  148 

of  propagation,  vii.  400 
significance  of  the,  vii.  400 
size  of,  vii.  401 
slow,  i.  632;  vii.  401 
trigeminal,  i.  621 
venous,  vii.  407 

in  auricular  fibrillation,  vii.  410 

Mackenjie's  theories  of,  vii.  40S 

pathological  variations  in,  vii.  409 

positive,  vii.  411 

in  tricuspid  disease,  vii.  409 

ventricular,  vii.  411 


Pulse,  water-hammer,  viL  405 
Pulsus  alternans,  i.  632 

bigeminua,  i.  621 

bisfericns,  vii.  4(Mi 

deficiens,  i.  6.33 

intormittcnn,  i.  6.33 

paradoxUK,  i.  633 

quadrigeminuD,  i.  621 

trigeminus,  i.  621 
Pulveres,  vii.  412 
Pulvis  cretse  compositus,  ii.  5>>2 
Pump,  iiMT.  urial,  vii.  .542 
Pumpkin  seeds,  vii.  106 
Puncta  lacrimalia,  iv.  243 
Puncture,  lumbar;  vi.  305:  vii.  :10 
.i.i.>lhi->ia  by,  i.  394 
in  the  diagnosLt  of  meningitis,  vi. 
307.  363,  365,  309 
Punicin,  vii.  194 
Punkies,  vii.  413 
Pupil,  V.  fiOl 

anomalies  of.  v.  002 

atresia  of,  i.  76.3 

"cerebral  cortex  reflex,"  v    IXi-'J 

occlusion  of,  v.  604 

occlusion  of,  V.  664 

-printing,  vii.  507 
Pupillary  membrane.  persi»ti>nt,  v   IHM 

riartion,    significant-'       '      '  ■    -■      ' 
V.  662 
Pupipara,  vii.  412 
Purgatin,  vii.  412 
Purgatives,  ii.  Oh7,  689 

li\'podermic  administration,  ii.  091 
Purgatol,  vii.  412 
Purines,  vii.  413 

in  urine,  viii.  .351 

ill  various  f.>od-sluffs.  iv.  4  Is 
Purkinje,   Johannes   Evangelista,    vii 

413 
Purmann  of  Luben,  viii.  42 
Purple,  Tyrian.  vii.  194 

visual,  vii.  194 
Purpura,  vii.  414 

fulminaas,  vii.  415 

hemorrhagira.  vii.  415 

pulicosa,  \Ti.  140,  410 

rheumatica,  i.  543;  vii.  414.  415 

simplex,  t-ii.  414 

urticaria,  vii.  414 

variolosa,  vii.  793 
Purse-string  method  of   treating  her- 
nia, V.  222 
Pus,  liacteria  of,  i.  S57 

blue,  bacillus  of,  i.  863 

green,  bacillus  of.  i.  ht)5 

in  urine,  viii.  362 

in  nephrolithiasis,  v.  742 

morphology  of,  i.  49 

origin  of.  i.  49 

tuberculous,  i.  50 
Pustulants,  iii.  314 
Pustulation,  iii.  50U 
Pustule,  malignant,  i.  4(>U 
Putrefaction,  i.  832;  vii.  417 
Putrescine,  vii.  3S2,  418 
Putrid  sore  mouth,  vii.  990 
Puzos'  work  in  obstetric.",  vi.  S23 
Pycnosis,  vii.  418 
Pyelitis,  diagnosis,  vii.  421 

ctiologj-,  vii.  419 

pathology-,  vii.  4'20 

pvelonephritis,    and     pyonophro«i,s. 
\-ii.  418 

symptoms,  vii.  420 

treatment,  vii.  422 
Pyelonephritis,  vii.  418 

diagnosis,  i.  36;  vii.  421 


Pjvluiiephrltis 
Retinitis 
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Pyelonephritis,  etiology,  vii.  41".l 

Quebec,  medical  practice  in,  vi.  301 

Radium,    therapeutic  u.se  of.   external. 

pathology,  vii.  420 

Quebracho,  i.  729 

vii.  467,  468 

symptoms,  vii.  420 

Queensland,   medical   practice  in.    vi. 

therapeutic  use  of,  internal,  vii.  464 

treatment,  vii.  422 

301 

Radius,  dislocation  of,  iii.  652 

Pyemia  and  septicemia,  vii.  423 

Queen's  root,  vii.  942 

excision  of,  iv.  197 

gonococcal,  iv.  752 

Quercus,  vii.  442 

fracture  of,  iv.  544 

Pygopagus,  viii.  131 

Queretaro,  vi.  490 

Radix  pulmonis,  vi.  83 

Pylephlebitis,  suppurative,  vi.  .3.5 

Quickening,  iv.  686 

Rag-sorters,  diseases  among,  vi.  834 

Pylorectomy,  vii.  982 

Quicksilver,  v.  366;  see  Hyilrnrgyrum 

Rag-weed,  vii.  475 

Pyloroplasty,  vii.  981 

and  M(  rcury. 

Railway   injuries,   neuroses   following. 

Pylorospasm,  vii.  429,  971 

Quillaja,  vii.  442 

vi.  777 

RcieiitKen  diagnosis  of,  vii.  597 

Quince-seed,  iii.  402 

medicine  and  surgery,  vii.  475 

Pylorus,  congenital  stenosis  of,  iv.  390 

Quinidine,  iii.  73 

signals,  iii.  194 

hypertropiiic  stenosis  of.  vii.  428 

Quinine,  iii.  70 

Rain,  climatic  relations  of,  iii.  Ill 

spasm  of.  vii.  429,  971 

amblyopia  caused  by,  vii.  552 

Raisins,  iv.  777 

stenosis  of,  iv.  390;  vii.  428 

and  urea  hydrochloride,   anesthesia 

food  value  of,  iv.  432 

Pyocyanolysin,  v.  171 

by,  i.  391 

Rales,  iii.  535 

Pyoktanin,  vii.  431 

in  pneumonia,  vii.  267 

Rammstedt's    pyloroplastic    operation. 

Pyonephrosis,  vii.  418 

idiosyncrasy  regarding,  v.  503 

vii.  981 

diagnosis,  vii.  421 

local  anesthesia  bv,  i.  391 

Ramsgate  and  Margate,  vii.   480 

etiology,  vii.  419 

poi.soning  by,  viii.  630 

Ranula,  vii.  481;  viii.  209 

pathoiogy,  vii.  420 

rash,  iii.  504 

Ranunculacese,   characteristics  of,  vii. 

symptoms,  vii.  421 

Quinoidine,  iii.  73 

225 

treatment,  vii.  422 

Quinol,  v.  394 

Ranvier's  injection  masses,  v.  278,  279 

Pyorrhea  alveolaris,  v.  685 

Quinoline,  vii.  442 

nodes,  vi.  731 

Pyramidalis  muscle,  anomalies  of.  viii. 

Quinopyrin,  vii.  443 

Rape,  definition  of,  vii.  481 

593 

Quinsy  (tonsillitis),  viii.  217 

evidences  of,  vii.  481 

Pyramidon,  vii.  431 

medicolegal  aspects  of,  vii.  481 

Pyramids,  decussation  of  the,  ii.  29.5 

Rabies,  vii.  443 

Rasahus  biguttatus,  v.  598 

of  Lal.Kiette,  viii.  184 

diagnosis,  i.  920;  vii.  445 

thoracicus,  v.  598 

Pyrethrum,  v.  588;  vii.  431 

dumb,  vii.  445 

Raspberries,  food  value  of,  iv.  432 

Pyretophorus,  vii.  432 

etiology,  vii.  444 

Rat,  plague  in.  vii.  216 

Pyridine,  vii.  432 

fixed  virus,  vii.  446 

Rat-bite  fever,  vii.  483 

occ\iiiational  diseases  caused  by,  vi. 

furious,  vii.  444,  445 

Rat-fleas,  vii.  485 

S3  2 

geographical  distribution,  vii.  443 

Rations,  army,  v.  406 

Pyriformis  muscle,  :iuomalies  of,  viii. 

history,  vii.  443 

navy,  vi.  648 

587 

incubation,  vii.  444 

Rattlesnakes,  vii.  525 

Pyrimidine,  vii.  432 

milk-borne,  vi.  514 

symptoms  of  poisoning  by.  vii.  528 

Pyrocatechin,  disinfectant  action  of.  iii. 

Negri  bodies,  i.  920;  vii.  444 

Ravenden  Springs,  vii.  485 

627 

paralytic,  vii.  445 

Rawley  Springs,  vii.  485 

Pyrogallol,  vii.  432 

pathology,  vii.  444 

Ra-wlins  Sulphur  Springs,  vii.  486 

Pyronin  staining,  v.  269 

prophylaxis,  vii.  445 

Rayleigh's  color-mixing  apparatus,  iii. 

Pyrosis,  vii.  432 

street  virus,  vii.  446 

207 

Pyroxylin,  vii.  433 

symptoms,  in  dog,  vii.  444 

Raynaud's  disease,  iv.   615,   899;  vii. 

Pyrozone,  v.  392 

in  man,  vii.  445 

486 

Pythagoras,   medical  teachings  of,   vi. 

treatment,  vii.  445 

hemoglobinuria  in.  v.  157 

310 

Rachischisis,  vii.  825 

Rays,  alpha,  ii.  28;  vii.  455,  461 

Pyuria,  viii.  362 

Rachitis,  vii.  579;  see  Rickets. 

Becquerel,  ii.  27 

in  nephrolithiasis,  v.  742 

Radesyge,  v.  878 

beta,  ii.  28;  vii.  456,  461 

Radial  vein,  anomalies  of,  viii.  658 

gamma,  ii.  28;  vii.  458,  461 

Quadratus   fenioris  muscle,  anomalies 

Radiant  energy,  therapeutics  of,  vii.  184 

of  direction,  iv.  265 

of.  viii.  588 

Radioactive     elements,    chemistry    of. 

Roentgen,  vii.  448;  see  Roentytn  ray. 

lumborum  muscle,  anomalies  of,  viii. 

vii.  453 

Sagnac,  vii.  591 

593 

table  of,  vii.  453 

X-,  see  Roentgen  ray. 

Quadriceps     extensor     cruris    muscle. 

substances,  physics  of,  vii.  451 

Reaction,  biuret,  viii.  350 

anomalies  of,  viii.  588 

waters,  ii.  11 

diazo,  iii.  565 

femoris.  viii.  165 

Radioactivity,  vii.  447 

of  degeneration,  iii.  892,  905 

Quadrigeminal  body,  anterior,  iii.  166 

Radiodiagnosis,  vii.  591 

Wassermann,  iii.  220;  viii.  78 

posterior,  iii.  166 

Radiography    with    bronchoscopy,     ii. 

Reamy,  Thaddeus  Asbury,  vii.  489 

Quail,  food  value  of,  iv.  432 

533 

Reaumur  thermometer  scale,  viii.  IGl 

Quain,  Sir  Richard,  vii.  433 

Radiolaria,  vii.  460 

Receptaculum  chyli,  vi.  184 

Quarantine,  vii.  433 

Radiotherapy,  vii.  460 

Receptors,  v.  Ili5 

division  of  the  Public  Health  Ser- 

comparison of  x-rays   and   radium. 

of  Sherrington,  iv.  20 

vice,  vii.  386,  388 

vii.  462 

von  Recklinghausen,  Friedrich  Daniel, 

duration  of,  vii.  439 

cross-fire,  vii.  469 

vii.  489 

federal  status  of,  vii.  436 

of  cancer,  ii.  606;  vii.  473 

Recklinghausen's  disease,  vii.  490 

history,  vii.  433 

of  the  skin,  ii.  643;  vii.  471 

tumor,  vi.  587 

in  the  United  States,  vii.  435 

of  uterine  fibroids,  viii.  380 

Recruits,    examination   of,  v.  403;  vi. 

inspection  of  vessels,  vii.  438 

Radioulnar    articulation,    excision    of, 

652,  658 

international  agreements  regarding. 

iv.  203 

Rectum,  adenoma  of,  vii.  499 

vii.  440 

Radium,  vii.  454 

anatomy,  iii.  583 

interstate,  vii.  440 

A,  B,  C,  vii.  454,  461 

and  anus,  diseases  of  the,   vii.  490 

local,  vii.  441 

emanation,  vii.  454,  461 

cancer  of,  vii.  500 

penalties  for  violation  of,  vii.  441 

internal  uses  of,  vii.  463 

radiotherapy  of,  vii.  474 

scientific  basis  of,  vii.  434 

in  the  treatment  of  cancer,  ii.  606 

condyloma  acuminatum  of,  vii.  500 

Quartan  fever,  vi.  219 

uterine  fibroids,  viii.  381 

dermoid  cysts  of,  vii.  500 

parasite  of.  vi.  209;  viii.  623 

rules  for  therapeutic  application  of. 

diseases  of,  vii.  490 

Quassia,  vii.  441 

vii.  468 

examination  of,  vii.  490 
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Rectum,  fibroma  of,  vii.  511(1 

lipoma  of,  vii.  500 

myoma  of,  vii.  500 

neuralgia  of,  vii.  49!» 

papilloma  of,  vii.  500 

prolapse  of,  -vii.  498 

removal  of,  vii.  502 

stricture  of,  vii.  497 

electrolysis  for,  iii.  897 

tumors  of,  vii.  499 

ulceration  of,  vii.  497 

villous  tumors  of,  vii.  500 
Rectus   abdominis   muscle,   anomali 
of,  viii.  593 

capitis    muscles,  anomalies  of, 
580 
posticus  minor,  anomalies  of, 
591 

femoris,  viii.  165 
Red  blood  cells,  reduced   number  of, 
vi.  871 

bugs.  vii.  502 

indigo,  vii.  194 

precipitate,  v.  370 

visual,  vii.  194 
Red  Cross  Society,  functions  of  the.  i. 

579 
Redia,  vii.  502;  viii.  263 
Redlands  and  Riverside,  vii    502 
Reductases,  vii.  504 
Reduviidse.  v.  5H7;  vii.  504 
Reduvius,  vii.  504 

personatus.  \'.  .^1*7 
Reed,  Walter,  vii   504 
Reflexes,  v.  576;  vii.  504 

abdominal,  \'ii.  506 

-  -\brams'  visceral,  vii.  911 
anal,  vu.  506 
Babinski,  vii.  506 
biceps,  vii.  505 

cervical  symphathetic,  vii.  507 

ciliospinal,  "vii.  507 

corneal,  \'ii.  505 

cremasteric,  \-ii.  506 

crossed  adductor,  vii.  505 

defense,  vii.  506 

epigastric,  \-i).  506 

gluteal,  vii.  506 
'•hysterical  modifications  of,  v.  4n7. 
—idiosyncrasy  regarding,  v.  502 

iliohypogastric,  \Hi.  506 

-  in  mental  disease,  vi.  426 
masseter,  vii.  505 
metatarsal,  vii.  505 
mucous-membrane,  vii.  505 
nasal,  vii.  505 
palmar-ulnar,  vii.  505 
paradoxical  pupillary,  vii.  507 
patellar,  vii.  504 
pharyngeal,  vii.  505 
pilomotor,  vii.  507 

plantar,  \-ii.  506 
psychic,  \'ii.  507 
-pupillarj-,  V.  662;  vii.  506 
radial,  vii.  505 
rectus  abdominis,  vii.  .506 
scapulohumeral,  vii.  505 
secretory,  vii.  507 
skin,  vii.  505 
sphincter,  vii.  506 
spinal  apparatus  of,  vii.  844 
spinal,  disturbances  of,  vii.  866 
sudoriferous,  vii.  507 
supraorbital,  vii.  505 
tendon,  vii.  504 
tensor  fascise  latse,  vii.  500 
therapeutics  of,  vii.  913 
ulnar,  vii.  505 


Reflexes,  vaginal,  vii.  .506 

va.somotor,  ii.  157;   vii.  507 
Refraction,  i.  64;  iv.  263;  viii.  450 

during  growth  of  the  eye,  iv.  273 

in  aph.ikia,  v.  447 

indices  of  ocular  media,  iv.  270 
Refractometers,  vii.  507 
Regeneration  (repair),  v.  .553 
Reichert's  thermoregulator,  i.  899 
Reichmann's    method  >>f  examination 

of  the  fasting  stomach,  vii.  960 
Reid's  base  line,  iii.  730;  vii.  706 
Reil,  Johann  Christian,  vii.  608 
Reil,  island  of.  ii.  334 

symptoms  of  lesions  of.  ii.  376 
Reissner's  membrane,  v.  36 
Relapsing  fevers,  vii.  508 

complications,  vii.  ,520 

diagnosis,  vii.  520 

etiologj'.   vii.   509 

geography,  vii.  508 

histor>',  vii.  508 

immunity,  vii.  513 

microorganisms  of,  vii.  510 

mode  of  infection,  vii.  514 

of  Equatorial  Africa,  vii.  517 

Eura-sia  and   Northern  Africa,  vii. 

517 
tropical  America,  vii.  516 

pathology,  vii.  522 

prognosis,  vii.  521 

prophylaxis,  vii.  523 

psychoses  of,  vii.  376 

spirillum  of,  i.  873 

N'oguchi's  method  of  cultivating,  i. 
888 

symptoms,  vii.  518 

theory  of  relapse,  vii.  514 

treatment,    vii.  522 

types  of.  \'ii.  .516 
Remak,  Robert,  vii.  523 
Remijia,  iii.  73 
Ren  mobilis,  v.  748 
Renal  veins,  anomalies  of,  viii.  659 
Rennet,  iv.  623:  vii.  624 

test  f<^^,  vii.  958 
Rennin,  iv.  623:  vii.  524 
Repair  following  inflammation,  v.  553 
Reparative  surgery,  vii.  240;  see  Plas- 

lir  siirfjen/. 
Reproduction,  vii.  624 
Reptiles,  poisonous,  vii.  624 

itiimunity  against,  vii.  532 

symptoms  following  bite  of,  vii.  528 
treatment  of.  vii.  531 
Resections,  iv.  188:  ^tee  Excisions. 
Resin,  i.  108;  viii.  143 

acaroid.  viii.  520 

Botany  Bay.  viii.  520 
Resina  draconis.  iii.  688 

jalapa".  v.  676 

lutea.  viii.  520 

podophylli.  vii.  271 

scammonii,  vii.  *>54 
Resorcinol,  vii.  537 

disinfectant  action  of,  iii.  627 
Respiration,  abdominal,  vii.  540 

artificial,  vii.  547 

Biot's,  iii.  715 

carbon  dioxide  in  relation  to,  i.  368 

centers  of.  vii.  544 

Cheyne-Stokes.  iii.  "15 

costal,  vii.  540 

di.aphragmatic,  vii.  540 

diflBcult,  iii.  713 

effect  of,  on  blood-pressure,  ii.  142 
mental  disease,  vi.  424 

in  childhood,  ii.  SIS 


Respiration  in  infancy,  v.  527 

inferior  coHtal,  vii.  540 

inhibition  of,  v.  574 

interchange  of  gases  between  blood 
and  air,  \-ii.  .542 

internal,  vii.  543 

irregular,  vii.  546 

Kussmaul's,  iii.  715 

larj'nx  in,  v.  837 

muscles  of,  vii.  540 

ner»'ou«  mechanism  of,  vii.  544 

organ.'!  of,  vii.  538 

physiology  of.  vii.  638 

quantity  of  air  breathed,  vii.  540 

superior  costal,  vii.  540 

tissue,  vii.  543 

types  of,  vii.  .540 
Respiratory  arrhythmia,  vii.  546 

coefficient,  vii.  540 

di.sorder8  due  to  autointoxication,  i. 
781 
to  motoring,  i.  792 

quotient,  \-ii.  540 

tract,  cysts  of,  iii.  415 
Rests,  adrenal,  viii.  27 

embryonic,  vi.  708 
Resuscitation,  \-ii.  646 

after  electric  shock,  iii.  885 
Retention,  urinar>-,  vi.  503 
Reticulum,  iii.  257 
Retina,  anatomy  of,  iv.  2.56 

anemia  of,  vii.  .552 
treatment,  vii.  553 

aneurysms  in  the,  >'ii.  553 

angiogliomatosis  of,  vii.  553 

angioid  streaks  in  the,  vii.  553 

atrophy  of,  vii.  557 

central  artery  of,  obstruction  of,  vii. 
552 

ciliar)',  iv.  261 

detachment  of  the.  blindness  due  to. 
U.  108 

diseases  of,  vii.  661 

distribution  of  color  sense  over  the, 
iii.  190 

glioma  of,  iv.  7.35 

hemorrhage  into  the,  \-ii.  553 

h>T>eremia  of,  vii.  551 

inflammation     of,     \Hi.     553;     see 
Retinilis. 

injuries  of,  iv.  282 

irritability  of.  viii.  452 

ischemia  of,  vii.  552 

marular-cerebral   degeneration,   vii. 
557 

obstruction  of  central  artor>*  of.  vii. 
552 

phlebectasia  of,  vii.  553 

pulsation  of  blood-vessels  in  the.  vii. 
551 

sclerosis  of  vessels  of,  vii.  553 

senile  macular  disease  of.  vii.  556 

separation  of,  vii.  557 

stimulation  of,  viii.  452 

thromlKisis  of  central  vein  of,  vii.  552 

tumors  of,  iv.  297 
Retinitis,  vii.  553 

alb\iminurica,  iv.  287;  vii.  5.54 

blindness  due  to,  ii.  108  , 

circinata,  vii.  556 

diabetic,  vii.  555 

from  exposure  to   bright   light,    vn 
556 

glycosuric.  vii.  555 

hemorrhagic.  Wi.  551 

leucemio,  vii.  555 

proliferans,  vii.  556;  \-iii.  463 

punctata  alliescens,  i-ii.  557 
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Retinitis,  saturnine,  vii.  554 

Rhodesia,  medical  practice  in,  vi.  301 

Ritter's  disease,  iii.  502;  iv.  391 

septic,  vii.  554 

Rhodinus,  vii.  577 

Riva-Rocci  sphygmomanometer,  ii.  130 

simplex,  vii.  554 

Rhodopsin,  %'ii.  194 

Riverius,  salt  of,  vii.  317 

striata,  vii.  556 

Rhombencephalon,  divisions  of  the,  ii. 

Riverside,  Calif.,  ii.  585;  vii.  503 

suppurative,  -ini.  554 

286 

Riviera,  The,  vii.  684 

syphilitic,  vii.  556 

Rhomboatloid  muscle,  viii.  592 

Rivinian  notch,  iii.  734 

tuberculous,  vii.  555 

Rhomboid  muscles,  anomalies  of,  viii. 

Roberts,  Sir  William,  vii.  585 

Retinochoroiditis,  blindness  duo  to,  ii. 

580 

Robin,  Charles  Philippe,  vii.  585 

108 

Rhombooccipital  muscle,  viii.  580 

Rochelle  salt,  vii.  31S 

juxtapapillaris,  vii.  556 

Rhubarb,  vii.  560 

Rockbridge  Alum  Springs,  vii.  585 

Retinoscopy,  v.  445;  vii.  725 

food  value  of.  iv.  432 

Rock  fever,  vi.  233 

Retzius,  Anders  Adolf,  vii.  558 

Rhus  diversiloba,  vii.  228 

Rocky  Mountain  spotted  (tick)  fever, 

Reverdin,  Jacques  Louis,  vii.  558 

glabra,  vii.  577 

vii.  586 

Reverdin's    method     of    skin-firafting, 

poisoning  by,  iii.  510;  vii.  226 

Rodent  ulcer,  ii.  638 

viii.  252 

radicans,  vii.  226 

radiotherapy  of,  vii.  471 

Reversion,  vii.  558 

toxicodendron,  vii.  226,  577 

Roe's  mouth  gag,  iii.  97 

Reynolds,  John  Russell,  vii.  559 

vernix,  vii.  227 

Roentgen  diagnosis,  vii.  691 

Reynolds'  test  tor  acetone,  i.  71 

Rhynchobdellida,  v.  248;  vii.  577 

technique,  vii.  592 

Rhabditis,  vii.  559 

Rhythm,  cardiac,  i.  616 

rays,  vii.  448 

nicllj-i,  vi.  678 

methods  of  investigating,  i.  617 

absorption  of,  vii.  451 

pellio,  vi.  678 

nodal,  i.  626 

apparatus,  vii.  448 

terricola,  vi.  678 

Rhyzotomy,  vi.  742 

cancer  caused  by,  ii.  598,  599 

Rhabdomyoma,  vi.  588;  vii.  647 

Ribs,  viii.  644 

dermatitis,  iii.  508 

Rhachischisis,  viii.  132 

absence  of,  ii.  803 

direct,  ™.  591 

Rbachitis,  vii.  579;  see  Rickets. 

atypical,  viii.  645 

indirect,  vii.  591 

Rhamnus  purshiana,  ii.  666 

cervical,  ii.  754 

in  the  treatment  of  cancer,  ii.  606 

Rhatany,  v.  773 

defective,  ii.  803 

measurement     of     quantity     and 

Rhares,  Abou-Beckr  Mohammed  Ben 

dislocation  of,  iii.  643 

quality  of,  vii.  449 

Zacharia,  vii.  559;  vii.  37 

excision  of,  iv.  209 

physics  of,  vii.  450 

Rheometer,  ii.  138 

floating  tenth,  ii.  804 ;  vii.  899 

secondary,  vii.  591 

Rheum  (rhubarb),  vii.  560 

fracture  of,  iv.  535 

therapeutic  use  of,  vii.  460,  407 

Rheum,  .-ialt,  iii.  826;  see  Eczema. 

typical,  viii.  644 

therapy,  vii.  460,  467 

Rheumatic  fever,  vii.  561 

Rice,  food  value  of,  iv.  432 

Roger  of  Parma,  viii.  38 

diet  in.  iv.  448 

Rice-bodies,  i.  673;  vii.  577;  viii.  124 

Roger's  sphygmomanometer,  ii.  204 

radiotherapy  of,  vii.  464 

Rice-pudding,  food  value  of,  iv.  428 

Rokitansky,  Karl,  iv.  337;  vii.  598 

Rheumatin,  vii.  563 

Rice-starch,  i.  308 

Rolando,  Luigi,  vii.  699;  viii.  3S 

Rheumatism,  acute  articular,  vii.  561 

Rice-water  discharges  in  cholera,  viii. 

Rolando,  fissure  of,  Chiene's  method  of 

diet  in,  iv.  448 

559 

locating,  iii.  346 

radiotherapy  of,  vii.  464 

Richardson,  Maurice  Howe,  vii.  578 

Roller  bandage,  ii.  14 

articular,  psychoses  of,  vii.  376 

Richfield  Springs,  vii.  578 

Rolph,  John,  vii.  699 

chorea  in  relation  to,  iii.  17 

Ricin,  vii.  578 

Romanowsky    stain    for    the    malarial 

chronic  articular,  vii.  664 

Ricinidae,  vii.  579 

parasite,  vi.  221 

diet  in,  iv.  448 

Rickets,  vii.  579 

Romberg,  Moritz  Heinrich,  vii    599 

climatic  treatment,  'ii.  121 

eclampsia  in,  iii.  818,  819 

Romberg  experiment,  iii.  75.'i 

cold  in  the  treatment  of,  iii.  157 

of  the  arms  and  forearms,  i.  552 

Roofers,  diseases  of,  vi.  .836 

diaphragmatic,  iii.  545 

pelvic  deformity  in,  vii.  89 

Roosa,  Daniel  Bennett  St.  John,  vii.  599 

electricity  in,  iii.  911 

spinal,  vii.  875 

Root  of  a  tooth,  viii.  105 

eye  symptoms  in,  iv.  286 

Ricord,  Philippe,  vii.  582 

Rope-makers,  diseases  among,  vi.  834 

hydrotherapy,  v.  401 

Riedel's  lobe,  vi.  48 

Rosacea,  i.  88 

tuberculous,  i.  698 

Riegel's  test  dinner,  vii.  953 

Rosemary,  vii.  800 

Rheumatoid  arthritis,  i.  555;  vii.  565 

Rigor  mortis,  vii.  583 

marsh,  poisoning  by,  vii.  238 

phototherapy  of,  vii.  186 

Rilhet,  Frederic,  vu.  583 

Rosenbach's  test  for  bile  pigments  in 

Rhigolene,  vii.  566 

Rima  glottidis,  v.  821 

the  urine,  viii.  355 

Rhinencephalon,  ii.  322 

palpebrarum,  iv.  243 

tuberculin,  viii.  284 

Rhinitis,  vii.  567 

Ring,  external  abdominal,  i.  2 

Rosenmiiller,  Johann  Christian,  i.  337; 

acute,  -ini.  507 

inguinal,  i.  2 

vU.  600 

atrophic,  vii.  569 

internal  abdominal,  i.  5 

Rosenmiiller's  body,  iv.  638 

chronic,  vii.  568 

tympanic,  iii.  717 

Rosenthal's  vein,  ii.  354 

diphtheritic,  iii.  007 

Ringed  eruption,  iv.  776 

Roseola,  epidemic,  vii.  603 

hj'pertrophic,  vii.  569 

Ringworm,  viii.  202 

scarlatinosa,  vii.  600 

scarlatinal,  vii.  659 

axillary,  viii.  204 

sypliilitic,  viii.  80 

Rhinoestrus,  vii.  570 

black-dot,  viii.  203 

vaccinosa,  vii.  800 

Rhinoliths,  i.  169;  iii.  227 

cutireaction  in,  iii.  396 

Roses,  vii.  601 

Rhinopharyngitis  mutilans,  iv.  613 ;  vii. 

disseminated,  viii.  203 

Rose-water,  vii.  602 

570 

fungus,  V.  456 

Rosin,  viii.  143 

Rhinoplasty,  vi.  805;  vii.  250 

genitocrural,  vii.  679;  viii.  204 

Rosmarinus,  vii.  600 

Rhinosclerin,  vii.  573 

of  the  body,  viii.  203 

Rostellum  of  a  tapeworm,  ii.  761 

Rhinoscleroma,  iv.  775;  vii.  572 

treatment,  viii.  206 

Rostkovites  granulatus,  iv.  581 

Rhinoscopy,  vii.  573 

of  the  hands  and  feet,  viii.  204 

sub.aureus,  iv.  582 

Rhinosporidium,  vii.  576 

treatment,  \-iii.  206 

Roth's  ophthalmoscope,  vi.  895 

kinealyi,  viii.  627 

of  the  nails,  viii.  204 

Rothberger's  neutral-red  agar,  i.  883 

seelicri,  viii.  627 

treatment,  viii.  206 

Rbtheln,  vii.  603 

Rhipicephalinae,  vii.  577 

of  the  scalp,  viii.  203 

Roumania,  medical  practice  in,  vi.  301 

Rhipicephalus,  ii.  264 

Tokelau,  viii.  204 

Round  back,  ii.  807 

Rhizoglyphus,  vii.  577 

Rinne  test,  iii.  743;  v.  41 

Roundels,  iii.  195 

Rhizopoda,  vii.  577;  viii.  604 

Rio  de  Janeiro,  vii.  584 

Roux  spatula,  i.  901 

Rhizostoma,  vii.  677 

Rippoldsan,  ii.  2 

thermoregulator,  i.  899 

Rhode  Island.medical  practice  in,vi.301 

Risorius  muscle,  anomalies  of,  viii.  575 

tubes,  i.  892 
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Rovsing's  operation  of  gastropexy,  vii, 

979 
Royat-les-Bains,  vii.  602 
Roy's  method  of  hemoglobin  estima- 
tion, ii.  184 
Rubber,  iii.  861 
Rubber-workers,   diseases  among,   vi. 

8.3o 
Rubefacients,  iii.  314 
Rubella,  vii.  603 
Rubeola,  vi.  280 

noth.T,  vii.  603 
Rubia,  vi.  202 

Rubinat  Mineral  Springs,  vii.  604 
Rubner's  law  of  surface  area,  v.  118 
Rubus,  vii.  604 

i.lo-us,  vii.  604 
von  Ruck's  tuberculin,  viii.  285 
Rue,  vii.  605 

Ruete's  ophthalmoscope,  vi.  893 
Rufus  of  Ephesus,  vi.  315,  820 
Rum,  food  value  of,  iv.  432 
Rumex,  vii.  604 
Running,  vi.  75 
Rupture,  v.  208;  see  Hernia. 
Rush,  Benjamin,  vii.  604 
Russia,    medical    practice   in,    vi.    290, 

M\  1 
Russula,  iv.  583 

emetica,  iv.  584 

fcetens,  iv.  584 

mariae,  iv.  584 

virescens,  iv.  584 
Ruta,  vii.  605 
Rutland,  Mass.,  vii.  60S 
Ruysch,  Friedrich,  vii.  606 
Rye  Beach,  vii.  313 
Rye,  spurred,  iv.  82 

Sabadilla  seeds,  viii.  435 

Sabal,  vii.  606 

Sabina,  vii.  606 

Sabouraud-Noire    method    of  mcasur- 

ins;    the  quantity  of  i-rays,  vii.  450 
Saccharin,  ii.  37 
Saccharomyces  bus.se,  ii.  88 

cerevisiie,  ^^ii.  523 

transfaciens,  ii.  88 
Saccharomycetes,  ii.  88 
Saccharomycosis,  ii.  88;  vii.  607 
Saccharose,  i.  206;  vii.  607 
Saccharum,  vii.  608 

hordeatum,  vii.  608 

lat-tis,  vii.  609 

offieinarum,  vii.  608 
Sacculus  laryngis,  v.  821 
Sacroiliac  joint,  vii.  82 
diseases  of,  vii.  609 
tuberculosis  of,  i.  689:  vii.  fiUl 
Sacrolumbalis    muscle,    auonialies    of, 

viii.  592 
Sacrum,  vii.  79 
Saffron,  iii.  375 

meadow,  iii.  153 
Sage,  vii.  626 
Sagnac  rays,  vii.  591 
Sago,  i.  308 

Sahli's  hemoglobinometer,  ii,  181 
Saigon  cinnamon,  iii.  75 
Saint  Augustine,  Fla.,  vii.  610 
St.  Blasien,  ii.  1 
Saint  Catharine's  Well,  vii.  611 
St.  Helena,  medical  practice  in.  vi.  302 
St.  Hilaire,  Etienne  Geoffroy,  i.  339 
Saint  Louis,  Mo.,  vii.  611 
Saint  Louis  Spring,  vii.  612 
St.  Lucia,  medical  practice  in,  ri.  302 
Saint  Paul,  Minn.,  vii.  612 


Saint  Vincent,  medical  practice  in, 

302 
Saint  Vitus's  dance,  iii.  16 
Sajodin,  vii.  613 
Salacetol,  vii.  613 
Sal    ammoniac,   occupational    dis 
due  to,  vi.  828 
de  duobus,  vii.  318 
prunelle,  vii.  319 
soda,  vii.  806 
Salerno,  school  of,  vi.  321;  viii.  37 
Saliceto,  vi.  322 
Salicin,  vii.  613 
Salicylamide,  vii.  613 
Salicylates,  vii.  614 
Salicylic  acid  and  the   salicylates,  vii. 
613 
disinfectant  action  of,  iii.  627 
idiosyncrasy  regarding,  v.  503 
poisoning  by,  viii.  631 
Salicylism,  viii.  631 
Saline  .solution,  vii.  616 

waters,  ii.  9 
Salines,  di\iretic  action  of,  iii.  684 
Salins-Moitiers,  ii.  504 
Salipyrin,  vii.  616 
Saliva,  vii.  616 
acid.  vii.  618 
composition  of,  ■vii.  688 
digestive  action  of,  vii.  617 
hypersecretion  of,  vii.  617 
hyposecretion  of,  vii.  618 
mcchatiism  of  secretion  of,  vii.  689 
paralytic,  vii.  617,  690 
secretion  of,  vii.  616 
theory  of,  vii.  690 
Salivary    glands    and    ducts,    actino- 
mycosis of,  vii.  622 
anomalies,  \ni.  617 
calculi  in,  vii.  619 
cancer  of,  \'ii.  623 
chronic  inflammatory  tumor,  vii. 

621 
cysts  of,  \-ii.  622 
disea.ses  and  injuries  of,  vii.  617 
fistula;,  vii.  618 
foreign  bodies  in,  \ni.  619 
histological    changes    in,     during 

secretion,  vii.  690 
inflammation,  vii.  620 
injuries,  v\\.  618 
secretion  of,  ^•ii.  688 
secretory  disturbances,  vii.  617 
secretory  nerves  of,  vii.  689 
syphilis,  vii.  622 
tuberculosis,  \'ii.  622 
tumors  of,  vii.  623 
Salivation,  vii.  G17 
Saliz,  vii.  623 

Salmon,  food  value  of.  \v.  433 
Salol,  vii.  171 
Salol-camphor,  vii.  624 
Salophen,  vii.  624 
Saloquinine,  vii.  621 
Salpingitis,  vi.  958 
Eustachian,  iii.  769 
.syphilitic,  iii.  7^i'.i 
Salsomaggiore,  vii    624 
Salt  Lake  City,  vii.  625 
Salt  Sulphur  Springs,  \  ii    625 
Saltillo,  vi.  490 

Saltines,  food  value  of.  iv.  433 
Saltpeter,  vii.  318 
Salts,  inorganic,  in  food,  i.  211 

table  or  sea,  ii.  829 
Salumin,  vii.  626 
Salvarsin,  viii.  83 
'    SalTia,  vii   626 


Sambucus,  vii.  626 

ranaden.'is.  fKiUoning  by,  vii.  234 
San  Antonio,  vii.  627 
Sanatorium  treatment  of  tulx-rpulosi*. 

vii.  627 
Sand,  intestinal,  iv.  49 
Sandalwood,  »il  of,  vii.  629 
Sand-flies,  vii.  412,  630 
San  Diego,  ii.  .'■SS 
Sands,  Henry  Berton,  vii.  630 
Sands'  staining  method,  v.  270 
Sandwich  Islands,  iv.  911 
San  Francisco,  vii.  630 
Sanger's  operation,  ii.  757;  vi.  824 
Sanguinaria,  vii.  631 
Sanguinarine,  vii.  631 
Sanguisuga  anyptiaca.  v.  247 

meilicinalis.  v.  246 
Sanitary  survey  in  yellow    fever  cam- 
paign, viii.  .536 
San  Luis  Potest,  vi.  490 
San  Remo,  vii.  632 
San  Salvador,  medical  practice  in.  vi. 

31  ]2 
Santa  Barbara,  ii.  5.85 
Santa  Catalina  Island,  Cal.,  vii.  633 
Santa  Fe,  vi.  785 

Santa  Ysabel  Sulphur  Springs,  vii   634 
Santalum  album,  vii.  631 

rubrum,  vii,  634 
Santo   Domingo,   medical   practice  in. 

vi.  301 
Santonica,  vii.  634 
Santonin,  vii.  634 

poi^'>iiing  by.  viii.  631 
Santonin-ozim,  vii.  635 
Santorini,  Giovanni  Domenico,  i.  337; 

vii.  635 
Santorini's  cartilages,  v.  823 
Saphenous  veins,  anomalicaor,  viii.  060 
Sapo,  vii.  635 

ninllis  or  viridis.  vii.  630 
Saponaria,  vii.  636 
Saponification,  vii.  636 
Saponin,  vii.   142 
Sappey,     Marie     Philibert     Constant, 

vii.  636 
Sapremia,  vii.  -123 
Saprophytes,  i.  h2>» 
Saratoga  Springs,  vii    637 
Sarcocystis,  vii.  639 

honiinis.  viii.  627 

lindemanni,  viii.  627 

nuiris,  viii.  627 
Sarcodina,  vii.  639;  viii.  604,  605 
Sarcoma,  vii.  639 

deciduocellulare.  iii.  466 

diagnosis,  vi\.  641 

etiology,  rii.  640 

general  features,  ^^i.  642 

giant-cell,  vii.  643 

melanotic,  vii.  645 

of  the  appendix,  ii.  708 
auricle,  iii.  765 
brain,  ii.  433 
breast,  u.  480.  499 
choroid,  iv.  295 
ciliar>-  body,  iv.  295 
colon,  iii.  185 
conjunctiva,  iv.  293 
eyelid,  iv.  291 
Fallopian  tubes,  vi.  956 
intestine,  v.  637 
iris.  iv.  295;  v.  668 
kidney,  v.  759 
lacrj'mal  gland,  iv.  300 
larynx,  v.  834 
liver,  vi.  63 
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Sarcoma  of  the  lungs,  vi.  Ill 
lymph-nodes,  vi.  157 
mandible,  v.  696 
maxilla,  v.  687 
nose,  vi.  623 
orbit,  iv.  300 
ovary,  vi.  946 
oviduct,  vi.  956 
periosteum,  vii.  123 
pharynx,  vii.  166 
salivary  glands,  vii.  623 
stomach,  vii.  987 
suprarenal  glands,  viii.  28 
testicle,  viii.  147 
tongue,  viii.  212 
tonsils,  viii.  229 
uterus,  viii.  381 
\'ulva,  viii.  471 
round-cell,  vii.  642 
spindle-cell,  vii.  642 
Sarcophaga,  vii.  650 
Sarcophila,  vii.  660 
Sarcopsylla,  vii.  650 
gallinacea.  v.  591 
penetrans,  v.  590 
Sarcopsyllidse,  vii.  650 
Sarcoptes,  i.  505;  vii.  650 
aucheniap,  i.  507 
canis,  i.  507 
caprae,  i.  507 
dromedarii,  i.  507 
equi,  i.  507 
hominis,  i.  505 
leonis,  i.  507 
lupi,  i.  507 
minor,  i.  508 
ovis,  i.  507 
scabiei,  i.  505,  507 
suis,  i.  507 
\'ulpis,  i.  507 
wombati,  i.  .507 
Sarcoptidae,  i.  505 
Sarcoptinas,  i.  5115 
Sarcoptoidea,  vii.  650 
Sarcosine,  vii.  650 
Sarcosporidia,  vii.  650;  viii.  605,  62 
Sarsaparilla,  vii.  650 
Indian,  v.  153 
Texa.';.  vi.  375 
Sarsasaponin,  vii.  651 
Sartorius  muscle,  vUi.  165 

annninlies  of,  viii.  588 
Saskatchewan,  medical  practice  in, 

.302 
Sassafras,  vii.  651 

medulla  or  pith,  vii.  652 
oil.  vii.  652 
Sassafrid,  vii.  652 
Sassy  bark,  iv.  98;  vii.  652 
Satterlee,  Richard  Sherwood,  vii.  e 
Satyriasis,  vi.  773 
(Ic-pni.sy),  V.  878 
Saunders,  red,  vii.  634 
Savill's  disease,  iii.  501 
Savin,  vii.  606 
Saw  palmetto,  vii.  606 
Sayre,  Lewis  Albert,  vii.  653 
Scabies,  vii.  652 

dia^nnsis,  iii.  834 
Scalds,  ii.  554 

Scaleni  muscles,  anomalies  of,  viii.  5 
Scalp,  eczema  of,  iii.  841 
ringworm  of,  viii.  203 
wounds  of,  V.  2 
Scammonii  radix,  vii.  654 
Scammony,  vii    654 
Scanning  speech,  vii.  SL'd 
Scanzoni,  F.  W.  von  L.,  vii.  655 
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Scapula,  congenital  elevation  of,  ii.  805 
diseases  and  injuries  of,  vii.  655 
dislocation  of,  iii.  647 
excision  of,  iv.  207 
fracture  of,  iv.  539;  vii.  655 

Scars,  iii.  66 

cancer  following,  ii.  599 
Ivcloid  following,  v.  714 
troalnicnt  of,  iii.  6.S;  viii.  168 

Scar-keloid,  v.  714 

Scarification,  ii.  201 

Scarlatina,  vii.  656 
I)athing  in,  v.  400 
blindness  due  to,  ii.  110 
cold  in  the  treatment  of,  iii.  157 
complications,  vii.  658 
diagnosis  of,  vii.  659,  799 
etiology,  vii.  656 
in  pregnant  women,  influence  of,  on 

the  fetus,  iv.  385 
milk-borne,  vi.  517 
prognosis,  vii.  659 
psychoses  of,  vii.  376 
rheumatica  (dengue),  iii.  483 
symptoms,  vii.  657 
treatment,  vii.  659 
types,  vii.  65S; 

Scarlet  fever,  vii.  656;  see  Scarlatina. 

Scarpa,  Antonio,  vii.  659;  viii.  43 

Scarpa's  triangle,  viii.  165 

Schafer's  method  of  artificial  respira- 
tion, vii.  54,S 

Schanschieff  battery,  iii.  S74 

Scharlach  R  staining,  v.  271 

Scheiner's  experiment,  iv.  274 

Schick  reaction,  vii.  660 

Schindylesis,  i.  700 

Schistocytes,  ii.  162 

Schistosoma  ha?matobium,  viii.  274 
japoiiicum,  viii.  276 
mansoiii.  viii.  276 

SchistosomatidsE,  viii.  274 

Schistosomidae,  vii.  660 

Schistosomium,  vii.  660 

SchizogregarinidsE,  vii.  660 

Schizomycetes,  i.  825;  see  Bacteria. 

Schizophrenia,  vi.  441 

Schizophora,  vii.  660 

Schizotrypanum  cruzi,  viii.  617,  650 

Schleich  method  of  local  anesthesia,  i. 
3.S,s 

Schlemm,  canal  of,  iv.  249 

Schmidt's  cancroidin,  ii.  609 

Schneider,  Conrad  Victor,  vii.  660 

Schoenlein,  Johann  Lucas,  vi.  337;  vii, 
660 

School    hygiene   and    medical   inspec- 
tion, vii.  661 

Schools,  contagious  disease  in,  vii.  663 
health  director  of,  vii.  662 
hygiene  in.  vii.  664 
niedieal  inspection  of,  vii.  662 
sanitation  of,  vii.  664 

Schuchardt's  operation,  v.  479 

Schiiffner's  dots,  vi.  209 

Schultze's  method  of  artificial  respira- 
tion, vii.  549 

Schwabach's  test,  iii.  743;  v.  41 

Schwalbach,  vii.  667 

Schwann,  Theodor,  i.  339;  vii.  668 

Schwartze,  Hermann  H.  R.,  vii.  668 

Sciatica,  hydrotherapy  in,  v.  401 
spinal  deformity  secondary  to,  vii. 
877 
Sciatic  nerve,  viii.  167 
Scilla,  vii.  668 

diuretic  action  of,  iii.  684 
Scillopicrin,  vii.  668 


Scillotoxin,  vii.  668 
Scilly  Islands,  vii.  105 
Scirrhus,  mammary,  ii.  486 
Sclera,  anatomy  of,  iv.  248 

injuries  of,  iv.  281 

diseases  of,  vii.  669 

ectasiae  of,  vii.  670 

tumors  of,  iv.  294 
Sclerema  adultorum,  vii.  670 

neonatortim,  iii.  ,S49;  vii.  670 
Scleriasis,  vii.  670 
Sclerin,  vii.  573 
Scleritis,  vii.  669 
Sclerodactylia,  vii.  671 
Scleroderma,  vii.  670 

circumscribed,  vi.  538 
Scleroderma  aurantium  (puflliall).  iv. 

595 
Sclerokeratitis,  vii.  669 
Scleroma  respiratorium,  vii.  572 
Sclerosis,  amyotrophic  lateral,  vii.  673 

arterial,  ii.  229;  see  Arteriosclerosis. 

di.sseminated,  vii.  674 

insular,  vii.  674 

lateral  spinal,  vii.  671 

multiple  cerebrospinal,  vii.  674 
diagnosis,  v.  489 

venous,  ii.  233;  viii.  668 
Sclerostominse,  vii.  676 
Sclerotic,  iv.  248 
Scolex,  vii.  676 

of  a  tapeworm,  ii.  761 
Scoliosis,  V.  854 

congenital,  ii.  806 
Scolopendra,  vii.  676 

eastaniceps,  v.  596 
Scombrin,  vii.  677 
Scoparius,  vii.  677 

diuretic  action  of,  iii.  684 
Scopola,  vii.  677 
Scopolamine,  v.  426;  vii.  677 
Scorbutus,  vii.  680 

infantile,  vii.  684 
Scorpsena,  vii.  677 
Scorpion,  v.  596 

sting  of  the,  i.  502 

water,  v.  597 
Scorpionidea,  vii.  677 
Scotland,  medical  practice  in,  vi.  289, 

302 
Scotoma,  viii.  631 
Screening   in   yellow   fever   campaign. 

viii.  537 
Screw-worm  fly,  vii.  677 
Scribonius  largus,  vi.  317 
Scrivanoff  battery,  iii.  S74 
Scrofula,  vi.  151;  vii.  677 

a  house  disease,  v.  351 
Scrofuloderma,  vii.  761 
Scrophulariacese,  vii.  678 
Scrophularin,  vii.  078 
Scrotum,  diseases  and  injuries  of,  vii. 
678 
eczema  of,  iii.  843 
gunshot  wounds  of,  iv.  829 
Scultetus,  Johannes,  \'ii.  680 
Scultetus'  bandage,  ii.  17 
Scurvy,  vii.  680 

infantile,  vii.  684 
Scutellaria,  vii.  685 
Scutigeridse,  vii.  686 
Scutula,  favus,  viii.  201 
Sea  bathing,  viii.  157 
climates,  viii.  155 
voyages,  viii.  159 
water,    subcutaneous    injections    of, 

viii.  159 
wrack,  ii.  81 
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Seasickness,  vi.  629 

treatment,  vi.  6.'i(J 
Seattle,  vii.  686 
Sebaceous  glands,  vii.  753 
citlenoma  of,  i.  124 
secretion  of,  vii.  697 
Seborrhea,  auricular,  iii.  760 

congestive,  vi.  139 
Secale  cornutum,  iv.  82 
Secretion,  vi.  547 
external,  vii.  687 
inhibition  of,  v.  575 
internal,  vii.  G9H 

disorders  from  disturbances  of  the, 

viii.  74 
relation  of  the  vegetative  nervous 
system  to,  viii.  67 
pancreatic,  vii.  691 
physiology  of,  vii.  687 
salivary,  vii.  688 
Secretin,  vi.  921;  vii.  687 
Secretagogues,  meat  extracts  as,  i.  21.3 
Sections,    preparation    of,    fur    niicni- 

sciipical  study,  V.  254 
Segmentation  of  the  body,  vii.  704 
of  the  notochord,  vi.  80S 
of  the  ovum,  vii.  704 
Segregation,  Mendel's  theory  of,  v.  liMi 
Segregators,  urinary,  viii.  .341 
Seidlitz  powder,  vii.  318 
Seignette's  salt,  vii.  318 
Seller's  alcoholic  balsam,  v.  273 
Selection,  genetic,  iv.  181 
medical,  v.  918 
natural,   as  a  factor  in  evolution,  iv. 

174 
organic,  iv.  183 
reproductive,  iv.   181 
self.  V.  91,S 
Self -selection  in  life  insurance,  v.  91  n 
Semen,  vii.  707 
Semen  peponis,  vii.  106 
Semilunar  cartilages,   displaced,  mas- 

sase  in,  vi.  250 
Semimembranosus  muscle,  viii.  167 

anomalies  of,  viii.  588 
Seminal     emissions,    involuntary,    vi. 
770 
vesicles,  iv.  670 
Semitendinosus  muscle,  viii.  1(>7 

anomalies  of,  viii.  588 
Semmelweis,  vi.  338 

teaching    of.    concerning    puerperal 
fever,  vi.  824 
Semmola,  Mariano,  vii.  708 
Senega,  vii.  708 
Senescence,  i.  151;  vi.  846 
early  signs  of,  vi.  849 
psychoses  of,  vii.  364,  368 
Senescent  deterioration,  vii.  364 
Senile  dementia,  vii.  372 
Senility,  vi.  845;  see  Okl  age. 
Senn,  Nicholas,  vii.  709 
Senn's  operation  of  gastrostomy,   vii. 

9MI 
Senna,  vii.  708 

Sensation,  ccnesthctic,  vi.  734 
cortical  centers  for,  ii.  405 
disorders  of,  in  mental  disease,   vi. 

422 
general,  ii.  716 
idiosyncrasy  regarding,  v.  .">0I 
muscular,  cortical  centers  of,  ii.  40i 
visual,  viii.  452,  454 
Senses,  development  of.  in  childhood. 
ii.  821 
somatic,  iv,  21 
visceral,  iv.  24 


Sensibility,  deep,  iv.  22 

disturbances  of,  in  cerebral  leiiions. 
i.  361 
in  lesions  of  the  brain  stem,  i.  360 
in  the  peripheral  neurones,  i.  359 
in  spinal  cord  affections,  i.  359 
in  thalamic  disorders,  i.  360 
epicritic,  i.  359 
loss  of,  vii.  848 
tactile,  iv.  21 
methods  of  testing,  i.  357 
protopathic,  i.  359 
loss  of,  vii.  848 
tactile,  iv.  21 
Sensory  disturbances,  groups  of,  i.  359 
Sepsis,  vii.  423 

(genus  of  flies),  vii.  710 
puerperal,  vii.  390 
Septicemia,  vii.  423 
gonococcal,  iv.  752 
p.sychoses  of,  vii.  377 
vaccine  therapy  of,  viii.  403 
Septicopyemia,    cryptogenic,   viii.   605 
Septum,  cardiac,  v.  49,  50,  51 
development  of,  v.  62 
nasal,  deflections  of,  vi.  800 
orbital,  iv.  244 
Sequestrum,  ii.  251 
Sera,  antitoxic,  i.  486 
Serbia,  medical  practice  in,  vi.  302 
Serenoa  serrulata,  vii.  606 
Serine,  i.  7.s;  vii.  710 
Serinuria,  \  iii.  349 
Serodiagnosis,  vii.  710 

cerebrospinal  fluid,  ii.  752 
of  glanders,  iv.  717 
Serotherapy,  vii.  710 
of  cancer,  ii.  608 

of  cerebrospinal  meningitis,  vi.  363 
Serous  membranes,  iv.  77 

sensation  in  the,  ii.  716 
Serpentaria,  vii.  710 
Serpyllum  i,wild  thyme),  viii.  179 
Serratus    magnus    muscle,    anomalies 
of,  viii.  582 
po.sticus  inferior  muscle,  anomalies 
of,  viii.  591 
superior     muscle,    anomalies    of. 
viii.  591 
Serum  agar,  i.  886 

agglutination  test,  i.  922 
albumin  in  urine,  viii.  349 
anaphylaxis,  i.  311 
antivcnomous,  vii.  532 
blood,  ii.  121 
diagnosis,  vii.  710 

cerebrospinal  fluid,  ii.  752 
of  glanders,  iv.  717 
fastness,  ii.  800 
globulin  in  urine,  viii.  349 
multipartial,  v.  512 
polyvalent,  v.  512 
rashes,  iii.  506,  611 
sickness,  i.  312 

therapeutic,  production  of,  v.  514 
therapeutic  value  of  bactericidal,  v. 

510 
therapy,  vii.  710 
of  cancer,  ii.  608 

of  cerebrospinal  meningitis,  vi.  363 
Servetus,  Miguel,  i.  330;  vii.  711 
Sesame  oil,  ii.  33 
Setons,  iii.  314 

Seven  barks  (hydrangea),  v.  366 
Sevum,  vii.  711 
Sewage,  aeration  of,  vii.  721 

bacterial  purification  of,  vii.  715 
biological  purification  of,  vii.  715 


Sewage,  chemical  treatment,  vii.  714 

dilution,  vii.  712 

diB[>08al  of,  vii.  711 

for  village))  and  isolated  houses,  v. 
3.50 

dry  method,  vii,  713 

farms,  vii.  713 

filtration  of,  vii.  716 

pail  system,  vii.  713 

sedimentation  of.  vii.  714 

tank  treatment,  vii.  714 
Sewerage  and  sewage  disposal,  vii  711 
Sex,  vii.  721 

chroniosoines  in  relation  to.  v.  20.'j 

deterniinatiiMi  of.  vii.  723 
Sex -linked  characters,  vii.  724 
Sexton's  forceps,  iii.  745 
Sexual  characters,  primary,  vii.  722 
secondary,  vii.  722 
.secondary,  in  the  skin.  vii.  760 
tertiary,  vii.  723 

neuroses,  vi.  765 

organs,  anatomy  of,  female,  iv.  t>.33 
anatomy  of,  male,  iv.  665 
development  of,  female,  iv.  6^10 
development  of.  male,  iv.  659 
malformation.')  of,  viii.  135 
postmortem  examination  of  the.  i. 
798,  803 
Seychelles,    medical    practice    in.    vi. 

302 
Shad,  food  value  of,  iv.  433 

roi'.  food  value  of,  iv.  433 
Shadow  corpuscles,  ii.  162 

test.  V.  445;  vii.  726 
Shaggy-mane  i  mushroom),  iv.  594 
Sharon  Springs,  vii.  726 
Sharpey's  fibers,  ii.  246 
Shasta  Springs,  vii.  727 
Sheet  bath,  v.  396 

Shell-workers,  diseases  among,  vi.  834 
Sheriy,  fo.iil  value  of,  iv.  433 
Shiga  bacillus,  i.  856 
Shin,  V.  .s70 
Shingles,  v.  231 
Shippen,  William,  Jr.,  viii.  l."i 
Shivering,  vii.  727 
Shock,  vii.  728 

acapnia  theory  of.  \-ii.  729 

acidosis  in,  vii.  732 

association  in,  vii.  733 

cardiac  theory  of,  vii.  72S 

clinical  phenomena  of,  vii.  729 

enteroclyais  in,  iv.  40,  42 

inhibition  theory  of,  vii.  729 

kinetic  theory  of,  vii.  729 

prevention  of,  vii.  731 

relation  of  carbon  dioxide  to,  i.  368 

treatment  of,  vii.  730 

vasoconstrictor  theor>-  of,  vii.  72S 
Shoemakers,  diseases  of.  vi.  ."vj" 
Shoes  in  weak  foot,  iv.  46S 
Shortsightedness,  vi.  689 
Shoulder,  amputation  at  the,  i.  2^4 

anatomy  of.  vii.  734 

bandage  for,  ii.  17 

bursa-  of,  ii.  558 

congenital  dislocation  of.  iii.  667 

dislocation  of.  iii.  647,  t>rt7 

excision  of.  iv.  203 

fascia  of.  iv.  333 

lymphatics  of,  vi.  16S 

round,  ii.  S07 

tuberculosis  of  the,  i.  6.89 
Shrady,  George  F..  vii.  7S9 
Shrapnel,  wounds  from,  iv.  sOti 
Sialoadenitis,  acute,  vii.  620 

chronic,  vii.  621 
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Sialodochitis,  acute,  vii.  620 

chronic,  vii.  621 

fibrinosa,  vii.  621 
Sialolithiasis,  vii.  619;  viii.  121 
Sialorrhea,  vii.  617 
Side-chains  (receptors),  v.  165 
Sideroscope,  vii.  739 
Siderosis,  vii.  739 

liviibi,  x'ii.  740 

conjnnctivse,  iii.  2.55 
Sidonal,  vii.  740 
V.   Siebold,   Karl   Theodor  Ernst,    lii. 

740 
Siegle,  Emil,  vii.  740 
Siegle's  speculum,  iii.  746 
Sierra  Leone,  medical  practice  in,  vi. 

302 
Sight,  see  Visinn. 
Sigmoid  colon,  anatomy  of,  iii.  583 

diseases  of,  vii.  499 

inflammation  of,  iii.  163 
Sigmoiditis,  iii.  163 
Signals,  marine,  iii.  198 

railway,  iii.  194 
Silao,  vi.  490 
Silicosis,  vii.  740 
Silver,  i.  524 

albumose,  i.  527 

casein,  i.  527 

citrate,  i.  526 

colloidal,  i.  526 

discoloration  of  the  skin  by,  i.  527 

disinfectant  action  of,  iii.  624 

gelatose,  i.  527 

ichthyolate,  i.  527 

lactate,  i.  526 

nitrate,  i.  525 

caustic  action  of,  ii.  698 
disinfectant  action  of,  i.  837 

occupational  diseases  caused  by,  vi. 
828 

oxide,  i.  525 
colloidal,  i.  527 

proteinate,  i.  527 

vitelline,  i.  526 
Silver  City,  N.  M.,  vi.  785 
Silver-fork  deformity  in  CoUes'   frac- 
ture, iv.  548 
Silvester's  method  of  artificial  respira- 
tion, vii.  548 
Simarubacese,  characteristics  of, vii.  225 
Simpson,   Sir  James   Young,  vi.   825; 

vii.  741;  viii.  56 
Sims,  J.  Marion,  vii.  741 
Sims  position  for  gynecological  exami- 
nations, iv.  848 
Simulidse,  v.  001;  vii.  741 
Simulium  invenustum,  v.  001 
Sinapis,  vii.  742 
Singultus,  iii.  546 
Sinoauricular  node,  i.  616 
Sinuitis,  vii.  743 
Sinus  caroticus,  ii.  360 

cavernous,  ii.  358 

anomalies  of,  viii.  658 

cerebral,  ii.  357 

anomalies  of,  viii.  657 

circular,  anomalies  of,  viii.  658 

coronary,  v.  54 

anomalies  of,  viii.  655,  656 

dural,  ii.  357 

ethmoidal,  vi.  617;  vii.  771 
inflammation  of,  vii.  745 

falcial,  ii.  358 

frontal,  vi.  617;  vii.  771 
inflammation  of,  vii.  747 

inferior  longitudinal,   anomalies  of, 
viii.  658 
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Sinus,  lactiferous,  ii.  452 
lacun*  laterales,  ii.  359 
lateral,  ii.  358 

anomalies  of,  viii.  657 
longitudinal,  ii.  358 
maxillary,  vi.  617 

diseases  of,  vi.  685,  088;  vii.  745 
occipital,  ii.  359 

anomalies  of,  viii.  658 
ophthalmicus,  ii.  359 
orbital,  vii.  771 
parasinual,  ii.  359 
petrosal,  anomalies  of,  viii.  658 
petrooccipital,  ii.  360 
petrosquamous,  viii.  658 
prepetrosal,  ii.  359 
rectus  (tentorial),  ii.  358 
sagittalis  inferior  (falcial  ,  ii.  358 
superior  (longitudinal),  ii.  358 
scleral,  iv.  249 
sphenoidal,  vi.  618;  vii.  772 
inflammation  of,  vii.  747 
straight,  anomalies  of,  viii.  658 
subpetrosal,  ii.  359 
superior  longitudinal,  anomalies  of, 

viii.  657 
superpetrosal,  ii.  359 
tentorial,  ii.  358 

veins  tributary  to,  ii.  353 
transverse,  ii.  359 
Valsalvan,  v.  52 
venosus,  v.  49 
Sinuses,  accessory  nasal,  vi.  617 
diseases  of,  vii.  743 
sarcoma  of,  radiotheraiiy  of,  vii. 

473 
treatment  of  diseases  of.  vii.  744 
Sinusitis,  vii.  743 

Sinus-thrombosis,  diagnosis  of,  iii.  749 
operation  for,  vi.  268 
otitic,  iii.  793 
primary,  ii.  368 
purulent,  ii.  369 
secondary,  ii.  369 
Sinusoidal  current,  iii.  900 
Sinusoids  of  the  liver,  vi.  52 
Siphonaptera,  vii.  747 

parasitic,  v.  590 
Siphunculata,  v.  910;  vii.  747 
Sitka,  i.  170 

Sitka  Hot  Springs,  vii.  747 
Sitotoxism,  iv.  427 

Situs  inversus  viscerum,  viii.  130,  449 
Size,  estimation  of,  viii.  456 
Skagg's  Hot  Springs,  vii.  747 
Skatole,  vii.  748 

retl,  vii.  194 
Skeel's  perimeter,  vi.  905 
Skene's  tenaculum,  iv.  851 
Skiascopy,  vii.  725 
Skin,  absorption  by,  vii.  780 
adenoma  of,  i.  120,  124 
anatomy  of,  vii.  748 
appendages  of,  anatomy,  vii.  748 
blood-vessels  of,  vii.  754 
cleavage  lines  of,  vii.  748 
color  of,  vii.  748 
concretions  in,  iii.  225 
congenital  defects  in,  viii.  136 
corium,  vii.  750 
cosmetics  for  the,  iii.  300 
cysts  of,  iii.  415 
density  of,  vii.  748 
diseases  of,  diet  in,  iv.  452 
elasticity  of,  vii.  748 
epidermis,  vii.  749 
folds  of,  vii.  748 
furrows  of,  vii.  748 


Skin,  glands  of,  vii.  752 

glossy,  iv.  899 

heat  regulation  of,  vii.  759 

lymphatics  of,  vii.  755 

miliary  tuberculosis  of,  vii.  701 

muscles  of,  vii.  751 

of  the  mamma,  ii.  455 

orange,  in  mammary  carcinoma,  ii. 
490 

pain  in,  iii.  499 

papilla!  of,  vii.  751 

physiology  of,  vii.  759 

pigmentation   of   the,    during   preg- 
nancy, iv.  684 

protective  function  of,  vii.  759 

senile  changes  in,  vi.  849 
diseases  of,  vi.  855,  858 

sensation  of,  vii.  760 

structure  of,  vii.  749 

tension  of,  vii.  748 

tuberculosis  of,  vii.  761 
Skin-grafting,  viii.  252 
Skippers,  vii.  7G2 
Skoda,  Joseph,  vii.  762 
Skull,  vii.  762 

bony  landmarks  of,  vii.  774 

condition  of,  in  relation  to   mental 
diseases,  vi.  409,  422 

diameters  of,  in  children,  ii.  817 

fracture  of,  v.  3 
of  base,  v.  6 

gunshot  wounds  of,  iv.  812 

infant's,  vii.  768 

landmarks  of,  iii.  344 

opening  the,  ii.  413 

paracentesis  of,  vii.  29 

pneumatic  spaces  of,  vii.  770 

sexual  differences  in,  vii.  770 

sinuses  of,  vii.  770 

surface  markings  on,  in  relation  to 
cortical  centers,  ii.  414 

sutures  of,  vii.  768 

syphilis  of,  ii.  425 

venous  openings  through  the.  ii.  359 
Skullcap,  vii.  685 
Sleep,  vii.  775 

disorders  of,  iii.  265;  vii.  779 

excessive,  vii.  779 

hygiene  of,  vii.  778 

paroxysmal,  vii.  779 

theories  of,  vii.  775 
Sleeping  sickness,  viii.  646 

microorganism  of,  viii.  615,  64S 
Sleeplessness,  vii.  780 
Sleep-walking,  vii.  779 
Slows  (milk-sickness),  vi.  522 
Smallpox,  vii.  781;  see  also  Variola. 

blindness  due  to,  ii.  110 

confluent,  vii.  792 

cutaneous  compli(-'ations,  vii.  797 

diagnosis,  vii.  798 

eruption,  vii.  786 

etiology,  vii.  797 

in  the  fetus,  vii.  796 

in  the  pregnant  woman,  vii.  795 
influence  of,  on  the  fetus,  iv.  385 

hemorrhagic,  vii.  792 

history  of,  vii.  781 

inoculation  of,  vii.  782 

microorganism  of,  iii.  420; 
vii.  798 

mild  type  of,  vii.  793 

modified  or  mitigated,  vii.  794 

pathology,  vii.  798 

prevention,   vii.   800;   viii.   388;   see 
also  Vaccinalion. 
of  pitting,  viii.  803 

prodromal  rashes,  vii.  785 
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Smallpox,  prognosis,  vii.  800 

psychoses  of,  vii.  370 

sequelae,  ^ii.  797 

statistics  of,  in  Germany,  viii.  389 

symptomatologj',  vii.  784 

treatment,  \-i!.  800 

varieties  of,  vii.  792 
Smee  battery,  iii.  874 
Smegma  Ijacillus,  i.  843 

pra-putii.  vii.  804 
Smell,  cortical  centers  of,  ii.  407 

disorders  of,  vi.  757 

in  mental  disease,  vi.  422 

hysterical  disturbances  of,  v.  486 

sense  of,  vi.  867 
Smellie,  William,  vi.  823;  vii.  804 
Smellie's  forceps,  iv.  509 
Smellie-Veit  version,  \nii.  439 
Smelts,  food  value  of,  i.  208 
Smilasaponin,  vii.  651 
Smilaz  root  (sarsaparilla) ,  vii.  650 
Smiling,  v.  864 
Smith,  J.  Lewis,  vii.  804 
Smith,  Nathan,  vii.  804;  viii.  I'.t,  .",:;,  54 
Smith,  Nathan  Ryno,  vii.  805 
Smith's  (Priestly)  ophthalmosrfi|ic  vi. 

S96 
Smothering,  \-iii.  12 
Snake -poisoning,  ™.  527 

immunity,  vii.  532 

symptoms,  \'ii.  528 

treatment,  vii.  531 
Snakeroot,  black  (cimicifuga),  iii.  69 

Canada,  v-ii.  805 

Virginia,  vii.  710 
Snakes,  distribution  of,  vii.  525 

poison  apparatus  of,  vii.  525 

poisoning  by,  vtI.  527 

poisonous,  vii.  524 

symptoms  following  bite  of  poison- 
ous, vii.  .528 

venom  of,  vii.  527 
Snap-finger,  iv.  895 
Snellen,  Herman,  vii.  805 
Snow,  carbon-dioxide,  ii.  618 
Snow-blindness,  vii.  557 
Snow-goggles,  viii.  635 
Soamin,  vii.  805 
Soap,  vii.  635 

Castile,  \-ii.  636 

green,  vii.  636 
Soap-bark,  vii.  442 
Soap-root,  vii.  636 
Social   service   in   liospital   work.  viii. 

632 
Sociology,  ii.  57 
Socotrine  aloes,  i.  224 
Soda,  caustic  action  of,  ii.  698 

caustic,  disinfectant  action  of,  i.  837 
postmortem  evidences  of  poison- 
ing by,  i.  805 

chlorinated,  ii.  831 
Soda-crackers,   food   value  of,  i.  208; 

iv.  428 
Soda-water,  ii.  625 
Sodium,  vii.  805 

acetate,  vii.  806 

arsenate,  i.  638 

benzoate,  ii.  35 

biborate,  ii.  264 

bicarbonate,  vii.  806 

local  anesthesia  by,  i.  392 

borate,  ii.  264 

bromide,  ii.  510 

cacod.vlate,  ii.  560 

carbonate,  vii.  .nOO 

disinfectant  action  of,  i.  837 

chlorate,  ii.  828 


Sodium,  chloride,  ii.  829 

citrate,  vii.  807 

ethylate,  caustic  action  of,  ii.  698 

hydroxide,  vii.  806 

hypophosphite,  v.  409 

in  urine,  viii.  359 

iodide,  v.  651 

nitrate,  vii.  807 

nitrite,  vi.  794 

phenolsulphonate,  vii.  169 

phosphate,  vii.  807 

pyroborate,  ii.  264 

pyrophosphate,  vii.  807 

salicylate,  vii.  615 

sulphate,  vii.  807 

sulphite,  viii.  19 

tetraborate,  ii.  204 

tliiosulphate,  viii.  \'i 
V.    Soemmering,    Samuel    Thomas,    i 

337:  vii.  807 
Soemmering's  spot,  iv.  2,57 
Softening,  ii-rebral,  ii.  369 
Soil,  bacteriological  examination  of,  i. 

926 
Sol,  iv.  359 

Solace,  U.  S.  Navy  hospital  .ship,  v.  319 
Solanacea,  characteristics  of,  vii.  226 
Solanum,  vii.  230 
Solenoid  cage  for  autoconduction,  iii. 

903 
Soleus  muscle,  v.  873 

anomalies  of,  viii.  590 
SoUfugsB,  v.  596 
Solution,  decinormal  salt,  au.  616 

normal  salt,  vii.  616 

physiological  salt,  vii.  616 
Somaliland,  medical  practice  in,  vi.  302 
Somnal,  vii.  807 

Somnambulism,  iii.  265;  vii.  779 
Somnolence  in  sleeping  sickness,  viii. 
647 

morbid,  vii.  779 
Sonor,  V.  46 
Soor,  vii.  991 

Soranus  of  Ephesus,  vi.  315,  820 
Sore,  uriontal,  v.  877 

granulomatous  lesions  in,  iv.  774 
microorganism  of,  viii.  618 
Sore-throat,  septic,  i.  428 

milk-borne,  vi.  513 
Sorghum,  vii.  608 
Sorrel,  poisoning  by,  vii.  237 
Sound,  beats  of,  v.  27 

rjuality  of,  v.  25 

wa\es  of,  v.  24 
Sound,  uterine,  iv.  850 
South  Australia,  medical  practice  in, 

vi.  302 
South    Carolina,   medical   practice   in. 

vi.  302 
South  Dakota,  medical  practice  in,  vi. 

302 
Southern  Pines,  S.  C,  vii.  198 
Sozoiodol,  vii.  808 
Spain,  medical  practice  in.  vi.  302 
Spalding,  Lyman,  vii.  808 
Spallanzani,  Lazzaro,  i.  335;  vi.  33.i 
Spanish  fly,  ii.  614;  v.  602 
Sparganum,  vii.  808 
baxtiTJ,  ii.  779 
mau?oni.  ii.  77S 

proliferuni,  ii.  779 
Sparkling  Catawba  Spring,  vii.  808 
Sparteine,  vii.  677 

diuretic  action  of,   iii.  684 
Spasmophilia,  iii.  S20 

eclampsia  as  a  ni.'»nif<'-^i:itioii  of.  iii. 
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Spasms,  iii.  278 

cricoid,  iv.  118 

esophageal,  iv.  119 

glottic,  V.  8:J0 

intestinal,  iv.  50 

lar>-ngeal,  v.  830 

myoclonic,  vii.  37 

nodding,  iii.  824 

palpebral,  ii.  94 
Spearmint,  vi.  4S2 
Spectacles,  Wii.  634 

coi4uille.  viii.  637 

protective,  viii.  637 

stenopeic,  viii.  635 

tilted,  viii.  640 
Spectacle-mountings,  viii.  641 
Spectrometer,  rolor-[>erccption.  iii.  192 
Spectroscope,  vii.  809 

for  lii'nioglobin  estimation,  ii.  175 
Spectroscopic  test  for  blood,  ii.  213 
Spectroscopy,  medical,  vii.  808 
Spectrum,  vii.  808 

ab-sorption,  vii.  811 

of  blood  pigmentB.  ii.  214 
of  hemoglobin,  ii.  119 

band-absorption,  vii.  811 

bright-line,  vii.  811 

hemoglobin,  ii.  119 

line-absorption,  vii.  811 
Speculum,  ear,  iii.  744 

Clraves'  bivalve  vaginal,  iv.  S49 

Hclmontii,  iii.  539 

t^ims.  iv.  849 
Spedalskhed,  v.  878 
Speech,  centers  of,  iii.  343 

defective,  v.  .842;  vii.  813.  Mr, 
Speech  defects,  vii.  813 ;  816 

nervous,  vii.  820 
Spee's  ovum,  iii.  24 
Spengler's  tuberculin,  viii.  284 
Sperm,  vii.  707 
Spermaceti,  ii.  780 
Spermatic  cord,  anatomy  of,  iv.  669 
gunshot  wounds  of,  iv.  828 
tropical  cellulitis  or  phlebitis  of, 
iv.  597 

veins,  anomalies  of,  viii.  660 
Spermatogenesis,  iv.  669 
Spermatogonia,  vi.  27,5 
Spermatotoxin,  v.  175 
Spermatorrhea,  vi   77ii 
Spermatozoa,  vii.  820 

ft>rnis  of,  vii.  822 

histogenesis,  \'ii.  823 

morphologj",  vii.  821 
Spermin,  vi.  919 
Sphacelus,  iv.  613 
Sphecius  speciosns,  v.  604 
Sphenoidal  sinus,  vii.  772 

treatment  of  disease  of,  vii.  747 
Sphei  ichneumonea,  v.  605 

pennsylvanica,  v.  605 
Sphincter  ani.  anomalies  of,  viii.  593 
Sphygmocardiograph,  ii.  648 
Sphygmograph,  ii.  647 ;  vii.  404 
Sphygmomanometers,  ii.  136.  203;  vii. 

402 
Sphygmoscope,  ii.  203 
Sphygmotonograph,  ii.  6-18 
Spiders,  v.  .595;  vii.  824 

bird.  V.  595.  596 

bite  of  the.  i.  502 

wolf.  V.  595.  596 
Spigelia,  vii.  8S4 
Spigelius,  Adrian,  i.  .330:  vii.  8SS 
Spina  bifida,  vii.  816;  viii.  132 
.icrulta.  vii.  S2S:  viii.  132 

venlosa.  i.  689;  ii.  257 
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Spinach,  food  value  of,  iv.  433 

Spinal  tumors,  vii.  867 

Spleen,  cellular  elements  of,  vii.  902 

Spinal  accessory  nerve,  iii.  330 

diagnosis,  vii.  872 

cysts  of,  iii.  415 

cerebral  connection  of,  ii.  310 

multiple,  vii.  871 

diagnosis,  i.  35 

anesthesia,  lesions  of,  vii.  86.5 

symptoms,  vii.  871 

development  of,  vii.  904 

apoplexy,  vii.  873 

treatment,  vii.  872;  see  also  Spine, 

diseases  of,  vii.  905 

ataxia,  lesions  of,  vii.  855,  86() 

tturgery  of,  vii.  894 

enlargement  of,  vii.  906 

canal,  tumors  in,  vii.  869 

Spinalis  cervicis  muscle,  viii.  592 

hyperplasia  of,  vii.  906 

column,  anatomy  of,  viii.  672 

dorsi  muscle,  anomalies  of,  viii.  592 

incisions  for  operations  on,  i.  22 

cord    and    brain,     connections    be- 

Spindle, achromatic,  ii.  714 

infarction  of,  vii.  907 

tween,  vii.  846 

chromatic,  ii.  714 

inflammation  of,  vii.  906 

and  spinal  nerves,  vii.  82S 

Spine,  diseases  of,  vii.  874 

leucemic,  diagnosis,  i.  34 

ascending  tracts,  vii.  852 

gunshot  wounds  of,  iv.  821 

lymphatics  of.  vi.  175 

association  tracts  of,  vii.  861 

hysterical,  vii.  876 

malarial,  vi.  217 

blood  vessels  of,  vii.  832 

lateral  curvature  of,  v.  854 

movable,  vii.  905 

central  canal,  vii.  831 

neural,  viii.  674 

physiology  of,  vii.  904 

changes  in,  in  pernicious  anemia. 

neurotic,  vii.  876 

pseudoleucemic,  diagnosis,  i.  34 

i.  348 

non-tuberculous  disease  of  the,  i.  693 

postmortem   examination   of   the,    i. 

combined    degenerations    of,    vii. 

paracentesis  of,  vii.  30 

796 

855 

pharmacotherapy  of,  vii.  910 

removal  of,  results,  vii.  909 

combined  sclerosis  of,  vii.  855 

physiotherapy  of,  vii.  910 

rupture  of,  vii.  907 

conduction  pathways,  vii.  844 

Pott's  disease  of,  i.  683;  vii.  877 

senile  changes  in,  vi.  848 

congestion  of,  vii.  857 

rachitic,  vii.  875 

structure  of,  vii.  902 

descending  tracts,  vii.  853 

surgery  of,  vii.  894 

therapeutic  uses  of,  vi.  918 

development,  vii.  840 

traumatisms  of,  vii.  874 

tumors  of,  vii.  909 

diagnosis  of  local  lesions  of.   vii. 

tuberculosis  of,  i.  683;  vii.  877;  see 

diagnosis,  i.  33 

858 

Polt's  disease. 

wandering,  vii.  905 

direct  cerebellar  column,  vii.  864 

typhoid,  vii.  875 

diagnosis,  i.  35 

diseases,  electricity  in,  iii.  904 

Spiradenoma,  i.  124,  125 

Splenectomy,  effects  of,  vii.  909 

exteroceptive  pathways,  vii.  852 

Spirem,  ii.  714 

Splenic  anemia,  vii.  908 

eye  symptoms  in  diseases  of,  iv. 

Spirillum,  i.  829 

Splenitis,  acute,  vii.  906 
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cholerse  asiaticae,  i.  869;  viii.  561 

Splenius  muscle,  anomalies  of,  viii.  .592 

fasciculus  proprius,  vii.  837,  853 

cultures,  i.  870 

Splenolymph  glands,  v.  160 

fissures  of,  vii.  834 

pathogenesis,  i.  871 

Splenolysin,  v.  175 

functions  of  the  segments  of,  vii. 

staining  reaction,  i.  870 

Splenomegaly,  diagnosis  of,  i.  34 

858 

Denecke's  cheese,  i.  872 

infantile,  microorganism  of,  viii.  618 

funiculi  of,  vii.  834 

Finkler  and  Prior,  i.  87 

large-cell,  vii.  908 

gray  matter,  vii.  836,  838,  860 

metchnikovi,  i.  872 

spondylotherapy  in,  vii.  915 

hemorrhage  in,  v.  147 

Miller's,  i.  872 

Spokane,  Washington,  vii.  916 

inflammation  of  the,  vi.  580 

obermeieri,  i.  873 

Spondylitis  deformans,  vii.  566,  875 

length  of,  vii.  831 

Spirit,  methylated,  i.  193 

gonorrheal;  vii.  875 

localization  of  lesions  of,  vii.  858 

of  m'trous  ether,  vi.  794 

non-tuberculous,  i.  693 

lymphatics  of,  vi.  165 

Spirits,  vii.  896 

traumatic,  vii.  875 

motor  tracts  of,  vii.  861 

Spiritus,  vii.  896 

tuberculous,    i.    683;    vii.    877;    see 

number    ot    neurones   in    the,    ii. 

chloroformi,  ii.  832 

Polt's  disease. 

391 

frumenti,  i.  192 

Spondylodiagnosis,  vii.  912 

postmortem  examination  of  the,  i. 

glycerylis  nitratis,  iv.  737 

Spondylolisthesis,  vii.  876 

801,  802 

vini  gallici,  i.  192 

Spondylotherapy,  vii.  910 

proprioceptive  pathways,  vii.  850 

Spirochaeta,  vii.  897 

meth(jds  of,  vii.  911 

reflex  apparatus  of,  vii.  844 

duttoni,  vii.  512 

Sponge,  vii.  916 

section  of,  vii.  838 

gallinarum,  life  cycle  of,  vii.  513 

burnt,  vii.  916 

segments  of,  vii.  830 

icterohaemorrhagise,  viii.  496 

grafts  for  ulcers,  viii.  313 

senile  changes  in,  vi.  848 

life  history  of,  vii.  513 

Spongia  usta,  vii.  916 

senile  diseases  of,  vi.  856 

Noguchi's  method  of  cultivating,  i. 

Spongioplasm,  ii.  711 

sensory  disturbances  in  lesions  of. 
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Spores,  Ijacterial,  i.  830 

i.  359 

novyi,  vii.  510,  512 

Sporotrichosis,  iv.  775 

sensory  pathways,  vii.  847,  862 

obermeieri,  i.  873;  vii.  512 

Sporozoa,  vii.  917;  viii.  604,  619 

sulci  of,  vii.  834 

pallida,  i.  873;  viii.  78 

Spotted    fever    (cerebrospinal    menin- 

surgery of,  vii.  895 

study  of,  by  the  ultramicroscope. 

gitis),  vi.  359 

symptoms  of  diseases  of,  vii.  864 

viii.  654 

(Rocky  Mountain  tick),  vii.  586 

tumors  of,  vii.  867 

recurrcntis,  i.  873;  vii.  512 

(typhus),  viii.  302 

weight  of,  vii.  831 

Spirochatacea,  vii.  897 

Sprains,  massage  in,  vi.  250 

weight  of,  at  different  ages,  ii.  387 

Spirochaetidae,  vii.  897 

Sprengel's  disease,  ii.  805 

white  matter,  vii.  836,  860 

Spirochatoidea,    classification   of,    vii. 

incision  for  gall-bladder  operations. 

ganglia,  vii.  835 
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i.  22 

hemorrhage,  vii.  873 

Spirochaetosis  icterohsemorrhagica,  viii. 

Spring  catarrh,  iii.  250 

hyperesthesia,  lesions  of,  vii.  865 

496 

Spring-finger,  iv.  S9o 

nerves,  vii.  834 

Spitzka,  Edward  Charles,  vii.  897 

Spring  Lake  Well,  vii.  917 

number  of,  vii.  834 

Splanchnoptosis,  vii.  897 

Springs,  mineral,  ii.  7 

roots  of,  vii.  834 

Splay  foot,  iv.  461 

thermal,  "i.  8 

roots  of,  resection  of  the  posterior. 

Spleen,  abnormalities  of,  vii.  905 

Sprue,  vii.  917 

vi.  742 

abscess  of,  vii.  908 

Spunk,  iv.  590 

paralysis,  lesions  of,  vii.  864 

diagnosis,  i.  34 

Spurges,  iv.  150 

reflex  and  automatic  action,  disturb- 

amyloid degeneration  of,  i.  305 

Spurzheim,  Johann  Christoph,  vii.  920 

ances  of,  iii.  866 

diagnosis  of,  i.  34 

Sputum,  vii.  920 

surgery,  vii.  894 

anatomy  of,  vii.  901 

fat  in,  vi.  15 

syphilis,  vii.  874 

surgical,  i.  19 

in  actinomycosis  of  the  lungs,  vi.  115 

tuberculosis,    i.    683;    vii.    877;    see 

anatomy  and  physiology  of,  vii.  901 

asthma,  i.  742 

Pott's  disease. 

anthracosis  of,  i.  457 

bronchiectasis,  ii.  520 
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Sputum  in  bronchitis,  ii.  524 

fhronic  pneumonia,  vii.  2()4 
edema  of  the  lungs,  vi.  106 
gangrene  of  the  lungs,  vi.  108 
lobar  pneumonia,  vii.  265 
pulmonary  tuberculosis,  vi.  127 
Squabs,  food  value  of,  iv.  433 
Squash,  food  value  of,  iv.  433 
Squaw  root,  ii.  696 
Squill,  vii.  668 

diuretic  action  of,  ii-'.  685 
Squint,  viii.  1;  .see  Strabismus. 
Squirrels,  ground,  plague  in,  vii.  218 
Stable-fly,  vii.  923 
Stafford  Mineral  Spring,  vii.  924 
Staining  methods  for  bacteria,  i.  912; 

V.  2ti.'j 
Stains,  v.  205 
basophilic,  ii.  23 
blood,  ii.  211 
metachromatic,  v.  268 
Stammering,  v.  842;  vii.  817 
Stannum,  poisoning  by,  viii.  200 
Stapes,  iii.  737:  v.  31 
Staphisagria,  vii.  924 
Staphylococcus,  i.  857 
epidermidis  albus,  i.  858 
pyogenes  albus,  i.  858 
aureus,  i.  857 
citreus,  i.  -858 
Staphylolysin,  v.  171 
Staphyloma,  abscission  of,  iv.  303 
corneal,  iii.  291 
intercalary,  vii.  669,  670 
of  the  sclera,  vii.  670 
Staphylorrhaphy,  iii.  90 
Starch,  i.  307;  see  Ainylum. 
Star  grass,  i.  200 
Starvation,  vii.  925 

evidences  of  death  from,  i.  819 
Stasis,  iii.  81 

circulatory,  edema  due  to,  iii.  847 
infarct,  v.  541 
intestinal,  v.  616,  621 

Roentgen  diagnosis  of.  vii.  59S 
Static  electric  machines,  iii.  902 
electricity,  iii.  898,  900;  vii.  927 
in  headache,  iii.  908 
Statistics,  vital,  viii.  466 
Status  choleraicus,  viii.  561 
epilepticus,  iv.  61 
lymphaticus,  vi.  156;  vii.  928 

association    with    other    diseases, 

vu.  934 
clinical  manifestations,  vii.  931 
diagnosis,  vii.  935 
etiology,  vii.  935 
morbid  anatomy,  vii.  92S 
treatment,  vii.  930 
thymicus,  vii.  928 
Stave  of  the  thumb,  iv.  549 
Stavesacre,  vii.  924 
Steam,  caustic  action  of,  ii.  698 

disinfection  by,  iii.  632 
Steamboat  Springs,  vii.  938 
Steapsin,  vii.   20 
Stearic  acid,  i.  77 
Steatoma,  vi.  16;  vii.  938 
Stegomyia,  vii.  938 

fasciata,  v.  001 
Stellulae  vasculosee,  iv.  253 
Stenger's  test,  v.  42 
Steno  (Stensen)   Nicolaus,  i.  333;  vii. 

938 
Steno's  duct,  gaseous  tumor  of,  vii.  022 
Stenopeic  spectacles,  viii.  635 
Stensen,  Nils,  i.  333;  vii.  938 
Stephanion,  vii.  765 


Stephen  Smith's  amputation,  i.  294 
Stercobilin,  vi.  67;  vii.  193 
Stereotypy,  viii.  199 
Sterility  in  man,  vii.  939 

ill  woman,  vii.  940 
Sterilization,  bacterial,  i.  894 

fra.ti.jnal,  i.  836,  894 
Sterilizers,  i.  894 
Sternalis  muscle,  viii.  5H1 
Sternebra",  viii.  040 
Sternochondroscapular     muscle,     viii. 

5S2 
Sternocleidomastoid     muscle,     unoiu- 

alies  of,  viii.  576 
Sternofascialis  muscle,  viii.  577 
Sternohyoid     muscle,     anomalies     of. 

\\\\.  ^tll 
Sternopagus,  viii.  131 
Sternothyroid    muscle,    anomalies    of. 

viii.  577 
Sternum,  viii.  645 

dislocation  of,  iii.  643 

excision  of,  iv.  209 

fracture  of.  iv.  535 
Stethograph,  vii.  513 
Stethoscopes,  viii.  642 

binaural,  viii.  643 

differential,  viii.  643 

monaural,  viii.  642 
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Stevens,  Alexander  Hodgden,  \iii  17 
Stewart,  Sir  Thomas  Grainger,  vii.  942 
Sticker     for     collecting    fresh     blood 

specimens,  ii.  161 
Stigmata,  costal,  ii.  804;  vii.  899 

maifiis.  viii.  544 

of  mental  disease,  vi.  422 
Stille,  Alfred,  vii.   942 
Stiller's  costal  stigma,  ii.  804;  vii.  899 
Stilling's  canal,  viii.  461 

cdlcir-iiereeptioti  test,  iii.  207 
Stillingia,  vii.  942 
Still's  disease,  i.  694 
Stimulation,  threshold  value  of,  v.  672 
Stimulus,  reaction  to,  v.  669 

responsiveness  to,  v.  671 

varieties  of,  v.  671 
Stinkhorn.  veiled,  iv.  596 
Stinkweed,  viii.  5 
Stoddart's  medium,  i.  888 
Stokes,  Sir  William,  vii.  943 
Stokes,  William,  vii.  942 
Stokes-Adams  disease,  i.  030 
Stomacace,  vii.  990 
Stomach,      absorptive      function      of, 
determination  of,  vii.  965 

adenoma  of,  i.  121 

anatomy  of,  vii.  943 

anthrax  of,  i.  461 

aspiration  of,  vii.  953 

blood-vessels  of,  vii.  951 

cancer  of,  vii.  987 
diagnosis,  i.  31 
diet  in,  iv.  442 

chemical    examination   of    the   eon- 
tents  of,  vii.  955 

cysts  of,  vii.  988 

dilatation  of,  diagnosis,  i.  32 
diet  in,  iv.  443 

dysesthesia  of,  vii.  970 

foreign  bodies  in.  vii.  989 

fimctional  examination  of,  vii.  952 

gases  in,  vii.  959 

glands  of,  vii.  944 

gunshot  wounds  of,  iv.  828 

hair-ball  in.  v.  620 

hyperesthesia  of,  vii.  970 

hypoesthesia  of,  vii.  970 


Stomach,  hypokineiiiii  of,  vii.  971 
incision  for  o|>eration  on  the,  i.  22 
inflammation  of,  vii.  966 
injuries  of,  i.  1 1 
lavage  of,  v.  866 
lymphatics  of,  vi.  175;  vii.  952 
microscopical    examination    of    the 

contents  of.  vii.  962 
motor    function,    determination  of, 
vii.  963 
neuroses  of,  vii.  971 
mould  in.  \'ii.  96;J 
mucous  membrane  of.  vii.  943,  949 
nerves  of,  vii.  952 
neuroses  of.  vii.  970 
occlusion  of,  i.  764 
Roentgen  diagnosis  of  diacaM-s   of, 

vii.  596 
secretory  neuroses  of,  vii.  972 
senile  changes  in,  vi.  848 
diseases  of,  vi.  854,  858 
sensory  neuroses  of,  vii.  970 
submotility  of,  vii.  971 
surgery  of.  vii.  976 
surgical  anatomy  of,  i.  17 
syphilis  r.f,  vii.  989 
tuberculosis  of,  vii.  989 
tumors  of,  vii.  986 

diagnosis,  i.  31 
ulcer  of,  viii.  316 

diagnosis,  i.  32;  viii.  315 
diet  in.  iv.  442;  viii.  316 
Stomatitis,  vii.  990 
aphthous,  vii.  991 
catarrhal,  vii.  991 
croupous,  vii.  991 
diet  in,  iv.  440 
gangrenous,  iv.  616;  vii.  991 
membranous,  vii.  991 
mercurial,  vii.  992 
parasitic,  vii.  991 
ulcerative,  vii.  9fK) 
Stomatomycosis,  vii.  991 
Stomatoplasty,  vii.  2.5tl 
Stomoxys,  \  u   992 

(■alciiriiii-.  vii.  923 
Stone,  Richard  French,  vn   992 
Stone,  Warren,  vii.  992;  viii.  50 
Stones,  iii.  223 
c-ardiac,  iii.  22,5 
lonjunctival.  iii.  249,  254 
cutaneous,  iii.  225 
hepatic,  ii.  51;  iii.   223;  vi.  68;  see 

GaiUtoncs. 
intestinal,  iii.  226;  iv.  49 
nasal,  iii.  227 
pancreatic,  iii.  226;  vii.  21 
preputial,  iii.  226 
prostatic,  iii.  227;  vii.  337 
pulnionar>-.  iii.  227 
renal,  v.  739 

operation  for,  vi.  727 
salivary,  vii.  619;  viii.  121 
tonsillar,  iii.  227 
ureteral,  viii.  324 
venous,  viii.  667 
vesical,  ii.  79;  iii.  227 
diagnosis,  ii.  80 
prophylaxis,  ii.  80 
treatment,  ii.  81;  vi.  26,  30 
Stone -workers,  diseases  occurring  in, 

vi.  ?>33 
Storage  batteries,  iii.  875 
Storax,  viii.  11 
Stout,  i.  192 
Stovaine,  viii.  1 

local  anesthesia  by,  i.  391 
spinal  anesthesia  by.  i.  394 


strabismus 
Syphilis 
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Strabismus,  viii.  1 

Strychnine,  vi.  8i;i;  viii.  8 

Sugar -refining,  diseases  caused  by 

vi. 

accommodation,  viii.  2 

poisoning  by,  viii.  9 

834 

alternating,  viii.  2 

postmortem  evidences  of,  i.  808 

Suggestion,  hypnotic,  v.  400 

comitant,  viii.  2 

tests  for,  viii.  1 1 

in  hysteria,  v.  491 

constant,  viii.  2 

Strychnos  castelnffana.  iii.  392 

posthypnotic,  v.  461 

convergent,  viii.  2 

crevauxii,  iii.  392 

Suggillation,  viii.  13 

convulsive,  viii.  2 

gubleri,  iii.  392 

Suicide,  viii.  13 

divergent,  viii.  2 

ignatia,  v.  503 

age  in  relation  to,  viii.  14 

hysterical,  viii.  2 

nux  vomica,  vi.  812 

civilization  in  relation  to,  viii.  15 

intermittent,  viii.  2 

toxifera,  iii.  392 

family  tendency  to,  vi.  393 

latent,  viii.  5 

Strzyzowski  test  for  blood,  ii.  212 

inherited  tendency  to,  viii.  IS 

mL\cd  forms  of,  viii.  .5 

Stupor,  catatonic,  vi.  445 

methods  of,  viii.  16 

monolateral  or  monocular,  viii.  2 

Stuttering,  vii.  816 

motives  for,  viii.  16 

objective  symptoms,  viii.  2 

Sty,  iv.  309 

season  in  relation  to,  viii.  15 

parallel,  viii.  2 

Stylochondrohyoideus  muscle,  viii.  579 

sex  in  relation  to,  viii.  14 

paralytic,  viii.  4 

Styloglossus  muscle,  anomalies  of,  viii. 

Suillellus  luridus,  iv.  5.S1 

treatment  of  comitant,  viii.  3 

579 

Suker's  ophthalmoscope,  vi.  896 

latent,  viii.  5 

Stylohyoideus    muscle,    anomalies    of. 

Sulcus    of    Monro,     indefinitencss 

of 

paralytic,  viii.  4 

viii.  578 

term,  ii.  316 

vertical,  viii.  2 

alter  m\iscle,  viii.  579 

terminalis,  v.  49 

Strabotomy,  viii.  .'^ 

Stylohyothyroideus  muscle,  viii.  579 

Sulphates  in  urine,  viii.  358,  360,  361 

Straits   Settlements,   medical   practice 

Stylopharyngeus  muscle,  anomalies  of. 

Sulphides,  viii.  18 

in.  vi.  .302 

viii.  579 

Sulphites,  viii.  19 

Stramonium,  viii.  6 

Stypticin,  viii.  11 

Sulphocarbolates,  vii.  169 

poiscming  by,  vii.  2.'il 

Styptol,  viii.  11 

Sulphonal,  v.  458,  459;  viii.  19 

Strangulation,  asphyxia  from,  i.  T27 

Styracol,  iv.  78S 

rash,  iii.  .504 

Stratum  corneum  of  the  epidermis,  vii. 

Styrax,  viii.  11 

Sulphonmethanum,  viii.  19 

750 

Subanconeus  muscle,  viii.  584 

Sulphur,  viii.  20 

granulosum  of  the  epidermis,  vii.  750 

Subclavian  muscle,  anomalies  of,  viii. 

dioxide,  viii.  21 

hicidum  of  the  epidermis,  vii.  750 

582 

disinfectant  action  of,  i.  838 

iii. 

nuicrtsum  of  the  epidermis,  vii.  749 

vein,  anomalies  of,  viii.  658 

628 

Strawberries,  food  value  of,  iv.  433 

Subcostal  muscles,  viii.  646 

disinfection  by,  iii.  633 

Straw-workers,  diseases  among,  vi.  834 

Subcrureus  muscle,  anomalies  of,  viii. 

food  value  of,  i.  212 

Streak,  mammary,  ii.  446 

588 

iodide,  viii.  21 

l.riniitive,  i.  519 

Subinfection,  intestinal,  v.  621 

occupational  diseases  caused  by 

vi. 

Streptococcus  brevis,  i.  861 

Sublamine,  v.  372;  viii.  12 

830 

erysipelatis,  i.  859 

Submarine,  hygiene  of  the,  vi.  641 

vegetable,  vi.  145 

loncus.  i.  860 

Submaxillary  gland,  vi.  669 

Sulphur  Springs,  Ind.,  viii.  21 

pyo(;,.iio.s,  i.  ,S59 

Submicrones,  iv.  359 

Sulphur  Spring,  Va.,  viii.  21 

Streptocolysin,  v.  171 

Subnasal  point,  vii.  765 

Sulphureted    hydrogen,    occupational 

Streptothricosis  of  pleura,  vii.  258 

Subphrenic  abscess,  iii.  547 

disease  caused  by,  vi.  830 

Strieker,  Salomon,  viii.  6 

Subscapularis    muscle,    anomalies    of. 

Sulphuric  acid,  viii.  22 

Stricture,  esophageal,  i.  764;  iv.  122 

viii.  583 

caustic  action  of,  ii.  697 

intestinal,  v.  618,  620 

Substandard  insurance,  v.  923 

occupational  diseases  caused 

by. 

lacrymal,  v.  795 

Substantia  gelatinosa  Rolandi,  ii.  295 

vi.  831 

rectal,  vii.  497 

Subtertian  fever,  vi.  219 

postmortem  evidences  of  poison- 

urethral, viii.  335 

Subvertebral  rectus  muscle,  viii.  592 

ing  by,  i.  805 

vaginal,  viii.  407 

Succinic  acid,  i.  78 

Sulphurous  acid,  viii.  22 

Stridor,  congenital  laryngeal,  iii.  382 

Succinum,  i.  236 

gas.  viii.  21 

String  galvanometer,   Einthoven's,  ii. 

Succus  entericus,  vii.  694 

occupational  diseases  caused 

by. 

054 

Sucrose,  i.  206;  vii.  608 

vi.  830 

Strobilomyces  strobilaceus,  iv.  582 

Suctoria,  viii.  605 

Sumac,  \-ii.  577 

Stromeyer,     Georg     Friedrich     Louis, 

Sudan  nodules,  v.  877 

Sumbul,  viii.  22 

viii.  6,  44 

III  staining,  v.  271 

Summer  diarrhea,  iii.  550 

Strong's  anticholera  vaccination,   viii 

Sudorifics,  iii.  537 

eruption,  v.  380 

504 

Sudoriparous  glands,  vii.  752 

Summerville,  S.  C,  viii.  23 

Strongylidae,  vi.  690;  viii.  7 

adenoma  of  the,  i.  124 

Sun-cure,  v.  138 

Strongyloides,  viii.  7 

carcinoma  of,  ii.  639,  641 

Sunshine,  climatic  relations  of,  iii. 

Ill 

stercoralis,  vi.  078 

secretion  of,  vii.  697 

Sunstroke,  v.  124 

Strongylus,  viii.  7 

Suet,  vii.  711 

cold  in  the  treatment  of,  iii.  157 

contortus,  vi.  698 

food  value  of,  iv.  433 

Superfecundation,  viii.  24 

iustabilis,  vi.  097 

Suffocation,  viii.  12 

Superfetation,  viii.  24 

Strontium,  viii.  7 

treatment  of,  see  Resuscitation,  vii. 

Superimpregnation,  viii.  24 

bromide,  ii.  511 

546 

Supination  of  the  forearm,  iii.  872 

iodide,  v.  651 

Sugar,  barley,  y\\.  60S 

Supinator  brevis  muscle,  anomalies 

of, 

salicylate,  vii.  615 

beet,  vii.  008 

viii.  586 

Strophanthin,  viii.  8 

cane,  i.  206;  vii.  607,  608 

longus  muscle,  anomalies  of,  viii. 

586 

Strophanthus,  viii.  7 

food  value  of,  i.  208;  iv.  428,  433 

Suppositoria,  suppositories,  viii.  24 

diuretic  action  of,  iii.  684 

fruit,  i.  205 

Suppuration,  autolysis  in,  i-  7^6^_ 

poisoning  by,  i.  635 

grape,  i.  205 

Supraclavicularis  muscle,  viii.  577 

Strophulus,  vi.  505 

in  the  blood,  iii.  518 

Supracostalis  muscle,  viii.  592 

albidus,  vi.  505 

in  the  urine,   iii.   518;  viii.  352;  see 

Supramastoid  crest,  vii.  765 

Struggle  for  existence  as  a    factor  in 

Glycosuria. 

Suprameatal  spine,  iii.  730 

evolution,  iv.  172 

invert,  v.  649;  vii.  608 

Suprarenal  cortex,  vii'.  25 

Struma,  viii.  8 

maple,  vii.  608 

glands,  accessory,  viii.  27 

exophthalniica,  iv.  741 

milk,  i.  206;  vi.  507;  vii.  609 

actinomycosis  of,  viii.  28 

(goiter),  viii.  195 

Sugar-coated  liver,  v.  360;  see  Hyalo- 

action of  secretion  of,   upon 

the 

Strumitis,  viii.  191 

serositis. 

sympathetic  system,  viii.  68 

768 
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Suprarenal  glands,  adenoma  of,  i.  122 

Sweat-glands,  vii.  7.'>J 

Syndrome,   rorpora  quadrigemina.   ii. 

amyloid   degeneration   of,    i.   306; 

adenoma  of,  i.  124 

:i'J7 

viii.  27 

carcinoma  of,  ii.  639,  641 

crura  cerebri,  ii.  395 

anatomy  of,  viii.  25 

secretion  of,  vii.  697 

endocrinous,  viii.  74 

anomalies  of,  \'iii.  26 

Sweden,  medical  practice  in.  vi.  302 

pluriglandular,  viii.  76 

atrophy  of,  \nii.  27 

Sweet  Chalybeate  Springs,  viii.  58 

uniglandular,  \'iii.  ~'t 

calcification  of,  viii.  27 

Sweet  flag,  ii.  577 

.Notliuagcl's,  ii.  397 

circulatory  disturl)ancesof,  viii.  27 

Sweet  Springs,  viii.  58 

pancreatico-solar,  vii.  24 

cysts  of,  iii.  416;  viii.  27 

Sweetbread,  food  value  of,  iv.  433 

pineal,  ii.  397 

disorders     dependent     upon     de- 

Swimming pools,  purification  of,  viii. 

pluriglandular,  \-iii.  70 

ranged  secretion  of,  viii.  7.t 

4S5 

.Stokes-Adams,  i.  630 

echinococcus  of,  viii.  28 

Switzerland,   medical   practice   in,   vi. 

t4-gmenturo,  ii.  396 

function  of,  vi.  915;  viii.  26 

302 

thalamic,  i.  300 

gliomata  of,  viii.  28 

Swoon,  viii.  73 

uniglandular,  viii.  75 

hypertrophy  of,  viii.  28 

Sjcosis,  viii.  58 

Syngamus  trachealis,  vi.  698 

infarction,  viii.  27 

barbie,  vaccine  therapy  of,  viii.  403 

Syngamy,  v.  515,  516 

inflammation  of,  viii.  27 

lupoid,  viii.  59 

Synizesis,  vi.  276 

lymphatics  of,  vi.  174 

radiothcrai.y  of.  vii.  472 

Synovia,  cytodiagnosi.-.  iii.  42ii 

malformations  of,  viii.  26 

Sydenham,  Thomas,  vi.  32S;  viii.  60 

of  kn.-c,  v.  768 

medulla,  viii.  25 

Syllable  stumbling,  vii.  .S20 

Synovial  membranes,  i.  703 

necrosis  of,  viii.  27 

Sylvius,  Franciscus,  i.  333;  viii.  61 

Synovitis,  viii.  76 

neuromata  of,  %'iii.  28 

Sylvius,  Jacobus,  viii.  61 

intermittent,  v.  378 

pathologj-  of,  viii.  26 

Sylvius,  artery  of,  ii.  349 

of  the  elljow  and  wrist,  i.  553 

sarcoma  of,  viii.  28 

fissure  of,  ii.  334 

vibration,  iv.  831 

secretion  of,  \'ii.  699 

vein  of,  ii.  354 

Syntonin,  viii.  77 

syphilis  of,  viii.  27 

Syme,  James,  viii.  45,  61 

Syphilid  es,  viii.  80 

therapeutic  uses  of,  vi.  916 

Syme's  amputation,  i.  289 

acnelorm.  viii.  81 

tuberculosis  of,  viii.  27 

Symmelus,  vi'i.  13.') 

brachial,  i.  546 

tumors  of,  v.  448;  viii.  28 

Symmetrical  gangrene,  vii.  486 

bullous,  viii.  80 

veins,  anomalies  of,  viii.  660 

Sympathetic  nerve  cells,  ii.  275 

diagnosis  of.  iii.  833 

Supraspinatus   muscle,    anomalies   of. 

organs,   pharmacology   of   the,   viii. 

discoid,  viii.  SO 

viii.  582 

68 

erj-thcmatous,  viii.  80 

Surf  bathing,  viii.  157 

nervous  system,  viii.  61 

flat  papular,  viii.  80 

Surgery,  aseptic,  i.  717 

anatomy,  viii.  62 

folli.ular.  viii.  80 

history  of,  ™i.  28 

autonomic,  viii.  64 

gummatous,  \-iiL  80 

anatomy  as  a  science,  viii.  40 

autonomic,  functions  of,  viii.  66 

lenticular,  viii.  80 

anesthesia,  \-iii.  55 

disorders  of,  viii.  70 

macular,  viii.  80 

asepsis  and  antisepsis,  viii.  .56 

effect  of  emotions,  viii.  67 

miliary  papular,  viii.  80 

Christian  era,  vjii.  32 

enteric  system  of  Langlcy,  viii.  61 

pustular,  viii.  81 

circulation  of  the  blood,  viii.  42 

ganglia,  viii.  62 

palmar,  iv.  879;  viiL  81 

development  of  surgery  in  Amer- 

ganglia, cranial,  viii.  64 

papular,  viii.  80 

ica,  viii.  45 

internal  secretions  in  relation  to. 

plantar,  viii.  81 

eighteenth  century,  viii.  43 

viii.  67 

pustular,  viii.  81 

e.\perimental  methods  of  research. 

lumbar  cord,  viii.  63,  66 

tubercular,  viii.  80 

\-iii.  34 

pelvic  cord,  viii.  63 

vesicular,  viii.  80 

inductive    methods    of    research, 

pharmacoloKj-  of  the  nerve  organs 

Syphilis,  viii.  77 

viii.  30 

of,  viii.  68 

amnion,  i.  262 

instruments  used  by  the  Arabians, 

physiolog.v.  viii.  66 

aortic,  ii.  234 

viii.  33 

prevertebral  plexuses,  viii.  03 

arterial,  ii.  233 

ligature    in    the    suppression    of 

rami,  viii.  62 

auditory'  canal,  iii.  795 

hemorrhage,  viii.  40 

regeneration   of   fibers   after   sec- 

auricle, iii.  794 

medieval  period,  \Tii.  36 

tion,  viii.  67 

blindness  due  to.  ii.  110 

nineteenth  centurj',  viii.  44 

sacral  cord,  viii.  63 

blood-vascular,  ii.  233 

physiology  and  pathology  applied 

thoracic  cord,  viii.  63.  05 

bony.  ii.  256 

to  surgerj',  viii.  43 

thoracolumbar,  viii.  65 

bronchial,  v.  848 

prehistoric,  viii.  29 

thoracoventral.  viii.  62 

bubo  in,  ii.  544.  546 

school  of  Salerno,  viii.  37 

ophthalmia.  «.  877 

cancer  in  relation  to.  ii   j'>'' 

ionic,  V.  657 

Sympathicotonia,  viii.  70 

cerebral,  ii.  428 

plastic,  vii.  240 

Sympathoblasts  of  the  adrenal  medulla. 

arterial  typos,  ii.  42> 

prehistoric,  viii.  29 

viii.  26 

automatism  of,  i.  790 

Surgical  dressings,  iii.  695 

Symphoral,  viii.  72 

hereditary;  ii.  431 

operations,   convalescence  after,   iii. 

Symphyseotomy,  viii.  72 

treatment,  ii.  429 

276 

Symphysis  pubis,  vii.  82 

chorion,  iii.  38 

Suspensoids,  iii.  171;  iv.  3.")'.t 

sacrococcygea,  vii.  82 

congenital,  iv.  389:  viii.  81 

Suspensory  bandages,  viii.  57 

Symphytum,  iii.  219 

conjunctival,  iii.  253 

Suture  (articulation),  i.  700 

Sympus,  viii.  135 

course,  viii.  79 

cranial,  vii.  768 

Synapse,  ii.  274 

cranial,  ii.  425 

gastrointestinal,  vii.  976 

Synapsis,  vi.  276 

cutireaction  in,  iii.  396 

intestinal,  v.  624 

Syncephalous  monsters,  viii.  131 

decidua.  iii.  464 
diagnosis,  viii.  78 

material,  aseptic,  i.  720 

Synchysis,  viii.  464 

siu*gical,  iii.  695 

scintillans,  vii.  464 

from  eciema.  iii.  833 

Swallowing,  iii.  472 

Synccelom,  iii.  138 

from  smallpox,  vii.  799  .■" 
drum-membrane,  iii.  796.  803 

Swaziland,  medical  practice  in.  vi.  302 

Syncope,  viii.  73 

Sweat,  \-ii.  697 

diminished  secretion  of.  i.  439 

local,  vii.  487 
Syncytiolysin,  v.  175 

ear.  i-i.  794 

erupt-on  of  second  stage,  viii    T'<    -i 

fetid,  ii.  611 

Syncytioma  malignum,  iii.  40 

elioloK)-.  viii.  78 
Kualachian  tul>c,  iii.  799 
eye  symptoms  in.  iv.  2S8 

in  mental  disease,  vi.  425 

Syncytium,  chorionic,  iii.  27 

bloody,  V.  144 

Syndactylism,  iv.  S70;  viii.  135 

Vol.  viii.— 49 
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Syphilis 

Tests 
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Syphilis,  fetal,  iv.  389 

Syrupus,  vii.  609;  viii.  89 

Talipes,  calcaneus,  acquired,  iv.  499 

general  lesions  of,  viii.  81 

Systole,  shape  of  the  heart  in,  ii.  144 

congenital,  iv.  495 

granulomatous  lesions  in,  iv.  774 

congenital,  iv.  481 

hand,  iv.  879 

Tabacum,  viii.  207 

treatment,  iv.  484 

heart,  v.  83,  92 

Tabanidse,  v.  601;  viii.  89 

equinovalgus,  acquired,  iv.  503 

hereditary,  iv.  389;  viii.  81 

Tabanus  atratus,  v.  602 

associated     with     defect     of     the 

cerebral,  ii.  431 

Tabes  dorsalis,  viii.  89 

fibula,  iv.  496 

of  the  ear,  iii.  803 

arthropathies,  i.  705;  viii.  92 

equinovarus,  acquired,  iv.  502 

history,  viii.  77 

ataxia,  viii.  90 

associated     with     defect     of     the 

intestinal,  in  children,  iii.  560 

crises,  viii.  90 

tibia,  iv.  496 

iris,  v.  666 

diagnosis,  viii.  92 

congenital,  iv.  483 

keratosis  due  to,  v.  721 

etiology,  viii.  89 

equinus,  acquired,  iv.  497 

labyrinth,  iii.  800 

eye  symptoms,  viii.  90 

congenital,  iv.  495 

laryngeal,  v.  845 

massage  in,  vi.  249 

paralytic,  iv.  497 

liver,  vi.  70 

prognosis,  viii.  93 

tendon  transplantation  in,  viii.  258 

lungs,  vi.  117 

reflexes,  viii.  91 

relative    frequency    of    the    several 

lymph  nodes,  vi.  155 

sensory  disturbances,  viii.  91 

varieties  of,  iv.  482 

mammary,  ii.  472 

spasmodic   (lateral  sclero.sis),   vii. 

valgus,  congenital,  iv.  496 

mastoid  process,  iii.  800 

671 

varieties,  iv.  480 

meningeal,  ii.  425 

symptoms,  viii.  89 

varus  associated  with  defect  of  the 

mental  disease  due  to,  vi.  398 

treatment,  viii.  93 

tibia,  iv.  496 

muscle,  vi.  564 

Tablet  triturates,  viii.  94 

congenital,  iv.  495 

nails,  vi.  602 

Tachycardia,  i.  626;  vii.  401 

Tallow,  mutton,  vii.  711 

treatment,  vi.  603 

heterogenic,  i.  626 

Tallqvist's  hemoglobinometer,  ii.  183 

omentum,  vi.  876 

paroxysmal,  i.  626 

Tamarindus,  viii.  95 

osseous,  ii.  256 

pathology,  i.  627 

Tampa,  viii.  96 

pharyngeal,  vii.  157 

prognosis,  i.  628 

Tamus   communis,   poisoning   by,   vii. 

placental,  vii.  207 

treatment,  i.  028 

231 

pleura,  vii.  259 

Tacoma,  Wash.,  viii.  94 

Tanacetum,  viii.  96 

primary  stage,  viii.  79 

Tactile  corpuscles,  iv.  22 

Tank,  septic,  vii.  714 

prognosis,  viii.  82 

sensibility,  iv.  21 

Tannal,  viii.  97 

radium  therapy  in,  vii.  466 

Taenia,  viii.  95 

Tannalbin,  viii.  97 

retina,  vii.  556 

characteristics  of  the  genus,  ii.  766 

Tanners,  diseases  of,  vi.  837 

salivary  glands,  vii.  622] 

acanthotrias,  ii.  768 

Tannic  acid,  viii.  97 

secondary  stage,  viii.  79 

segyptiaca,  ii.  774 

Tannigen,  viii.  97 

spinal,  vii.  874 

africana,  ii.  770 

Tannin,  viii.  97 

stomach,  vii.  989 

bremneri,  ii.  770 

callus-increasing  action  of,  ii.  259 

suprarenal  glands,  viii.  27 

capensis,  ii.  767 

Tannoform,  viii.  98 

tertiary  stage,  viii.  80 

confusa,  ii.  769 

Tannon,  viii.  98 

testicle,   viii.  144 

crassicollis,  ii.  771 

Tannopin,  viii.  98 

thyroid,  viii.  191 

cucumerina,  ii.  776 

Tansy,  viii.  96 

tongue,  viii.  212 

diminuta,  ii.  774 

Tapeworms,  ii.   761;  see   Cesloda  and 

tonsils,  viii.  228 

echinococcus,  ii.  771 

Twnia. 

trachea,  v.  848 

elliptica,  ii.  776 

symptoms,  ii.  764 

treatment,  viii.  82 

fenestrata,  ii.  766 

treatment,  ii.  765 

tympanum,  iii.  797,  803 

flavopunctata,  ii.  774 

Tapioca,  i.  308 

ureters,  viii.  324 

hominis,  ii.  770 

food  value  of,  iv.  433 

vaginal,  viii.  409 

inermis,  ii.  766 

Tapotement,  vi.  245 

veins,  viii.  671 

lata,  ii.  766,  776 

Tar,  vii.  204 

velum  palati,  viii.  386 

leptocephala,  ii.  774 

occupational  diseases  caused  by,  vi. 

venous,  ii.  235 

lophosoma,  ii.  767 

832 

Wassermann    reaction    in,    iii.    220; 

marginata,  ii.  771 

Tarantism,  iii.  18 

viii.  78,  475 

mediocanellata,  ii.  766 

Tarantula,  v.  595;  viii.  98 

Syphilodermata,  viii.  80;  see  Syphilides. 

minima,  ii.  774 

fasciventris,  v.  596 

Syringadenoma,  i.  124,  125 

moniliformis,  ii.  776 

Tarantula-killer,  v.  605 

Syringe,  hypodermic,  v.  463 

nana,  ii.  774 

Tarasp-Schuls,  viii.  98 

Syringomyelia,  i.  559;  iv.  900;  viii.  84 

nigra,  ii.  766 

Taraxacum,  viii.  99 

atypical  forms,  viii.  87 

pellucida,  ii.  767 

Tardieu,  Ambroise  Auguste,  viii.  99 

bulbar  lesions,  viii.  85 

philippina,  ii.  770 

Tarnier's  forceps,  iv.  510 

symptoms,  viii.  87 

saginata,  ii.  766 

work  in  obstetrics,  vi.  825 

diagnosis,  viii.  88 

serialis,  ii.  773 

Tarsonemidte,  viii.  99 

etiology,  viii.  85 

serrata,  ii.  771 

Tarsus,  dislocation  of,  iii.  660 

eye  symptoms  in,  viii.  87 

solium,  ii.  767 

fracture  of,  iv.  564 

fractures  in,  viii.  87 

tropica,  ii.  766 

tuberculosis  of,  i.  688 

joint  lesions,  viii.  87 

varesina,  ii.  774 

Tarsectomy,  anterior,  iv.  211 

motor  phenomena,  viii.  86 

vulgaris,  ii.  767,  776 

complete,  iv.  214 

pathological  anatomy,  viii.  85 

Tseniids,  viii.  95 

Tartar  emetic,  i.  480 

prognosis,  viii.  89 

Teeniinse,  viii.  95 

salivary,  viii.  121 

reflexes,  viii.  87 

Taeniorhynchus,  viii.  95 

vitriolated,  vii.  318 

sensory  disturbances,  viii.  86 

Tagliacotian  operation,  vii.  251 

Tartaric  acid,  viii.  99 

sphincter  disturbances,  viii.  87 

Tagliacozzi,  Gasparo,  viii.  41,  95 

Tasmania,  medical  practice  in,  vi.  302 

symptomatology,  viii.  85 

Tait,  Robert  Lawson,  viii.  95 

Taste,  viii.  100 

thora.x  deformities,  viii.  87 

Taka  diastase,  iii.  501 

cortical  centers  of,  ii.  407 

treatment,  viii.  89 

Talcum,  viii.  95 

disorders  of,  in  mental  disease,   vi. 

trophic  changes,  viii.  86 

Talipes,  iv.  480 

422 

Syringomyelocele,  vii.  828;  viii.  132 

acquired,  iv.  497 

hysterical  disturbances  of,  v.  486 

Syrup  of  hypophosphites,  v.  469 

calcaneovalgus,  acquired,  iv.  502 

Taste-buds,  iv.  25 

simple,  vii.  609 

calcaneovarus,  acquired,  iv.  .502 

discovery  of,  i.  345 
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Tate  Spring,  viii.  101 

Tattoo  marks,  viii.  102 

Taurine,  i.  Tn;  li.  511;  viii.  103 

Taurocholic  acid,  i.  7^ 

Tazascaris  limbata,  vi.  702 

Taxis   in   the  reduction  ol    hernia,  v. 

211 
Tazus,  poisoninc  by.  vii.  J'.W 
Taylor,  Alfred  Swaine,  viii.  103 
Taylor,  Charles  Fayette,  viii.  103 
Taylor's  brace  for  Pott's  diseuse,  vii. 
887 

forceps,  iv.  510 

henioglobinometer.  ii.  181 
T-bandage,  ii.  17 
Tea,  viii.  103 

food  value  of.  i.  213 

Mormon,  iv.  .53 

Paraguay,  vi.  272 

whorehouse,  iv.  53 
Teale's  amputation,  i.  273 
Tear-gases  in  warfare,  viii.  597 
Teel  oil,  ii.  33 
Teeth,  viii.  104 

abuormalities  in  the  shape  of,   viii. 
113 

abnormalities  in  the  size  of,  viii.  1 12 

anatomy,  viv.  104 

artificial,  i.  711 

calcareous  deposits  on,  viii.  121 

caries  of,  viii.  116 

chemistry  of.  ii.  664 

development  of,  iii.  491 

eruption  of.  iii.  491;  viii.  109 

extraction  of,  viii.  121 

accidents  during,  viii.  122 

function  of.  viii.  109 

histology  of,  viii.  106 

irregularity  of,  viii.  Ill 

microscopical  anatomy  of,  viii.   lUU 

pathology  of,  viii.  110 

physiology  of,  viii.  109 

pulp  diseases,  viii.  114 

supernumerary,  viii.  110 

surfaces  of,  viii.  105 

tumors  of,  vi.  843 
Tegmentum,  ii.  313 

diagnosis  of  lesions  of.  ii,  379 

syndromes  of  the,  ii.  396 
Teichmann's  test  for  hemoglobin,   ii. 

212:  viii.  3.54 
Tela  chorioidea,  ii.  341 
Telecardiograms,  ii.  656 
Telegony,  v.  194 
Telegrapher's  cramp,  vi.  765 
Telencephalon,  anatomy,  ii.  320 

develupMiPiit  of.  ii.  288 
Telephone   operators,   diseases  of,-  vi. 

83  ^ 
Telini  fly,  v.  603 
Tellyniczky's  fluid,  v.  257 
Telophases,  ii.  714 
Telosporidia,  viii.  123,  604 
Telosynapsis,  vi.  276 
Temperament  in  relation  to  fecundity, 

iv.  34!) 
Temperature,  atmospheric,  iii.  109 
in  relation  to  acclimatization,  i.  60 

body,  diurnal  variation  of.  v.  110 
effect  of  exercise  upon.  iv.  237 
enterodysis  affecting,  iv.  40 
of  animals,  v.  109 

human,  viii.  162 

in  childhood,  ii.  821 

in  mental  disease,  vi.  424 
Temples,  spectacle,  viii.  641 
Temporal  crest,  vii.  765 

muscle,  anomalies  of.  viii.  5i5 


Temporomaxillary     articulation,     dis- 
eases of,  v.  699 
excision  of,  iv.  229 
Tenacula,  iv.  8.50 
Tenalgia  crepitans,  viii.  124 
Tendo  Achillis  jcik,  vii.  .505 

>n-aiii  of.  iv.  4.SU 
Tendons,  advancement  of  ocular,  viii. 
4 
and  their  .sheaths,  injuries  and  dis- 
eases of,  viii.  123 
implantation  of,  viii.  127 
diseases  of.  viii.  123 
dislocations  of,  viii.  125 
injuries  of,  viii.  125 
lengthening  of,  viii.  126 
repair  of,  by  fascia  transplantation, 

viii.  256 
rupture  of,  viii.  125 
surgery  of,  viii.  125 
transplantation  of,  \-iii.  127.  257 
for  clubfoot,  iv.  503 
of  oc-ular.  viii.  4 
wounds  of.  viii.  125 
Tendon-sheaths,  inflammation  of,  viii. 
124 
of  ankle  and  foot,  ii.  562 
of  wrists  and  hands,  ii.  5.59 
Tendovaginitis,  viii.  77 

ircpitans,  viii.  77 
Tenesmus,  urinary,  vi.  501 
Tennessee,  medical  practice  in.  vi.  302 
Tennis  arm,  i.  .542 
Tenodesis,  viii.  127 
Tenon,  Jacques  Ren6,  i.  337;  viii.  129 
Tenon's  capsule,  iv.  243 
Tenonitis,  vi.  '.ins 
Tenosynovitis,  i.  560;  viii.  77,  124 
of  the  hand,  iv.  887 
sicca  acuta,  viii.  124 
Tenotomy,  viii.  125 
for  club-foot,  iv.  491 
for  strabismus,  viii.  3 
Tensor  vaginse  femoris,  viii.  165 

anomalies  of.  viii.  .587 
Tenthmeter,  vii.  450 
Tentorium  cerebelli,  ii.  340 
Tents,  army.  v.  412 
Teratology,  viii.  129 

abdominal  defects,  viii.  133 

parasites,  viii.  132 
cardiac  defects,  viii.  134 
cephalic  parasites,  viii.  132 
cervical  malformation,  viii.  133 

parasites,  viii.  132 
classification,  viii.  130 
cranial  defects,  viii.  133 
defects  in  the  cerebrospinal  axis,  viii. 

132 
eye  defects,  viii.  133 
facial  malformation,  viii.  133 
history,  viii.  130 
malformations    of    the   extremities, 

viii.  135 
monosomatous  terata,  viii.  132 
polysomatous  terata,  viii.  131 
thoracic  defects,  viii.  133 

parasites,  viii.  132 
urogenital  defects,  viii.  134 
vascular  defects,  viii.  134 
Teratoma,  viii.  136 
cerebral,  ii.  434 
malignuni,  viii.  141 
of  the  testicle,  viii.  147 
Wolffian  body.  viii.  511 
thymus,  viii.  183 
pulmonary,  vi.  1 10 
treatment  of.  viii.  142 


Terebene,  viii.  112 

Terebinthina,  viii.  142 

Teres     major     and     minor     tnuM-lm, 

anotiKilic-  of.  viii.  .5h3 
Ternidens  deminutus,  vi.  n9s 
Terpin  hydrate,  viii.  143 
Terpinol,  mii    143 
Tertian  fever,  vi.  219 

para.«ile  of.  vi.  20S;  viii.  624 
Testes,  action  of  internal  nccretion  of, 
upon     the    nyrapathetic    nylem, 
viii.  68 
adenoma  of,  i.  1*23 
anatomy  of,  iv.  667 
and    epididymis,    diseased,    injuries 

and  anomalies  of.  viii.  144 
anomalies  of.  viii.  148 
carcinoma  of.  viii.  147 
(colliculus  inferior),  iii.  166 
contusions  of,  viii.  148 
descent  of,  iv.  662 
development  of.  iv.  662 
disorders  dependent  upon  deranged 

internal  secretion  of.  viii.  76 
ectopia  of.  viii.  149 
gangrene  of,  viii.  147 
gunshot  wounds  of,  iv.  828 
hematocele  of,  v.  145 
inflammation  of.  viii.  144 
injuries  of,  viii.  148 
in  perineum,  vii.  121 
internal  secretion  of.  vii.  703 
leiomyoma  of,  vi.  588 
lymphatics  of.  vi.  173 
neuralgia  of.  viii.  147 
r.-moval  of.  ii.  671;  see  ('(ulration. 
ntained.  viii.  148 

in  a.ssociation  with  hernia,  v.  220 
sarcoma  of.  viii.  147 
secretion  of.  vii.  707 

internal,  vii.  703 
syphilis  of.  viii.  144 
teratomata  of.  viii.  141.  147 
tuberculosis  of.  viii.  145 
tumors  of.  viii.  147 
wounds  of.  viii.  148 
Testicular  extract,  therapeutic  uses  of, 

vi.  919 
Test-meals,  vii.  952 
Tests,  .\bdcrhalden's  ferment,  iv.  S6S 
aKglutination.  i.  854,  922;  vui.  300 
albumin,  viii.  .350 
bile.  ii.  50;  vi.  67;  viii.  355 
blood,  ii.  211 ;  see  Blood. 
color  vision,  iii.  200 
complement-fixation,  i.  922:  iii.  2'20: 

viii.  78,  475 
cutireaetion.  i.  315.  M2;  iii.  396 
diaxo,  iii.  666 
f\indus  reflex,  vii.  726 
gastric  function,  vii.  9.52 
hearing,  iii.  742;  v.  41 
hemoglobin,  ii.  175.  212:  viii.  354 
hydrochloric  acid,  vii.  956 
iiidican.  v.  525;  vi.  469:  viii.  356 
intelligence,  v.  607 
mental,  vi.  382.  389 
miostagmin.  vi.  527 
occult  blood,  vii.  961 
shadow.  V.  445;  vii   716 
sugar  in  urine,  viii.  352 
tuberculin,  i.  315;  iii.  395;  vi.  vVi 
typhoidin,  viii.  661 
uric  acid,  v',  473 
urinar\',  see  Vrinr. 
vision,  vi.  903;  vii   725 
Wassermann.  iii.  220;  viii.  78.  4T6 
Widal.  i.  S54.  922:  viii.  30<) 
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Tetanilla,  viii,  152 ;  soo  Tilanu- 

Thermic  fever,  v.  124 

Thoracotomy,  viii.  173 

Tetanolysin,  v.  171 

Thermometers,    sterilization    of,    viii. 

Thoracoventral    sympathetic 

system. 

Tetanus,  viii.  149 

162 

viii.  62 

antitoxin  of,  i.  851 

wet  bulb,  vi.  635 

Thorax,  anatomy  of,  viii.  644 

bacillus  of,  i.  S50 

Thermometry,  clinical,  viii.  161 

topographical,  viii.  176 

bacteriological  diagnosis  of,  i.  920 

surface,  viii.  163 

en  entonnoir,  ii.  805 

cephalic,  viii.  150 

Thermoregulators    for    bacteriological 

en  gouttiere,  ii.  805 

following  vaccination,  viii.  394 

work,  i.  898 

fascia  of  the,  iv.  333 

from  gunshot  wounds,  iv.  810 

Thermotherapy,  v.  120 

gunshot  wounds  of,  iv.  823 

immunization     against,      by     anti- 

of cancer  of  the  uterus,  viii.  383 

lymphatics  of,  vi.  179 

toxins,  i.  851 

Thiersch,  Karl,  viii.  163 

paracentesis  of,  vii.  31 

neonatorum,  viii.  150 

Thiersch's    injection   masses,   v-.    278, 

pathological  types,  iii.  529 

Tetany,  viii.  152 

279 

postmortem  examination  of 

the.   i. 

autointoxication  as  a  cause  of,  i.  781 

method  of  skin  grafting,  viii.  252 

794,  803 

hands  in,  iv.  900 

Thigh,  viii.  163 

Roentgen    diagnosis   of    diseases    in 

infantile  idiopathic,  vii.  932 

amputation  of,  i.  295 

the,  vii.  595 

psychoses  of,  vii.  380 

arteries  of,  viii.  163,  166,  168 

surgery  of  the,  viii.  172 

Tetrachloromethane,  ii.  624 

boundaries  of,  viii.  163 

topographical  anatomy  of  the,  viii. 

Tetracoccus,  i.  s.'jS 

fascia  of,  iv.  335 

176 

Tetramethylenediamine,  vii.  382 

lymphatics  of,  vi.  169;  viii.  163 

Thorium,  vi.  457;  vii.  454 

Tetramitidae,  viii.  154 

nerves  of,  viii.  164,  167 

X,  therapeutic  use  of,  vii.  466 

Tetramitus  mesnili,  viii.  012 

veins  of,  viii.  163,  166,  168 

Thornapple,  viii.  5 

Tetranitrin,  iv.  97 

Thiocol,  viii.  168 

Thorner's  ophthalmoscope,  vi. 

896 

Tetranychus,  viii.  154 

Thioform,  viii.  168 

Thoroughwort,  iv.  l.jii 

Tetrasporocystidas,  viii.  154 

Thiol,  viii.  168 

Three-day  fever,  vii.  28 

Tetronal,  v.  459;  viii.  280 

Thionin  staining,  v.  268 

Three  Springs,  viii.  178 

Tetter,  iii.  826;  see  Eczema. 

Thioresorcin,  viii.  168 

Threshold,  v.  672 

Texas,  viii.  154 

Thiosinamine,  viii.  168 

Thromboarteritis,  ii.  226 

medical  practice  in,  vi.  302 

in  the  treatment  of  scars,  iii.  68 

productive,  ii.  227 

Southwestern,  ii.  242 

Thiosulphates,  viii.  19 

suppurative,  ii.  226 

Thalamic  syndrome,  i.  300 

Thirst,  viii.  168 

Thrombocytes  (blood  platelets) 

,  ii.  117 

Thalamus,  anatomy  of,  ii.  314 

Thistle,  l,lcs.sed,  ii.  657 

Thrombokinase,  viii.  178 

development  of,  ii.  288 

Thoma's  indigo-carmine,  v.  278 

Thrombophlebitis,  ii.  226;  viii 

665 

growth  of  the,  ii.  389 

Thoma-Zeiss        blood-counting        ap- 

gangraenosa, viii.  664 

nuclei,  ii.  316 

paratus,  ii.  105 

organisatoria,  viii.  664 

physiology  of,  ii.  411 

Thomas,  Theodore  Gaillard,  viii.  170 

productive,  ii.  227 . 

syndrome  of,  i.  300 

Thomas     collar     for     cervical     Pott's 

suppurative,  ii.  226 

Thalassotherapy,  viii.  155 

disease,  vii.  890 

Thrombosis,  iii.  81 ;  viii.  667 

Thalhimer's  blood  agar,  i.  885 

wrench  for  club-foot,  iv.  492 

cerebral,  ii.  365 

Thallium,  viii.  160 

Thomasville,  Ga.,  viii.  170 

venous,  viii.  667 

Thalmann's  agar,  i.  883 

Thompson,  Sir  Henry,  viii.  171 

Thrombus,  autochthonous,  viii 

667 

Thapsia,  viii.  320 

Thomsen's  disease,  vi.  560 

hyaline,  v.  171 

Thebaine,  vi.  900 

Thomson  color-blind  lantern,  iii.  206 

laminated,  iii.  81 ;  viii.  667 

Thebesius,  foramina  of,  v.  50 

wool  test.  iii.  202 

obturating,  viii.  667 

valve  of,  v.  50 

Thoracentesis,  vii.  31,  257 

red,  iii.  81;  viii.  667 

Thecamcebida,  viii.  160 

Thoracic  duct,  vi.  184 

venous,  viii.  667 

Thecitis,  viii.  77 

disea.ses  of  the,  viii.  171 

white,  iii.  81 ;  viii.  667 

Theine,  ii.  570;  viii.  1(14 

surgery,  technique  of,  viii.  172 

Thrush,  vii.  991 

Thelyphonus,  v.  596 

bronchiectasis,  viii.  175 

fungus,  V.  457 

Theobald  Smith's  phenomenon,  i.  310; 

decortication,  viii.  174 

vulvar,  viii.  469 

see  AjiaphylaxU. 

differential  pressure  cabinets,  viii. 

Thumb,  dislocation  of,  iii.  653 

Theobroma,  oil  of,  ii.  567 

172 

extensibility  of  the,  at  different  ages. 

Theobromine,  viii.  161 

empyema,  viii.  173 

iv.  886 

diuretic  action  of,  iii.  684 

extrapleural  filling,  viii.  174 

Thuya,  viii.  178 

Theocine,  viii.  161 

Freund's    operation    for    emphy- 

Thymacetin, viii.  178 

diuretic  action  of,  iii.  084 

sema,  viii.  175 

Thyme,  viii.  178 

Theodoric  of  Cervia,  viii.  38 

intratracheal  insufflation,  viii.  172 

wUd,  viii.  179 

Theophrastus,  vi.  314 

ligation    of    pulmonary    arteries. 

Thymic  corpuscles,  viii.  181 

Theophylline,  viii.  161 

viii.  174 

lobules  in  the  thyroid  gland. 

■iii.  186 

Therapia  sterilisans  magna,  ii.  SOI 

linear  chondrotomy,  viii.  174 

Thymine,  viii.  179 

Therapy,  aero-,  i.  139 

lobectomy,  viii.  175 

Thymoform,  viii.  179 

chemo-,  ii.  800 

mask  apparatus,  viii.  172 

Thymol  carbonate,  viii.  179 

electro-,  iii.  898;  vii.  927 

phrenicotomy,  viii.  174 

iodide,  viii.  179 

helio-,  v.  138 

pulmonary  abscess,  viii.  175 

urethane,  viii.  179 

hydro-,  v.  395 

thoracoplasty,  viii.  174 

Thymotal,  viii.  179 

hypnotic,  v.  461 

thoracotomy,  viii.  173 

Thymus  (garden  thyme),  viii. 

178 

ionic,  v.  654 

Trendelenburg's  operation  for  pul- 

Thymus gland,  viii.  179 

photo-,  vii.  184 

monary  embolism,  viii.  176 

anatomy,  viii.  180 

psychro-,  iii.  155 

tumors  of  the  lungs   and   pleura, 

atrophy  of,  viii.  183 

radio-,  vii.  460 

viii.  175 

comparative  anatomy,  vii 

.  179 

serum,  vii.  710 

visceriil  pleurectomy,  viii.  174 

disorders     dependent     upon     de- 

suggestive, v.  461 

wounds  of  lung,  viii.  173 

ranged  secretion  of,  viii. 

75 

thalasso-,  viii.  155 

Thoracogastroschisis,  viii.  133 

action  of  the  secretion  o 

,   upon 

thermic,  iii.  561;  v.  120 

Thoracolumbar   nervous    system,    vii. 

the  sympathetic  system, 

viii.  68 

vaccine,  viii.  394 

61,  65 

dermoids  of,  viii.  184 

Thermal  springs,  ii.  8 

functions  of,  viii.  67 

embryology,  viii.  179 

Thermanesthesia,  hysterical,  v.  485 

Thoracoplasty,  viii.  174 

function  of,  vi.  917 

Thermesthesiometers,  iv.  132 

Thoracoschisis,  viii.  133 

histology,  viii.  ISO 
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Thymus  gland,  hypertrophy  of,  viii.  183 

inflammation  of,  viii.  183 

in  infancy,  v.  526 

in  status  lymphaticus,  vii.  928 

pathology  of,  viii.  183 

physiology  of,  viii.  183 

retrogression  of,  viii.  182 

secretion  of,  viii.  703 

therapeutic  uses  of,  vi.  917 

tuberculosis  of,  viii.  183 

tumors  of,  viii.  183 
Thyreoglobulin,  viii.  184,  187 
Thyroarytenoid  muscle,  v.  824 
Thyroglobulin,  viii.  184,  187 
Thyrohyoid  muscle,  anomalies  of,  viii. 

Thyroid  cartilage,  v.  822 
gland,  vi.  667;  viu.  184 

accessory,   vii.   48;   viii.    190;   sec 

Parathyroid. 
actinomycosis  of,  viii.  191 
action   of   secretion  of,  upon  the 

sympathetic  system,  viii.  68 
adenoma  of  the.  i.  123 
amyloid  deposition,  viii.  191 
anatomy,  viii.  184 
anomalies  of,  apparent  causes  of, 

iv.  749 
carcinoma  of,  viii.  192 
chemistry,  viii.  186 
ciliated  vesicles,  viii.  186 
colloid  substance,  viii.  186,  188 
cysts  of,  iii.  415 
development,  viii.  185 
diseases  of,  iv.  742 
disorders     dependent     upon     de- 
ranged secretion  of,  viii.  75 
exophthalmic  goiter,  iv.  741 
fatty  degeneration,  viii.  191 
functions  of,  vi.  913 
goiter,  viii.  195 
histology-,  viii.  185 
hypertrophy  of,  iv.  742;  viii.  190 
inflammation  of,  viii.  191 
lymphatics  of,  vi.  166;  viii.  193 
malformations  of,  viii.   189 
metastasis  of    normal    tissue    of, 

viii.  194 
parenchymatous        degeneration. 

viii.  191 
pathology,  \'iii.  189 
physiology,  iv.  748;  viii.  188 
relation  of  nanism  to  the,  vi.  605, 

60S 
secretion  of,  vii.  698 
syphilis  of,  viii.  191 
therapeutic  uses  of,  vi.  914 
th.vmic  lobules,  viii.  186 
tuberculosis  of,  viii.  191 
tumors  of,  viii.  191 
tumors  of,  in  the  lower  animals, 

viii.  194 
weight  of,  A-iii.  185 
Thyroidin,  vi.  913 
Thyroidism,  vi.  913 
Thyroiditis,  viii.  191 

woody,  viii.  191 
Thyroiodine,  viii.  187 
Thyrolingual  duct,  persistence  of,  viii. 

189 
Thyrolytic  serum,  v.  175 
Thyrotomy,  v.  813 
Tibia,  dislocation  of,  iii.  658 
i-xcisiun  of.  iv.  217 
fracture  of.  iv.  559 
platycnemic,  v.  870 
Tibialis  anticus  muscle,  anomalies  of, 
viii.  589 


Tibialis  posticus  muscle,  anomalies  of. 
viii.  591 
.sccuiidus  muscle,  viii.  .591 
Tibioastragaloid  articulation,  e.xei.~ion 

of.  iv.  212 
Tibofasctalis   anticus   muscle,  anoma- 
lies of.  viii.  5s'..t 
Tick  fever,  vii.  686 
Ticks,  i.  510 

rclapsing-fever,  vii.  515 
wood,  the  carrier  of  spotted  fever, 
vii.  587 
Tics,  viii.  197 

diagnosis,  viii.  199 
electricity  for,  iii.  904 
localization  of,  viii.  198 
prognosis,  viii.  199 
treatment,  viii.  199 
Tiger-heart,  v.  72,  88 
Tigretier,  iii.  18 
Tigroid  bodies,  vi.  728 
Tile -makers,  diseases  of,  vi.  836 
Tin,  poisoning  by,  viii.  200 
Tincture,  viii.  200 
Tinea,  viii.  200 
barba-.  viii.  204 

treatment,  viii.  206 
circinata.  viii.  203 

diagnosis,  iii.  833 
corporis,  viii.  203 
decalvans,  i.  229 
favosa,  viii.  201 
imbricata,  viii.  204 
sycosis,  viii.  204 

treatment,  viii.  206 
tonsurans,  viii.  203 
trichophytina,  viii.  202 

cruris,  viii.  204 
unguium,  vi.  601;  viii.  204 

treatment,  viii.  206 
versicolor,  \Tii.  204 
diagnosis,  iii.  H:f3 
Tineas,  the,  viii.  200 
Tinnitus  aurium,  viii.  206 

diagnostic  significance  of,  iii.  740 
Tire,  iv.  336;  see  Fatigue. 
Tires  (milk-sickness),  vi.  622 
Tissot,  Simon  Andr£,  viii.  207 
Tissue,  adenoid,  vi.  160,  195 
adipose,  iii.  257 
areolar,  iii.  255 
connective,  iii.  266 
embryonic,  iii.  256 
retiform,  iii.  257 
embryonic  connective,  iii.  256 
fatt.v,  iii.  257 
lymphoid,  iii.  257 
mucous,  iii.  256 
osseous,  ii.  245 
retiform  connective,  iii.  257 
transformation  of,  vi.  475 
transplantation  of,  viii.  262 
white  fibrous,  iii.  256 
.yellow  clastic,  iii.  256 
Tissue-oxygen,  vii.  543 
T.O.  (tubcrkulin  oberes),  i.  842;  viii. 

283 
Tobacco,  viii.  207 

amblyopia  caused  by,  iv.  289;  viii. 

208 
harmfulness  of,  v.  419 
Indian,  vi.  73 
poisoning  by,  viii.  207 

in  pregnant  women,  influence  of, 
on  the  fetus,  iv.  388 
Tobacco-heart,  v.  80 
Tobacco-workers,  diseases  among,  vi. 
834 


Toenail,  ingrown,  v.  563 
Toes,  aniputaiioo  of  the,  i.  28C 
di!<lo('alioas  of.  iii.  000 
hammer,  iv.  479 
overlapping,  iv.  479 
painful  great,  iv.  477 
pigeon,  iv.  478 
lulxTciilosis  of  the.  i.  689 
Toison  solution,  ii.  165 
Tokelau  ringworm,  viii.  2l>4 
Tolerance  of  drugs  or  poiioBi,  v.  5ii.' 
Tomatoes,  food  value  of,  iv.  43.S 
Tommasi-Crudeli,  Corrado,  viii.  208 
Tones,  v.  .'l 

difference  in,  v.  29 
resultant,  v.  29 
summation  of,  v.  29 
Tongue,  aliscess  of,  viii.  209,  211 
absence  of,  viii.  208 
atrophy  of,  viii.  208 
bifidity  of,  \nii.  208 
carcinoma  of,  viii.  212 

radiotherapy  of.  vii.  473 
diseases  of,  vUL  208 
excision  of,  viii.  213 
gumma  of,  viii.  212 
hemiatrophy  of,  v.  468 
h.vpertrophy  of,  viii.  208 
inflammation  of,  viii.  209 
lupus  of,  viii.  210 
lymphoid  tissue  in  the,  viii.  234 
sarcoma  of,  Wii.  212 
swallowing  of,  vi>L  208 
syphilis  of,  viii.  212 
tonsil  of,  \-iii.  234 
tuberculosis  of,  viii.  210 
white  patch  of.  viii.  209 
Tongue-tie,  vi.  545;  viii.  208 
Tonsillitis,  viii.  217 

acute  ulcerative,  viii.  218 
chronic,  viii.  221 
classification,  viii.  218 
cold  in  the  treatment  of,  iii.  157 
diagnosis,  viii.  218 
diet  in,  iv.  440 
etiolog>',  viii.  217 
follicular,  viii.  218 
lacunar,  viii.  218 
pathologj-,  A-iii.  217 
prognosis,  viii.  219 
s.vmptoms,  viii.  218 
Tonsils,  Wii.  216 
faucial,  viii.  215 
anatomy,  viii.  215 
accessory,  viii.  215 
anthracosis  of  the,  i.  457 
calculi  in,  iii.  227 
carcinoma  of,  viii.  2.'io 
chancre  of,  %-iii.  228 
foreign  bodies  in,  i.  lt>'.'.;vui    .■-> 
gumma  of.  viii.  229 
h.vpertrophy  of,  viii.  221 
inflammation  of.  A-iii.  217 
mucous  patch  on,  viii.  229 
physiologj'.  viii.  216 
sarcoma  of,  \Tii.  229 
syphilis  of,  viii.  228 
tul>erculosi»  of,  viii.  229 
tumors  of,  viii.  229 
tumors  of,  radiotherapy  of,  vii.  472 
lingual,  viii.  234 
Luschka's.  viii.  231 
pliaryugeal.  x^-ii.  231 
Tonsillectomy,  \nii.  224 
Tonsilloscope,  inlernal.  viii.  223 
Tonsilloscopy.  viii.  22.1 
Tonsillotomy,  viii.  224 
'    Tonsil-microscope,  viii    -'.■( 
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Tooth,  viii.  104;  see  Teeth. 
Toothache,  viii.  114 
Tooth-pastes,  iii.  488 
Tooth-powders,  iii.  487 
Topalgia,  liysterical,  v.  486 
Topeka  Mineral  Wells,  viii.  235 
Topfer's   quantitative    test    for    hydio- 

flilorif  acid,  vii.  yr)(i 
Tophi,  auricular,  iii.  765 
Torcular  Herophili,  ii.  358 
anomalies  of,  viii.  657 
Tori  genitales,  iv.  632 
Toric  lenses,  i.  74!) 
Toronto,  Canada,  viii.  235 
Torquay,  England,  viii.  237 
Torticollis,  viii.  237 

acquired,  viii.  23'J 

acute,  viii.  239 

congenital,  viii.  237 

diphtheritic,  viii.  240 

massage  in,  vi.  249 

ocular,  viii.  240 

paralytic,  viii.  239 

posterior,  viii.  240 

rachitic,  viii.  240 
Torricelli's  theorem,  ii.  133 
Torus  clitoridis,  iv.  657 

genitalis,  iv.  632 
Toti's  operation,  v.  797,  798 
Touch,  disorders  of  sense  of,  in  mental 

disease,  vi.  422 
Tourniquet,  i.  269 
Towara's  node,  i.  616 
Toxalbumins,  i.  .S53 
Toxascaris,  viii.  240 
Toxemia,  vii.  423 

gonococcal,  iv.  752 

of  pregnancy,   infivience  of,   on   the 
fetus,  iv.  390 
Toxicology,  see  Poisoning. 
Toxins,  i.  833 

bacterial,   preparation  of  soluble,   i. 
923 

extracellular,  i.  833 

hemolysin  caused  by,  v.  107 

intracellular,  i.  833 

nature  of,  v.  165 

structure  of,  v.  166 

tardiness  of  action  of,  v.  546 
Toxoids,  v.  167 

Toxophore  group  of  a  toxin,  v.  167 
Toxoplasma,  viii.  240 

goritiii.  viii.  619 
Toynbee,  Joseph,  viii.  240 
Toynbee's  artificial  drum,  v.  44 
Toy-pistol  wounds,  iv.  807 
T.  R.  (tuberculin  residue),  i.  842;  viii. 

2.S3 
Trabeculse  carnes,  v.  50,  51 
Trachea,  vi.  668 

absence  of,  i.  764 

foreign  bodies  in  the,  i.  171 

fracture  of,  v.  828 

lymphatics  of,  vi.  182 

syphilis  of,  v.  848 
Tracheotomy,  vi.  668;  viii.  240 

after-treatment,  viii.  242 

first  recorded  case  of,  viii.  32 

inferior,  viii.  241 

superior,  viii.  241 

technique  of,  viii.  241 

rachoma,  iii.  250 

blindness  due  to,  ii.  107 
Trachoma-bodies,  iii.  251 
Tract,  interolivary,  ii.  382 

of  muscular  sense,  ii.  382 

motor,  in  the  brain,  ii.  377,  378 
in  the  pons  and  medulla,  ii.  381 
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Tract,  optic,  ii.  319 

sensory,   in    the  pons  and    medulla, 
ii.  383 
Tragacantha,  viii.  242 
Tragus,  iii.  726,  729 
Training   schools  fur    nurses,   v.   309; 

viii.  243 
Tramps,  psychology  of,  viii.  413 
Trance,  i.  789;  iii.  266 

alcoholic,  i.  197 
Transference    in    the    mechanism    of 

dreams,  iii.  692 
Transfusion  of  blood,  v.  183;  viii.  247 
citrate  method,  viii.  249 
dangers  of,  viii.  250 
direct  method,  viii.  248 
indications  for,  viii.  250 
indirect  method,  viii.  248 
methods,  viii.  247 
Transplantation  of  tissues,  viii.  252 
bone,  ii.  260;  iv.  190;  vi.  801;  viii. 

259 
cartilage,  viii.  259 
fascia,  viii.  252 
fat,  viii.  253 
joints,  viii.  260 
ovary,  vi.  941 
skin.  viii.  252 
tendons,  viii.  257 
Transudates,  characteristics  of,  iv.  239 
Transvaal,  medical    practice  in,  vi.  302 
Transversalis        abdominis        muscle, 
anomalies  of,  viii.  593 
cervicis  muscle,  viii.  580 
Transverse  presentations,  v.  790 
Transversus  nucbse  muscle,  viii.  577 
orbitEB  muscle,  viii.  575 
pedis  muscle,  anomalies  of,  viii.  591 
perinei    muscle,    anomalies    of,    viii. 

593 
thoracis  muscle,  viii,  646 
Trapezius  muscle,  anomalies  of,   viii. 

5S0 
Trauma,  blindness  due  to,  ii.  106,  109 

cancer  following,  ii.  597,  630 
Traumatic  neuroses,  vi.  777 
Traumatol,  viii.  260 
Treacle,  vii.  009 
Trematoda,  viii.  260 
anatomy  of,  viii.  261 
development  of,  viii.  263 
Dicroccelidae,  viii.  271 
Echinostomidse,  viii.  268 
eggs  of,  viii.  263 
embryo  of,  viii.  263 
FasciolidEB,  viii.  265 
Heterophyidae,  viii.  271 
miracidium,  viii.  263 
Opisthorchiidae,  viii.  272 
Paramphistomidae,  viii.  277 
redia,  viii.  263 
SchistosomatidEe,  viii.  274 
taxonomy,  viii.  264 
Troglotrematidse,   viii.   268 
Trembles,  vi.  622 
Tremor,  viii.  277 
hysterical,  v.  483 
in  paralysis  agitans,  vii.  34 
intention,  v.  613 
Trendelenburg's    operation    for     pul- 
monary embolism,  viii.  176 
Trephining,  ii.  413 

history  of.  ii.  412 
Treponema,  viii.  278 
cultivation  of,  i.  888 
pallidum,  i.  873;  viii.  78 

Noguchi's  method  of  cultivating. 


Treponema,    pallidum,    staining   of,    i. 
917 
staining  of,  in  tissues,  i.  918 
pertenue,  viii.  522 
Treviranus,  Gottfried,  i.  339 
Triangularis   sterni  muscle,  anomalies 

of,  viii.  592 
Triceps  extensor  cubiti  muscle,  anom- 
alies of.  viii.  584 
Trichiasis,  iv.  310 
Trichina  spiralis,  vi.  694 
Trichinella,  viii.  278 

spiralis,  v\.  694 
Trichinellidse,  viii.  278 
Trichiniasis,  vi.  565,  694 
Trichinosis,  vi.  565.  694 
cardiac,  v.  58 

postmortem  evidences  of,  i.  809 
Trichloracetic  acid,  viii.  278 

caustic  action  of,  ii.  697 
Trichocephalus,  viii.  278 
dispar,  vi.  693 
trichiura,    vi.   693 
Tricholoma  personatum,  iv.  585 
Trichomonas  hominis,  viii.   612 
intestinalis,  viii.  612 
vaginalis,  viii.  612 
Trichomycetes,  viii.  278 
Trichomycosis  nodularis,  vii.  192 
Trichophyton,  v.  4.36;  viii.  203 
Trichorrhexis  nodosa,  i.  766 
Trichostrongylus,  viii.  279 
instabilis.  vi.  697 
orientalis,  vi.  697 
probolurus,  vi.  697 
vitrinus.  vi.  697 
TrichotrachelidsB,   vi.   693 
Trichuris,  viii.  279 
trichiura.  vi.  693 
Tricresol,   viii.   279 

disinfectant  action  of,  i.  837 
Tricuspid  orifice,  v.  50 

valvular   disease,    venous   pulse   in, 
vii.  409 
Tridermoma  (complex  teratoma),  viii. 

13S 
Triferrin,  iv.  373 
Triferrol,  iv.  373 
Triformal,  vii.  31 
Trigeminus  nerve,  iii.  331 

cerebral  connection  of  the,  ii.  304 
mesencephalic  root.  ii.  305 
portio  minor,  ii.  305 
Trigger-finger,  iv.  895 
Trigonum  subinguinale,  viii.  165 
Trillium,  viii.  279 
Trimethylamine,  vii.  382;  viii.  279 
Trinidad,  medical  practice  in,  vi.  302 
Trinitrophenol,  vii.  190 

disinfectant  action  of,  iii.  627 
Trinitrotoluene,  poisoning  by,  viii.  280 
Triodontophorus  deminutus,  vi.  698 
Trional,  v.  458.  459;  viii.  280 
Trioxymethylene,  i.  837 
Trioxypurin,  i.  79 
Trismus,  viii.  150 
Triticum,  viii.  281 
Triticoglossus  muscle,  viii.  579 
Triturations,  viii.  281 
Troches,  viii.  281 
Trochisci,  viii.  281 
Trochlear  nerve,  cerebral   connections 

of  the,  ii.  303 
Trochoides,  i.  701 
von   Troeltsch,   Anton    Friedrich,   viii. 

281 
Troglotrematidse,  viii.  268 
Trombididae,  i.  509;  viii.  281 
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rrombidium  akamushi,  v.  (jM) 
T:ombidoidea,  viii.  281 
Tropacocaine  hydrochloride,  viii.  281 
local  anesthesia  by,  i.  390 
S7>inal  anesthesia  by,  i.  394 
Trophic  functions,  spinal,  disturbances 

of,  vii.  866 
Trophoblast,  ii.  84,  85 

fate  of  the,  ii.  86 
Trophoneuroses  of  the  nails,  vi.  602 

treatment,  vi.  603 
Tropics,  ac-climatization  in  the,  i.  (il) 
Trousseau,  Armand,  viii.  281 
Trousseau's  symptom  in   tetunv,   viii. 

1.5.'? 
Trout,  food  value  of,  iv.  433 
Troy  weight,  viii.  494 
Trunk,  bandage  of,  ii.  16 

bursse  of,  ii.  558 
Trusses  in  the  treatment  of  hetiiia,  v. 

228 
Trypanosoma,  viii.  282 

blood-agar  culture  medium  for,  i.  885 
brucei,  viii.  615 
castellanii,  viii.  61.5 
cruzi,  viii.  617,  650 
cultivation  of,  i.  885 
equinum,  viii.  015 
equiperdum,  iii.  687;  viii.  615 
evansi,  viii.  615 
fordii,  viii.  615 
gambiense,  viii.  615,  648 
hippicum,  v.  552;  viii.  615 
hominis.  viii.  615 
lewisi,  viii.  614,  615,  648 
nigeriense,  viii.  617 
rhodesiense,  viii.  616 
theileri,  viii.  615 
tigadense.  viii.  615 
Trypanosomiasis,  African,  viii.  646 
clinical  course,  viii.  047 
diagnosis,  viii.  648 
etiology,  viii.  648 
geographical  distribution,  viii.  647 
pathology,  viii.  649 
treatment,  viii.  649 
equine  (murrina),  vi.  552 
South  American,  viii.  650 
Trypanosomidae,  viii.  282 
Trypsin,  vii.  25;  viii.  282 
Tryptophane,  i.  78;  vii.  417 
Tsetse  fly,  v.  602 

disease,  human,  viii.  646 

microorganism  of,  viii.  615,  648 
Tsutsugamushi,  i.  510;  v.  680 
Tuba  uterina,  iv.  638;  vi.  955;  see  Ovi- 
ducts. 
Tubercle,  iv.  773;  viii.  286 

bacilli,  i.  838;  viii.  285;  see  Bacillu.- 

tuberculosia. 
genital,  iv.  632 
rabic,  vii.  444 
morphology  of,  viii.  286 
Tubercular,  incorrect  use  of  term,  vi 

.  121 
Tuberculin,  i.  841;  viii.  282 
Beraneck's,  viii.  284 
Denys',  viii.  283 

in  pulmonary  tuberculosis,  vi.  138 
Jochmann's,  viii.  284 
Landmann's,  viii.  284 
new,  i.  842;  viu.  283 
old,  i.  842;  viii.  283 
Rosenbach's,  \'iii.  284 
von  Ruck's,  viii.  285 
Spengler's,  viii.  284 
varieties  of.  viii.  283 
Tuberculinum  purum,  viii.  284 


Tuolta 
Tunira 


Tuberculosis,  viii.  285 
a  hou.se  disea.ic.  v.  351 
acute  miliar)-,  of  liver,  vi.  72 
bovine  infection  in  children,  viii.  287 
complex  forms  of  lesions  of,  viii.  288 
amnion,  i.  262 
ankle,  i.  688 
appendix,  v.  641 
arterial,  ii.  235 
articular,  i.  670 
auricle,  iii.  762 

bacteriological  diagnosis  of,  i.  920 
blood-vascular,  ii.  235 
bony,  ii.  257 

of  the  arm  and  forearm,  i.  553 
bronchial  glands,  ii.  515 
cancer  in  relation  to,  ii.  599 
chorionic,  iii.  39 
choroid,  iii.  48 

climatic  treatment,  iii.  120.  121 
congenital,  iv.  385 
conjunctiva,  iii.  253 
conjunctival  test  for,  vi.  888 
cornea,  iii.  293 
cutireactions  in,  iii.  395 
cutis  orificialis,  vii.  761 
decidua,  iii. -464 
diazo  reaction  in,  iii.  566 
disseminata  cutis,  vii.  701 
cervLx  uteri,  viii.  369 
ear,  iii.  806 
elbow,  i.  689 
epididymis,  viii.  145 
Fallopian  tubes,  vi.  957 
fascia  of  the  arm,  i.  551 
fingers,  i.  689 
giant  cells  in,  iv.  699 
granulomatous  lesions  in,  iv.  773 
hand,  iv.  878 

heart,  v.  96 

hereditary,  iv.  385 

hereditary  predisposition  to,   treat- 
ment of,  vi.  122 

hip,  i.  686 

hospitals  for,  v.  308 

ileocecal,  ii.  70.3 

immunity  to,  vi.  126 

in  pregnant  women,  influence  of.  on 
the  fetus,  iv.  385 

intestinal,  v.  640 
in  children,  iii.  560 

iris.  V.  660 

kidneys,  v.  751 

knee,  i.  687 

larynx,  v.  849 

liver,  vi.  71 

lungs,  vi.  121;  viii.  287;  see  Tuber- 
culosis, pulmonary. 

l.vmph  nodes,  vi.  152 

mammary,  ii.  473 

mediastinal  glands,  vi.  284 

meningeal,  vi.  371 

mesentery,  vii.  133 

middle  car,  vi.  939 

miliary,  of  the  lung,  pathology,  viii. 
288 
of  the  skin.  vii.  761 

milk-borne,  vi.  514 

modes  of  infection,  i.  840 

Moro's  test.  i.  315 

muscle,  vi.  564 

omentum,  vi.  876 

ophthalmoreaction,  vi.  88s 

osseous,  ii.  257 

of  the  arm  and  forearm,  i.  .')•')■( 

ovaries,  vi.  945 

oviducts,  vi.  957 

patella,  vii.  68 


Tuberculoiis,  perionteum,  vii.  123 
peritoneum,  vii.  129,  133,  137.  I.i9 

diagnoKui,  i.  38 
pharyiu,  vii.  1.58 
phototherapy  of,  vii.  IsC 
V.  Pirqucf  9  teat.  i.  315;  iii.  395 
placenta,  vii.  207 
pleura,  vii.  255 
prostate,  vii.  337 
predisposition  to.  acquired,  vi.  125 

hereditary,  vi.  122 
psychoses  of,  vii.  377 
pulmonary,  vi.  121;  viii.  287 

artificial  pneumothorax  in.  vi.  133 
cold  in  the  treatment  of.  iii.  158 
concurrent  infection  in.  viiL  289 
diagnosis,  vi.  126 
diet  in,  iv.  446 
miliary,  viii.  288 
open-air  treatment  of.  i.  139 
pathologj',  \'iii.  287 
portals  of  entrj-.  viii.  287 
prognosis,  vi.  131 
prophylaxis,  vi.  121 
sputum  in,  vii.  923 
treatment,  vi.  132 
tuberculin  in,  vi.  138 
vaccine  therap.v,  viii.  405 
renal,  diagnosis,  i.  36 
retinal,  vii.  555 
sacroiliac,  i.  689;  vii.  610 
salivary  glands,  vii.  622 
sanatorium  treatment  of.  vii.  627 
shoulder,  i.  689 
skin.  vii.  761 
spinal,   i.    68.3;   vii.   877;   see   PoU't 

disease. 
stomach,  vii.  989 
suprarenal  gland.<.  viii.  27 
surgical,    open-air    treatment    of,    i. 

141 
susceptibility  to.  i.  841 
tarsus,  i.  688 
tendon  sheaths,  viii.  124 
testis,  viii.  145 
thoracic  duct,  viii.  172 
toes.  i.  689 
tongue,  viii.  210 
tonsils,  viii.  229 
thymus,  vm.  183 
thyroid,  viii,  191 

tuliercuUn  test.  i.  315;  iii.  395;  vi.  SS8 
ulcerosa  cutis.  \ii.  761 
ureters,  viii.  324 
vaccine  therapy,  viii.  405 
vagina,  viii.  408 
veins,  viii.  671 
verrucosa,  iv.  878 

cutis,  vii.  761 
wrist,  i.  689 
Tuberculous,  correct  uae  of  term.  vi. 
121 
inflammation,  diffuse,  x-iii.  287 
transiwrtation  of  the.  on  railways, 
vii.  479 
Tuberculum  genitale,  iv.  632 
Tubotympanic  cavity,  vii.  772 
Tubules,  ronviilutod,  of  kidney,  func- 

iioM  of.  vii.  r.'.m 
Tubuh  seminiferi,  iv.  I'.i'.s 
Tuerck,  Ludwig,  viii   289 
Tuke,  Daniel  Hack,  viti.  289 
Tumenol,  viii   289 
Tumor  albus  vniliorculosis  of  the  knee), 

i.  ri5>7 
Tumors,  vi.  704;  see  StopUumt. 
Tunica  advontitia  of  arteries,  ii.  220 
uf  veins,  ii.  222 
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Tunica  albuginea  clitoridis,  iv.  (i57 
testis,  iv.  668 
intima  of  arteries,  ii.  220 

of  veins,  ii.  222 
media  of  arteries,  ii.  220 

of  veins,  ii.  222 
vaginalis,  iv.  670 

hematocele  of  the,  v.  144 
paracentesis  of,  vii.  31 
vasculosa  testis,  iv.  668 
Tuning  forks,  v.  40 
Turacin,  vii.  194 
Turbinate  bones,  vi.  610 
Turbinotome,  v.  813 
Turkey,    food    value    of,    i.    208;    iv. 

433 
Turkey,  medical  practice  in,  vi.  302 
Turks    and    Cacios    Islands,    medical 

practice  in,  vi.  302 
Turnip,  wild  or  Indian,  viii.  289 

food  value  of,  iv,  433 
Turpentine,  viii.  142 

occupational  diseases  caused  by,  vi. 
830 
Turpeth  mineral,  poisoning  by,  v.  37.5 

root,  false,  viii.  320 
Tuvara  suture,  v.  624 
Tuscarora  Lithia  Spring,  viii.  290 
Tussilago,  viii.  290 
Tussol,  viii.  290 
Tuscan  Springs,  viii.  290 
Twilight  sleep,  vii.  677 
Twin  fetation,  iv.  682 
Twins,  monochorionic,  viii.  131 
Tycos  sphygmomanometer.iii.  204 
Tydeus  molestus,  i.  olOj 
Tyloma,  ii.  587 
Tylopilus  felleus,  iv.  580 
Tylosis,  ii.  587 

palmiB  et  plantse,  v.  720 
Tympanic  membrane,  iii.  733 

changes  in,  resulting  from  former 

disease,  iii.  775        '  ^, 
traumatic  perforation  of,  iii.  778 
ring,  iii.  717 
Tympanites,  iv.  404 
Tympanum,  v.  2U 

examination  of,  iii.  746 
paracentesis  of,  vii.  31 
Tympany,  iv.  404 
Tyndalization,  i.  836,  894 
Typewriter's  cramp,  vi.  765 
Typhlatonia,  ii.  700 
Typhlomyxorrhea,  ii.  702 
Typhloptosis,  ii.  70U 
Typhlospasm,  ii.  701 
Typhoid  bacillus,  i.  852;  viii.  291 
fever,  viii.  290 

bacillus  of,  i.  852;  viii.  291 
bacteriological  diagnosis  of,  i.  921; 

viii.  300 
bathing  in,  v.  399 
blood  in,  viii.  297 
carriers,  i.  853,  877 
circulatory  system  in,  viii.  297 
cold  in  the  treatment  of,  iii.  157 
conjunctival  test  for,  vi.  888 
convalescence,  viii.  302 
cutireaction  in,  iii.  396 
diagnosis,  viii.  298 
diagnostic  bath  in,  v.  399 
diazo  reaction  in,  iii.  566;  viii.  298 
diet  in,  iv.  447 
digestive  system  in,  viii.  296 
epidemiology,  viii.  293 
eruption  of,  viii.  296 
etiology,  viii.  291 
hemorrhage,  viii.  296 

776 


Typhoid  fever  in  pregnant  women,  in- 
fluence of,  on  the  fetus,  iv.  385 

incubation  period,  viii.  295 

kidneys  in,  viii.  297 

liver  in,  viii.  297 

methods     of     investigating     out- 
breaks, viii.  293 

milk-borne,  vi.  516 

nervous  symptoms,  viii.  296 

osseous  lesions  in,  viii.  298 

pathology,  viii.  292 

perforation  of  intestine  in,  viii.  296 

prognosis,  viii.  300 

prophylaxis,  viii.  294 

psychoses  in,  vii.  376 

respiratory  system  in,  viii.  297 

spleen  in,  viii.  297 

symptoms,  viii.  295 

temperature  in,  viii.  295,  296 

test  of  immunity  against,  viii.  651 

treatment,  viii.  301 

ulceration  of  intestine  in,  viii.  292 

vaccination  against,  i.  853 ;  viii.  294 

Widal  reaction,  i.  854,   922;  viii. 
300 
spine,  vii.  875;  viii.  298 
Typhoidin  test,  viii.  651 
Typholysin,  v.  171 
Typhomania,  iii.  47.">;  vii.  359 
Typhotoxine,  vii.  383 
Typhus  fever,  viii.  302 

bacteriology,  viii.  303 

Brill's  disease,  ii.  505;  viii.  303 

diagnosis,  viii.  307 

diazo  reaction  in,  viii.  307 

epidemiology,  viii.  302 

eruption  of,  viii.  305 

etiology,  viii.  303 

history,  viii.  302 

incubation,  viii.  305 

morbid  anatomy,  viii.  304 

nervous  symptoms,  viii.  306 

pathology,  viii.  304 

prognosis,  viii.  308 

prophylaxis,  viii.  308 

serotherapy  in,  viii.  309 

symptomatology,  viii.  305 

synonyms,  viii.  302 

temperature  in,  viii.  305 

treatment,  ■viii.  308 

vaccine  treatment  of,  viii.  309 

varieties  of,  viii.  307 
Tyramine,  vii.  407 
Tyrian  purple,  vii.  194 
Tyroglyphinse,  i.  508 
Tyroglyphus,  viii.  309 
farinsE,  i.  508 
infestans,  i.  509 
longior,  i.  509 
siro.  i.  508 
Tyrosinase,  viii.  309 
Tyrosine,  i.  78;  vii.  417;  viii.  309 

in  urine,  viii.  357,  361 
Tyrotoxicon,  iv.  426;  vi.  511;  vii.  383 
Tyrotoxism,  iv.  426 

Uffelmann's  test  for  lactic  acid,  vii.  957 
Uganda,  medical  practice  in,  vi.  302 
Ulcers,  viii.  310 

of  the  auditory  canal,  syphilitic,  iii. 
796 

auricular,  iii.  761 

caUous,  •viii.  311 

cancer  following,  ii.  599 

cervix  uteri,  viii.  369 

colon,  iii.  182 

congested,  viii.  311 

corneal,  iii.  286 


Ulcers,  croupous,  viii.  311 

duodenal,  viii.  318 
treatment,  viii.  319 

dusting  powders  for,  viii.  312 

erethistie,  viii.  311 

etiology,  viii.  310 

gastric,  viii.  315 

diet  in,  iv.  442;  viii.  316 
Roentgen  diagnosis  of,  vii.  597 
treatment,  viii.  315 

grafting  for,  viii.  313 

indolent,  viii.  311 
treatment,  viii.  312 

intestinal,  in  typhoid  fever,  viii.  292 

irritated,  viii.  311 

membrana  tympani,  iii.  779 

pathology,  viii.  310 

raw,  viii.  311 

rectal,  vii.  497 

rodent,  ii.  638 

senile,  vi.  859 

treatment,  viii.  312,  314 

tropical,  vii.  143 

tuberculous,  of  the  intestine,  v.  640 
of  the  larynx,  v.  849 
of  the  skin,  vii.  761 

typhoid,  \nii.  292 

varicose,  viii.  313 

phototherapy  of,  vii.  186 
treatment,  viii.  314 
Ulcus  perforans,  vii.  107 

tropicum,  vii.  143 
Ulerythema  centrifugum,  vi.  139 

ophryogenes,  v.  722 
Ulmus,  viii.  319 
Ulna,  dislocation  of,  iii.  052 

excision  of,  iv.  197 

fracture  of,  iv.  544 
Ulnar  nerve,  injuries  of,  vi.  741 
Ulrich's  ophthalmoscope,  vi.  893 
Ultramarine,      occupational      diseases 

caused  by,  \'i.  833 
Ultramicrons,  viii.  651 
Ultramicroscope,  viii.  651 
Ultramicroscopy,  viii.  651 
Ultra-violet    light,    danger    to     retina 

from,  vii.  550 
Umbelliferse,  viii.  320 

characteristics  of,  vii.  226 
Umbilical  vein,  anomalies  of,  viii.  661 
Uncinaria,  vi.  660,  699;  viii.  320 

americana,  vi.  700 
Uncinariasis,  viii.  320 
Underwood  Spring,  viii.  322 
Undulant  fever,  vi.  233 
Unguenta,  viii.  322 
Uniceptor,  v.  167 
Unicorn  root,  i.  200 
Uniform,  army,  v.  404 
Uniglandular  syndromes,  viii.  75 
United  Kingdom  of  Great  Britain  and 

Ireland,     medical    practice     in.     vi. 

289,  302 
Universal  ophthalmometer,  vi.  887 
Unna's  methylene  blue  solution,  v.  268 

orcein  stain,  v.  271 

paste,  viii.  314 
Uracile,  viii.  322 
Uramine,  v.  235 

Uranium  acetate  and  nitrate,  viii.  322 
Urates,  deposits  of,  iii.  471 

in  urine,  viii.  360 
Urea,  v.  736;  viii.  322,  351 

and    quinine    hydrochloride,     anes- 
thesia by,  i.  391 
in  pneumonia,  vii.  267 

decomposition  of,  by  bacteria,  i.  833 

formation  of,  vi.  68 
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Uremia,  vi.  7is 
'liet  in.  iv.  445 
I'-yr hoses  of,  vii.  379 
Ureteroplasty,  \nii.  329 
Ureterotomy,  viii.  329 
Ureteritis,  viii.  323 
cystica.  Ndii.  324 
syphilitic,  viii.  324 
tuberculous,  viii.  324 
Ureters,  v.  733 

anatomy  of,  viii.  323 

surgical,  i.  20 
anomalies  of,  viii.  323 
calculi  of,  viii.  324 
catheterism  of,  viii.  344 
development  of,  viii.  323 
diseases  and  injuries  of,  viii.  323 
duplication  of,  viii.  323 
fistulae  of,  viii.  327 
liigh  implantation  of,  viii.  323 
inflammation  of,  viii.  323 
injuries  of,  i.  10;  viii.  326 
lymphatics  of.  vi.  174 
management  of  the,  in  cystectomy, 

ii.  69 
obstruction  of,  viii.  326 
repair  of,  by  fascia  transplantation, 

viii.  255 
surgical  anatomy  of,  i.  20 
surgery  of,  ^-iii.  328 
syphilis  of,  viii.  324 
tuberculosis  of,  viii.  324 
tumors  of,  vn'ii.  324 
Urethane,  v.  459 

Urethra,  anatomy  of,  iv.  665;  viii.  330 
atresia  of,  i.  765 
caruncle  of,  v'ii.  471 
catheterism  of.  ii.  691 
diseases  of,   iii.   169;   iv.   755;  viii. 

332 
foreign  bodies  in,  viii.  332 
gunshot  wounds  of,  iv.  828 
inflammation,  viii.  .332 
injuries  and  diseases  of,  viii.  330 
injxiries  of,  viii.  330 
irrigation  of.  viii.  333 
rupture  of.  viii.  330 

treatment,  viii.  331 
stricture  of,  ^nii.  335 
dilatation,  viii.  337 
division,  viii.  338 
divulsion,  viii.  340 
electrolysis,  iii.  897:  viii.  340 
treatment,  viii.  337 
varieties,  viii.  336 
Urethritis,  viii.  332 
acute,  viii.  332 
chancroidal   viii.  335 
chronic,  viii.  334 
gonorrheal    iv.  766;  viii.  332 
non-gonorrheal,  viii.  335 
posterior,  i-iii.  332 

treatment,  viii.  334 
eyphilitic,  vii'.  335 
Urethrotomy,  viii.  338 
external,  ^nii.  339 
internal,  viii.  338 
Uric  acid,  i.  79;  v.  737;  viii.  341,  351 
deposits  of,  iii.  471 
diathesis,  psychoses  in,  vii.  380 
formation  of,  vi.  69 
in  urine,  viii.  360 
infarction,  v.  540 
overproduction  of,  vi.  472 
test  for,  vi.  473 
Uricolysis,  \-iii.  341 
Urinary  infection,  vaccine  therapy  of, 
viii.  404,  405 


Urinary  organs,  electricity  in  the  treat- 
ment of  diseases  of,  iii.  910 

postmortem  examination  of   the, 
i.  797,  803 
segregation,  viii.  341 
tract,  colon  bacillus  infection  of,  iii. 

173 
Urination,  disorders  of,  vi.  600 

involuntary,  iv.  52;  see  Bnureiia. 
Urine,  viii.  347 

acetone  bodies  in,  viii.  353 
albumin   in,   i.    181;    viii.   349;   see 

Albuminuria. 
alcaptonic  acids  in.  viii.  356 
ammonia  in,  viii.  360  , 

aromatic  constituents,  viii.  350 
bile  acids  in,  viii.  355 

pigments  in,  viii.  355,  360,  361 
blood  in,  v.  148 

corpuscles  in,  viii.  361 

pigments  in,  v.  1.56;  viii.  354.  360. 
361 
calcium  in,  viii.  359 
carbohydrates  in,  iii.  518;  viii.  352; 

see  Glycosuria. 
carbonates  in,  viii.  .3,59,  '(6(1,  3(11 
casts  in,  viii.  362 
chlorides  in,  viii.  357 
chyle  in,  iii.  64 
coagulation  of,  viii.  350 
color,  viii.  348 
composition  of,  vi.  716 
conjugal*  sulphates  in.  viii.  356 
culture  medium,  i.  890 
cystin  in,  iii.  408 ;  viii.  359,  360 
diacetic  acid  in,  viii.  354 
diagram  illustrating  excretion  of,  vi. 

466 
electric  conductivity,  viii.  349 
epithelia  in,  viii.  362 
fat  in,  vi.  15 
fatty  acids  in,  viii.  357 
freezing  point,  viii.  349 
glycocolls  in,  viii.  356 
glycuronatcs  in,  viii.  356 
hcmatin  in,  viii.  354 
hematoporphj-rin  in,  viii.  355 
hemoglobin  in,  ii.   64;  v.  166;  viii. 

354;  see  Hemoglobinuria, 
hippuric  acid  in,  viii.  361 
hydrochloric  acid  in,  viii.  357 
in  cancer,  ii.  602 

cystitis,  ii.  76 

gout,  iv.  761 

mental  disease,  vi.  425 

old  age,  vi.  848 

yellow  fever,  viii.  529 
incontinence  of,  vi.  503 
indican  in,  viii.  356 
indol  in,  viii.  356 
inorganic  bases  in.  viii.  359 

constituents,  viii.  357 
iron  in,  viii.  360 
lactic  acid  in,  viii.  357 
leucin  in,  viii.  357,  361 
magnesium  in,  viii.  359 
melanin  in,  viii.  355 
normal,  viii.  347 
odor,  viii.  349 
optical  properties,  viii.  348 
organic  constituents,  Wii.  349 
oxalates  in,  viii.  357,  360,  361 
parasites  in,  viii.  362 
phosphates  in,  viii.  359,  3t>0 
potassium  in,  viii.  359 
pus  in,  viii.  362 
quantity,  viii.  347 
reaction,  viii.  348 


Urine,  retention  of,  vi.  503 
secretion  of,  vii.  695 
decreased,  viii.  348 
enteroclyiii*  affectinK,  iv.  41 
increaned,  iii.  516,  521 
sediment  in,  viii.  360 
s<jdium  in,  viii.  359 
specific  gravity,  viii.  ,348 
sugar  in,  iii.  518;  \-iU.  352;  ac«  Gly- 
cosuria. 
sulphates  in,  vui.  356.  358.  .361 
tests  for  albumin  in,  \-iii.  3.50 
for  sugar  in,  viii.  352 
uric  acid,  vi.  473 
total  nitrogen  content,  viii.  351 
t.vrosin  in.  viii.  3.57,  361 
urates  in,  viii.  300 
uric  acid  in,  viii.  360 
urobilin  in,  viii.  355 
xanthin  crystals  in.  viiL  360.  .361 
Urine-agir  medium,  i.  891 
Uritone,  v.  23."> 
Urobacillus    liqueficiens    septicut,    i. 

866 
Urobilin,  vii.  193;  viii.  362 

in  the  urine,  viii.  355 
Urochrome,  vii.  194;  viii.  363 
Urodipsia,  i.  500 
Uroerythrin,  vii.  194;  viii.  363 
Urogenital    development,    cbroDoloKy 

of.  iv.  i.iU 
Uronema  caudatum,  viii.  02S 
Urorosein,  viii.  363 
Urostealiths,  iii.  2.3)1 
Urotoxic  coefficient,  viii.  363 
Urotropin,  v.  235 
Urticaria,  viii.  363 
bullosa,  viii.  304 
diagnosis,  iii.  .8.32 
factitia.  viii.  3tH 
giant,  i.  436;  viii.  364 
h2emc>rrhagia.  viii.  3t>4 
ledeniiitosa.  i.  436 
papulosa,  viii.  3ti4 
Persians,  viii.  364 
pigmentosa,  viii.  366 
treatment,  viii.  365 
tubcrosa.  i.  436;  viii.  364 
Ustilago,  \-iii.  367 

Uruguay,  medical  practice  in.  vi.  303 
Uskoff's  sphygmotonograpb,  ii.  648 
Utah,  medical  practice  in.  vi.  303 
UUh  Hot  Springs,  viii.  367 
Utah  Warm  Springs  viii.  367 
Uterus,     adenocarcinoma     of.     radio- 
therapy of,  vii.  474 
adenoma  of,  i.  121 
adenomyoma  of,  vi.  587:  viii.  381 
anatomy,  iv.  641 
anteflexion,  viii.  372 
anterior  displacements  of,  \iii.  372. 

373 
arcuatus,  viii.  377 
arteries  of.  iv.  647 
atresia  of.  i.  765 
bicornis.  viii.  377 
biforis.  viii.  377,  378 
bilocularis,  viii.  377 
carcinoma  of.  viii.  381 
diagnosis,  i.  39 
radiotherapy,  vii.  474 
cerWcal  affections,  viii.  368 
changes   in,    during    gestation,    iv. 

682,  684,  691 
curettage  of,  iii.  3S3 
c.vstadenoma  of,  iii.  407 
didelphys,  viii.  377 
dimensions  of.  iv.  642 


uterus 
Vertebr* 
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Uterus,  diseases  of  ,vi-  482 ;  viii.  368,  378 

Vaccination,  decline  of  smallpox  follow- 

Vallet's mass,  iv.  367 

of  the  cervix,  viii.  368 

ing  the  introduction  of,  viii.  389 

Valsalva,  Antonio   Maria,   i.  335;   \iii. 

displacements  of,  viii.  372 

■    disinfection  of  the  skin  before,  viii. 

415 

congenital,  viii.  378 

392 

Valsalva's  method,  iii.  746 

menorrhagia  in,  vi.  376 

history  of,  viii.  388 

sinus,  V.  52 

treatment,  viii.  373 

immunity  against  influenza  follow- 

Valve, aortic,  v.  52 

double,  viii.  377 

ing,  V.  560 

incompetence  of,  v.  97 

double-mouthed,  viii.  378 

technique  of,  viii.  392 

stenosis  of,  v.  99 

duplex  separatus,  viii.  377 

Vaccine  therapy,  viii.  394 

mitral,  v.  52 

electrotherapy  in  diseases  of,  iii.  90S 

clinical  applications  of,  viii.  402 

incompetence  of,  v.  100 

examination  of,  iv.  842 

contraindications  to,  viii.  402 

stenosis  of,  v.  101 

excision  of,  v.  476 

cholera,  viii.  564 

pulmonary,  v.  50 

fetalis,  viii.  378 

gonorrhea,  iv.  757 

disease  of,  v.  103 

fibroids  of,  viii.  378 

pertussis,  viii.  505 

tricuspid,  v.  50 

diagnosis,  i.  39 

tuberculosis,  viii.  399 

incompetence  of,  v.  103 

radiotherapy  of,  vii.  475 

typhoid  fever,  viii.  302 

stenosis  of,  v.  103 

gonorrheal  inflammation  of,  vi.  483, 

typhus  fever,  viii.  309 

Valvula  sinus  coronarii,  v.  50 

484;  viii.  371 

Vaccines,  bacterial,  dosage  of,  viii.  400 

vena>  cavae  inferioris,  v.  49 

hemorrhage  from,  vi.  375,  486 

in  mixed  infections,  viii.  401 

Van    Deen's   test  for  occult  blood,  vii. 

hypoplasia  of,  viii.  378 

preparation  of,  viii.  397 

961 

incudiformis,  viii.  377 

standardizing,  viii.  399 

Van  Deventer's  work  in  obstetrics,  vi. 

infantilis,  viii.  378 

exudates  as,  viii.  400 

823 

inflammation  of,  vi.  482 

infected  tissues  as,  viii.  400 

Van   Gieson's  connective -tissue  stain, 

involution  of,  viii.  376 

Vaccinia,  complication  of,  viii.  393 

v.  271 

lateral  deviations  of,  viii.  373 

milk-borne,  vi.  514 

Van  Helmont,  Joannes  Baptista,   viii. 

leiomyoma  of,  vi.  587 

symptoms  and  course  of,  viii.  392 

415 

lymphatics  of,  iv.  647;  vi.  173 

Vacquez's   disease,   iv.    94;    see    Eri/- 

Van  Helmont's  mirror,  iii.  539 

malformations  of,  viii.  376 

thrtnna. 

Vanilla,  viii.  415 

masculinus,  iv.  665 

Vagabondage,  viii.  413 

Vanillin,  viii.  416 

myoma  of,  vi.  587;  viii.  378 

Vagina,  absence  of,  viii.  406 

Van  Swieten,  Gerard,  viii.  416 

myomectomy,  viii.  380 

anatomy  of,  iv.  648 

Variability  in  structural  and  functional 

nerves  of,  iv.  647 

arteries  of,  iv.  653 

development,  ii.  818 

one-horned,  viii.  377 

atresia  of,  i.  765;  viii.  408 

Variation,  viii.  416 

position  of,  iv.  643 

cancer  of,  viii.  412 

as  a  factor  in  evolution,  iv.  169 

postmortem  examination  of  the,   i. 

radiotherapy  of,  vii.  474 

chance  in  relation  to,  viii.  418 

798 

chancroid  of,  viii.  409 

classification,  Tiii.  417 

prolapse  of,  viii.  373 

changes  in,  during  gestation,  iv.  683 

collection    and    tabulation    of    data 

pubescens,  viii.  378 

cysts  of,  viii.  410 

relating  to,  viii.  421 

relations  of,  iv.  645 

dimensions,  iv.  648 

conjacent,  viii.  421 

retrodeviations  of,  viii.  373 

double,  viii.  406 

curves  of,  viii.  426 

rudimentarius,  viii.  376 

gonorrhea  of,  v.  887;  viii.  409 

definition,  viii.  416 

saddle-shaped,  viii.  377 

inflammation     of,     viii.      407;     see 

determination  of  type  in  the  study 

sarcoma  of,  viii.  381 

Vaginitis. 

of,  viii.  423 

septus,  viii.  377 

lymphatics  of.  iv.  653;  vi.  173 

discrete,  viii.  421 

structure,  iv.  646 

malformations  and  diseases  of  the, 

homeotic,  viii.  418 

subseptus,  viii.  377 

viii.  406 

homotypic,  viii.  418 

triangularis,  viii.  377 

nerves  of,  iv.  653 

measure  of,  viii.  425 

tumors  of,  viii.  378 

position  of  the  fingers  in  examina- 

meristic, viii.  418 

diagnosis,  i.  39 

tion  of,  iv.  843 

racial,  viii.  418 

malignant,  viii.  381 

relations,  iv.  650 

substantive,  viii.  418 

menorrhagia  in,  vi.  376 

stenosis  of,  viii.  407 

Varicella,  ii.  813 

two-chambered,  viii.  377 

tumors  of,  viii.  412 

Varices,  viii.  668 

two-horned,  viii.  377 

veins  of,  iv.  653 

Varicocele,  viii.  432 

unicornis,  viii.  377 

Vaginae,  synovial,  ii.  559,  562,  563 

vulvar,  viii.  471 

veins  of,  iv.  647 

Vaginata  agglutinata,  iv.  589 

Varicose  ulcers,  viii.  313 

Uva  ursi,  viii.  383 

pluiiibea,  iv.  589 

phototherapy  of,  viii.  186 

diuretic  action  of,  iii.  685 

Vaginismus,  vi.  775;  viii.  409 

veins  of  the  leg,  v.  871 

Uvea  (vascular  coat  of  the  eye),  iv.  251 

Vaginitis,  viii.  407 

Variola,  viii.  781;  see  also  Smallpox. 

injuries  of,  iv.  282 

erysipelatous,  viii.  409 

benigna,  vii.  794 

Uvula,  viii.  384 

gonorrheal,  v.  887;  viii.  409 

confluens,  vii.  792 

amputation  of,  viii.  385 

mycotic,  viii.  408 

corymbosa,  vii.  795 

and  soft  palate,  viii.  384 

senile,  v.  888;  viii.  408 

hemorrhagica,  vii.  792 

bifurcation  of,  viii.  386 

Vagotonia,  viii.  70 

modificata,  vii.  794 

elongation  of,  viii.  384 

Vagus  nerve,  iii.  335 

purpurica,  vii.  793 

inflammation  of,  viii.  384 

central  connections  of,  ii.  310 

pustulosa  hemorrhagica,  vii.  793 

malformations  of,  viii.  386 

relation    of,     to     the     autonomic 

siliquosa,  vii.  795 

neuroses  of,  viii.  388 

system,  viii.  66 

sine  exanthemate,  vii.  795 

relaxed,  viii.  384 

Vahlkampfia,  viii.  609 

sine  variolis,  vii.  795 

tumors  of,  viii.  386 

lobospinosa.  viii.  610 

verrucosa,  vii.  795 

Uvulitis,  viii.  384 

Valentine's   knife  for  making  sections. 

Varioloid,  vii.  794 

Uvulotomy,  viii.  385 

v.  253 

Varix  anastomoticus,  viii.  669 

Valerian,  viii.  414 

arterial,  i.  409 

Vaccination,  vii.  803;  viii.  388 

Valerianic  acid,  viii.  415 

Varolio,  Constanzio,  i.  330;  viii.  433 

after-treatment,  viii.  393 

Valeric  acid,  viii.  415 

Vasa  efferentia,  iv.  668 

anticholera,  viii.  562 

Valerine,  i.  302 

Vascular  system,  ii.  134 

antityphoid,  viii.  294 

Valette's  forceps,  i\-.  513 

Vasculitis,  ii.  226 

claims  for,  viii.  391 

Validol,  viu.  415 

Vasectomy,  viii.  433 

cutaneous  diseases  following,  viii.  393 

Valine,  viii.  415 

in  prostatic  hypertrophy,  vii.  336 
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Vasicine,  viii.  434 

Vasoconstrictor  nerve -fibers,  ii.  lo5 
Vasodilator  nerve-fibers,  ii.  155 
Vasomotor  centers,  ii.  157 

diagnosis  of  lesions  of,  ii.  387 

functions,    spinal,    disturbances    of, 
vii.  866 

nerves,  ii.  154 

reflexes,  ii.  1,57 
Vastus  externus,  viii.  105 

internus,  viii.  165 

rnediu.s,  viii.  165 
Vater,  Abraham,  viii.  434 
Veal  broth,  iv.  4:is 
Vectis,  iv.  507 

Vectors  of  disease  organisms,  vii.  434 
Vegetables,  food  value  of,  iv.  439 

poisoning  by,  iv.  427 
Vegetative    nervous    system    and    the 

internal  secretions,  viii.  67 
Veins,  ii.  135 

actinomycosis  of,  ii.  236;  viii.  671 

air  in,  viii.  667 

amyloid  change.^  in,  viii.  662 

anomalies  of,  viii.  654,  661 

anterior  jugul  ir,  anomalies  of,  viii. 
657 

atrophy  of,  viii.  661 

axillary,  vii.  738 

anomalies  of,  viii.  658 

azygos,  anomalies  of,  viii.  658 

basal,  ii.  354,  355 

basilic,  iii.  865 

anomalies  of,  viii.  658 

blood  pressure  in  the,  ii.  137 

calcification  of,  viii.  662 

callosal,  ii.  354 

cancer  of,  ii.  238 

cardiac,  anomalies  of,  viii.  655 

cardinal,  viii.  655 

cephalic,  iii.  865 

anomalies  of,  viii.  658 

cerebelli  inferior  (subcerebellar),  ii. 
356 
superior  (paracerebellar),  ii.  356 

cerebral,  ii.  352 

cerebri  magna  (Galen's),  ii.  353 
media  (medicerebral),  ii.  355 
superior,  ii.  353 

chorioidea,  ii.  355 

circulation  in  the,  ii.  139 

common  iliac,  anomalies  of,  viii.  660 

conarial,  ii.  355 

coronary,  v.  54 

cortical,  of  the  brain,  ii.  357 

development  of  the  great,  viii.  655 

diploic,  ii.  353 

dural,  ii.  353 

ectatic,  viii.  668 

emissary,  ii.  359 

erosion  of,  viii.  667 

external  jugular,  anomalies  of,  viii. 
656 

facial,  anomalies  of,  viii.  656 

fatty  degeneration  of,  viii.  661 

femoral,  viii.  166 

anomalies  of,  viii.  660 

foreign  bodies  in,  viii.  672 

Galen's,  ii.  353 

gastric,  vii.  951 

great  cardiac,  v.  54 

hepatic,  vi.  52 

anomalies  of,  viii.  660 

histology  of,  ii.  222 

hyaline  degeneration  of,  viii.  661 

hypertrophy  of,  viii.  662 

inflammation  of,   ii.   226;   viii.   662; 
see  Phlebitts. 


Veins,   innominate,  anomalies  of,  \'iii. 
656 

internal  jugular,  anomalies  of, viii. 657 
mammary,  anomalies  of,  viii.  656 

jugular,  vi.  667 

leprosy  of,  ii.  236;  viii.  672 

mammary,  ii.  456,  461 

median  basilic,  anomalies  of,  viii.  658 
cephalic,  anomalies  of,  viii.  658 

medicerebral,  ii.  355 

medicornual  (chorioidea),  ii.  355 

medilacerate,  ii.  360 

meningeal,  ii.  353 

new  growths  of,  ii.  238;  viii.  672 

obstruction  of,  viii.  668 

obturator,  anomalies  of,  viii.  660 

ovarian,  iv.  637 

paracerebellar,  ii.  356 

paraseptal,  ii.  355 

parasites  in,  viii.  672 

parumbilical,  viii.  661 

pathological  anatomy  of,  ii.  223 

pathology  of,  viii.  661 

penile,  iv.  667 

perforation  of,  viii.  667 

pial,  ii.  353 

popliteal,  anomalies  of,  viii.  660 

portal,  vi.  47,  51 

portal  system  of,  anomalies  of,  viii. 
660 

postcerebellar,  ii.  356 

postperforant,  ii.  355 

preeerebellar,  ii.  356 

preperforant,  ii.  354 

primitive  jugular,  viii.  655 

pulmonary,  vi.  86,  94 

anomalies  of,  viii.  655,  656 

radial,  anomalies  of,  viii.  658 

renal,  anomalies  of,  viii.  659 

Rosenthal's,  ii.  354 

rupture  of,  viii.  666 

saphenous,  anomalies  of,  viii.  660 

sclerosis  of,  ii.  233 

spermatic,  anomalies  of,  viii.  660 

spinal  cord,  vii.  834 

splenial,  ii.  355 

stenosis  of,  viii.  668 

stomach,  vii.  951 

subcerebellar,  ii.  356 

subcerebral,  ii.  354 

subclavian,  anomalies  of,  viii.  658 

subcornual,  ii.  355 

subpetrosal,  ii.  361 

superalbal,  ii.  355 

supercerebral,  ii.  353 

suprarenal,  anomalies  of,  viii.  660 

Sylvian,  ii.  354 

syphilis  of,  ii.  235;  viii.  671 

tenial,  ii.  355 

thalamic,  ii.  355 

thalamocrural,  ii.  355 

thigh,  viii.  163,  166,  168 

thrombosis  of,  viii.  667 

tubal,  iv.  640 

tuberculosis  of,  viii.  671 

tumors  of,  ii.  238;  viii.  672 

umbilical,  anomalies  of,  viii.  661 

uterine,  iv.  647 

vaginal,  iv.  653 

varicose,  v.  871;  viii.  669 

vertebral,  anomalies  of,  viii.  656 

vulvar,  iv.  658 
wounds  of,  viii.  666 
Vein-stones,  viii.  667 
Velpeau,  Alfred  A.  L.  M.,  viii.  41.  434 
Velpeau's  bandage,  ii.  17 
Velum  interpositum,  ii.  341 

palati.  viii.  384;  see  Palalt;  so/l. 


Vena  alba  thoracis,  vi.  160.  184 
aquosa  hepatis,  vi.  160 
cava  inferior,  anomalies  of,  viii.  659 

superior,  anomaljes  of,  viii.  655 
Galeni,  ii.  3.53 
hepatica,  vi.  52 
lymphatica  dextra,  vi.  185 
portae,  vi.  47,  .51 
saphena  magna,  viii.  163 
Venenarius,  iv.  589 
ciesareus,  iv.  591 
cothurnatus,  iv.  590 
musearius,  iv.  590 
phalloides,  iv.  589 
rubens,  iv.  591 
solitarius,  iv.  591 
spretus,  iv.  591 
Venesection,  ii.  199 
Venezuela,     medical    practice    in.    vi. 

303 
Venom,  snake,  vii.  527 

liciiiolytic  action  of,  v.  172 
Venomotor  nerves,  ii.  156 
Venous  hum,  ii.  647 
Ventilation,  vii.  541 
of  liouses,  v.  338 
of  school-rooms,  vii.  66.5 
on  shipboard,  vi.  637 
Ventnor,  viii.  434 
Ventricle,  cardiac,  left,  v.  51 
right,  v.  50 
fourth,  ehorioid  plexuses  of  the,  ii. 
341 
floor  of,  ii.  292,  293 
roof  of,  ii.  292 
tumors  of  the,  ii.  736 
walls  of,  ii.  292 
third,  ehorioid  plexus  of  the.  ii.  341 
Ventricular  bands  of  larynx,  v.  821 
Ventriloquism,  v.  38 
Veratrine,  viii.  435 
Veratroidine,  viii.  435 
Veratrol,  viii.  436 
Veratrum  viride,  viii.  436 
Vermicides,  i.  454 
Vermiformia,  viii.  437 
Vermifuges,  i.  454 
Vermilion,  v.  373 

Vermont,  medical  practice  in,  vi.  303 
Verneuil,  Aristide  A.  S.,  viii.  437 
Vernix  caseosa,  vii.  760 
Veronal,  v.  458,  459;  viii.  437 
Verruca,  viii.  438;  see  also  Warls. 
acuminata,  iii.  232 
necrogenica,  vii.  761 
plana,  viii.  438 

juvenilis,  viii.  438 
radiotherapy  of,  vii.  472 
seborrhoica,  viii.  438 
vulcaris.  iv.  875;  \Tii.  438 
Verruga  peruviana,  iv.  776 
Version,  viii.  438 
external,  viii.  438 
internal,  viii.  439 
podalic,  viii.  439 
Vertebrae,  viii.  672 
cervical,  viii.  673 
configuration  of,  viii.  674 
dimensions  of,  viii.  673 
false,  viii.  673 
fixed,  viii.  673 
lumbar,  viii.  674 
movable,  viii.  673 
thoracic,  viii.  674 
true,  viii.  673 
tuberculosis  of,  i.  683;  vii. 

877 ;  see  Pott's  disease. 
tumors  of.  vii.  868 
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Vertebral  column,  viii.  672 
curvatures  of,  viii.  674 
vein,  anomalies  of,  viii.  656 
Vertex  presentation,  v.  779 
Vertex  ot  the  skull,  vii.  764 
Vertigo,  viii.  440 

cerebellar,  ii.  728,  734 

diagnostic  significance  of,  in  disease; 

of  the  ear,  iii.  740,  755 
laryngeal,  v.  831 
Verumontanitis,  iii.  169 
Verumontanum    (coUiculus),    iii.    168 

iv.  665 
Vesalius,  Andreas,  i.  329;  viii.  40,  441 
Vesica  fellea,  vi.  46,  48,  55;  see  Gall- 
bladder. 
urinaria,  ii.  67;  see  Bladder. 
Vesicants,  iii.  314 

Vesicles,     seminal,     iiiiiamination    of, 
viii.  442 
radical  surgery  of,  viii.  444 
Vesicovaginal  cystocele,  viii.  410 

fistula,  viii.  411 
Vesiculse  seminales,  iv.  670 
Vesiculase  in  semen,  vii.  708 
Vesiculectomy,  viii.  444 
Vesiculitis,  viii.  442 
acute  seminal,  viii.  442 
chronic  seminal,  viii.  443 
Vesiculotomy,  viii.  444 
Vespa  maculata,  v.  605 
Vespidae,  v.  605;  viii.  444 
Vestibular  glands  (Bartholin's),  iv.  655; 
viii.  467 
infection  of,  viii.  469 
cysts  of,  viii.  470 
Vestibule,  iv.  654 
Vevey,  viii.  444 
Vibices,  vii.  414 
Vibrations,  auditory,  v.  24 

sympathetic,  v.  27 
Vibratory  massage  in  painful  states,  i. 

394 
Vibrio,  cholera,  viii.  561 
proteus,  i.  872 
tyrogenes,  i.  872 
Viburnum  opulus,  viii.  444 

prunifolium,  viii.  445 
Vichy,  viii.  445 
Vichy  Springs,  Cal.,  viii.  446 
Vicksburg,  viii.  446 
Vicq-d'Azyr,  Felix,  i.  337;  viii.  447 
Victoria,  Australia,  viii.  447 

niedical  practice  in,  vi.  304 
Victoria  Mineral  Springs,  viii.  448 
Vidus  Vidius,  i.  329 
Vienna  paste,  ii.  698 
Viereckia  tetragena,  viii.  607 
Vieussens,     Raymond,     i.     333;     viii. 

448 
Villacabras  Springs,  viii.  448 
Villemin,  Jean  Antoine,  viii.  448 
Villi  intestinales,  iii.  590 
Vina,  viii.  449 
Vincent's  angina,  i.  428;  vii.  152 

wound  treatment,  viii.  676 
Vinum,  i.  192;  viii.  449 
album,  i.  192;  viii.  449 
antimom'i,  i.  480 
ferri,  iv.  370 
rubrum,  i.  192;  viii.  449 
Violacese,  characteristics  of,  vii.  226 
Vipera  ammodytes,  vii.  525 
Vipers,  vii.  525 

sj-mptoms  of  poisoning  by,  vii.  528 
Virchow,  Rudolf,  vi.  341;  viii.  449 
Virginia,  medical  practice  in.  vi.  304 
Virginia  Beach,  vi.  863 
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Virulence,  v.  543 

nature  of,  v.  513 
Viscera,  falling  of,  vii.  897 

study  of  the  anatomy  of,  i.  345 
transposition  of,  viii.  130,  449 
Visceroptosis,  vii.  897 
Vision,  acuteness  of,  viii.  456 
after-images,  viii.  455 
and  audition,  comparison  of,  v.  3* 
binocular  fixation,  viii.  451 
color  perception,  iii.  190;  vi'i.  454 
colored,  iii.  50 
cortical  centers  of,  ii.  405 
day  (nyctalopia),  vi.  813 
direct,  viii.  453 
double,  viii.  452 
estimation  of  distance,  viii.  456 

of  size,  viii.  456 
hysterical  disturbances  of,  v.  486 
indirect,  viii.  453 
in  hypermetropia,  v.  444 
intensity  of,  viii.  454' 
judgment,  viii.  456 
mechanics  of,  viii.  451 
monocular  fixation,  viii.  451 
night  (hemeralopia),  v.  150 
perception,  viii.  456 
physiology  of,  viii.  450 
tests  of,  vi.  903;  vii.  725 
Visual  field,  iv.  272 
judgments,  viii.  456 
perceptions,  viii.  456 
purple,  iii.  190 
sensations,  viii.  452,  454 
Vital  statistics,  viii.  456 
concepts  of,  viii.  458 
crude  and  corrected  rates,  viii.  458 
estimates  of  population,  viii.  459 
utility  of,  viii.  457 
Vitamines,  viii.  460 
Vitelline,  viii.  460 
Vitellus,  viii.  460 
Vitiligo,  viii.  461 
Vitreous  body,  iv.  261;  viii.  461 
abscess  of,  viii.  462 
anatomy  of,  viii.  461 
anomaUes  of,  viii.  462 
artificial,  iv.  304 

blood-vessel  formation  in,  viii.  463 
degeneration  of,  viii.  464 
detachment  of,  viii.  464 
fatty  degeneration  of,  viii.  464 
fluidity  of,  viii.  464 
hemorrhage  in,  viii.  463 
inflammation  of,  viii.  462 
opacities  in,  viii.  462 
ossification  of,  viii.  464 
parasites  in,  viii.  464 
refractive  index  of,  iv.  270 
synchysis,  viii.  464 
humor,  \'iii.  461;  see  Vitreous  body. 
Vitriol,  green,  iv.  368 
oil  of,  viii.  22 
white,  viii.  546 
Vivisection,  i.  440 
Vocal  c«rds,  v.  821 

resonance,  iii.  534 
Vogel's  stain,  ii.  191 
Voges'  animal  holder,  i.  909.  910 
Voice,  epileptic,  iv.  59 
falsetto,  V.  842 
production  of,  v.  838 
registers  of,  v.  842 
training   the,   after   cleft-palate   op- 
eration, iii.  101 
von  Volkmann,  Richard,  viii.  464 
Volkmann's  contracture,  i.  558 
operation  for  hydrocele,  v.  383 


Volkmann's  paralysis,  iv.  897 
Volvulus,  V.  619 

of  the  colon,  iii.  185 
operative  treatment,  v.  635 
Vomeronasal  nerve,  vi.  866 

organ,  vi.  866 
Vomit,  black,  in  spotted  fever,  vii.  589 

in  yellow  fever,  viii.  529 
Vomiting,  viii.  465 
in  pregnancy,  iv.  689 

of  blood,  V.  142 

treatment,  viii.  466 
Vomito  negro,  viii.  524 
Vowels,  articulation  of,  v.  841 
Vulva,  iv.  653 

adenoma  of,  i.  121 

anatomy  of,  viii.  467 

arteries  of,  iv.  658 

cancer  of,  viii.  471 
radiotherapy,  vii.  474 

changes  in,  during  gestation,  iv.  683 

condyloma  of,  viii.  469 

cysts  of,  viii.  470 

diphtheria  of,  viii.  469 

diseases  of,  viii.  467 

eczema  of,  iii.  843 

elephantiasis  of,  iii.  915;  viii.  470 

erysipelas  of,  viii.  468 

function  of,  viii.  467 

gangrene  of,  viii.  469 

gonorrhea  of,  viii.  468 

hematocele  of,  v.  146 

hygiene  of,  viii.  467 

inflammation  of,  viii.  467 

kraurosis  of,  viii.  470 

lupus  of,  viii.  469 

lymphatics  of,  iv.  568;  vi.  172 

nerves  of,  iv.  658 

noma  of,  viii.  469 

phlegmon  of,  viii.  469 

pruritus  of,  viii.  468 

tumors  of,  viii.  471 

veins  of,  iv.  658 
Vulvitis,  viii.  467 

aphthous,  viii.  469 

erysipelatous,  viii.  468 

follicular,  viii.  469 

gonorrheal,  viii.  468 

parasitic,  viii.  469 

phlegmonous,  viii.  469 

simple,  viii.  468 
Vulvovaginal  glands,  iv.  655;  viii.  467 
cyst  of,  viii.  470 
infection  of,  viii.  469 
Vulvovaginitis,  gonorrheal,  in  children, 
iv.  758 

syphilitic,  viii.  409 

von  Wachendorff,  Eberhard  Jacob,  i. 

337 
Waconda  Spring,  viii.  471 
Wahoo,  iv.  155 
Wakley,  Thomas,  v.  709 
Walcher  position,  effect  of  the,  during 

parturition,  iv.  683 
Walker  cell,  iii.  874 
Walking,  vi.  74 

Wallace's  theory  of  evolution,  iv.  168 
Wallerian  degeneration,  viii.  472 
Walley  Hot  Springs,  viii.  472 
Walnuts,  food  value  of.  iv.  433 
Warner  Hot  Springs,  viii.  472 
Warren,  John,  viii.  4S,  473 
Warren,  John  Collins,  viii.  4S,  473 
Warren,  Joseph,  viii.  473 
Warts,    iv.    875;    viii.    438;    see    also 
Verruca. 

auricular,  iii.  763 
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Vertebra 
Worm 


Warts,  electrolysis  for.  iii.  MIT 

Weak  foot,  treatment,  iv.  468 

Whytt's  disease,  v.  383 

of  the  eyelids,  iv.  2h!l 

Weariness,  iv.  336;  see  Fatigue. 

Widal  reaction,  i,  854.  922;  viii.  300 

of  the  nails,  \-i.  601 

Weather,  iii.  104;  see  Climale. 

Widmer,  Christopher,  viii.  506 

radiotherapy  of,  vii.  472 

Weaver's  bottom,  ii.  564 

Wiesen,  iii.  425 

telanciectatic.  i.  430 

Weber  test  for  hearing,  iii.  743;  v.  41 

Wilbur  Springs,  viii.  506 

venereal,  iii.  232;  vii.  10(1 

for  occult  blood,  vu.  961 

Wildbad,  ii.  1 

Wart-pox,  vii.  7;t.") 

Webster  Springs,  viii.  493 

Wildbad-Gastein,  iv.  621 

Washington,  D.  C,  viii.  473 

Week's  bacillus,  i.  845 

Wilde,  Sir  William  Robert  Wills, 

viii. 

medical  practice  in,  vi.  295 

Weigert,  Karl,  viu.  493 

507 

Washington  State,  medical  practice  in. 

Weigert's  elastica  stain,  v.  271 

Wilde's  forceps,  iii.  745 

vi.  304 

myelin  stain,  v.  272 

WUhoit  Springs,  viii.  507 

Wasps,  viii.  444 

Weights  and  measures,  viii.  494 

Will,  impairment  of,  in  mental  disease, 

digger,  v.  604 

Weil's  disease,  viii.  496 

vi.  416 

paper,  v.  605 

meat-potato  agar,  i.  888 

Willan,  Robert,  viii.  507 

Wassermann  reaction,  iii.  220;  viii.  78. 

Weiss'  phonoscope,  ii.  651 

William  of  Salicet,  viii.  3n 

475 

Welch's  bacillus,  i.  867 

Williams  color-perception  test,  iii 

205 

provocative,  viii.  475 

Wells,  artesian,  viu.  479 

Willis,  Thomas,  i.  333:  viii.  507 

Wassermann's  serum-nutrose  agar,  i. 

driven,  viii.  480 

Willis,  circle  of.  ii.  34n 

NSO 

flowing,  ^nii.  479 

Willow,  vii.  623 

Waste,  disposal  of.  in  the  army,  v.  41.3 

infiltration  gallery,  viii.  481 

Wilson,  William  James  Erasmus, 

viii. 

Water,  i.  502;  viii.  476 

Wells,  Horace,  viii.  55 

508 

aeration  of,  viii.  484 

Wells,  Sir  Thomas  Spencer,  viii.  497 

Winckel's  disease,  iv.  391;  v.  157 

albuminoid  ammonia  in.  viii.  488 

Werlhof,  Paul  Gottlob,  viii.  498 

Window  crib,  outdoor,  vi.  122 

alum  in.  viii.  490 

Wernicke,  Karl,  viii.  498 

tent,  vi.  124 

ammonia  in,  viii.  488 

Wernicke's  disease,  iv.  15 

Winds,  effect  of  prevailing,  on  climate. 

analysis  of,  viii.  485 

sign.  vii.  506 

iii.  107 

bacteriological    examination    of,    i. 

West  Australia,  medical  practice  in,  vi. 

Wine,  i.  192;  viii.  449 

926;  viii.  490 

304 

of  antimony,  i.  480 

carbonic-acid,  ii.  625 

West  Baden  Springs,  viii.  498 

of  iron,  iv.  370 

chlorination  of,  viii.  484 

West  Springs,  viii.  498 

red,  i.  192;  viii.  449 

chlorine  in,  \-iii.  486 

West  Virginia,  medical  practice  in,  vi. 

white,  i.  192;  viii.  449 

copper  in,  viii.  490 

304 

Winking,  spasmodic,  iv.  313 

deep-seated,  viii.  479 

Westphal,  Karl  Friedrich  Otto,  viii.  498 

Winnipeg,  viii.  508 

distillation  of,  -vdii.  484 

Wet-nurses,  viii.  499 

Winslow,  Forbes,  viii.  509 

effect  of,  on  climate,  iii.  106 

Wet  pack,  v.  397 

Winslow,  Jacobus  Benignus,  viii. 

509 

filtration  of,  viii.  482 

Wet-sheet  application,  iii.  156 

Winslow's  stars,  iv.  252 

food  value  of,  i.  210 

Whann  Alkaline  Lithia    Springs,    viii. 

Winterberry,  i.  200 

graphic  formula  of,  viii.  476 

499 

Wintergreen,  iv.  627 

ground,  viii.  479 

Wharton,  Thomas,  viii.  500 

Wirsung,  Johann   Georg,  i.   332; 

viii. 

hard.  viii.  486 

Wheal,  viii.  303 

509 

iron  in,  viii.  490 

Wheat-starch,  i.  308 

Wirsung's  duct,  vii.  10 

lead  in,  viii.  490 

Wheeler  Hot  Mineral  Springs,  viii.  500 

Wisconsin,  medical  practice  in.  vi 

304 

local  anesthesia  bj',  i.  387 

W-hernia,  v.  211 

Wiseman,  Richard,  viii.  42 

mineral,  ii.  7 

Whey  cure,  vi.  455 

Wistar,  Caspar,  viii.  509 

nitrates  in,  \Tii.  487 

food  value  of,  iv.  433 

Witchhazel,  iv.  854 

nitrites  in.  viii.  487 

Whiskey,  i.  192 

Withdrawal,  vi.  770 

organic  matter  in.  viii.  488 

Whispering,  v.  842 

Witter  Mineral  Springs,  viii.  509 

oxygenated,  v.  .391 

White,  Charles,  viii.  43 

Witzel's  operation  of  gastrostomy 

vii. 

oxygen-consuming  capacity,  viii.  489 

White  light,  composition  of,  iii.  191 

9n0 

purification  of,  v.  409 

precipitate,  poisoning  by,  v.  375 

Wolfe-Krause  method  of  skin  grafting. 

by  aeration,  \-m.  484 

swelling  (tuberculosis  of  the  knee),  i. 

viii.  252 

by  artificial  means,  viii.  482 

687 

Wolfer  Mineral  Spring,  viii.  510 

by  chlorination,  viii.  484 

White  Sulphur  Springs,  Iowa,  viii.  500 

Wolff,  Gaspar  Friedrich,  i.  335 

by  distillation,  viii.  484 

White  Sulphur  Springs,  Montana,  viii. 

Wolffian  body,  iv.  630,  659 

by  filtration,  viii.  482 

500 

dermoid  cysts  of.  viii.  511 

by  freezing,  ^-iii.  478,  481 

White  Sulphur  Springs,  W.  Va.,  viii. 

m.ilformations  of,  viii.  511 

by  sedimentation,  viii.  476 

501 

pathologj'  of,  ^-iii.  510 

self-purification  of.  viii.  477 

Whitefish,  food  value  of,  iv.  433 

teratomata  of,  viii.  511 

sewage  contamination  of,  viii.  477 

Whitehead  gag,  iii.  97 

tumors  derived  from  rests  of. 

viii. 

stagnant  layer  of,  in  lakes,  viii.  477 

Whites,  V.  886 

512 

therapeutics  of,  v.  395 

Whitewash,  disinfection  by,  iii.  634 

duct,  iv.  659 

Water-boatmen,  v.  .597 

Whitlow,  iv.  877 

Wolff's  ophthalmoscope,  vi.  897 

Water-borne  cholera,  viii.  47S.  556 

maUgnant,  vii.  647 

Womb,  iv.  641;  see  Vierus. 

Water-brash,  vii.  432 

painless,  vii.  8 

Wood,  George  B.,  viii.  512 

Water-bugs,  giant,  v.  597 

thecal,  1-iii.  124 

Wood  alcohol,  i.  193;  vi.  481 

Water-cancer,  vii.  991 

Whitman  brace  for  Pott's  disease,  vii. 

Wood-working,  diseases  caused  b.\ 

.  vi. 

Water-gas,  iv.  619 

.Ss7 

834 

Water-scorpions,  v.  597 

Whooping-cough,  viii.  502 

Wool,  surgical,  iii.  696 

Water-supply,  factors  influencing  the 

complications,  viii.  504 

Wool-sorters'  disease,  i.  461 

purity  of,  viii.  476 

diagnosis,  viii.  504 

Wool-workers,  di.seases  among,  i. 

461; 

for  the  army,  v.  408 

epidemiolog}-,  ^-iii.  502 

vi.  834 

on  shipboard,  vi.  646 

etiology,  viii.  503 

Woorari,  iii.  392 

Water-type,  viii.  476 

historj-,  viii.  502 

Word-bUndness,  vii.  816 

Waukesha  Mineral  Springs,  viii.  492 

pathology,  viii.  504 

Word-deafness,  vii.  M5 

Waves,  pulse,  vii.  399 

prognosis,  viii.  504 

Wootan  Wells,  viii.  512 

venous  pul.se.  vii.  407 

symptomatolog>-,  viii.  503 

Workmen's    compensation   laws. 

viii. 

Wax,  ii.  724 

treatment,  505 

513 

ear.  plugs  of.  iii.  771 

vaccine  therapy,  viii.  404 

Worm,  Olaus,  viii.  816 

781 


Wotmlan  bones 
Zymotoile 
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Wormian  bones,  viii.  617 

Xanthoma  (if  the  eyelid,  iv.  290 

Y-ligament,  v.  24ii 

Worms,    flat,    ii.    701;    viii.    260 

see 

Xanthopsia,  iii.  50 

Yokawaga  yokagawai,  viii.  272 

Cestoda  And  Trematoda. 

Xanthorrhea  resin,  viii.  520 

Yolk  of  egg,  viii.  460 

respiration  in,  vii.  538 

Xanthoxylum,  viii.  520 

Yolk-plug,  iv.  626 

round,  vi.  676;  see  Nematoda. 

X-chromosomes,  v.  205:  vi.  270 

York  Beach,  vii.  312 

tape,  ii.  761;  see  Ceatoda. 

X-element,  vi.  276 

York  Harbor,  vii.  312 

Wormseed,  American,  ii.  801 

Xeroderma,  follicular,  v.  722 

Young-Helmholtz  theory  of  color  per- 

Levant, vii.  634 

Xeroform,  viii.  520 

ception,  iii.  193;  viii.  454 

Worry,  iv.  339 

Xerophthalmus,  iii.  254 

Yperman,  viii.  40 

as  a  cause  of  mental  disease,  vi 

397 

Xerostomia,  vii.  618 

Ypsilanti  Mineral  Spring,  viii.  543 

Wounds,  antiseptic  irrigation  of 

viii. 

Xiphoid  process,  viii.  646 

Yuma,  viii.  543 

675 

Xiphopagus,  viii.  131 

aseptic  treatment  of,  i.  722 

X-rays,  vii.  448;  see  Roentgen  rays. 

Zacatecas,  vi.  490 

dissection,  iii.  669 

Xylene,  viii.  520 

Zacharias'  solution,  v.  258 

gunshot,  iv,  792 

Xylocopa  virginica,  v.  605 

Zander,   Jonas   Gustaf   Wilhelm,   viii. 

infected,    vaccine    therapy    of. 

viii. 

Xylol,  viii.  520 

544 

403 

Xylose,  viii.  520 

Zanzibar,  medical  practice  in,  vi.  304 

infection  of,  prophylaxis  by  artificial 

Zea,  viii.  544 

hyperemia,  v.  437 

Yale,  Leroy  Milton,  viii.  520 

Zedoaria,  zedoary,  v'ii.  544 

operation,  i.  721 

Yarrow,  viii.  521 

Zehender's  ophthalmoscope,  vi.  893 

par-affin  dressings  for,  viii.  696 

Yawning,  viii.  521 

Zenker,  Friedrich  Albert,  viii.  544 

Wright's  coagulometer  tubes,  ii.  194 

Yaws,  viii.  522 

Zenker's  fluid,  v.  257 

freezing  method,  v.  255 

forest,  viii.  618 

Zein,  viii.  544 

stain  for  the  malarial  parasite 

vi. 

granulomatous  lesions  in,  iv.  774 

von  Ziemssen,  Hugo,  viii.  645 

221 

Y-chromosomes,  v.  205 

Zinc,  viii.  545 

Wrisberg,    Heinrich    August,    i. 

337; 

Yearsley's  artificial  drum,  v.  43 

acetate,  viii.  546 

viii.  518 

Yeast,  viii,  523 

bromide,  viii.  546 

Wrisberg's  cartilages,  v.  823 

Y-element,  vi.  276 

carbonate,  viii,  545 

nerve,  cerebral  connections  of,  ii 

3(16 

Yellow  fever,  viii.  524 

chloride,  viii.  545 

Wrist,  viii.  518 

campaign  against,  viii.  533 

caustic  action  of,  ii,  698 

amputation  at  the,  i.  281 

diagnosis,  viii.  529 

hemol,  iv.  373 

anatomy  of,  iv.  858 

differential  diagnosis,  viii.  529 

iodide,  viii.  546 

bones  of,  viii.  518 

eradication  of,  viii.  533 

nitrate,  viii.  547 

bursae  of,  ii.  559 

etiology,  viii.  525 

oleate,  viii.  547 

dislocation  of,  iii.  652 

forms,  viii.  528 

oxide,  viii.  545 

excision  of,  iv.  193 

geographical     distribution,      viii. 

phenolsulphonate,  vii.  169 

fascia  of,  iv.  334 

524 

phosphide,  vii.  182 

gunshot  wounds  of,  iv.  832 

history,  viii.  524 

stearate,  viii.  547 

joints  of,  viii,  618 

mode  of  spread,  viii.  525 

sulphate,  viii.  546 

ligaments  of,  viii.  519 

pathology,  viii.  527 

toxicology  of,  viii.  547 

tuberculosis  of,  i.  689;  iv.  878 

prognosis,  viii.  530 

valerate,  viii.  546 

Wrist-drop,  iv.  898 

prophylaxis,  viii.  532 

Zingiber,  viii.  547 

Wrist-joint,  viii.  518 

rural  campaign  against,  viii.  539 

Zinn,  Johann  Gottfried,  i.  338;  viii.  647 

Writer's  cramp,  iv.  897;  vi.  765 

sequelae,  viii.  532 

Zona,  i.  544;  v.  231;  see  Herpes  zoster. 

massage  in,  vi.  248 

symptomatology,  v-ii.  527 

Zonula  ciliaris,  iv.  262 

Wry  neck,  viii.  237;  see  Torticollis 

treatment,  viii.  531 

Zoster,  i.  544;  v.  231;  see  Herpes  zoster. 

Wyeth's  amputation  of  the  hip,  i. 

297 

jackets,  v.  605 

Zygapophyses,  vertebral,  viii.  674 

Wyllis  Andrews'  operation  for  hydro- 

spot, iv.  257 

Zygomatic  muscles,  anomalies  of,  viii. 

cele.  V.  383 

Yellowstone    National    Park    Springs, 

575 

Wyoming,  medical  practice  in,  vi 

304 

viii.  640 

Zymase,  viii.  548 

Yellow  Sulphur  Springs,  viii.  639 

Zymogen,  viii.  648 

Xanthelasma  of  the  eyelid,  iv.  290 

308 

Yerba  santa,  iv.  85 

Zymotoxic   group  of  the  complement. 

Xanthine,  viii.  619 

Yew  berries,  poisoning  by,  vii.  230 

V.  170 
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